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Guidance on the Application of Testing and Calibration Laboratories Competence Accreditation Criteria in the Field of Photovoltaic products Testing
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Foreword
This document is CNAS’s further interpretation of CNAS-CL01:2018 “Accreditation Criteria for the Competence of Testing and Calibration Laboratories” in light of the characteristics of Photovoltaic products testing. It neither adds to nor reduces the requirements of this criteria.

This document shall be applied in parallel with CNAS-CL01 “Testing and Calibration Laboratory Competence Accreditation Criteria”. 

In terms of structure layout, the clause numbers and clause titles for the chapters and sections in this document are aligned to those in CNAS-CL01. The actual contents of the application guidance on CNAS-CL01 are given at the end of corresponding clauses.
Appendix A to this document is an informative appendix and appendix B to E are normative appendices.
This document replaces CNAS-CL55:2014“Guidance on the Application of Testing and Calibration Laboratories Competence Accreditation Criteria in the Field of Photovoltaic products Testing ”. 

This amendment is mainly according to CNAS-CL01:2018“Testing and Calibration Laboratory Competence Accreditation Criteria”. The clause numbers are rearranged. Parts of the contents are amended in order to coordinate with the requirements of CNAS-CL01:2018. The document number is adjusted according to the requirement of CNAS.
Guidance on the Application of Testing and Calibration Laboratories Competence Accreditation Criteria in the Field of Photovoltaic products Testing
1  Scope
This document applies to CNAS accreditation of photovoltaic module and independent photovoltaic system testing laboratories. 
This testing area includes the photovoltaic performance and reliability test of non-concentrator photovoltaic modules, concentrator photovoltaic modules and independent photovoltaic systems.
Electrical testing of photovoltaic products shall applies CNAS-CL11 “Guidance on the Application of Testing and Calibration Laboratories Competence Accreditation Criteria in the Field of Electrical Testing”.
2  Normative references
CNAS-CL01 “Accreditation Criteria for the Competence of Testing and Calibration Laboratories” 
3  Terms and definitions
The terms and definitions established in CNAS-CL01 apply to this document.
4  General requirements
5  Structural requirements
6  Resource requirements
6.1 General
The laboratory shall have the total testing competence for at least one of the main test items in the photovoltaic product testing standard to apply accreditation. The maximum power measurement determination test (performance under standard testing conditions) shall be an indispensable test item of the laboratory. 

Note: Appendix B to Appendix E list the main items of 4 typical standards for photovoltaic testing to which other standards can refer to.
6.2 Personnel
6.2.2 All personnel of the laboratory operating specific equipment and conducting test shall have the knowledge of the standard requirements and device measurement, and can also operate and take records correctly. The key technical personnel of the laboratory (including authorized signatories) shall have the theoretical basics and technical knowledge about photovoltaic modules and independent photovoltaic system and be familiar with the test standards and test methods.
Note: Refer to clause 6.2.2 in CNAS-CL01-G001 for the relevant requirements for laboratory personnel.
6.3 Facilities and environmental conditions
6.3.1 The laboratory shall have the accommodation and environmental conditions meeting the requirements of standards and monitor them to prevent invalid or adverse influences on test results caused by the environment. Such measures include (but not limited to):
a) Illumination:
The test operating area of the laboratory shall have sufficient illumination, which shall be no lower than 250lx in general. The laboratory shall have specialized illumination device for checking the appearance of flat-plate photovoltaic module as required by the standard (1000lux) to ensure effective detection of the appearance defects maybe exist.
b) Power supply:
The laboratory shall equip power supply according to general requirements. The rated voltage value, rated frequency value, voltage stability, frequency stability and harmonic distortion shall meet the requirements of testing standards or ensure that the uncertainty of the test results is within the predicted range.
    For long-time environmental test items, the laboratory shall ensure the power supply can sustain the testing period specified by the standard. If testing activities are likely to be interrupted because of power cut-off, the laboratory shall have a documented description of proper handling of the test data & and test results. 

The power supply used for the testing work in the laboratory shall be independent of the single circuit power supply for air-conditioner and illumination. 
c) Climatic environment
Where the test methods or the test equipment have requirements for the work environment or the environmental climatic conditions can affect the accuracy of test results, the laboratory environment shall meet these requirements. If the standard has no special requirement, the laboratory shall not allow tests to be conducted outside the specified environmental conditions and then calculate the final results under standard conditions according to the test results. 
The wet leakage current test requires the liquid temperature could be controlled at 22℃±3℃. If    there is no independent temperature control system or measures to control the liquid temperature, the laboratory shall be able to control the ambient temperature under the specified conditions to ensure the liquid temperature meet the above requirements. 
d) Outdoor site:
The laboratory’s outdoor testing site conditions shall meet the site requirements and testing conditions specified by the standard. The testing site shall have sufficient light. The surrounding factors that can affect the test results shall be controlled effectively. Strong light reflection by the floor, walls or trees that can affect the test results shall be avoided. The site shall be spacious and smooth enough. 
Note: Factors affecting the test results include but not limited to installation mode, irradiance, wind velocity, ambient temperature, sample surrounding temperature, reflective and emitting irradiation from the floor and surrounding.
6.3.4 To ensure that the test results are not affected from mutual impact among environmental areas, guarantee the personal safety of staff and protect them from accidental harm, the laboratory shall carry out environmental security isolation and take protective measures:
a)  The gas cylinder used for burning test shall be stored separately and isolated from open fire used for test; 
b)  Salt spray test and corrosive gas test shall be isolated from other testing site or has sufficient ventilation; 
c)  Areas with potential explosion or radiation hazards shall have security protection measures with striking warning signs; 
d)  When processing ultraviolet irradiation test, the laboratory shall equip specialized test chamber. The observation window of the chamber shall have ultraviolet radiation shielding function. The laboratory shall provide ultraviolet protective glasses and training on ultraviolet irradiation security protection to the testing personnel.
e)  For high-voltage test, there shall be room with sufficient security protection or sealed area with enough security distance according to the voltage level. There shall be effective high-voltage insulation protection for the testing personnel and security protection training for relevant personnel; 
f)  Crushing test shall be conducted in an independent area free of the interference by other tests to prevent the testing personnel from injury by broken glass and security protection training to relevant personnel; 
g)  There shall be sufficient security protection measures for personnel and samples during handling of modules and samples to prevent personnel from accidental injury by damaged samples or sample sharp edges. 
6.4 Equipment
6.4.1 The equipment shall meet the following requirements,
a)  Appendix A specifies the basic requirements for the accuracy of measurement instruments in photovoltaic product testing area. Appendix B to Appendix E specifies corresponding requirements for the equipment in 4 typical photovoltaic product testing standards.
Note: Where the standard is updated, the corresponding requirements of the new standard shall predominate. 
b)  The solar simulator used by the laboratory shall meet the level specified of the relevant standard. Simulators of different levels shall use different levels of standard cells or modules during testing. 

Note: Unless the laboratory can prove that it is able to effectively control the testing conditions (including but not limited to ambient temperature and sunlight irradiance) and stabilize them under the conditions specified by the standard, it cannot use natural light for testing I-V characteristics and maximum power measurement of photovoltaic modules (apart from the concentrating modules) in its application for accreditation.
c)  When the maximum power measurement is tested under standard conditions by using steady-state solar simulator, the temperature of the monitoring cell temperature shall be monitored according to standard requirements and controlled within the prescribed temperature conditions. 
d)  The temperature change rate and freeze rate of the environmental test chamber for thermal cycling test and humidity freeze test of the photovoltaic modules shall meet the requirements specified by the standard under actual load operating conditions. 
e)  The high-voltage tester for the insulation test of photovoltaic modules shall cover the voltage range required by the standard and the detective current shall be sensitive enough. 
Note: The conventional high-voltage tester for electrical products testing cannot meet the requirements of photovoltaic testing standards. 
f)  For concentrating photovoltaic modules, when I-V characterization test is done outdoors, the test site shall have the two-axis sun tracking system with sufficient precision，it can make the tested sample perpendicular to sunlight. 

g)  For tests involving the use of mathematical statistics method for data collection and statistical analysis, the laboratory shall validate the accuracy and effectiveness of the statistical software.

6.4.3 When the standard cells (modules) is used for verification or quality control of testing activities, the laboratory shall have methods to ensure the standard cells (modules) is not damaged ,or performance deterioration and conduct. if necessary to maintain the calibration status, intermediate check is needed. The standard cells (modules) shall be clearly identified and avoid the light. There shall be no corrosive gas around it. The laboratory shall have appropriate handling tools and measures to ensure that there is no mechanical vibration, shock and strong electromagnetism during the handling process that may result in its performance deterioration or even damage.

6.4.6 The laboratory shall choose corresponding organization for calibration of standard cells (modules) as required.
Note: CNAS-CL01-G002 may be referred to for the selection of the calibration organization. 
6.4.11 When standard cells (module) is used for correction of the solar simulation testing system, which results in the generation of a set of correction factors, the laboratory shall have procedure to ensure that the calibration result is correctively updated and ensure that the correction factors are correctively updated and implemented in measurement data processing.
6.6 Externally provided products and services
6.6.2 The laboratory shall establish a catalogue of qualified service providers and key materials, define the qualifications, competence or technical requirements for external providers and retain the records on their evaluation, confirmation and approval. 
Note: The key consumables required by photovoltaic product testing include the gas for burning test, liquid for wet leakage current test and resin coated copper for pulse test etc. 
7 Process requirements

7.2 Selection, verification and validation of methods

7.2.1 Selection and verification of methods
7.2.1.1 If the priority sequence of the method adopted is different from the sequence recommended by the standard (adoption of indoor simulator method or outdoor natural light method) when conducting maximum power measurement test, the laboratory shall be able to prove that its testing conditions meet the requirements specified by the standard and provide corresponding testing control procedure to demonstrate that the indoor simulated sunlight testing results and the outdoor natural light testing results including amended results have properly or practically acceptable consistency and reproducibility.

7.2.2 Validation of methods
7.2.2.1 When processing low irradiation test that not specified by the standard such as software means, physical means or sampling means, the laboratory shall validate the method and retain the validation records.
7.5 Technical records

7.5.1 The technical records control in the laboratory shall fulfill the requirements as below,

a)  The record control procedure shall include the control of records at sites away from the laboratory’s permanent facilities, or in associated temporary or mobile facilities. 

b)  When testing is processed outdoors, the laboratory shall have a documented record form for recording the outdoor testing conditions maybe affect the testing results as specified in the standard. Where necessary, the test report shall have an explanation or photos attached to it.
c)  When the testing site needs to be adjusted or changed during testing, there shall be relevant explanation and record supplemented of the adjusted or changed testing conditions. The conditions of the test sample before and after the test shall be kept in the technical record comprehensively.
7.6 Evaluation of measurement uncertainty

7.6.1 The laboratory shall establish the procedure for measurement uncertainty evaluation. The evaluation shall take full account of each main uncertainty component. 

Note: The uncertainty evaluation of photovoltaic maximum power measurement test shall at least take into account the spectral matching degree of the pulse light source simulator, light source inhomogeneity, transit instability of light source irradiance, the electrical performance of the electrical load and the testing ambient temperature.
7.8 Reporting of results

7.8.1 The laboratory is allowed to issue simplified report in electronic form to its internal clients and adopt digital signature, however, it shall define the minimum information of report in the simplified way. 
The laboratory restricted in testing standard or item competence shall indicate the applicable scope of the test results or conclusions in the test reports. 

7.11 Control of data and information management

7.11.3 Testing personnel shall confirm the test data and information generated automatically from the testing system (including but not limited to assignment number and testing time etc). It is acceptable to apply digital signature in the auto test program, yet there shall be procedure to ensure that it is not randomly used.

Appendix A：Informative Appendix
Accuracy Requirement of Generic Photovoltaic Test Instrument
	Parameter
	Range
	Frequency
	Accuracy Requirement

	

	AC, DC Voltage
	<1000V
	≤1kHz
	±1.5%

	
	
	1kHz-5kHz
	±2%

	
	
	5kHz-20kHz
	±3%

	
	
	≥20kHz
	±5%

	
	≥1000V
	dc-20 kHz
	±3%

	
	
	≥20kHz
	±5%

	

	AC, DC Current
	<5A
	dc-60Hz
	±1.5%

	
	
	60Hz-5kHz
	±2.5%

	
	
	5kHz-20kHz
	±3.5%

	
	
	≥20kHz
	±5%

	
	≥5A
	dc-5 kHz
	±2.5%

	
	
	5kHz-20kHz
	±3.5%

	
	
	≥20kHz
	±5%

	

	Leakage 
Current
	0-30mA
	50Hz/60Hz
	±3.5%

	
	≥30mA
	50Hz-5kHz
	±5%

	

	AC Power
	<1W
	50Hz/60Hz
	±3%

	
	1W-3kW
	50Hz/60Hz
	±3%

	
	≥3kW
	50Hz/60Hz
	±5%

	

	DC Power
	<1W
	N/A
	±1.5%

	
	1W-3kW
	N/A
	±2%

	
	≥3kW
	N/A
	±3%

	

	Power Factor
	
	50/60Hz
	±0.05

	

	LF Frequency
	<10kHz
	N/A
	±0.2%

	

	DC Impedance
	1mΩ－100mΩ
	N/A
	±5%

	
	1MΩ－1TΩ
	N/A
	±5%

	
	≥1TΩ
	N/A
	±10%

	
	Others
	N/A
	±3%

	

	Temperature
	<100℃
	N/A
	±2℃

	
	100℃－500℃
	N/A
	±3%

	
	-35℃－-50℃
	N/A
	±3℃

	Time
	10ms-200ms
	N/A
	±5%

	
	≥200ms-1000ms
	N/A
	±10ms

	
	≥1000ms
	N/A
	±1%

	

	Line Size
	<1mm
	N/A
	±0.05mm

	
	1mm-25mm
	N/A
	±0.1mm

	
	≥25mm
	N/A
	±0.5%

	

	Quality
	10g-100g
	N/A
	±1%

	
	≥100g-5kg
	N/A
	±2%

	
	≥5kg
	N/A
	±5%

	

	Force
	ALL
	N/A
	±6%

	

	Mechanical Energy
	ALL
	N/A
	±10%

	

	Moment
	ALL
	N/A
	±10%

	

	Angle
	ALL
	N/A
	±1º

	

	Humidity
	30% RH－95%RH
	N/A
	±6%RH

	

	Air Pressure
	ALL
	N/A
	±10kPa

	

	Gas and Liquid Pressure
	ALL
	N/A
	±5%


Note：

1. Parameters above can be traced value to SI.
2. Where the test methods or standard laboratory apply has stricter requirement, the corresponding requirements of the test method or standard shall predominate.

Appendix B：Normative Appendix
Requirements for the Equipment Used by the Photovoltaic Product Testing Standards
（GB/T 9535-1998）
	No.
	Measurement / testing 
	Testing / measuring equipment / material needed


	Technical requirement
	Main test items

	1
	Visual inspection
	· Lamp:  Illumination > 1000 lux 

· Camera

· Vernier caliper, measuring tape
	
	N

	2
	Performance at STC
	· Class A or B sunlight simulator in accordance with IEC 60904-1

· PV reference device in accordance with IEC 60904-2 or IEC 60904-6
· Equipment to determine the current-voltage characteristic at STC in accordance with IEC 60904-1 
	Class BBA sunlight simulator is allowed but only if the reference cell which the design, material and process is same as the sample cell is equipped. Test under nonstandard temperature is not allowed.
	Y
(Indispensable)

	3
	Insulation test
	· DC voltage source capable of applying 1 000 V plus twice the sample’s maximum system voltage

· Insulation resistance meter

· Leakage current measurement instrument 
	
	N

	4
	Measurement of temperature coefficients
	· Equipment for heating/cooling the module
· All equipment for clause 2
	Preheat and cooling test method is allowed. Sample heating method is allowed on condition that the temperature nonuniformity  of the method is lower than 2%.
	Y

	5
	Measurement of NOCT
	· Primary and Reference Plate Methods:

· Test fixture as described in section 10.5

· Pyrometer
· Wind speed sensor: Measurement range down to 0.25 m/s

· Ambient temperature sensor

· Instrument to measure wind direction 

· Cell temperature sensors

· Data acquisition system: Temperature measurement accuracy +/- 1°C, data recording interval <5 s

· Reference plates (Reference Plate Method Only)
	Reference Plate Method is not required.
	Y

	6
	Performance at NOCT
	· All equipment for clause 2
· Equipment to heat the module uniformly to NOCT 
	
	Y

	7
	Performance at low irradiance
	· Class B sunlight simulator or better, in accordance with IEC 60904-9

· PV reference device, in accordance with IEC 60904-2 or IEC 60904-6
· Equipment to measure the current-voltage characteristic in accordance with IEC 60904-1

· Means for reducing irradiance to 200 W/m² :

· Filters and use of matched-technology secondary reference cell, or

· Spectral irradiance-neutral filters.
	Light reduced shall be in accordance with the standard no matter which reducing method is adopt.
	Y

	8
	Outdoor exposure
	· Solar irradiance monitor, accurate to +/- 10%

· Means to mount the module co-planar with the irradiance monitor
	
	Y

	9
	Hot-spot test
	· Natural sunlight or steady-state sunlight simulator (Irradiance >700 W/m², non-uniformity <+/- 2%, Temporal stability <+/- 5%)

· Natural sunlight or Class C steady-state sunlight simulator (irradiance 1000 W/m² ( 10%)

· Equipment to measure the current-voltage characteristic of the module

· Opaque covers: Test cell shadowing in 5% increments

· Temperature detector
	Winkling Cell unit with heat spot by infrared thermal imager is acceptable.
	Y

	10
	UV test
	
	Metal halid lamp or xenon lamp as UV light is allowed provided that the evidence should be offered that the spectral energy is in accordance with the standard.
	

	11
	Thermal cycling
	· Climatic chamber: Temperature cycle according to figure 11 with module extreme temperatures stable within +/- 2C of limits.

· Means for measuring and recording the module temperature to an accuracy of +/- 1C.

· Means for monitoring the the internal circuitry of the module (circuit continuity and circuit-to-frame insulation integrity)
	Double-Chamber method is not allowed.
	Y

	12
	Humidity freeze 
	· One or two climatic chambers: Temperature/humidity cycle according to figure 12 with module extreme temperatures stable within +/- 2C of limits and humidity within +/- 5% for above-room temperatures.

· Means for measuring and recording the module temperature to an accuracy of +/- 1C.

· Means for monitoring the continuity of the internal circuit of the module (circuit continuity and circuit-to-frame insulation integrity)
	
	Y

	13
	Damp heat
	· Climatic chamber, capable to carry out the test in accordance with IEC 60068-2-3 (85 ( 2°C, 85 ( 5%)
	
	Y

	14
	Robustness of terminations
	· Torque test equipment in accordance with IEC 60068-2-21

· Tensile and bending test equipment in accordance with IEC 60068-2-21
	
	N

	15
	Twist test
	· Test apparatus, capable to produce a displacement perpendicular to the module diagonal

· Dial indicator or similar small displacement measuring device.

· Means for monitoring the continuity of the internal circuit of the module (circuit continuity and circuit-to-frame insulation integrity)
	
	N

	16
	Mechanical load test
	· Test apparatus, capable of applying a uniform load corresponding to 2400 Pa on the module surfaces

· Means for monitoring the continuity of the internal circuit of the module (circuit continuity)
	Any method is acceptable on condition that the pressure is exerted uniformly, such as hydraulic pressure, air pressure, object pressure etc.
	Y

	17
	Hail test
	· Test apparatus as described in section 10.17 with a velocity repeatability of +/- 5%.

· Instrument for velocity measurement with an accuracy of +/- 2%, no more than 1 m from module impact surface

· Weighing instrument with an accuracy of +/- 2%

· Freezer and container for production and storage of ice balls 

· Apparatus to verify ice ball diameter to within +/- 5% of requirement and mass within +/- 5% of requirement.
	Hail moving horizontally and vertically test methods   are allowed on condition that the moving speed is 23m/s. 
	Y


Appendix C：Normative Appendix
Requirements for the Equipment Used by the Photovoltaic Product Testing Standards
（IEC61215-2005）
	No.
	Measurement / testing 
	Testing / measuring equipment / material needed


	Technical requirement
	Main test items

	1
	Visual inspection
	· Lamp:  Illumination > 1000 lux 

· Camera

· Vernier calliper, measuring tape
	
	N

	2
	Maximum power determination
	· Class A or Class B sunlight simulator in accordance with IEC 60904-9 or test installation using natural sunlight

· PV reference device in accordance with IEC 60904-2 or IEC 60904-6

· Means to measure temperature with accuracy +/-1°C and repeatability of +/-0.5°C

· Equipment to determine the current-voltage characteristic in accordance with IEC 60904-1
	Class BBA sunlight simulator is allowed but only if the reference cell which the design, material and process is same as the sample cell is equipped. Test under nonstandard temperature is not allowed.
	Y
(Indispensable)

	3
	Insulation test
	· DC voltage source capable of applying 1 000 V plus twice the sample’s maximum system voltage

· Insulation resistance meter
	
	N

	4
	Measurement of temperature coefficients
	· All equipment for 10.2

· Equipment as described in section 10.14 for heating/cooling the module

· 
	Preheat and cooling test method is allowed. Sample heating method is allowed on condition that the temperature nonuniformity of the method is lower than 2%.
	Y

	5
	Measurement of nominal operation cell temperature (NOCT)
	· Test fixture as described in section 10.5

· Pyranometer

· Wind speed sensor: Measurement range down to 0.25 m/s

· Ambient temperature sensor

· Instrument to measure wind direction 

· Data acquisition system: Temperature measurement accuracy +/- 1°C, data recording interval < 60 s

· Reference plates (Reference plate method only)
	Reference Plate Method is not required.
	Y

	6
	Performance at STC and NOCT
	· All equipment for 10.2

· Equipment to heat the module uniformly to NOCT
	
	Y

	7
	Performance at low irradiance
	· All equipment for 10.2

· Means for reducing irradiance to 200 W/m²:

· Filters and use of matched-technology secondary reference cell, or

· Spectral-neutral irradiance filters.
	Light reduced shall be in accordance with the standard no matter which reducing method is adopt.
	Y

	8
	Outdoor exposure test
	· Solar irradiance monitor, accurate to +/- 5%

· Means to mount the module co-planar with the irradiance monitor

· Resistive load to operate the module near the maximum power point at STC
	
	Y

	9
	Hot-spot endurance test
	Natural sunlight or steady-state sunlight simulator (Irradiance >700 W/m², non-uniformity <+/- 2%, Temporal stability <+/- 5%)

Natural sunlight or Class C or better steady-state sunlight simulator (irradiance 1000 W/m² ( 10%)

Equipment to measure the current-voltage characteristic of the module

Opaque covers: Test cell shadowing in 5% increments

Temperature detector
	Winkling Cell unit with heat spot by infrared thermal imager is acceptable.
	Y

	10
	UV preconditioning test 
	UV meters working in wavelength ranges 280–320 nm and 320–385 nm with accuracy +/- 15%
UV light source with irradiance non-uniformity in the test plane +/- 15% and total UV irradiance < 250 W/m²
Equipment to control the module temperature in the range 60 ( 5°C
Temperature monitoring equipment with accuracy +/- 2°C
	Metal halid lamp or xenon lamp as UV light is allowed provided that the evidence should be offered that the spectral energy is in accordance with the standard.
	

	11
	Thermal cycling test
	Climatic chamber capable to produce a temperature cycle in accordance to figure 11 with accuracy +/- 2°C at the low and high extremes.

Means for measuring and recording the module temperature to an accuracy of +/- 1°C.

Means for applying current to the modules

Means for monitoring current through the modules
	Double-Chamber method is not allowed.
	Y

	12
	Humidity-freeze test
	Climatic chambers capable to produce a temperature/humidity cycle according to figure 12 with accuracy +/- 2°C and +/- 5% relative humidity at the low and high extremes.
Means for measuring and recording the module temperature to an accuracy of +/- 1°C.

Means for monitoring the continuity of the internal circuit of the module
	
	Y

	13
	Damp heat test
	Climatic chamber capable to carry out the test in accordance with IEC 60068-2-3 (85 ( 2°C, 85 ( 5% relative humidity)
	
	Y

	14
	Robustness of terminations test
	· Torque test equipment in accordance with IEC 60068-2-21

· Tensile and bending test equipment in accordance with IEC 60068-2-21
	
	N

	15
	Wet leakage current test
	· Test apparatus as described in section 10.15.2

· Insulation resistance meter 

· DC voltage source capable of applying a test voltage >500 V
	
	N

	16
	Mechanical load test
	Test apparatus, capable of applying a uniform load corresponding to 2400 Pa on the module surfaces

Means for monitoring the continuity of the internal circuit of the module 
	Any method is acceptable on condition that the pressure is exerted uniformly, such as hydraulic pressure, air pressure, object pressure etc.
	Y

	17
	Hail test
	Test apparatus as described in section 10.17 with a velocity repeatability of +/- 5%.

Instrument for velocity measurement with an accuracy of +/- 2%, no more than 1 m from module impact surface

Weighing instrument with an accuracy of +/- 2%

Freezer and container for production and storage of ice balls 

Apparatus to verify ice ball diameter to within +/- 5% of requirement and mass within +/- 5% of requirement.
	Hail moving horizontally and vertically test methods   are allowed on condition that the moving speed is 23m/s.
	Y

	18
	Bypass diode thermal test
	Test apparatus to heat the module to temperature 75°C +/- 5°C

Equipment for monitoring diode temperatures with accuracy +/- 1°C

Equipment for applying a constant current through the bypass diodes

Equipment for monitoring current
	
	Y


Appendix D：Normative Appendix
Requirements for the Equipment Used by the Photovoltaic Product Testing Standards
（GB/T18911-2002）
	No.
	Measurement / testing 
	Testing / measuring equipment / material needed


	Technical requirement
	Main test items

	1
	Visual inspection
	· Lamp:  Illumination > 1000 lux

· Vernier calliper, measuring tape

· Camera
	
	N

	2
	Performance at STC
	· Class A sunlight simulator conforming to IEC 60904-9 or test installation using natural sunlight

· PV reference device

· Equipment to determine the current-voltage characteristic at STC in accordance with IEC 60904-1
	
	Y

(Indispensable)

	3
	Insulation test
	· High voltage tester

· Insulation resistance meter

· Leakage current measurement instrument 
	
	N

	4
	Measurement of temperature coefficients
	· Class B (or better) sunlight simulator conforming to IEC 60904-9

· Test chamber as described in section 10.14 for heating and cooling the module

· Irradiance monitor

· Means to measure surface temperature of the module

· Voltage measurement instrument, in accordance with IEC 60904-1

· Current measurement instrument, in accordance with IEC 60904-1
	Preheat and cooling test method is allowed. Sample heating method is allowed on condition that the temperature nonuniformity of the method is lower than 2%.
	Y

	5
	Measurement of NOCT
	· Primary and Reference Plate Methods:

· Test fixture as described in section 10.5

· Pyranometer

· Wind speed sensor: Measurement range down to 0.25 m/s

· Ambient temperature sensor

· Instrument to measure wind direction 

· Cell temperature sensors

· Data acquisition system: Temperature measurement accuracy +/- 1°C, data recording interval <60 s

· Reference plates(Reference Plate Method Only)
	Reference Plate Method is not required.
	Y

	6
	Performance at NOCT
	· Class A sunlight simulator conforming to IEC 60904-9 or test installation using natural sunlight

· PV reference device

· Equipment to measure the current-voltage characteristic in accordance with IEC 60904-1

· Equipment to heat the module uniformly to NOCT
	
	Y

	7
	Performance at low irradiance
	· Class A sunlight simulator conforming to IEC 60904-9 or test installation using natural sunlight

· PV reference device

· Equipment to measure the current-voltage characteristic in accordance with IEC 60904-1

· Means for reducing irradiance to 200 W/m²:

· Filters and use of matched-technology secondary reference cell, or

· Spectral irradiance-neutral filters.
	Light reduced shall be in accordance with the standard no matter which reducing method is adopt.
	Y

	8
	Outdoor exposure
	· Solar irradiance monitor, accurate to +/- 10%

· Means to mount the module co-planar with the irradiance monitor
	
	Y

	9
	Hot-spot test
	Natural sunlight or steady-state sunlight simulator (Irradiance >700 W/m², non-uniformity <+/- 2%, Temporal stability <+/- 5%)

Natural sunlight or Class C steady-state sunlight simulator conforming to IEC 60904-9 (irradiance 1000 W/m² ( 10%)

Equipment to measure the current-voltage characteristic of the module

Opaque covers: Test cell shadowing in 5% increments

Temperature detector
	Winkling Cell unit with heat spot by infrared thermal imager is acceptable.
	Y

	10
	UV test
	Test apparatus in accordance with IEC 61345
	Metal halid lamp or xenon lamp as UV light is allowed provided that the evidence should be offered that the spectral energy is in accordance with the standard.
	Y

	11
	Thermal cycling
	Climatic chamber: Temperature cycle according to figure 11 with module extreme temperatures stable within +/- 2C of limits.

Means for measuring and recording the module temperature to an accuracy of +/- 1C.

Means for monitoring the internal circuitry of the module (circuit continuity and circuit-to-frame insulation integrity)
	Double-Chamber method is not allowed.
	Y

	12
	Humidity freeze 
	One or two climatic chambers: Temperature/humidity cycle according to figure 12 with module extreme temperatures stable within +/- 2C of limits and humidity within +/- 5% for above-room temperatures.
Means for measuring and recording the module temperature to an accuracy of +/- 1C.

Means for monitoring the continuity of the internal circuit of the module (circuit continuity and circuit-to-frame insulation integrity)
	Double-Chamber method is allowed.
	Y

	13
	Damp heat
	Climatic chamber, capable to carry out the test in accordance with IEC 60068-2-3 (85 ( 2°C, 85 ( 5%, 1000 hours)
	
	Y

	14
	Robustness of terminations
	· Torque test equipment in accordance with IEC 60068-2-21

· Tensile and bending test equipment in accordance with IEC 60068-2-21
	
	N

	15
	Twist test
	· Test apparatus, capable to produce a displacement perpendicular to the module diagonal

· Dial indicator or similar small displacement measuring device.

· Means for monitoring the continuity of the internal circuit of the module (circuit continuity and circuit-to-frame insulation integrity)
	
	N

	16
	Mechanical load test
	Test apparatus, capable of applying a uniform load corresponding to 2400 Pa on the module surfaces

Means for monitoring the continuity of the internal circuit of the module (circuit continuity)
	Any method is acceptable on condition that the pressure is exerted uniformly, such as hydraulic pressure, air pressure, object pressure etc.
	Y

	17
	Hail test
	Test apparatus as described in section 10.17 with a velocity repeatability of +/- 5%.

Instrument for velocity measurement with an accuracy of +/- 2%, no more than 1 m from module impact surface

Weighing instrument with an accuracy of +/- 2%

Freezer and container for production and storage of ice balls 

Apparatus to verify ice ball diameter to within +/- 5% of requirement and mass within +/- 5% of requirement.
	Hail moving horizontally and vertically test methods   are allowed on condition that the moving speed is 23m/s.
	Y

	18
	Light soaking
	Class C solar simulator in accordance with IEC 60904-9 (irradiance 800–1000 W/m²)

PV reference device

Temperature sensors with accuracy of +/- 0.5C

Equipment for monitoring temperatures and irradiance

Means for maintaining module temperature stable within +/- 2°C in an environment or chamber maintained at a 40–50°C temperature range
	
	Y

	19
	Annealing
	Climatic chamber, capable of maintaining a test temperature of 85°C(2°C
	
	N

	20
	Wet leakage current
	Test apparatus as described in section 10.20.2

Leakage current measurement instrument

DC voltage source, capable of applying a test voltage of 500 V 
	
	Y


Appendix E：Normative Appendix
Requirements for the Equipment Used by the Photovoltaic Product Testing Standards
（IEC61646-2008）
	No.
	Measurement / testing 
	Testing / measuring equipment / material needed


	Technical requirement
	Main test items

	1
	Visual inspection
	· Lamp:  Illumination > 1000 lux

· Vernier calliper, measuring tape

· Camera
	
	N

	2
	Performance at STC
	· Class A or B sunlight simulator conforming to IEC 60904-9 or test installation using natural sunlight

· PV reference device in accordance with IEC 60904-2 or IEC 60904-6
· Equipment to determine the current-voltage characteristic at STC in accordance with IEC 60904-1
	Class BBA sunlight simulator is allowed but only if the reference cell which the design, material and process is same as the sample cell is equipped. Test under nonstandard temperature is not allowed.
	Y

(Indispensable)

	3
	Insulation test
	· High voltage tester

· Insulation resistance meter
	
	N

	4
	Measurement of temperature coefficients
	· All equipment for 10.2

· Equipment as described in section 10.14 for heating/cooling the module
	Preheat and cooling test method is allowed. Sample heating method is allowed on condition that the temperature nonuniformity of the method is lower than 2%.
	Y

	5
	Measurement of NOCT
	· Primary and Reference Plate Methods:

· Test fixture as described in section 10.5

· Pyranometer

· Wind speed sensor: Measurement range down to 0.25 m/s

· Ambient temperature sensor

· Instrument to measure wind direction 

· Cell temperature sensors

· Data acquisition system: Temperature measurement accuracy +/- 1°C, data recording interval <60 s

· Reference plates(Reference Plate Method Only)
	Reference Plate Method is not required.
	Y

	6
	Performance at NOCT
	· All equipment for 10.2

· Equipment to heat the module uniformly to NOCT
	
	Y

	7
	Performance at low irradiance
	· Class A sunlight simulator conforming to IEC 60904-9 or test installation using natural sunlight

· PV reference device

· Equipment to measure the current-voltage characteristic in accordance with IEC 60904-1

· Means for reducing irradiance to 200 W/m²:

· Filters and use of matched-technology secondary reference cell, or

· Spectral irradiance-neutral filters.
	Light reduced shall be in accordance with the standard no matter which reducing method is adopt.
	Y

	8
	Outdoor exposure
	· Solar irradiance monitor, accurate to +/- 10%

· Means to mount the module co-planar with the irradiance monitor

· Resistive load to operate the module near the maximum power point at STC
	
	Y

	9
	Hot-spot test
	Natural sunlight or steady-state sunlight simulator (Irradiance >700 W/m², non-uniformity <+/- 2%, Temporal stability <+/- 5%)

Natural sunlight or Class C steady-state sunlight simulator conforming to IEC 60904-9 (irradiance 1000 W/m² ( 10%)

Equipment to measure the current-voltage characteristic of the module

Opaque covers: Test cell shadowing in 5% increments

Temperature detector
	Winkling Cell unit with heat spot by infrared thermal imager is acceptable.
	Y

	10
	UV test
	UV meters working in wavelength ranges 280–320 nm and 320–385 nm with accuracy +/- 15%
UV light source with irradiance non-uniformity in the test plane +/- 15% and total UV irradiance < 250 W/m²
Equipment to control the module temperature in the range 60 ( 5°C
Temperature monitoring equipment with accuracy +/- 2°C
Resistive load to operate the module near the maximum power point at STC
	Metal halid lamp or xenon lamp as UV light is allowed provided that the evidence should be offered that the spectral energy is in accordance with the standard.
	Y

	11
	Thermal cycling
	Climatic chamber: Temperature cycle according to figure 11 with module extreme temperatures stable within +/- 2C of limits.

Means for measuring and recording the module temperature to an accuracy of +/- 1C.

Means for monitoring the internal circuitry of the module (circuit continuity and circuit-to-frame insulation integrity)
	Double-Chamber method is not allowed.
	Y

	12
	Humidity freeze 
	One or two climatic chambers: Temperature/humidity cycle according to figure 12 with module extreme temperatures stable within +/- 2C of limits and humidity within +/- 5% for above-room temperatures.
Means for measuring and recording the module temperature to an accuracy of +/- 1C.

Means for monitoring the continuity of the internal circuit of the module (circuit continuity and circuit-to-frame insulation integrity)
	Double-Chamber method is allowed.
	Y

	13
	Damp heat
	Climatic chamber, capable to carry out the test in accordance with IEC 60068-2-3 (85 ( 2°C, 85 ( 5%, 1000 hours)
	
	Y

	14
	Robustness of terminations
	· Torque test equipment in accordance with IEC 60068-2-21

· Tensile and bending test equipment in accordance with IEC 60068-2-21
	
	N

	15
	Wet leakage current test
	· Test apparatus as described in section 10.15.2

· Insulation resistance meter 

· DC voltage source capable of applying a test voltage >500 V
	
	Y

	16
	Mechanical load test
	Test apparatus, capable of applying a uniform load corresponding to 2400 Pa on the module surfaces

Means for monitoring the continuity of the internal circuit of the module (circuit continuity)
	Any method is acceptable on condition that the pressure is exerted uniformly, such as hydraulic pressure, air pressure, object pressure etc.
	Y

	17
	Hail test
	Test apparatus as described in section 10.17 with a velocity repeatability of +/- 5%.

Instrument for velocity measurement with an accuracy of +/- 2%, no more than 1 m from module impact surface

Weighing instrument with an accuracy of +/- 2%

Freezer and container for production and storage of ice balls 

Apparatus to verify ice ball diameter to within +/- 5% of requirement and mass within +/- 5% of requirement.
	Hail moving horizontally and vertically test methods   are allowed on condition that the moving speed is 23m/s.
	Y

	18
	Bypass diode thermal test
	Test apparatus to heat the module to temperature 75°C +/- 5°C

Equipment for monitoring diode temperatures with accuracy +/- 1°C
Equipment for monitoring voltage of diode with accuracy 0.2%
Equipment for applying a constant current through the bypass diodes

Equipment for monitoring current
	
	Y

	19
	Light soaking
	Class C solar simulator in accordance with IEC 60904-9 (irradiance 800–1000 W/m²)

PV reference device

Temperature sensors with accuracy of +/- 0.5C

Equipment for monitoring temperatures and irradiance

Means for maintaining module temperature stable within +/- 2°C in an environment or chamber maintained at a 40–50°C temperature range
	
	Y
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