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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
CONCENTRATOR PHOTOVOLTAIC (CPV) MODULES AND ASSEMBLIES –  

DESIGN QUALIFICATION AND TYPE APPROVAL 
 

FOREWORD 

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote 
international co-operation on all questions concerning standardization in the electrical and electronic fields. To 
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications, 
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC 
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested 
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely 
with the International Organization for Standardization (ISO) in accordance with conditions determined by 
agreement between the two organizations. 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
consensus of opinion on the relevant subjects since each technical committee has representation from all 
interested IEC National Committees.  

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 
misinterpretation by any end user. 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their national and regional publications. Any divergence 
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in 
the latter. 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 
services carried out by independent certification bodies. 

6) All users should ensure that they have the latest edition of this publication. 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members of its technical committees and IEC National Committees for any personal injury, property damage or 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 
Publications.  

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 
indispensable for the correct application of this publication. 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of 
patent rights. IEC shall not be held responsible for identifying any or all such patent rights. 

This redline version of the official IEC Standard allows the user to identify the changes 
made to the previous edition. A vertical bar appears in the margin wherever a change 
has been made. Additions are in green text, deletions are in strikethrough red text. 
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International Standard IEC 62108 has been prepared by IEC technical committee 82: Solar 
photovoltaic energy systems. 

This second edition cancels and replaces the first edition, issued in 2007. It constitutes a 
technical revision. 

The main technical changes with regard to the previous edition are as follows: 

a) Changes in outdoor exposure from 1000 h to 500 h. 
b) Changes in current cycling during thermal cycling test. 
c) Added dust ingress test. 
d) Eliminated thermal cycling associated with damp heat test. 
e) Eliminated UV exposure test. 

The text of this standard is based on the following documents: 

FDIS Report on voting 

82/1142/FDIS 82/1161/RVD 

 
Full information on the voting for the approval of this standard can be found in the report on 
voting indicated in the above table. 

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2. 

The committee has decided that the contents of this publication will remain unchanged until 
the stability date indicated on the IEC website under "http://webstore.iec.ch" in the data 
related to the specific publication. At this date, the publication will be  

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• amended. 
 

IMPORTANT – The “colour inside” logo on the cover page of this publication indicates 
that it contains colours which are considered to be useful for the correct understanding 
of its contents. Users should therefore print this publication using a colour printer. 
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CONCENTRATOR PHOTOVOLTAIC (CPV) MODULES AND ASSEMBLIES –  
DESIGN QUALIFICATION AND TYPE APPROVAL 

 
 
 

1 Scope and object 

This International Standard specifies the minimum requirements for the design qualification 
and type approval of concentrator photovoltaic (CPV) modules and assemblies suitable for 
long-term operation in general open-air climates as defined in IEC 60721-2-1. The test 
sequence is partially based on that specified in IEC 61215-1 for the design qualification and 
type approval of flat-plate terrestrial crystalline silicon PV modules. However, some changes 
have been made to account for the special features of CPV receivers and modules, 
particularly with regard to the separation of on-site and in-lab tests, effects of tracking 
alignment, high current density, and rapid temperature changes, which have resulted in the 
formulation of some new test procedures or new requirements.  

The object of this test standard is to determine the electrical, mechanical, and thermal 
characteristics of the CPV modules and assemblies and to show, as far as possible within 
reasonable constraints of cost and time, that the CPV modules and assemblies are capable of 
withstanding prolonged exposure in climates described in the scope. The actual life of CPV 
modules and assemblies so qualified will depend on their design, production, environment, 
and the conditions under which they are operated. 

This standard shall be used in conjunction with the retest guidelines described in Annex B. 

2 Normative references 

The following documents, in whole or in part, are normatively referenced in this document and 
are indispensable for its application. For dated references, only the edition cited applies. For 
undated references, the latest edition of the referenced document (including any 
amendments) applies. 

IEC 60068-2-21:2006, Environmental testing – Part 2-21: Tests – Test U: Robustness of 
terminations and integral mounting devices 

IEC 60529, Degrees of protection provided by enclosures (IP Code) 

IEC 61215:2005, Crystalline silicon Terrestrial photovoltaic (PV) modules – Design 
qualification and type approval 

IEC 61215-2:2016, Terrestrial photovoltaic (PV) modules – Design qualification and type 
approval – Part 2: Test procedures 

IEC 62670-1, Photovoltaic concentrators (CPV) – Performance testing – Part 1: Standard 
conditions 

ISO/IEC 17025:2005, General requirements for the competence of testing and calibration 
laboratories 

ANSI/UL 1703:2002 ed.3 March 15, Standard for Safety: Flat-Plate Photovoltaic Modules and 
Panels 
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3 Terms and definitions 

For the purposes of this document, the following terms and definitions apply. See also Table 1. 

3.1  
concentrator 
term associated with photovoltaic devices that use concentrated sunlight 

3.2  
concentrator cell 
basic photovoltaic device that is used under the illumination of concentrated sunlight 

3.3  
concentrator optics 
optical device that performs one or more of the following functions from its input to output: 
increasing the light intensity, filtering the spectrum, modifying light intensity distribution, or 
changing light direction. Typically, it is a lens or a mirror 

Note 1 to entry: A primary optics receives unconcentrated sunlight directly from the sun. A secondary optics 
receives concentrated or modified sunlight from another optical device, such as primary optics or another 
secondary optics. 

3.4  
concentrator receiver 
group of one or more concentrator cells and secondary optics (if present) that accepts 
concentrated sunlight and incorporates the means for thermal and electric energy transfer. A 
receiver could be made of several sub-receivers. The sub-receiver is a physically stand-alone, 
smaller portion of the full-size receiver 

3.5  
concentrator module 
group of receivers, optics, and other related components, such as interconnection and 
mounting, that accepts unconcentrated sunlight. All above components are usually 
prefabricated as one unit, and the focus point is not field adjustable 

Note 1 to entry: A module could be made of several sub-modules. The sub-module is a physically stand-alone, 
smaller portion of the full-size module. 

3.6  
concentrator assembly 
group of receivers, optics, and other related components, such as interconnection and 
mounting, that accepts unconcentrated sunlight. All above components would usually be 
shipped separately and need some field installation, and the focus point is field adjustable 

Note 1 to entry: An assembly could be made of several sub-assemblies. The sub-assembly is a physically stand-
alone, smaller portion of the full-size assembly. 

3.7  
representative samples for CPV 
see details in Clause 4 

3.7 
control unit 
hardware that is not stressed, but is included in each measurement to enable greater 
confidence in consistent measurements 
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Table 1 – Terms used for CPVs 

 

4 Sampling 

Figures 1 to 5 are schematics of cells, receivers, modules, and assemblies. 

For non-field-adjustable focus-point CPV systems or modules, 7 modules and 2 receivers are 
required to complete all the specified tests, plus one receiver for the bypass/blocking diode 
thermal test (intrusive or non-intrusive). For details, see Figure 6. For field-adjustable focus-
point CPV systems or assemblies, 9 receivers (including secondary optics sections, if 
applicable) and 7 primary optics sections are required to complete all the specified tests, plus 
one receiver for the bypass/blocking diode thermal test (intrusive or non-intrusive). For details, 
see Figure 7. 

In the case that a full-size module or assembly is too large to fit into available testing 
equipment, such as environmental chambers, or a full-size module or assembly is too 
expensive (e.g., for a 20 kW reflective dish concentrator system, 9 receiver samples account 
for 180 kW of PV cells), a smaller representative sample may can be used. However, even if 
representative samples are used for the other test, a full-size module or assembly should 
shall be installed and tested for outdoor exposure. This can be conducted either in the testing 
lab, or through on-site witness. 

Representative samples should shall include all components, except some repeated parts. If 
possible, the representative samples should shall use sub-receivers, sub-modules, or sub-
assemblies. During the design and manufacturing of the representative samples, much 
attention should shall be paid to reach the maximum similarity to the full-size component in all 
electrical, mechanical, and thermal characteristics related to quality and reliability. 

Specifically, the cell string in representative samples should shall be long enough to include 
at least two bypass diodes, but in no case less than ten cells. The encapsulations, 
interconnects, terminations, and the clearance distances around all edges should shall be the 
same as on the actual full-size products. Other representative components, including 
lens/housing joints, receiver/housing joints, and end plate/lens should shall also be included 
and tested. 

IEC 

Primary optics 
CPV Module –  

prefabricated and 
the focus point is not field 
adjustable, such as most 

Fresnel lens systems 

Secondary optics 

CPV cells 

Thermal energy 
transfer means 

Electric energy 
transfer means 

CPV receiver 

Interconnection 

Mounting 

CPV Assembly – 
needs some field 

installation and the focus 
point is field adjustable, 
such as most reflective 

systems   
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Test samples should be taken at random from a production batch or batches. When the 
samples to be tested are prototypes of a new design and not from production, or 
representative samples are used, these facts should be noted in the test report (see Clause 8). 

The test samples should shall have been manufactured from specified materials and 
components in accordance with the relevant drawings and process instructions and should 
have been subjected to the manufacturer’s normal inspection, quality control, and production 
acceptance procedures. They should shall be complete in every detail and should be 
accompanied by the manufacturer’s handling, mounting, connection, and operation manuals. 
Samples should shall not be subjected to other special procedures that are not a part of 
standard production. 

If the intrusive bypass/blocking diode thermal test is to be performed, an additional specially 
manufactured receiver is required with extra electrical and thermal detector leads so that each 
individual diode can be accessed separately. 

5 Marking 

Each receiver or module section should shall carry the following clear and indelible markings: 

– Name, monogram, or symbol of manufacturer. 
– Type or model number. 
– Serial number. 
– Polarity of terminals or leads (color coding is permissible). 
– Maximum system voltage for which the module or assembly is suitable. 
– Nominal maximum output power and its tolerance at specified condition. 
– The date, place of manufacture, and cell materials should shall be marked, or be traceable 

from the serial number. 

If representative samples are used, the same markings as on full-size products should shall 
be included for all tests, and the marking should be capable of surviving all test sequences. 

6 Testing 

If recommended by the manufacturer, before beginning the testing, all testing samples, 
including the control module and control receiver, should shall be exposed to the direct 
normal irradiation (DNI) of sunlight (either natural or simulated) for a total of 5 kWh/m2 to 5,5 
kWh/m2 while open circuited. This procedure is designed to reduce the initial photon 
degradation effects. 

In this standard all references to short-circuit current Isc, open-circuit voltage Voc, maximum 
output power Pm, and other measures are all based on DNI 900 W/m2, cell temperature 25 °C, 
spectrum at Air Mass 1,5D (under consideration), and wind speed 3 m/s Concentrator 
Standard Test Condition (CSTC), which is defined in IEC 62670-1. A formal Concentrator 
Standard Test Condition (CSTC) definition will be given in a future IEC CPV standard, which 
is under consideration. Alternatively, Concentrator Standard Operating Conditions (CSOC), as 
defined in IEC 62670-1, may be used consistently. 

The test samples should shall be randomly divided into groups and subjected to the 
qualification test sequences in Figure 6 or Figure 7. Test procedures and requirements are 
detailed in Clause 10, and summarized in Annex A. The allocation of test samples to typical 
test sequences is given in Table 2. 

After initial tests and inspections, one module or one receiver/mirror section should shall be 
removed from the test sequence as a control unit. Preferably, the control unit should be 
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stored in the dark at room temperature to reduce the electrical performance degradation, but 
it may be kept outdoors with a dark cover. As shown in Figure 6 for modules or in Figure 7 for 
assemblies, the test sequence is performed both in-lab and on-site. If the CPV receiver uses 
crystalline silicon, a 1-sun measurement (flash or outdoor) can be used as a diagnostic tool 
throughout the program. If the distance between these two locations is considerable or public 
shipping companies are involved, a dark current-voltage (I-V) curve measurement before and 
after the shipping should be performed to evaluate any possible changes on testing samples. 

If a particular manufacturer produces only specific components, such as receivers, lenses, or 
mirrors, the design qualification and type approval testing may can be conducted only on 
applicable test sequences, and a partial certification can be issued independently. 

If some test procedures in this standard are not applicable to a specific design configuration, 
the manufacturer should discuss this with the certifying body and testing agency to develop a 
comparable test program, based on the principles described in this standard. Any changes 
and deviations shall be recorded and reported in details, as required in Clause 8 j). 

Table 2 – Allocation of test samples to typical test sequences 

Test 
sequence 

Module Assembly 

receiver module receiver mirror 

Control  1 1 1 

A 2  2  

B  2 2 2 

C  2 2 2 

D  1 1 1 

E  1 (full-size) 1 (full-size) 1 (full-size) 

F 1  1  

Total 3 7 10 7 

 

7 Pass criteria 

A concentrator photovoltaic module or assembly design should shall be judged to have 
passed the qualification tests, and therefore to be IEC 62108 type approved, if each test 
sample meets all the following criteria: 

a) The relative power degradation in sequence A to D does not exceed 13 % if the I-V 
measurement is under outdoor natural sunlight, or 8 % if the I-V measurement is under 
solar simulator. 

b) The relative power degradation in sequence E does not exceed 7 % for natural sunlight I-V 
measurement, or 5 % for solar simulator I-V measurement, because the 1 000 kWh/m2 
DNI outdoor exposure and 50 kWh/m2 ultraviolet (UV) tests are is not an accelerated 
stress test. 

c) No sample has exhibited any open circuit during the tests. 
d) There is no visual evidence of a major defect, as defined in  10.1.2. 
e) The insulation test requirements are met at the beginning and the end of each sequence. 
f) The wet leakage current test requirements are met at the beginning and the end of each 

sequence. 
g) Specific requirements of the individual tests are met. 

If there are some failures observed during the test, the following judgment and re-test 
procedure should shall apply: 
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h) If two or more test samples do not meet pass criteria, the design shall be deemed not to 
have met the qualification requirements. 

i) Should one sample fail any test, another two samples meeting the requirements of Clause 
4 could be subjected to the whole of the relevant test sequence from the beginning. 

j) In case i), if both samples pass the test sequence, the design should shall be judged to 
have met the qualification requirements. 

k) In case i), if one or both of these samples also fail, the design shall be deemed not to 
have met the qualification requirements. 

l) In case h) or k), the entire test program illustrated in Figure 6 or Figure 7 should shall be 
re-performed, usually after some design or processing improvement. 
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Figure 1 – Schematic of point-focus dish PV concentrator 
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Figure 2 – Schematic of linear-focus trough PV concentrator 
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Figure 3 – Schematic of point-focus fresnel lens PV concentrator 
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Figure 4 – Schematic of linear-focus fresnel lens PV concentrator 
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Figure 5 – Schematic of a heliostat CPV 
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Figure 6 – Qualification test sequence for CPV modules 

IEC 

START 

Visual 
7 m + 2 r 10.1 

10.2 

10.3 

10.4 
10.5 

10.15 

10.10 

10.14 

10.3 

10.2 

10.1 

Elect. perf. SBS 
7 m + 2 r 

Ground continuity 
2 m 

On-site testing In-lab testing 

10.2 

Outdoor 
1 m 

Water spray 
1 m 

Ground continuity 
1 m 

10.2 

Visual 
7 m + 2 r 

On-site testing In-lab testing 

7 modules (labeled as "m") and 2 receivers "r", at least one in full size, are required. 
1 receiver specially constructed for intrusive bypass/blocking diode thermal test, when required. 

If long-distance shipping is involved, 

use dark I-V to evaluate any changes 

Elect. perf. dark 
5 m + 2 r 10.2 

Sequence F 
1 r 

10.11 

10.13 

10.12 

10.9 

END 

Elect. perf. dark 
5 m + 2 r 

Control 
1 m 

Elec. perf. dark 
5 m + 2 r 

10.16 

Bypass/blocking 
diode 1 r 

10.3 

10.4 
10.5 

Ground continuity 
5 m + 2 r 

Dry/wet insul 
5 m + 2r 

Sequence D 
1 m 

Mechanical load 
1 m 

Terminations 
1 m 

Sequence C 
2 m 

Sequence B 
2 m 

Sequence A 
2 r 

Hail impact 
1 m 

Hot-spot 
1 m 

10.7 Damp heat 
2 m 

10.6 Humidity freeze 
2 m 10.6 Thermal cycle 

2 r 

Bypass diode 
non-intrusive, 1 r 10.11 10.17 

Dust IP 
2 m 

10.3 Ground continuity 
5 m + 2 r 

Elect. perf. Dark 
5 m + 2 r 10.2 

Off-axis beam 
1 m 

Elec. perf. SBS 
7 m + 2 r 

Sequence E 
1 m (full size) 

Dry/wet insul 
2 m 

If long-distance shipping is involved, 

use dark I-V to evaluate any changes 

Full document details: IEC 62108 2016 RLV

http://avadocuments2026.com/doc/iec-62108-2016-rlv
http://avadocuments2026.com/doc/iec-62108-2016-rlv


IEC 62108:2016 RLV © IEC 2016 – 19 – 

 

Figure 7 – Qualification test sequence for CPV assemblies 
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g) Date of receipt of test item and date(s) of test, where appropriate. 
h) Identification of test method used. 
i) Reference to sampling procedure, where relevant. 
j) Any deviations from, additions to, or exclusions from the test method, and any other 

information relevant to a specific tests, such as environmental conditions. 
k) Measurements, examinations, and derived results supported by tables, graphs, sketches, 

and photographs as appropriate, including short-circuit current, open-circuit voltage, 
maximum output power, maximum power loss observed after all of the tests, and any 
failures observed. 

l) A statement of the estimated uncertainty of the test results, where relevant. 
m) A signature and title, or equivalent identification, of the person(s) accepting responsibility 

for the content of the report, and the date of issue. 
n) Where relevant, a statement to the effect that the results relate only to the items tested. 
o) A statement that to maintain the qualification and type approval, the manufacturer shall 

report to and discuss with the certifying body and testing agency every change they made, 
guided by the retest guidelines provided in Annex B. 

p) A statement that the report shall not be reproduced except in full, without the written 
approval of the laboratory. 

A copy of this report should be kept by the manufacturer for reference purposes. 

9 Modifications 

Any changes in design, materials, components, or processing of the modules and assemblies 
may require a repetition of some or all of the qualification tests to maintain type approval, as 
described in Annex B. Manufacturers shall report to and discuss with the certifying body and 
testing agency every change they made. 

10 Test procedures 

10.1 Visual inspection 

10.1.1 General 

This procedure provides the requirements for obtaining baseline, intermediate, and final visual 
inspections to identify and determine any physical changes or defects in module or assembly 
construction at the beginning and after the completion of each required test. 

Any hardware showing initial damage not due to the manufacturing process should be 
rejected if it may worsen and lead to failure during the subsequent environmental tests. A new 
module or assembly may then be substituted before beginning the test sequence. 

10.1.2 Procedure 

All test samples should shall be thoroughly inspected and photographed when necessary. All 
defects or abnormalities (including initial defects related to the quality of solder joints such as 
inadequate or excessive solder, solder balls, bent interconnects, or misalignment of parts) 
should shall be documented with appropriate sketches or photographs to show the locations 
of the defects. Components, such as the lens, mirror, secondary optical elements, heat 
spreaders, and encapsulants, should shall also be inspected for defects. Specifically, inspect 
for: 

a) Bubbles, delamination, or any kind of similar defect on the cell and around its edges. 
b) Damage incurred during shipping and handling, such as cracked lenses, cracked or bent 

housings, and bent terminals or mounting brackets. 
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c) Integrity of the seal around the lens and housing joints. Any crack or gap in sealant 
materials should shall be noted. 

d) Any ventilation hole or breather must shall not be clogged. 
e) Provision for grounding all accessible conductive parts. 
f) Broken, cracked, bent, misaligned, or torn external surfaces. 
g) Faulty interconnections or joints. 
h) Visible corrosion of output connections, interconnections, and bus bars. 
i) Failure of adhesive bonds. 
j) Tacky surfaces of plastic materials. 
k) Faulty terminations, or exposed live electrical parts. 
l) Any other conditions that may affect reliability or performance. 

10.1.3 Major visual defects 

For the purpose of design qualification and type approval, the following are considered to be 
major visual defects: 

a) Broken, cracked, bent, misaligned, or torn external surfaces, including lens, mirror, 
receiver body, frame, and junction box. 

b) Broken or cracked cells. 
c) Bubbles or delamination forming a continuous path between any part of the electrical 

circuit and the edge of the receiver. 
d) Visible corrosion of any of the active circuitry of the sample. 
e) Adhesive or sealant failures. 
f) Loss of mechanical integrity, to the extent that the installation and/or operation of the 

modules or assemblies would be impaired. 

10.1.4 Requirements 

No major visual defects. 

10.2 Electrical performance measurement 

10.2.1 Purpose 

The purpose of the electrical performance test is to identify electrical performance 
degradation of test samples caused by required tests. The focus of this test is on the power 
degradation, not on the absolute power output, which will be covered by a separate power and 
energy rating standard. 

Repeatability of the measurement is the most important factor for this test. 

10.2.2 Outdoor side-by-side I-V measurement 

10.2.2.1 General 

The side-by-side (SBS) I-V measurement identifies power degradation of a test sample by 
comparing its post-stress test relative power to its pre-stress test relative power. The relative 
power is defined as the maximum power output of the sample under test divided by the 
maximum power output of the control sample, measured under similar test conditions. This 
method is based on the assumption that the changes of the control sample’s electrical 
performance are negligible during the whole qualification test period. By using this method, 
test condition variables are self-correcting, and the complex translation procedures are 
eliminated. 
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The side-by-side I-V measurement is required for each test sample up on the starting 
beginning and final I-V measurements. It is optional for all intermediate I-V measurements. 

When applying this method to receivers, the control receiver and the receiver under test 
should shall be installed with a proper optical and mechanical system so that during the test, 
the concentrated light and thermal conditions of these two receivers are similar to the real 
operating conditions. 

10.2.2.2 Procedure 

Measure the relative power of a test sample according to following procedures: 

a) Conduct the test on a favorable day and during a period of time that meets the following 
conditions: 
– sky is clear, DNI is greater than 700 W/m2, and its variation is less than 2 % in any 

5 min interval; 
– for systems with acceptance half-angle larger than 2,5°, no visible clouds or hazy 

conditions in 45° view angle around the sun; 
– wind speed is less than 6 m/s, and no gust of greater than 10 m/s in 10 min before any 

measurement. 
NOTE Pay attention to the tracking system’s rigidity and make sure it is stable under the 
windy condition. 

b) Mount the test sample and the control sample side-by-side on a two-axis tracker. The 
alignment of the samples to sunlight could be done by either of following two sequences: 
– adjust the test and control samples to co-plane, then align both of them together to the 

direction of sun beam; or 
– separately align the test and control samples to the sun beam before each I-V 

measurement. 
NOTE Test sample and control sample can also be tested on two adjacent two-axis trackers, or two 
receivers can be tested in sequence on one tracker and optical system, if all conditions in a) are met. 

c) Alignment should shall meet the manufacturer’s specifications. If specifications are not 
available, use the maximum Isc of the module as an indicator of alignment. Misalignment 
should shall not cause Isc to decrease more than 2 % from its maximum value. 

d) Monitor sample’s temperature to make sure the sample temperature changes are less than 
2 °C in any 1 min period. 

e) If coolant is employed, monitor coolant flow rate and inlet/outlet temperatures. The coolant 
flow rate should shall not change by more than 2 %, and the temperature should shall not 
change by more than 1 °C in any 5 min period. 

f) Take I-V measurements on both samples to obtain their maximum power output. This 
procedure should shall be completed quickly so that the change of power output caused 
by solar irradiance, ambient temperature, and wind speed changes is less than 2 % during 
this step. 

g) Calculate the sample’s relative power Pr: 

% 100 ·
mc

m
r P

P
P = , 

where: 
Pr is the sample’s relative power, in %; 
Pm is the test sample’s maximum power, in W; 
Pmc is the control sample’s maximum power measured at the similar condition as Pm, 

in W. 
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10.2.2.3 Requirements 
a) The sample’s maximum power (Pm), lsc, and Voc should shall be measured accurately and 

repeatably. 
b) The relative power degradation, Prd, is defined as follows: 

%100
ri

rfri
rd   ·

P
PP

P
−

=  

where: 
Prf is the relative power measured after the given test; 
Pri is the relative power measured before the given test. 

For outdoor measurement, Prd should shall be less than 13 %, and for indoor simulator 
measurement, Prd should shall be less than 8 %. The 5 % difference takes into account the 
larger uncertainty for from outdoor measurements. 

10.2.3 Solar simulator I-V measurement 

CPV I-V measurement could also be performed under indoor solar simulator. The testing lab 
should create its own testing procedure, as long as similar conditions are achieved. 

10.2.4 Dark I-V measurement 

10.2.4.1 General 

The dark I-V measurement compares the sample’s series resistances measured before and 
after the tests. It is performed before and after the test sample’s shipping to evaluate any 
possible changes. 

The dark I-V measurement is also a cost-effective method to monitor and diagnose power 
degradation of test modules or assemblies following intermediate stress tests, or to monitor 
the electric performance stability of the control samples. 

10.2.4.2 Procedure 

If the dark I-V is used for diagnostic purpose, it should be measured during initial 
measurements to establish a reference for later dark I-Vs, in addition to the side-by-side 
baseline I-V measurement, which serves as a reference for later side-by-side I-Vs. The 
method is applicable to both receivers and modules. 

a) Choose a suitable power source, which could be a conventional DC power supply or a 
charged-up capacitor, whatever is most convenient, as long as it will generate current up 
to 1,6 times rated Isc. The current should be adjustable so that there are at least 10 
separate points in the range of 0,9 to 1,6 times rated Isc, and the interval of the points 
should be nearly equal-spaced. 

b) Short the blocking diode by placing a jumper lead across the leads of the blocking diode, if 
there is one installed. 

c) Connect the power source’s positive lead to sample’s positive lead, and the negative lead 
to negative lead. 

d) Block the light source to the cells, e.g. turn the samples upside down, so that the 
measured open-circuit voltage of the sample is less than 5 % of its rated Voc. 

e) Apply at least 10 different currents to the module and record each set of current, voltage, 
and cell temperature. 

NOTE Complete this procedure as quickly as possible to avoid significant heating of the cells 
during the test. If the temperature drift is too fast to give a repeatable reading, allow the 
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current to flow while the module heats to its equilibrium temperature, then record the steady-
state values. 
f) Plot the current and voltage data on a chart with the voltage on the vertical axis and 

current on the horizontal axis, and perform a linear regression in the region of the linear 
part of the curve (usually, it is at the higher end of current): 

V = R · I + V0 
where 
R is the module’s series resistance, and 
V0 is the linear-regression constant. 

10.2.4.3 Requirements 

The dark I-V test is not intended to be used as the pass/fail criterion for the qualification test, 
but as a cost-effective method for identifying degradations of the sample following each test. 

Side-by-side I-V measurement should shall be conducted for pass/fail decision. 

10.3 Ground path continuity test 

10.3.1 General 

In some countries or regions, system grounding is not required. If the product installation is 
restricted to these areas, this test may be omitted. 

10.3.2 Purpose 

The purpose of the ground path continuity test is to verify adequate electrical continuity 
between all exposed conductive parts and the grounding point under high-current conditions. 

10.3.3 Procedure 
a) A continuity tester (ohmmeter) should shall be used to test electrical continuity between 

any parts on the test sample and its grounding point. 
b) To minimize danger to testing personnel, a current- and voltage-limited power supply that 

is not capable of producing more than 10 V DC between its output terminals should be 
used for this test. 

c) The resistance between the grounding point and any accessible conductive part should 
shall be measured with a current passing through these two points. If the module 
manufacturer has not provided contact points for this test on the modules, a small area on 
the module should shall be scraped clear of any anodization or coating to make good 
contact. 

d) Apply a current of two times Isc between the grounding terminal and a point, and measure 
the voltage within 1,3 cm of each point of current injection. 

e) Record the current and voltage until the values are stable. 
f) If more than one test is needed to evaluate all paths of conduction, allow enough cooling 

time between tests if the temperature of the sample increased significantly. 
g) At the end of this test, the test sample should shall be subjected to an insulation test of 

10.4. 

10.3.4 Requirements 
a) Resistance should shall be less than 0,1 Ω. 
b) Damage should shall not be produced at joints between different exposed conducting 

parts. 
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10.4 Electrical insulation test 

10.4.1 Purpose 

The purpose of the electrical insulation (also called dry insulation) test is to determine 
whether or not the concentrator system is sufficiently well-insulated between all active parts in 
the power-generating circuit and the frame or the outside world. 

10.4.2 Procedure 
a) Obtain an insulation tester, which has the following functions, to: 

– Supply DC current limiting to 10 mA. 
– Apply DC voltage of 1 000 V plus twice the maximum system voltage of the test 

sample. 

– Measure the current in µA resolution. 
These functions could be combined in one single unit or with a few separate units: 

b) The test should shall be conducted on samples at ambient temperature of 25 °C ± 10 °C 
and relative humidity not exceeding 75 %. 

c) Designs that use a cooling medium should shall have the cooling medium present during 
the test, but the cooling medium circulation is not required. 

d) The sample cell faces should shall be darkened and the sample should shall not be 
connected to any active electrical source. 

e) Connect the shorted positive and negative output terminals of the sample to the positive 
terminal of the tester. 

f) Connect the exposed metal parts of the sample to the negative terminal of the tester. If the 
sample has no conductive frame or if the frame is a poor electrical conductor, wrap the 
sample with a metallic plate or foil, then connect the plate or foil to the negative terminal 
of the tester. 

g) Increase the voltage applied by the tester at a rate not exceeding 500 V/s to 1 000 V plus 
twice the maximum system voltage (i.e., the maximum system voltage rated by the 
manufacturer). If the maximum system voltage does not exceed 50 V, the applied voltage 
should shall be 500 V. 

h) Maintain the voltage at this level, and wait for 2 min after a stable leakage current is 
reached. 

i) Observe any sign for dielectric breakdown or surface tracking (steps g) to i) are also 
called the dry hi-pot test). 

j) Reduce the voltage to 500 V, and maintain for 2 min after a stable leakage current is 
reached. 

k) Record the applied voltage and the current. 
l) Calculate the insulation resistance based on recorded data. 
m) Reduce the applied voltage to zero and short-circuit the terminals of the tester to 

discharge the electrical charges built up in the sample. 
n) Disconnect the tester from the sample. 

10.4.3 Requirements 
a) No dielectric breakdown, surface tracking, or bubble generation. 
b) For samples with an overall receiver aperture area less than or equal to 0,1 m2, the 

measured insulation resistance should shall not be less than 50 MΩ. 
c) For samples with an overall receiver aperture area larger than 0,1 m2, the measured 

insulation resistance times cell area should shall not be less than 5 MΩm2. 
d) In addition to the previous requirements, receivers, modules, or assemblies should shall 

always have a total insulation resistance more than 1 MΩ, or more than 10 MΩ if double-
insulated. 
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10.5 Wet insulation test 

10.5.1 Purpose 

The purpose of the wet insulation test is to evaluate the insulation of the concentrator system 
under wet operating conditions and verify that moisture from rain, fog, dew, or melted snow 
does not enter the active parts of the sample circuitry, where it might cause corrosion, a 
ground fault, or a safety hazard. 

10.5.2 Procedure 
a) Obtain an insulation tester as described in 10.4.2 a). 
b) Prepare a non-corrosive liquid agent (surfactant) solution in a testing tank that is large 

enough to hold the test samples. The resistivity of the test solution should shall be 
between 1 500 Ω⋅cm to 3 500 Ω⋅cm or less when measured at a temperature of 22 °C 
± 3 °C. 

c) Designs that use a cooling medium should shall have the cooling medium present during 
the test, but the cooling medium circulation is not required. 

d) The sample cell faces should shall be darkened and the sample should shall not be 
connected to any active electrical source. 

e) Connect the shorted positive and negative output terminals of the sample to the positive 
terminal of the tester. 

f) Make a good connection between the negative terminal of the tester and the liquid solution. 
g) Immerse the sample in the solution, or spray the solution over the sample, for at least  

5 min. The terminal boxes, pigtail leads, uninsulated terminations, or other connectors that 
are not suitable for immersion could be maintained above the solution level, but be 
thoroughly wetted by spraying the solution over these areas from all possible directions 
that rain or melted snow could enter. 

h) Increase the voltage applied by the tester at a rate not exceeding 500 V/s to 500 V. 
i) Maintain the voltage at this level, and wait for 2 min after a stable leakage current is 

reached, then observe any sign of dielectric breakdown, surface tracking, or bubble 
generation. 

j) Record the applied voltage and the current. 
k) Calculate the insulation resistance based on recorded data. 
l) Reduce the applied voltage to zero and short-circuit the terminals of the test equipment to 

discharge the electrical charges built up in the test sample. 
m) Disconnect the test equipment from the sample. 
n) Clean the surface of the module from residues of the solution.  

10.5.3 Requirements 
a) No dielectric breakdown or surface tracking. 
b) For samples with an overall receiver aperture area less than or equal to 0,1 m2, the 

measured insulation resistance should shall not be less than 50 MΩ. 
c) For samples with an overall receiver aperture area larger than 0,1 m2, the measured 

insulation resistance times cell area should shall not be less than 5 MΩm2. 
d) In addition to the previous requirements, receivers, modules, or assemblies should shall 

always have a total insulation resistance more than 1 MΩ, or more than 10 MΩ if double-
insulated. 
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10.6 Thermal cycling test 

10.6.1 Purpose 

The purpose of the thermal cycling test is to determine the ability of the receivers to withstand 
thermal mismatch, fatigue, and other stresses caused by rapid, non-uniform, or repeated 
changes of temperature. 

10.6.2 Test sample 

Two receiver samples are required for the Sequence A thermal cycling test, which is a full 
length of the thermal cycle. If a full-size sample is too large to fit into the environmental 
chamber, or it is too expensive to use, a smaller representative sample may be specially 
designed and manufactured for this test. The representative sample should shall be carefully 
designed so that it can reveal similar failure mechanisms as the full-size one, and the 
fabrication process of the representative sample should shall be as identical as possible to 
the process of the full-size ones. 

NOTE Possible failure mechanisms for temperature cycling test could include weak mechanical strength of cells, 
poor bus bar and soldering (loose, wrong flux, tension) materials, incorrect interconnection design (for example, 
too large differences of thermal expansion coefficients among bonded layers and not enough buffering layer in 
between), wrong adhesives, and poor workmanship. 

When designing or fabricating the representative samples, special considerations should shall 
include, but not be limited to, the following aspects: 

– Repeated parts or sections (sub-receivers) used by the full-size sample can be 
reduced, but if possible, try to use at least two of these parts or sections in their full 
dimensions. 

– All non-repeated parts or sections, such as cell string’s end-connections and corners, 
electrical and mechanical joints, sensors, and bypass/blocking diodes, should be 
included in the representative samples. 

10.6.3 Procedure 

Three options are given in Table 3 to fit the different materials used. The thermal cycle test 
should shall be carried out in air without adding humidity. It could be in a single-chamber 
system or in a dual-chamber system. A dwell time of at least 10 min within ±3 °C of the high 
and low temperatures is required. The cycling frequency should be 10 to 18 can range from 5 
to 48 cycles per day. During cycles current 1,25 times rated Isc at CSTC shall be applied to 
the test sample when temperature is above 25  ºC as shown in Figure 8. 

To apply current during a thermal cycle, one of the following options could be adopted to: 

a) Use an external DC power supply to provide a desired current in the negative direction 
(the positive direction is the sample’s normal generating current direction) while the 
sample is in the dark (blocking diodes, if present, should shall be shorted). 

b) Provide a full intensity of illumination so that the sample can generate the desired current 
in the positive direction. 

c) Provide a partial intensity of illumination in combination with an external DC power supply 
to generate the desired current in the positive direction (bypass diodes, if present, should 
shall be opened). 

d) Actively cooled systems alternate method: 

Phase 1 − A standard temperature cycle profile to be followed without electrical bias being 
applied. The system can be run “dry” with no cooling fluid present during the duration of 
this test. The test shall be run at one of the standard temperature profiles listed in Table 3 
for the full duration. 
Phase 2 – The temperature cycle profile shall be run with bias under the following 
conditions: a 25 °C test chamber temperature with electrical bias being applied to the 
receiver(s) under test to raise the cell(s) temperature(s) to one of the accepted 
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temperature profiles listed in Table 3 (instead of using the chamber temperature to cycle 
the temperature). The current shall then be cycled to duplicate the standard test profile 
listed in Table 3. The system can be run “dry” with no cooling fluid present during the 
duration of this test. The current injection will raise the cell(s) temperature(s) to one of the 
values in Table 3 (see Note). 

The heat-sink temperature shall be monitored at a location as close to the cell as possible 
during temperature cycling − and the chamber temperature adjusted to ensure that this heat-
sink temperature does not exceed the test chamber temperature. The exact location of the 
heat sink temperature measurement location shall be noted on the measurement report. 

NOTE 1 When the sample has parallel strings, make sure that the required current is supplied 
to each single string. Sometimes this will require separating the parallel strings, and using to 
use separate power supplies for each string. 

NOTE 2 Based on the knowledge as this standard is written, some large-area III-V cells may 
not be able to hold up under option a) or c), and some testing facilities may have an 
equipment limitation to perform option b). In these cases, the thermal cycle test sequence A 
could be conducted without applying the current, but the manufacturer should prepare three 
additional receiver samples with similar, but “dead,” cells, i.e., electrically inactive III-V cells. 
A minimum of 1,25 × Isc should be provided in either positive or negative direction. The 
current should be controlled to maintain a temperature delta difference between the cell and 
heat sink comparable to, or greater than, operating conditions so that the localized heating 
can take place, and the ability of the receivers to withstand thermal mismatch, fatigue, and 
other stresses can be evaluated. The thermal gradients during operating conditions can be 
determined from commercially available modeling programs or from direct measurements 
when DNI is greater than 700 W/m2 and wind speed is less than 2 m/s. The pass criteria for 
these receiver samples will be changed to: after the thermal cycle test, the change of the 
receiver resistance should shall be less than 2 % (excluding the cell). This alternative 
procedure will be re-evaluated, and if necessary, an amendment to this standard will be 
issued, as soon as further knowledge on this topic becomes available. 

Current cycling speed should be evenly on and off for 10 cycles in one thermal cycle, but 
when the cell temperature is below 25 °C, the current should be turned off (see illustration in 
Figure 8). The sample’s circuit continuity should be monitored and recorded. 

NOTE Actively cooled systems are typically designed to handle a very large heat load. If coolant is present, it may 
not be possible to heat the system to the target temperatures, but if the coolant is removed and (Isc) bias current is 
applied, the temperature can reach arbitrarily high temperatures. Thermal cycling because of bias current applies 
stress differently than thermal cycling the chamber and may be especially effective if a series resistance develops 
that enhances local heating from the flow of current. 

There will be one current cycle for each temperature cycle. Current flow shall commence 
during the upward temperature ramp when the heat-sink temperature reaches 25 ºC and stop 
at the end of the maximum temperature dwell (see illustration in Figure 8). The sample’s 
circuit continuity shall be monitored and recorded. 
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Table 3 – Thermal cycle test options for sequence A 

Option Maximum cell 
Target heat sink 

temperature 

°C 

Total cycles Applied current during heating and high-
temperature dwell 

TCA-1 85 1 000 
Apply 1,25 · Isc when T > 25 °C 

Cycle speed is 10 electrical/thermal 

TCA-2 110 500 
Apply 1,25 · Isc when T > 25 °C 

Cycle speed is 10 electrical/thermal 

TCA-3 65 2 000 
Apply 1,25 · Isc when T > 25 °C 

Cycle speed is 10 electrical/thermal 

 

The samples should shall be subjected to visual inspection 10.1 and the insulation test 10.4 
following the thermal cycling test. 

10.6.4 Requirements 
a) No evidence of major visual defects, as defined in 10.1.2. 
b) No interruption of current flow during the test. 
c) Insulation resistance should shall meet the same requirements as defined in 10.4. 

 

Figure 8 – Temperature and current profile of thermal cycle test (not to scale) 

10.7 Damp heat test 

10.7.1 Purpose 

The purpose of the damp heat test is to determine the ability of the modules or assemblies to 
withstand the effects of long-term penetration of humidity. 

10.7.2 Test sample 

Total of two modules, or two receivers and mirrors, are required for damp heat test in 
Sequence C. If a full-size sample is too large to fit into the environmental chamber, or it is too 
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expensive to use, a smaller representative sample may be specially designed and 
manufactured for this test. The representative sample should shall be carefully designed so 
that it can reveal similar failure mechanisms as the full-size one, and the fabrication process 
of the representative sample should shall be as identical as possible to the process of the full-
size ones. 

NOTE Possible failure mechanisms for damp heat test could include low-quality metal materials (rust), thin or low-
quality lamination materials, not enough clearance distance around edges so that the moisture penetrates to active 
electric circuits, poor workmanship, or wrong or inadequate adhesives. 

When designing or fabricating the representative samples, special considerations should shall 
include, but not be limited to, the following aspects: 

– Repeated parts or sections used by the full-size sample can be reduced, but if possible, 
try to use at least two of these parts or sections in their full dimensions. 

– Keep the same clearance distance around edges as it is on the full-size products. 

10.7.3 Procedure 
a) The test samples should shall be subjected to a test in an environmental chamber in 

which the relative humidity should shall be controlled to 85 % ± 5 % and the temperature 
to 85 °C ± 2 °C, for 1 000 h. The test may be continued for up to an additional 60 h to 
permit the insulation test in step c) to be performed. 

b) If some components are not suitable for 85 °C, the other option is to test under 65 °C and 
85 % RH for 2 000 h. 

c) At the end of the test, within 2 h to 4 h of removal from the environmental chamber, test 
samples should shall be subjected to the dry insulation test 10.4 and wet insulation test 
10.5. This period shall be used to reduce temperature in the climatic chamber. The 
temperature shall be reduced from 85 °C to 25 °C in 1,5 h. This should be held for half an 
hour. Directly after the removal from the environmental chamber, test samples shall be 
subjected to the dry insulation test 10.4 and wet insulation test 10.5. 

d) Visual inspection 10.1 should shall also be performed. 

10.7.4 Requirements 
a) No evidence of major visual defects, as defined in 10.1.2. 
b) Insulation resistance should shall meet the same requirements as defined in 10.4. 
c) Wet insulation resistance should shall meet the same requirements as defined in 10.5. 

10.8 Humidity freeze test 

10.8.1 Purpose 

The purpose of the humidity freeze test is to determine the ability of the modules or 
assemblies to withstand the effects of high temperature and humidity followed by below-
freezing temperatures. This is not a thermal shock test. 

10.8.2 Test sample 

A total of two modules, or two receivers and two mirrors, following the partial thermal cycle 
test, are required for humidity freeze test in accordance with the temperature/humidity profile 
shown in Figure 9. 

If a full-size sample is too large to fit into the environmental chamber, or it is too expensive to 
use, a smaller representative sample may be specially designed and manufactured for this 
test. The representative sample should shall be carefully designed so that it can reveal similar 
failure mechanisms as the full-size one, and the fabrication process of the representative 
sample should shall be as identical as possible to the process of the full-size ones. 
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NOTE The possible failure mechanisms for humidity freeze test and special considerations for design and 
fabrication of representative samples are the combination of those for temperature cycling test 10.6 and damp heat 
test 10.7. 

10.8.3 Procedure 

The test samples should be subjected to the thermal cycle test according to the temperature 
and current profile in Figure 8 and options in Table 4. 

Table 4 – Pre-thermal cycle test options for sequence B 

Option Maximum cell 
temperature 

°C 

Total cycles Applied current 

TCB-1 85 200 None 

TCB-2 110 100 None 

TCB-3 65 400 None 

After removal from the thermal cycle chamber, samples should be subjected to humidity 
freeze cycles in accordance with the temperature/humidity profile shown in Figure 9. There 
are two options listed in Table 5 for the maximum temperature for different component 
materials used on modules or mirrors. 

At the end of the test, within 2 h to 4 h of removal from the environmental chamber, test 
samples should shall be subjected to the dry insulation test 10.4 and wet insulation test 10.5. 
Visual inspection 10.1 should shall also be performed, see Table 4. 

Table 4 – Humidity freeze test options for sequence B 

Option Maximum cell 
Target 
sample  

temperature 

°C 

Humidity  

% 

Total cycles Applied current 

HFC-1 85 85 20 None 

HFC-2 65 85 40 None 

 

10.8.4 Requirements 
a) No evidence of major visual defects, as defined in  10.1.2. 
b) Insulation resistance should shall meet the same requirements as defined in 10.4. 
c) Wet insulation resistance should shall meet the same requirements as defined in 10.5. 
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Figure 9 – Profile of humidity-freeze test conditions 

10.9 Hail impact test 

10.9.1 Purpose 

The purpose of the hail impact test is to determine whether the module or assembly, 
particularly the concentrator lens and mirrors, or any other parts exposed to possible hail 
impact, can survive a hailstorm. 

If the system is designed to for a specific area where a hailstorm is very unlikely, this test 
could be omitted. This fact should shall be emphasized on the test report and the product 
certificate. 

10.9.2 Apparatus 
a) Moulds of suitable material for casting spherical ice balls of the required diameter. The 

standard diameter is 25,4 mm ± 5 %. 

b) A freezer, controlled at –10 °C ± 5 °C. 

c) A storage container for storing the ice balls at a temperature of –4 °C ± 2 °C. 

d) A launcher capable of propelling an ice ball at a speed of 22,4 m/s ± 5 %, so as to hit the 
sample within the specified impact location. The path of the ice ball from the launcher to 
the sample may be horizontal, vertical, or at any other angle, as long as the test 
requirements are met. 

e) A rigid mount for supporting the test sample by the method prescribed by the manufacturer. 
f) A balance for determining the mass of an ice ball. The required mass of the ball is 

7,9 g ± 5 %. 

g) An instrument for measuring the speed of the ice ball to an accuracy of ± 2 %. The speed 
sensor should shall be no more than 1 m from the impact point. 
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10.9.3 Procedure 
a) Use the mould and the freezer to make sufficient ice balls of the required size for the test, 

including some extra balls for preliminary adjustment of the launcher. 
b) Install the sample according to manufacturer’s instruction, with the impact surface normal 

to the path of the ice ball. 
c) Mark at least ten different target impact locations on receiver, module, or optics by using 

the following selection guidelines: 
– Areas that may possibly be hit by a hailstone falling from 45° around the vertical line 

when the system is under normal operation positions or on the stow position. 
– Corners that are no more than 25 mm from edges. 
– Edges that are no more than 12 mm from the side. 
– Points that are no more than 12 mm from the fixing point to supporting structures. 
– Points that are farthest from the fixing point to supporting structures. 
– Any points that may be vulnerable to hail impact. 

d) Examine size and mass of ice balls to make sure the requirements in 10.9.2 are met, and 
the ice balls should shall have no cracks visible to the unaided eye. 

e) Place the ice balls in the storage container and leave them there for at least 1 h before 
use. 

f) Ensure that all surfaces of the launcher likely to be in contact with the ice balls are near 
room temperature. 

g) The time between the removal of the ice ball from the container and impact on the sample 
should shall be less than 60 s. 

h) Fire a number of trial shots at a simulated target and adjust the launcher until the hitting 
position and speed of the ice ball meet the requirement. 

i) Fire the first actual testing shots on the sample at the locations marked in step c). 
j) Inspect the module in the impact area for signs of damage and make a note of any visual 

effects of the shot. 
k) Repeat steps i) and j) for all other desired locations. 

10.9.4 Requirements 

The requirement for hail impact is very site dependent, therefore, there is no specific pass/fail 
criteria for it. The results, however, should shall be recorded and reported in details, such as: 

a) The sample should shall be inspected after each impact to determine if any obvious 
damage has occurred. All damages and major visual defects should shall be documented. 

b) Any cracks or holes on the sample that are visible to the unaided eye, or any pieces larger 
than 25 2 mm2 that have broken off and flown out, should shall be recorded and included 
in the report. 

10.10 Water spray test 

10.10.1 General 

One full-size module or assembly is required for water spray test. It can be conducted by 
installing it in the lab, or through on-site witness. 

10.10.2 Purpose 

The purpose of the water spray test is to determine whether rain water can enter the module 
or assembly under field conditions, and if the entered water can cause a ground fault or a 
safety hazard. 
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10.10.3 Procedure 
a) Install the module or assembly on a test fixture that can reach the following four 

orientations: 
– With its front surface 45° to the horizontal. 
– In its stow position. 
– At the normal limit of its allowed tracking. 
– Upside down (if appropriate for the module’s operation). 

NOTE For some designs, these orientations may be redundant. 

b) Make field wiring connections in accordance with the wiring method specified in the 
installation instructions. When more than one wiring method is specified, the method least 
likely to restrict the entrance of water into the field wiring compartment is to be used. 

c) Put the rain-test fixture that meets the requirements of ANSI/UL1703:2002, the Standard 
for Flat-Plate Photovoltaic Modules and Panels, section 33.5 above the module’s most 
vulnerable location. 

d) The module or assembly should shall be exposed to the water spray for 1 h in each 
orientation specified in a), with at least 15 min between tests in different orientations. After 
each 1 h spray, the module or assembly should shall be examined for evidence of water 
penetration or collection of water in any area containing electrically active parts. If water is 
present in such an area, there shall be adequate means, such as drain holes, to keep the 
water level from reaching uninsulated electrically active parts. 

e) The insulation test of 10.4 should shall be conducted within 1 h to 2 h after the last spray. 
No manual dry-up should shall be performed during this time period. If the insulation 
resistance is found to be below that specified, the insulation test should shall be repeated 
after the module has dried to determine if the condition was caused by moisture inside the 
module. 

10.10.4 Requirements 
a) No evidence of major visual defects, as defined in 10.1.2. 
b) Insulation resistance should shall meet the same requirements as defined in 10.4. 
c) No significant amount of water should shall remain inside the module after the test (the 

depth of the remaining water should shall not reach any electrically active parts in any 
possible position). 

10.11 Bypass/blocking diode thermal test 

10.11.1 Purpose 

The purpose of the bypass/blocking diode thermal test is to assess the adequacy of the 
thermal design and relative long-term reliability of bypass/blocking diodes used to limit the 
detrimental effects of system hot-spot susceptibility within the receiver being tested. This 
procedure verifies that the bypass diode can safely operate at elevated temperatures and 
throughput current levels. The non-intrusive method requires that the bypass diode’s case be 
accessible for thermocouple attachment by the test personnel. The intrusive method is 
required for modules that have bypass diodes that are inaccessible without special invasive 
procedures. The intrusive method requires that the manufacturer provide a specially built 
module that has the thermocouple already installed. If invasive measures by the lab are 
required, the test personnel will consult with the manufacturer about the method and risks 
associated prior to acting. 

If the bypass diodes are not accessible in the module type under test, a special sample can be 
prepared for this test. This sample shall be fabricated to provide as close to the same thermal 
environment for the diode as a standard production module under test and does not have to 
be an active CPV module, but shall have access to measure the temperature of the diode(s) 
during the test. The test shall then proceed as normal. This special test sample shall be used 
only for the bypass diode thermal test not for the other tests in the sequence nor the final 
measurement. 
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10.11.2 Test sample 

One receiver sample is required for this test. A specially manufactured receiver sample may 
be needed if the bypass/blocking diodes are part of the module construction and the access to 
measure the temperature of bypass/blocking diode case or hottest diode contacting surface is 
not possible without compromising the integrity of the module. This receiver should be 
manufactured with accessible temperature sensor attached to the case of the bypass/blocking 
diode. The temperature sensor wires should be low thermal mass, attached in a way to 
ensure a minimum of disturbance to the diode and its thermal environment. In all other 
respects, this receiver should be manufactured as close as possible to the standard receiver 
product. 

The test using the specially manufactured receiver as described above is called the intrusive 
bypass/blocking diode thermal test; otherwise, it is called the non-intrusive test. 

Three bypass diodes are to be selected for testing. These bypass diodes are to be selected 
by the test laboratory and should be representative bypass diodes which are subject to the 
most stress in the design. The test lab shall indicate in the test report which three bypass 
diodes were selected and why they were selected.  

a) Select diode locations representative of the thermal profile of the receiver, in the order 
below:  
1) Center.  
2) High temperature location (if applicable) – such as a junction box or terminal block. 
3) Corner.  

10.11.3 Apparatus 
a) Means for heating the sample to a temperature of 75 °C ± 5 °C. 
b) Means for measuring and recording the temperatures to an accuracy of ± 1 °C. 
c) Means for measuring the temperature of any bypass/blocking diodes provided with the 

sample. Care should be taken to minimize any alteration of the properties of the diode or 
its heat-transfer path. 

d)  DC power source capable of applying a current up to 1,25 times Isc and the means for 
monitoring the flow of current through the sample during the test period. 

Environmental chamber capable of heating the test sample to 75 °C ± 5 °C, digital 
thermometer, type K thermocouple wire, thermal adhesive, a power supply capable of 
producing 1,25 times Isc of the receiver, and a DMM or current shunt capable of measuring up 
to 125 % of the receiver’s short circuit current at standard reporting conditions, digital timer. 

10.11.4 Procedure 
a) Electrically short any blocking diodes incorporated in the sample. 
b) Prepare to measure the temperature of the bypass/blocking diodes during the test. 
b) Lab-prepared receivers: Mount a functionally checked type K thermocouple to each 

diode’s case using thermally conductive electrically isolating adhesive. Feed the 
thermocouple wire(s) through the electrical leads junction box penetration and reseal the 
junction box per manufacturer’s instructions, if applicable. 

c) Connect the DC power source’s positive output to the sample’s negative leads, and the 
DC power source’s negative output to the sample’s positive leads, by using wires of the 
manufacturer’s minimum recommended wire gauge. Follow the manufacturer’s 
recommendations for wire entry into the wiring compartment. 

 NOTE Some modules have overlapping bypass diode circuits. In this case, it may be necessary to install a 
jumper cable to ensure that all of the current is flowing through one bypass diode. 

c) Manufacturer-prepared receivers: Functionally check the thermocouple(s) previously 
attached to the diode(s) by the manufacturer.  
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d) Mount the receiver inside the environmental chamber. Feed the electrical leads through 
one of the chamber’s access ports. Feed the thermocouple wire through the same access 
port.  

e) Attach a thermocouple to the front face of the receiver. This temperature sensor will be 
used to monitor the receiver’s temperature of 75 °C ± 5 °C during the duration of the tests. 

f) Connect the electrical leads to a power supply with the power supply’s positive lead 
connected to the receiver’s negative terminal and power supply’s negative lead to the 
positive terminal of the receiver. 

g) Connect the thermocouple(s) to a digital thermometer. 

h) Heat the module receiver to 75 °C ± 5 °C. Apply a current to the module receiver equal to 
Isc ± 2 %. After 1 h, measure the temperature of each bypass/blocking diode. 

i) Calculate the junction temperature using information provided by the diode manufacturer, 
along with the measured case temperature or temperature of the hottest surface 
contacting the diode. 

 NOTE If the module contains a heat sink specifically designed to reduce the operating temperature of the 
diode, this test may be performed at the temperature the heat sink reaches under conditions of 1 000 W/m2, 
43 °C ± 3 °C ambient with no wind, rather than at 75 °C. 

j) Increase the applied current to 1,25 times Isc while maintaining the module receiver 
temperature at 75 °C ± 5 °C. Maintain the current flow for 1 additional hour.  

k) Verify that the diode is still operational. 

10.11.5 Requirements 
a) The calculated diode junction temperature as determined in step 10.11.4 e) should shall 

not exceed the diode manufacturer’s maximum junction temperature rating. 
b) No evidence of major visual defects, as defined in 10.1.3. 
c) Insulation resistance should shall meet the same requirements as defined in 10.4. 
d) The diodes should shall still function as diodes after the conclusion of the diode thermal 

test. The test report shall include a description of the test used to make this determination 
and the results of that test. 

10.11.6 Procedure 2 – Alternate method 
a) Electrically short any blocking diodes incorporated in the module. 
b) Determine the rated STC short circuit current of the module from its label or instruction 

sheet. 
c) Connect the lead wires for VD and ID on both diode terminals as shown in Figure 10. 
d) It is recommended that the connections be made by the module manufacturer 
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NOTE The lead wire should not cause heat dissipation from the terminal box. 

Figure 10 – Bypass diode thermal test 

e) Put the module into the chamber set up to 30 °C ± 2 °C until the module temperature 
reaches the saturation. 

f) Apply the pulsed current (pulse width 1 ms) equal to the STC short circuit current of 
the module, measure the forward voltage VD1 of diode. 

g) Using the same procedure, measure VD2 at 50 °C ± 2 °C. 

h) Using the same procedure, measure VD3 at 70 °C ± 2 °C. 

i) Using the same procedure, measure VD4 at 90 °C ± 2 °C. 
j) Then, obtain the VD versus Tj characteristic by a least-squares-fit curve from VD1, VD2, 

VD3 and VD4. 
This VD versus Tj characteristic may be provided by the diode manufacturer with a  
manufacturer’s certification. 

k) Heat the module to 7̊5 °C ± 5 °C. Apply a current to the module equal to the short 
circuit current of the module as measured at STC ± 2 %. After 1  h measure the 
forward voltage of the each diodes. 

l) Using the VD versus Tj characteristic obtained in item j), obtain Tj of the diode. 
m) Increase the applied current to 1,25 times the short-circuit current of the module as 

measured at STC while maintaining the module temperature at 75 °C ± 5 °C. 
n) Maintain the current flow for 1 h. 
o) Verify that the diode is still operational after completing this test. 

10.12 Robustness of terminations test 

10.12.1 Purpose 

The purpose of the robustness of terminations test is to determine that the terminations and 
the attachment of the terminations to the body of the module or assembly will withstand such 
stresses as are likely to be applied during normal installation or handling operations. 

10.12.2 Types of terminations 

Three types of module terminations are considered: 

IEC 

Bypass diode 

Cell Cell 

+ID +VD –VD –ID 
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– Type A: wire or flying lead. 
– Type B: tags, threaded studs, screws, etc. 
– Type C: connector. 

10.12.3 Procedure 

10.12.3.1 General 

Preconditioning: 1 h at standard atmospheric conditions for measurement and test. 

10.12.3.2 Type A terminations 

Tensile test: As described in IEC 60068-2-21, test Ua, with the following provisions: 

– All terminations should shall be tested. 
– Tensile force should shall never exceed the module weight. 

Bending test: As described in IEC 60068-2-21, test Ub, with the following provisions: 

– All terminations should shall be tested. 
– Method 1 with 10 cycles (1 cycle is 1 bend in each opposite direction). 

10.12.3.3 Type B terminations 

Tensile and bending tests: 

a) For modules with exposed terminals, each termination should shall be tested as for type A 
terminations. 

b) If the terminations are enclosed in a protective box, the following procedure should shall 
be applied: 
– A cable of the size and type recommended by the module manufacturer, cut to a 

suitable convenient length, should shall be connected to the terminations inside the 
box using the manufacturer's recommended procedures. The cable should shall be 
taken through the hole of the cable gland, taking care to use any cable clamp 
arrangement provided. The lid of the box should shall be securely replaced. The 
module should shall then be tested as for type A terminations. 

Torque test: As described in IEC 60068-2-21, test Ud, with the following provisions: 

– All terminations should shall be tested. 
– Severity 1. 

The nuts or screws should shall be capable of being loosened afterwards, unless they are 
specifically designed for permanent attachment. 

10.12.3.4 Type C terminations 

A cable of the size and type recommended by the module manufacturer, cut to a suitable 
convenient length, should shall be connected to the output end of the connector, and the tests 
for type A terminations should shall be carried out. 

10.12.4 Requirements 
a) No evidence of major visual defects, as defined in 10.1.2. 
b) Insulation resistance should shall meet the same requirements as defined in 10.4. 
c) Wet insulation resistance should shall meet the same requirements as defined in 10.5. 
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10.13 Mechanical load test 

10.13.1 Purpose 

The purpose of mechanical load test is to determine the ability of the module or assembly to 
withstand wind, snow, static, or ice loads. 

If the concentrator systems are specified by the manufacturer not to be suitable for installation 
in areas of extreme conditions, the manufacturer shall specify the limits of wind, snow, static, 
and ice loads that apply to the product. Pressure values used in the following test can then be 
calculated aligned to match the maximum specification of the manufacturer. If the design is 
entirely unsuitable for snow areas, the snow load test needs not be carried out and minimum 
testing shall correspond to wind loading. The test report shall state the manufacturer’s 
recommended limits and whether the equipment survived testing at those limits. 

This test is only performed on modules, assemblies receivers, mirrors, or their representative 
samples. It is not an evaluation for trackers and other mounting means. A full-size 
concentrator system, including all structures and foundations, should shall be analyzed by 
suitable qualified engineers to verify that the design meets the local code requirements of the 
installation site. 

NOTE 1 If there is no specific location specified, structures and foundations should meet the following minimum 
requirements: 

a) survival of a 27 m/s wind in the worst-case position; 

b) survival of a 45 m/s wind in a stowed position; 

c) survival of 5 400 Pa snow load, if desired. 

NOTE 2 2 400 Pa corresponds to a wind pressure of 130 km/h (approximately 800 Pa) with a safety factor of 3 for 
gusty winds. If the module is to be qualified to withstand heavy accumulations of snow and ice, the load applied to 
the front of the module during the last cycle of this test shall be increased from 2 400 Pa to 5 400 Pa. 

Wind load minimums shall apply (see Table 5). 

Table 5 – Minimum wind loads 

Test load 

Pa 

Wind load capacity 

m/s 
Snow/ice load capacity Tracker 

requirement/restriction 

800  40 in a wind stow 
position only None 

Restricted to use on trackers 
with automatic and failsafe 
wind stow of 24 m/s or less 

1 600  40 None None 

2 400  40 Light to Med None 

5 400  40 Heavy  None 

 
If the module under test is restricted in application to trackers which shall horizontally stow at 
wind speeds of 24 m/s or less, the module shall be tested to a minimum of 800 Pa.  800 Pa 
corresponds to potential forces generated on the modules by 40 m/s winds when the tracker is 
in the horizontal position. Trackers which stow at lower wind speeds will not lessen this 
requirement as the worst case force occurs in the stow position due to the higher wind speeds. 

If the module under test can be mounted on any tracker (no stow function possible), the 
module shall be tested to a minimum of 1 600 Pa, corresponding to potential forces generated 
one the module by 40 m/s winds in any tracking position. 

If the module is indicated for regions where snow and ice occur it is recommended that 
minimum test requirement should be 2 400 Pa.  
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10.13.2 Procedure 
a) Make a rigid test base structure. If the load is provided by weight, the sample should shall 

be mounted front-side up or front-side down horizontally. The test base should shall be 
capable of withstanding loads applied to both the front and back of the test sample and 
shall enable the test sample to deflect freely during the load application test.  

b) Mount the test sample on the rigid structure using the method prescribed by the 
manufacturer. If there are different possibilities, use the worst case, such as the largest 
distance between the fixing points. The mounting method and photos shall be included in 
the report. 

c) Connect the test sample to the monitoring instrument so that the electrical continuity of 
the internal circuit can be monitored continuously during the test. 

d) Obtain suitable weights or pressure means that enable the load to be applied in a gradual, 
uniform manner. 

e) On the front surface, gradually apply a uniform load to 2 400 Pa up to the maximum 
indicated by the test. This load may be applied pneumatically or by means of weights 
covering the entire surface. In the later case, the test sample shall be mounted 
horizontally. Maintain this load for 1 h. 

f) Repeat step e) on the back surface of the test sample. 
g) Repeat steps e) and f) for a total of three cycles. 

10.13.3 Requirements 
a) No intermittent open-circuit fault detected during the test. 
b) No evidence of major visual defects, as defined in 10.1.3. 
c) Insulation resistance shall meet the same requirements as defined in  10.4. 

10.14 Off-axis beam damage test 

10.14.1 General 

One full-size module or assembly is required for off-axis beam damage test. It can be 
conducted by installing it in the lab, or through on-site witness. 

10.14.2 Purpose 

The purpose of the off-axis beam damage test is to evaluate that no part of the module or 
assembly could be damaged by concentrated solar radiation during conditions of 
misalignment or malfunctioning. 

10.14.3 Special case 

Concentrator systems that use a fully redundant and failsafe protection system to manage 
misalignment issues may be exempt from the requirements of this clause. The manufacturer 
should shall state in the system manual how this level of protection is achieved, what levels of 
maintenance are required, what locations are suitable for installation, and how to commission 
and operate such a system correctly. The testing agency should shall agree with the 
manufacturer on a procedure to conduct verifications on these redundant and failsafe 
protection systems. Under all possible vulnerable conditions, the protection system should 
shall respond to the misalignment or malfunction according to the manufacturer’s design; 
otherwise, a regular off-axis beam damage test should shall be conducted. 

10.14.4 Procedure 
a) The module or assembly design and the receiver itself should shall be examined first to 

determine whether any materials might be damaged by high temperatures or intense solar 
radiation, and whether these materials are sufficiently protected from exposure. 

b) If such insufficiently protected materials are identified, the module or assembly alignment 
will be offset so that light is focused on such a suspect location. 
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c) The module or assembly will then track the sun in this position for at least 15 min 3 h, with 
DNI greater than 800 W/m2. 

d) Repeat for step c) for any other suspect locations. 
e) Observe the test sample during each exposure and inspect for evidence of damage after 

each exposure. 
f) If no specific locations are identified, a simple “walk-off” test should shall be performed: 

– The module should shall be aligned toward the sun. 
– Tracking will be stopped. 
– Allow the sun to “walk off” to an angle of 45° relative to the module or assembly (about 

3 h). 
– Throughout this test, DNI should shall be at least 800 W/m2. 

10.14.5 Requirements 
a) No evidence of major visual defects, as defined in 10.1.3. In particular, there should shall 

be no evidence of melting, smoking, charring, deformation, or burning of any material. 
b) Insulation resistance should shall meet the same requirements as defined in 10.4. 

10.15 Ultraviolet conditioning test 

The UV conditioning test could be combined with the outdoor exposure test of 10.16 by 
monitoring UV dosage from natural sunlight, and let it meet the requirement of 50 kWh/m2. It 
can be conducted either in the testing lab, or through on-site witness. 

10.15.1 Purpose 

The purpose of the UV conditioning test is to reveal the possible premature failures of 
physical and electrical integrity due to limited UV exposure. 

10.15.2 Procedure 
a) Expose the sample to a total accumulated UV dosage of 50 kWh/m2 

± 10 % in the 
wavelength range below 400 nm. 

b) Any one or combination of the four light sources—fluorescent UV-A lamps, fluorescent 
UV-B lamps, xenon-arc lamps, or natural sunlight (normal or concentrated)—are 
acceptable, provided that the total UV dosage and wavelength requirements are met. 
However, for the outdoor test, when the DNI is less than 600 W/m2, the UV radiation 
should not be counted toward the total UV exposure dosage. 

c) Module or assembly temperature should be maintained at 60 °C ± 5 °C for the duration of 
the indoor test. For outdoor test, both ambient temperature and highest temperature of 
module assembly should be recorded, with an interval no greater than 5 min. 

d) If the system requires active cooling, the cooling system should be operated during the 
test. 

10.15.2.1 Requirements 
a) No evidence of major visual defects, as defined in 10.1.2. 
b) Power degradation should be less than 5 % for solar simulator I-V measurement, and 7 % 

for natural sunlight I-V measurement. 
c) Insulation resistance should meet the same requirements as defined in 10.4. 

10.15 Outdoor exposure test 

10.15.1 Purpose 

The purpose of the outdoor exposure test is to make a preliminary assessment of the ability of 
the module or assembly to withstand exposure to outdoor conditions and to reveal any 
synergistic degradation effects that may not be detected by laboratory tests. If the 
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manufacturer specifies a stabilization period after which the system reaches the steady state 
performance, the system shall be operated for the specified amount of time prior to the initial 
electrical performance test as defined in 10.2. This test requires one full-size module or 
assembly. It can be conducted either by installing it in the an exterior area of the test lab, or 
through on-site witness. 

10.15.2 Procedure 
a) A full-size module or assembly should shall be installed outdoor, and be connected to the 

grid, as recommended by the manufacturer. 
b) A direct-normal irradiation monitor and a global total irradiation monitor should shall be 

installed co-planar with the module or assembly. 
c) Any hot-spot protective devices recommended by the manufacturer should shall be 

installed before the module or assembly is mounted. 
d) If the system requires active cooling, the cooling system should shall be operated during 

the test. 
e) The module or assembly should shall be exposed outdoors with tracking and meet the 

following requirements: 
– Cumulative DNI of 1 000 at least 450 kWh/m2 while the module or assembly is 

connected to a  maximum power point tracking load. 

− Followed by cumulative UV irradiance DNI of at least 50 kWh/m2, if the UV 
conditioning test (10.15) is combined with this test while the module or assembly is 
operating in open circuit condition; during or after that time of exposure at least 1 h of 
continuous DNI greater than 900 W/m2 is required while in open circuit condition. 

− When the DNI is less than 600 W/m2, the DNI and UV radiations should shall not be 
counted for towards their total exposures. 

– UV dosage is recommended to be recorded and included in the report;. 

10.15.3 Requirements 
a) No evidence of major visual defects, as defined in 10.1.2. 
b) Power degradation should shall not exceed 5 % for solar simulator I-V measurement, and 

7 % for natural sunlight I-V measurement. 
c) Insulation resistance should shall meet the same requirements as defined in 10.4. 

10.16 Hot-spot endurance test 

A module or assembly could be exempt from this test if it has one bypass diode for each cell. 

The purpose of this test is to evaluate the ability of a module or assembly to endure the long-
term effects of periodic hot-spot heating associated with common fault conditions such as 
severely cracked or mismatched cells, single-point open-circuit failures, or non-uniform 
illumination such as partial shadowing. 

Currently, a major revision for the hot-spot endurance test on flat-plate PV modules is under 
consideration by IEC technical committee 82. For CPVs, perform this test according to 
IEC 61215-2:2016, 10.9 Hot-spot endurance test, and its amendments, with one exception:  
add an extra 3 % for the solar simulator I-V measurement, and 5 % for the natural sunlight I-V 
measurement, to the maximum power degradation requirement, to count for an extra 
uncertainty on the CPV I-V measurement. 

10.17 Dust ingress protection test 

10.17.1 Purpose 

The degree of protection (IP-code) defines the extent to which an enclosure provides 
protection against the entry of dust, as proved by standard testing methods. This testing only 
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applies to modules which have package design that is deemed an enclosure. To be 
considered an enclosure the module shall contain an interior space that contains gas or liquid. 

This requirement is for modules only; assemblies are exempt from this requirement. 

10.17.2 Procedure 

The module or a representative sample shall be subjected to IP testing after the humidity 
freeze sequence with provisions provided by the manufacturer to close ports or openings into 
the enclosure that are included in the existing module design for attaching the module to other 
systems (air drying for example). 

10.17.3 Requirements 

The module shall meet a minimum of IP6X. See 10.10 for water ingress requirements. The 
IP6X test is for dust ingress only and is conducted in conformance with IEC 60529. 
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Annex A 
(informative) 

 
Summary of test conditions and requirements 

NOTE For reference only. Requirements and values in the main body of this standard supersede requirements 
and values included in this summary, see Table A.1. 

Table A.1 – Summary of test conditions and requirements 

Seq. 
No. 

Test title Sample 

m – module 

r – receiver 

mir − mirror 

Test condition Requirement 

10.1 Visual inspection All Visual inspection No major visual defects (MVD) 
defined in 10.1.2. 

10.2 Electrical 
performance 

All Outdoor side-by-side I-V with 
DNI > 700 W/m2, wind speed 
< 6 m/s, clear sky. 

Dark I-V as a diagnostic 
means to measure resistance, 
at least 10 points from 0,9 to 
1,6 Isc 

Power degradation < 8 % for 
solar simulator measurement, 
and < 13 % for natural sunlight 
measurement, (except for 10.15 
and 10.16). 

If dark I-V shows 10 % 
resistance increase, side-by-side 
I-V should shall be performed. 

10.3 Ground path 
continuity 

All Measure resistance between 
grounding point and other 
conductive parts with 2 × Isc 
current passing through. 

Resistance < 0,1 Ω 

No damage at joints grounding 
path bonds 

10.4 Electrical 
insulation test 

All 

 

At ambient temperature, 25 °C 
± 10 °C and RH < 75 %,  
apply 2 × Vsys + 1 000 V for  
2 min (hi-pot); 

Measure R at 500 V. 

No dielectric breakdown or 
surface tracking during high 
voltage; 

R > 50 MΩm2, if area ≤ 0,1 m2, 
R > 5 MΩm2, if area > 0,1 m2, 

total overall R > 1 MΩ if 
encapsulated in earthed metal, 
total overall R > 10 MΩ if double 
insulated  

10.5 Wet insulation 
test 

All 

 

Measure R at 500 V when the 
sample is wetted by 
surfactant solution with 
resistivity < 1 500  Ωcm to  
3 500 Ωcm. 

Same as 10.4 

10.6 Thermal cycling 
test 

2r All TC test options are from 

–40 °C to Tmax. 

Options for Tmax on 
receivers in Sequence A: 

1 000 cycles if Tmax = 85 °C, 
500 cycles if Tmax = 110 °C, 

2 000 cycles if Tmax = 65 °C, 

Apply 1,25 × Isc when T > 
25 °C with cycle speed of 10 
electrical/thermal until the 
end of the high dwell time   

Options for  Tmax as pre-
conditioning for HF on 
modules or assemblies in 
Sequence B: 

No MVD. 

Meet insulation test 10.4 and 
10.5.  
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Seq. 
No. 

Test title Sample 

m – module 

r – receiver 

mir − mirror 

Test condition Requirement 

2r as pre-
conditioning 
for HF 

200 cycles if Tmax = 85 °C, 

100 cycles if Tmax = 110 °C, 

400 cycles if Tmax = 65 °C, 

10.7 Damp-heat test 2m or 2r/2mir 1 000 h at 85 °C and 85 % 
RH; 

Or 2 000 h at 65 °C and 85 % 
RH. 

No MVD. 

Meet insulation test 10.4 and wet 
insulation test 10.5 within in 2 h 
to 4 h after removal from the 
chamber. 

10.8 Humidity freeze 
test 

2m or 2r/2mir Tmax and 85 % RH for 20 h 
followed by 4 h cool down to  
–40 °C;  

20 cycles if Tmax is 85 °C; 

40 cycles if Tmax is 65 °C. 

No MVD. 

Meet insulation test 10.4 and wet 
insulation test 10.5 in 2 h to 4 h 
after removal from the chamber. 

10.9 Hail impact test 1m or 1r/1mir At least 10 shots of 25,4 mm 
diameter ice ball at 22,4 m/s 
on areas where an impact by 
hailstone falling from 45° 
around the vertical line is 
possible. 

Report all results, no pass/fail 
criteria. 

10.10 Water spray test 1m or 1r/1mir 1 h water spray on each of 
four orientations. 

No MVD. 

Meet insulation test 10.4. 

No significant water remains 
inside (the depth of the 
remaining water shoud shall not 
reach any electrically active 
parts in any possible 
orientation). 

10.11 Bypass/blocking 
diode thermal 
test 

1m or 1r At 75 °C sample chamber 
temperature, apply Isc 
through the receiver for 1 h, 
then measure 
bypass/blocking diode 
temperature.  

When Isc applied: 

Diode junction temperature not 
to exceed rated maximum 
temperature, 

No MVD. 

Meet insulation test 10.4. 

Apply 1,25 × Isc for additional 
1 h. Verify diode is functional. 

After 1,25 × Isc applied: 

Diode is still functioning.  

10.12 Robustness of 
terminations test 

1m or 1r/1mir 20 N tensile and 10 cycles 
bending  

No MVD. 

Meet insulation test 10.4 and wet 
insulation test 10.5.  

10.13 Mechanical load 
test 

1m or 1r/1mir 2 400 Pa on front and back,  
1 h each, total of 3 cycles. 
Other loads may be used. 

No MVD. 

Meet insulation test 10.4. 

No intermittent open-circuit. 

10.14 Off-axis beam 
damage test 

1m or 1r/1mir Aim the light on suspect 
locations for at least 15 min  
3 h when DNI > 800 W/m2; or 
walk-off for 3 h. 

No MVD, especially, no melting, 
smoking, charring, deformation, 
or burning. 

Meet insulation test 10.4.  

10.15 UV conditioning 
test 

1m or 1r/1mir 

Full size 

Expose to UV accumulation of 
50 kWh/m2. (This test could 
be combined with the outdoor 
exposure test of 10.16) 

No MVD. 

Power degradation should be 
less than 5 %. 

Meet insulation test of 10.4. 
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Seq. 
No. 

Test title Sample 

m – module 

r – receiver 

mir − mirror 

Test condition Requirement 

10.15 Outdoor 
exposure test 

1m or 1r/1mir 

Full size 

Expose to DNI accumulation 
of:  

1 000 kWh/m2 when  
DNI > 600 W/m2. 

– 450 kWh/m2 at Pm 

– followed by 50 kWh/m2 at 
Voc with at least 1 h of  
DNI > 800 W/m2. 

DNI < 600 W/m2 should not 
be counted 

Same as 10.15.  

No  MVD. 

Power degradation shall be less 
than 5 %. 

Meet insulation test 10.4.   

10.16 Hot-spot 
endurance test 

1m or 1r Pending. 

Refer to IEC 61215-2:2016, 
10.9 and its amendments. 

Add 3 % (simulator) or 5 % 
(sunlight) to flat-plate module 
requirement for maximum power 
degradation to count for 
measurement uncertainty. 

10.17 Dust IP test 2m Modules which have package 
design that is deemed an 
enclosure shall be subjected 
to IP testing according to 
IEC 60529 

The module shall meet a 
minimum of IP6X 
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