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INTERNATIONAL ELECTROTECHNICAL COMMISSION

CONCENTRATOR PHOTOVOLTAIC (CPV) MODULES AND ASSEMBLIES -

DESIGN QUALIFICATION AND TYPE APPROVAL
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national electrotechnical committees (IEC National Committees). The object of IEC is to
[national co-operation on all questions concerning standardization in the electrical and electronic, fig
end and in addition to other activities, IEC publishes International Standards, Technical<Specifi
hnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter refefred to 3
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ernmental organizations liaising with the IEC also participate in this preparation,|[EC collaborates
the International Organization for Standardization (ISO) in accordance with~Conhditions determ
ement between the two organizations.

formal decisions or agreements of IEC on technical matters express, as n€arly as possible, an inter
bensus of opinion on the relevant subjects since each technical committee has representation
ested IEC National Committees.

Publications have the form of recommendations for international use and are accepted by IEC |
mittees in that sense. While all reasonable efforts are made, to__ ensure that the technical content
ications is accurate, IEC cannot be held responsible for the way in which they are used or
nterpretation by any end user.
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ices carried out by independent certification/bodies.
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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 dustingress test.
d) Eliminated thermal cycling associated with damp heat test.
e) Eliminated UV exposure test.

The tgxt 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 standardcan 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 cpmmittee has decided that the contents of‘this publication will remain unchangef until
the sfability 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,

e | withdrawn,

e | replaced by a revised edition, or

e | amended.

IMPORTANT - The “colour inside” logo on the cover page of this publication indjcates
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 qualifi

cation

and type approval of concentrator photovoltaic (CPV) modules and assemblies suitable for

long-term aperation in _general aopen-air climates as defined in IEC 60721-2-1_ Th

test

sequence is partially based on that specified in IEC 61215-1 for the design qualificatid
type approval of flat-plate terrestrial crystalline silicon PV modules. However, sonie_ch
have [been made to account for the special features of CPV receivers and mo
particlilarly with regard to the separation of on-site and in-lab tests, effects of tr
alignment, high current density, and rapid temperature changes, which have) resulted
formulation of some new test procedures or new requirements.

The dbject of this test standard is to determine the electrical,~-mechanical, and th
charagteristics of the CPV modules and assemblies and to show,-as far as possible
reasomable constraints of cost and time, that the CPV modules/and assemblies are cap4

n and
anges
dules,
bcking
in the

ermal
within
ble of

withstanding prolonged exposure in climates described in theiscope. The actual life of CPV

modules and assemblies so qualified will depend on their"design, production, environ
and thie conditions under which they are operated.

This sfandard shall be used in conjunction with thexetest guidelines described in Annex

2 Noprmative references

The fdllowing documents, in whole or in\part, are normatively referenced in this docume
are inflispensable for its application.cfor dated references, only the edition cited applie
undated references, the Ilatest edition of the referenced document (including
amendments) applies.

IEC 60068-2-21:2006, Environmental testing — Part 2-21: Tests — Test U: Robustn
terminations and integral,mounting devices

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

IEC 61215:2
e O£ 19%&

ny
D
+~
0]
<
[©)
&=
L
D
-
0
>
3
(]
Q.
o
60}
o

ment,

B.

nt and
s. For
any

bss of

e ; :

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

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
concgntrator optics
optical device that performs one or more of the following functions from its linput to qutput:
increasing the light intensity, filtering the spectrum, modifying light intensity) distribution, or
changjng light direction. Typically, it is a lens or a mirror

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

3.4
concegntrator receiver
group| of one or more concentrator cells and secondary optics (if present) that agcepts
conceptrated sunlight and incorporates the means fap’tHermal and electric energy trangfer. A
receiver could be made of several sub-receivers. The sub-receiver is a physically stand-alone,
smallgr portion of the full-size receiver

3.5
conc]ntrator module

group| of receivers, optics, and othef\ *related components, such as interconnection and
mounfing, that accepts unconcentpated sunlight. All above components are ysually
prefabricated as one unit, and the.focus point is not field adjustable

Note 1 fo 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
conc¢ntrator assembly
group| of receivers} optics, and other related components, such as interconnection and
mounting, that~accepts unconcentrated sunlight. All above components would usudlly be
shippgd separately and need some field installation, and the focus point is field adjustablle

Note 1 fonéatry: An assembly could be made of several sub-assemblies. The sub-assembly is a physically stand-
alone, stmatterportiomof the fult=size assembly:

37
representative-samplesfor CRPV
otails inC l

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

Primary optics —

CPV Module -
prefabricated and
—— the focus point is not field
adjustable, such as most
CPV cells I Fresnel lens systems

Secondary optics —

— CPV receiver ——

Electric energy
tfransfer means

Thermal energy CPV Assembly —
transfer means needs some field
installation and the focus
point is field adjustable,
such as mostyreflective
systems

Interconnection —

Mounting —

IEC

4 Sampling
Figurgs 1 to 5 are schematics of cells, receivers, modules, and assemblies.

For ngn-field-adjustable focus-point CPV system's or modules, 7 modules and 2 receivgrs 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 sectigns, if
applicpble) and 7 primary optics sections are required to complete all the specified testg, plus
one rgceiver for the bypass/blocking diode thermal test (intrusive or non-intrusive). For details,
see Figure 7.

In theg case that a full-size’ module or assembly is too large to fit into available festing
equipment, such as environmental chambers, or a full-size module or assembly fs too
expengive (e.g., for a 20 kW reflective dish concentrator system, 9 receiver samples a¢count
for 18D kW of PV cells), a smaller representative sample-may can be used. However, }ven if

esting

repregentative samples are used for the other test, a full-size module or assembly
shall e installed and tested for outdoor exposure. This can be conducted either in the
lab, on through on-site witness.

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-sheuld 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.
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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-sheuld shall not be subjected to other special procedures that are not a part of
standard production.

If the jntrusive bypass/blocking diode thermal test is to be performed, an additional~spgcially
manufactured receiver is required with extra electrical and thermal detector leads so'thaft each
indiviqual diode can be accessed separately.

5 Marking

Each feceiver or module section-sheuld shall carry the following clearland indelible markings:

— Ngme, monogram, or symbol of manufacturer.

— Type or model number.

— Serial number.

— Padlarity of terminals or leads (color coding is permissible).

— Maximum system voltage for which the module ‘or assembly is suitable.

— Ngminal maximum output power and its tolerance at specified condition.

— The date, place of manufacture, and cell materials-sheuld shall be marked, or be trageable
from the serial number.

If repriesentative samples are used, the same markings as on full-size products-sheuld shall
be incJuded for all tests, and the marking should be capable of surviving all test sequendes.

6 Testing

If recommended bycthe manufacturer, before beginning the testing, all testing samples,
includlng the control"module and control receiver,—should shall be exposed to the|direct
normgl irradiation_(DNI) of sunlight (either natural or simulated) for a total of 5 kWh/m2|to 5,5
kWh/m?2 whilg ‘open circuited. This procedure is designed to reduce the initial photon
degragation=effects.

In thid standard all references to short-circuit current /.., open-circuit voltage V.., maximum

output power P ,and other measures area%L based on@M@O@M#mz%eH%mperaer%%
Concentrator

&unde#eens@e#aﬂe& Alternatlvely, Concentrator Standard Operatmg Condltlons (CSOC
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-sheuld 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 sonie test procedures in this standard are not applicable to a specific design configufation,
the manufacturer should discuss this with the certifying body and testing agency to_dévglop a
comparable test program, based on the principles described in this standardcAny chianges
and de¢viations shall be recorded and reported in details, as required in Clause'87).

Table 2 — Allocation of test samples to typical test sequéences

Test Module Assembly
peduence receiver module receiver mirron
Control 1 1 1
A 2 2
B 2 2 2
C 2 2 2
D 1 1 1
E 1y{full-size) 1 (full-size) 1 (full-sige)
F 1 1
Total 3 7 10 7

7 Pass criteria

A concentrator photoyoltaic module or assembly design—sheould shall be judged to have
passef the qualification tests, and therefore to be IEC 62108 type approved, if eagh 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
me¢asurement is under outdoor natural sunlight, or 8 % if the |-V measurement is|under
solap simulator.

b) Th o S S o G S d
measurement, or 5 % for solar simulator 1-V measurement, because the 1 000 kWh/m?2
DNI outdoor exposure—and-50kWh/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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If two or more test samples do not meet pass criteria, the design shall be deemed not to
have met the qualification requirements.

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.

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

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

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 3 — Schematic of point-focus fresnel lens PV concentrator
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Figure 5 — Schematic of a heliostat CPV
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"

, at least one in full size, are required.

1 receiver specially constructed for intrusive bypass/blocking diode thermal test, when required.
Visual
7 n:sEaZr 10.1 On-site testing | In-lab testing
]
Elect. perf. SBS
Tmeor 10.2 Sequ1err|ceF
Elect. perf. dark 10.2 | If long-distance shipping is involved, Eb‘;- pen‘édalk 102
. . m+2r .
Sm+2r use dark |-V to evaluate any changes ]
Bypass/blocking
inui diode 11 | 1011
Ground continuity
om 10.3
Ground continuity | 10 3
I~ b -
Dry/wgtinsul  |10.4
2fn 10.5 Dry/wet insul 10.4
Control 5m+2r 10.5
1m
Sequence D}
Sequelnce E m
1 m (fu)l size)
Mechanical logd |4 13
im ’
Ol#f 1<1>or 10.15
Sequence A Sequence B Sequence C R
o om >m Term1|nat|om 10.12
m
Water|spra
TE™ 11010
Thermal cycle 10.6 Humidity freeze | 15, ¢ Damp heat 10.7 Hail impact 10.9
2r 2m 2m 1m
Off-axig beam 10.14
1M ! Bypass diode DustyIP. Hot-spot
non-intrusive, 1r 10.11 2Mm 10.17 1m 10.16
Ground dontinuity —> <
1M 10.3
Elec. perf. dark | 10-2 If long-distance shipping is involved, Ground continuity |, 4
Sm+2r use dark |-V to gvaluate any changes Sm+2r
Elec. pgrf. SBS
Tm¢2r 10.2
Elect. perf. Dark
5m+2r 10.2
T
Vishal On-site testing |~In-lab testing
10.1
7Tm¢2r
[ _END IEc
Figure 6 — Qualification test sequence for CPV modules
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START 9 receivers (labeled as "r") and 5 mirrors "mir", at least one pair in full size, are required.
1 receiver specially constructed for intrusive bypass diode thermal test, when required.

Visual

9r+5 mir 10.1 On-site testing | In-lab testing
-
Elect. perf. SBS
9r ‘+) 5 mir 10.2 Sequ1e|:ce F
Elect. perf. dark 10.2| If long-distance shipping is involved, E|e7d- P%rf- dark 10.2
- perf. d r+3mir .
7r+3mir use dark |-V to evaluate any changes ]
Bypass/blocking 10.11
Ground continuity diode 1r .

2r+2mir (103

Ground continuity | 11 3

Zr+ 3 mir

Dry/wgt insul ~ |10.

2r+ P mir 10. Dry/wet insul 10.4

Control 7 r+ 3 mir 10.5
1r+1mir
Sequence D}
Sequence E 1r+1mir

1 m +|1 mir

full pize
( ) Mechanical logd |44 13
1r+1mir
Outdoor
trefmr o S A S B S Cc
equence equence equence i
‘ 2r ‘ ‘ 2r ‘ ‘ 2 r +2 mir ‘ T?T{ft:si:‘ 10.12
Water|spray i
1r+ [l mir 10.10
Thermal cycle Humidity freeze Damp heat Hail impact 10.9
‘ 2r ‘10'6‘ 2r ‘10'6‘ 21+ 2 mir 10.7 1r+1mir
Of1f_?)+(—i bn?ﬁm 10.14 Bypass diode Dust, IR Hot-spot
non-intrusive, 1r |10-11 24 10.17 1r+1mir 10.16
Ground dontinuity > <€
11+ mir 0.3 10.2
Elec. perf. dark If long-distance shipping is involved, Ground continuity 10.3
7r+3mir use dark |-V to evaluate any changes 71+ 3 mir
Elec. pqrf. SBS
9r+p mir 10.2
Elect. perf. dark
7 r+ 3 mir 10.2
-
Vislial On-site testing |.In«lab testing

9r+p mir

| _END_| e

Figure 7 — Qualification test sequence for CPV assemblies

8 Report

Follow ;IIU typc appluval, a—ecertified |ch|t of —the qua“f;uat;uu tests—with—measured
performance characteristics and details of any failures and re-tests,-should shall be prepared
by the test agency-inaccordance-with-ISOAEC17025. Each test report-should shall include at
least the following information:

a) A title.

b) The name and address of the laboratory, and the location where the tests were carried out,
if different from the address of the laboratory (such as on-site location).

c) Unique identification of the test report (such as the serial number), and on each page an
identification to ensure that the page is recognized as a part of the test report, and a clear
identification of the end of the test report.

d) Name and address of client, where appropriate.
e) Description and identification of the item tested.
f) Characterization and condition of the test item.
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g) Date of receipt of test item and date(s) of test, where appropriate.
h) ldentification 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.

[) 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 respengpibility
forl 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 jtems tested.

o) A ptatement that to maintain the qualification and type approval, the manufacturef shall
report to and discuss with the certifying body and testing agency every-change they made,
gujded by the retest guidelines provided in Annex B.

p) A ptatement that the report shall not be reproduced except dn full, without the Written
approval of the laboratory.

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

9 Modifications

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

10 Te¢st procedures

10.1 |Visual inspection
10.1.1 General

This procedure proyide’s the requirements for obtaining baseline, intermediate, and final|visual
inspegtions to identify and determine any physical changes or defects in module or asgembly
construction atihée beginning and after the completion of each required test.

Any Hardware showing initial damage not due to the manufacturing process should be
rejectqzd 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.


https://iecnorm.com/api/?name=3d2dfc2447c1274778022c07f7414939

IEC 62108:2016 RLV © IEC 2016 -21-

c) Integrity of the seal around the lens and housing joints. Any crack or gap in sealant
materials-should shall be noted.

d) An

y 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.

ulty interconnections or joints.

h) Visible corrosion of output connections, interconnections, and bus bars.

g) Fa
i) Fa
j) Ta

ilure of adhesive bonds.
cky surfaces of plastic materials.

k) FaLIty terminations, or exposed live electrical parts.

) An

10.1.3

For the purpose of design qualification and type approval, the following @re considered

major
a) Br

re
b) Br

c) Bu
cir

d) Vi
e) Ad

f) Lo
md

q

4

10.1.4 Requirements

No mas

10.2
10.2.1

The |
degra
degra
energ

y other conditions that may affect reliability or performance.

Major visual defects

visual defects:

bken, cracked, bent, misaligned, or torn external surfaces) including lens,
Ceiver body, frame, and junction box.

bken or cracked cells.

bbles or delamination forming a continuous path/between any part of the el¢g
Cuit and the edge of the receiver.

ible corrosion of any of the active circuitry of\the sample.
hesive or sealant failures.

5s of mechanical integrity, to the extent that the installation and/or operation
dules or assemblies would be impaired.

jor visual defects.

Electrical performance measurement
Purpose
jation of test samples caused by required tests. The focus of this test is on the

jation,.not on the absolute power output, which will be covered by a separate pow
rating standard.

to be

mirror,

ctrical

of the

purpose of._the electrical performance test is to identify electrical performance

power
er and

Reped

10.2.2
10.2.2

fithan manciirama ANt 1o thhn et e rtant £
—trCTrcasur et o thCT1ToSt LY Ly |

Outdoor side-by-side I-V measurement

1 General

The side-by-side—{SBS} |-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 -V measurement is required for each test sample—up on the—starting
beginning and final I-V measurements. It is optional for all intermediate |-V measurements.

When applying this method to receivers, the control receiver and the receiver under test
sheould 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) Cagnduct the test on a favorable day and during a period of time that meets the-fal
conditions:

b)

f)

g)

Maunt the test sample and the control sample sidésby-side on a two-axis tracke
alignment of the samples to sunlight could be donehy either of following two sequen

A

avpilable, use the maximum (g, of the module as an indicator of alignment. Misalig
shpuld shall not cause /(o decrease more than 2 % from its maximum value.

Manitor sample’s temperature to make sure the sample temperature changes are les

2
If

sky is clear, DNI is greater than 700 W/m2, and its variation is less than 2 %
5 min interval;

for systems with acceptance half-angle larger than 2,5°, no visjble clouds o
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 befo
measurement.

NOTE Pay attention to the tracking system’s rigidity and.miake sure it is stable und
windy condition.

adjust the test and control samples to co-plane, then align both of them together
direction of sun beam; or

separately align the test and controlvsamples to the sun beam before ea
measurement.

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

9C in any 1 min period.
¢oolant is empleyed, monitor coolant flow rate and inlet/outlet temperatures. The ¢

owing
n any
hazy
re any
er the
r. The
ces:
to the
ch |-V

or two
t.

ignment-should shall meet _the manufacturer’s specifications. If specifications are not

nment

s than

oolant

flow rate-shewtdishall not change by more than 2 %, and the temperature-should shgll not
change by more than 1 °C in any 5 min period.
Take |-V-—measurements on both samples to obtain their maximum power outpuf. This
procedure-should shall be completed quickly so that the change of power output daused
by|solar irradiance, ambient temperature, and wind speed changes is less than 2 % fduring
this step.
Calculate the sample’s relative power P,:

P,

P =—"-100%,

mc
where:
P, is the sample’s relative power, in %;
Py is the test sample’s maximum power, in W;
Prc is the control sample’s maximum power measured at the similar condition as P,

in W.
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10.2.2.3 Requirements

a)

b)

The sample’s maximum power (P,,), Iy, and V,.-should shall be measured accurately and |
repeatably.

The relative power degradation, P, is defined as follows:

P. - P
Pg=-1—""100%

ri

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

For optdoor measurement, P —should shall be less than 13 %, and for indoor simulator
measyrement, P 4-should shall be less than 8 %. The 5 % difference takes.into accoynt the

larger|uncertainty-fer from outdoor measurements.

10.2.3 Solar simulator I-V measurement

CPV I}V measurement could also be performed under indoor solar'simulator. The testipg lab

should create its own testing procedure, as long as similar conditions are achieved.

10.2.j Dark I-V measurement
1

10.2.4.

General

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

possiljle changes.

The dark I-V measurement is also a .cost-effective method to monitor and diagnose |power
degraglation of test modules or assemblies following intermediate stress tests, or to monitor

the elegctric performance stability of the control samples.

10.2.4.2 Procedure

If the| dark 1-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-bly-side
baseline |-V measurément, which serves as a reference for later side-by-side I-V§. The

method is applicable to both receivers and modules.

a)

b)
c)
d)

e)

Choose<assuitable power source, which could be a conventional DC power supply or a
chargedsup capacitor, whatever is most convenient, as long as it will generate currgnt up
to| \6/times rated I .. The current should be adjustable so that there are at least 10
separate points in the range of U,9 to 1,6 umes rated Iy, and the interval ol the points
should be nearly equal-spaced.

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

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

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 V.

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-1+V,

where

R is the module’s series resistance, and

Vo

is the linear-regression constant.

10.2.4.3 Requirements

The d
but as

ark |-V test is not intended to be used as the pass/fail criterion for the qualificatio
a cost-effective method for identifying degradations of the sample following each

Side-Ry-side |-V measurement-should shall be conducted for pass/fail degision.

10.3

10.3.1

Ground path continuity test

General

h test,
fest.

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

10.3.2 Purpose

The p

betwe

en all exposed conductive parts and thé{grounding point under high-current condit

10.3.3 Procedure

a)

b)

c)

d)

e)

f)

g)

A
an

To
is
us

Th
sh

y parts on the test sample and its grounding point.

minimize danger to testing personnel, a current- and voltage-limited power supp
not capable of producing more than 10 V DC between its output terminals sho
bd for this test.

manufacturermhas not provided contact points for this test on the modules, a small a
the modulg=should shall be scraped clear of any anodization or coating to makeg good

co

htact.

urpose of the ground path continuity test is to verify adequate electrical continuity

ons.

continuity tester (ohmmeter)-sheuld shall be used to test electrical continuity bgtween

y that
Lld be

e resistance between the grounding point and any accessible conductive part-$hould
hil be measured with a current passing through these two points. If the module

[ea on

Aplplya-current of two times I, between the grounding terminal and a point, and megasure

the_valtage within 1,3 cm of each point of current injection

Record the current and voltage until the values are stable.

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.

At the end of this test, the test sample-sheould shall be subjected to an insulation test of

10

4.

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

pa

rts.
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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 1000V plus twice the maximum system voltage of thle test
sample.

— | Measure the current in pA 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
anf relative humidity not exceeding 75 %.

c) Dgsigns that use a cooling medium-sheuld 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) Cgnnect the shorted positive and negative output déérminals of the sample to the ppsitive
terminal of the tester.

f) Cdnnect 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, thenwéonnect the plate or foil to the negative tefminal
of the tester.

g) Ingrease 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
mgnufacturer). If the maximum system voltage does not exceed 50 V, the applied vpltage
shputd shall be 500 V.

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

i) OBRserve any sign.'for dielectric breakdown or surface tracking (steps g) to i) arg¢ also
called the dry hi-pot test).

j) Regduce thecvoltage to 500 V, and maintain for 2 min after a stable leakage curfent is
reached.

k) Regcordthe applied voltage and the current.

I) 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-sheuld shall not be less than 50 MQ.

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 MQm?2.

d) In addition to the previous requirements, receivers, modules, or assemblies-should shall
always have a total insulation resistance more than 1 MQ, or more than 10 MQ if double-
insulated.
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Wet insulation test

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) Pr
en
be

+

c) De
the

bpare a non-corrosive liquid agent (surfactant) solution in a testing tank that s
bugh to hold the test samples. The resistivity of the test solution—sheould sh
fween 1 500 Q-cm to 3 500 Q-cm-erless when measured at a temperatdre-of
°C.

signs that use a cooling medium-should shall have the cooling medium present
test, but the cooling medium circulation is not required.

large
all be
22 °C

during

d) The sample cell faces—should shall be darkened and the sample=should shall pot be

co

e) Cd
ten

f) Ma
g) Im
51

are¢ not suitable for immersion could be maintained above the solution level, &

thg
tha

h) Ing

hnected to any active electrical source.

nnect the shorted positive and negative output terminals ‘of the sample to the p
minal of the tester.

Ke a good connection between the negative terminal 6P the tester and the liquid so
merse the sample in the solution, or spray the{solution over the sample, for a
hin. The terminal boxes, pigtail leads, uninsulated terminations, or other connecto
roughly wetted by spraying the solution_oveér these areas from all possible dire
t rain or melted snow could enter.

rease the voltage applied by the tester at a rate not exceeding 500 V/s to 500 V.

Dsitive

lution.

least
rs that
ut be
ctions

ent is

i) Maintain the voltage at this level,.'and wait for 2 min after a stable leakage cur
reached, then observe any sign)of dielectric breakdown, surface tracking, or bubble
geperation.

j) Rdcord the applied voltage‘and the current.

k) Caglculate the insulation resistance based on recorded data.

) Re

dis
m) Di
n) Cl¢

q

10.5.3

duce the appliedvoltage to zero and short-circuit the terminals of the test equipm
charge the electrical charges built up in the test sample.

sconnect thestest equipment from the sample.
ban the §uyface of the module from residues of the solution.

Requirements

ent to

a) Nd

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 MQ.

c) For samples with an overall receiver aperture area larger than 0,1 m2, the measured
insulation resistance times cell area-sheuld shall not be less than 5 MQm?2.

d) In addition to the previous requirements, receivers, modules, or assemblies-should shall
always have a total insulation resistance more than 1 MQ, or more than 10 MQ 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 i1s too expensive to use, a smaller representative sample may be spgcially
designed and manufactured for this test. The representative sample-sheuld shall be carefully
designed so that it can reveal similar failure mechanisms as the full-size ofie; and the
fabrication process of the representative sample-sheould shall be as identical @s poss|ble to

the prpcess of the full-size ones.

NOTE [Possible failure mechanisms for temperature cycling test could include weak mechanical strength ¢f cells,
poor bys 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 |ayer in

betweeh), wrong adhesives, and poor workmanship.

When|designing or fabricating the representative samples, spegial considerations-sheulg shall

includg, but not be limited to, the following aspects:

10.6.3 Procedure

— | Repeated parts or sections (sub-receivers) udsed by the full-size sample cpn 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, suchras cell string’s end-connections and cqrners,
electrical and mechanical joints, sensors, and bypass/blocking diodes, should be
included in the representative samples.

Three|options are given in Table\B-to fit the different materials used. The thermal cycle test
should shall be carried out imnair without adding humidity. It could be in a single-chember
systerp or in a dual-chamber‘system. A dwell time of at least 10 min within £3 °C of thg high
and logw temperatures is_required. The cycling frequency-sheuld-be-10-t0-48 can range from 5
to 48 cycles per day. Purinhg cycles current 1,25 times rated I, at CSTC shall be applied to

the test sample wher{ temperature is above 25 °C as shown in Figure 8.

To apply currentdduring a thermal cycle, one of the following options could be adopted tq:

a)

b)

c)

d)

Ude ap-external DC power supply to provide a desired current in the negative dirfection
(the {positive direction is the sample’s normal generating current direction) while the
sample is in the dark (hlocking diodes_if present -shaunld shall he shorted)

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

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,-sheuld
shall be opened).

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 s

NOTE 1

ink temperature measurement location shall be noted on the measurement report.

L When the sample has parallel strings, make sure that the required current is s

pplied

to eag
use sq

NOTEA

not be able to hold up under option a) or c), and some testing facilities 'may ha

equipn
could
additid

h single string. Sometimes this will require separating the parallel strings, and-us
parate power supplies for each string.

. Based on the knowledge as this standard is written, some large-area NI}V cell

nent limitation to perform option b). In these cases, the thermal cyclestest seque
be conducted without applying the current, but the manufacturer~should prepare

A min
curren
heat {
can tg
other

nal receiver samples with similar, but “dead,” cells, i.e., electrically inactive IlI-\
imum of 1,25 Igc should be provided in either positive ‘or“negative direction
t should be controlled to maintain a temperature-dela difference between the ce

HAg to

S may
ve an
nce A
three
cells.
. The
Il and

ink comparable to, or greater than, operating conditions_so that the localized heating

ke place, and the ability of the receivers to withstand. thermal mismatch, fatigu
stresses can be evaluated. The thermal gradients, during operating conditions @

e, and
an be

determined from commercially avajlable modeling programs or from direct measurgments

when
these
receiv

procedure will be re-evaluated, and if necessary, an amendment to this standard v
, as soon as further knowledge on this topic becomes available.

issued

NOTE A
not be

applied
stress (
that enf

There
during
at the
circuit

DNI is greater than 700 W/m2 and wind speedyds less than 2 m/s. The pass critg
receiver samples will be changed to: after<the thermal cycle test, the change
er resistance—should shall be less than™2 % (excluding the cell). This alter

ossible to heat the system to the target temperatures, but if the coolant is removed and (/) bias cu
the temperature can «eaeh arbitrarily high temperatures. Thermal cycling because of bias current
ifferently than thermal)cycling the chamber and may be especially effective if a series resistance d
ances local heatifng from the flow of current.

the upwayrd temperature ramp when the heat-sink temperature reaches 25 °C an
end_ofthe maximum temperature dwell (see illustration in Figure 8). The sa
comntiruity shall be monitored and recorded.

ctively cooled systems are typically designed to handle a very large heat load. If coolant is present),

ria for
of the
native
vill be

it may
rrent is
applies
bvelops

will be anevcurrent cycle for each temperature cycle. Current flow shall commence

d stop
mple’s
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Table 3 — Thermal cycle test options for sequence A

Option Maximum cell Total cycles Applied current during heating and high-
Target heat sink temperature dwell
temperature
°C
Apply 1,25 - I__when T > 25 °C
TCA-1 85 1000 ad se
. s 10 .
Apply 1,25 - I__when T > 25 °C
TCA-2 110 500 Y se
- s 10 )
Apply 1,25 - I__when T > 25 °C
TCA-3 65 2 000 se
. s 10 .

The samples-should shall be subjected to visual inspection 10.1 and the .insulation tes

follow|ng the thermal cycling test.
10.6.4 Requirements
a) Nq evidence of major visual defects, as defined in 10.1.2.
b) Ngq interruption of current flow during the test.
c) Insulation resistance-should shall meet the same requirements as defined in 10.4.
8 A A 5
o 3
2
c | J I'= Ligst
(]
Q.
Er————————= =0
= No electrical current wherlT < 25 °C and after
Tmax [ high dwell time finishes
- Start from reom temperature
—40
0 2 4 8 10 12 14 16 18 20
Cycle Period
IEC

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

10.7 Damp heat

10.7.1 Purpose

test

t10.4

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-sheuld 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-sheuld 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<pogsible,
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 envifonmental champer in
which the relative humidity-sheuld shall be controlled to 85 % +&5 % and the tempgrature
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 otherioption is to test under 65 9C 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 chambgdr, test
samples-should shall be subjected to the dry insdlation test 10.4 and wet insulatign test
10{5. This period shall be used to reduce, temperature in the climatic chambef. The
temperature shall be reduced from 85 °C t0,.25™C in 1,5 h. This should be held for half an
hopr. Directly after the removal from thecenvironmental chamber, test samples sHall be
supjected to the dry insulation test 10.4_and wet insulation test 10.5.

d) Visual inspection 10.1-sheuld shall alse be performed.

10.7.4 Requirements
a) Nq evidence of major visual.defects, as defined in 10.1.2.
b) Ingulation 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.p.
10.8 |Humidity freeze test
10.8.1 Purpose

The durpose "of the humidity freeze test is to determine the ability of the modujes or

assemblies“to withstand the effects of high temperature and humidity followed by below-
freezing\témperatures. This is not a thermal shock test.

10.8.2 Test sample
A total of two modules, or two receivers and two mirrors,—foHowing-thepartial-thermal-eycle

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-sheould 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

l-nmnernhu-e
°c
e 85 200 Nene
FcB-2 EET:) 100 Neone
R cE 400 Llens
After femoval-from-the thermal-cycle chamber—samples—should-be subjectedto-hymidity
froozgssloo e oeserdones i e docnoo o bsntallne peadile el onn fo Blenes 0 Tnoce
are two options listedin-Table 5 for the maximum temperature-for different component
Frorerfedle e s e rnedles o nlee e
At thel end of the test, within 2 h to 4 h of removal from-the environmental chambef, test
samples-should shall be subjected to the dry insulation tést™10.4 and wet insulation test 10.5.
Visuallinspection 10.1-sheuld shall also be performed, §ee Table 4.
Table 4 — Humidity freeze test options for sequence B
Qption Mestenameall Humidity Total cycles Applied currpnt
Target o
sample %
temperature
°C
HFC-1 85 85 20 None
HFC-2 65 85 40 None
10.8.4 Requirements
a) Nq evidence of-major visual defects, as defined in 10.1.2.
b) Ingulation 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.b.
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85 % 15 % RH No RH control

|
|
|
|
|
+85 [— |
|
|
|
|
|

3
o 100 °C/h max.
2
I A —— Room femperature
AN
° | Start of cycle
= 0
©
o
=
-40 |—

| 20 h min. | 4’ max. |

Cycle period
IEC

Figure 9 — Profile of humidity-freeze test conditions

Hail impact test
Purpose

urpose of the hail impact, test is to determine whether the module or ass

particularly the concentrator lens,;and mirrors, or any other parts exposed to possib

impac

If the
could
certifig

10.9.2

a) Mg
stg

, can survive a hailstorm.

system is designed=te for a specific area where a hailstorm is very unlikely, th
be omitted. This-fact-should shall be emphasized on the test report and the p
ate.

Appadratus
ulds of suitable material for casting spherical ice balls of the required diamete

hndard diameter is 25,4 mm + 5 %.

embly,
e hail

s test
roduct

r. The

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
7,99%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 vertic
when the system is under normal operation positions or on the stow position.

Corners that are no more than 25 mm from edges.

al line

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

d) EX
thd
us

f) En

roq

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.

amine size and mass of ice balls to make sure the requirements in10.9.2 are me
ice balls-sheuld shall have no cracks visible to the unaided eye.

o)

e .

sure that all surfaces of the launcher likely to be in contact with the ice balls ar
m temperature.

t, and

before

e near

g) The time between the removal of the ice ball from-the container and impact on the sample

sh
h) Fin
po
i) Fin
i) In{
eff]

10.9.
The rg

criteria for it. The results; however,-sheuld shall be recorded and reported in details, sug

a) THh
da
b) An
th4

k) ijeat steps i) and j) for all other desired locations.

buld shall be less than 60 s.

e a number of trial shots at a simulated target and adjust the launcher until the
sition and speed of the ice ball meet the~téquirement.

e the first actual testing shots on thessample at the locations marked in step c).

pect the module in the impact aréa’for signs of damage and make a note of any
ects of the shot.

Requirements

quirement for hailimpact is very site dependent, therefore, there is no specific pg

e sample~sheuld shall be inspected after each impact to determine if any o
mage has,'occurred. All damages and major visual defects-should shall be documg

y cracks or holes on the sample that are visible to the unaided eye, or any pieces
n£25-2 mm? that have broken off and flown out,-sheu!d shall be recorded and in

in

hitting

visual

ss/fail
h as:

bvious
nted.

larger
cluded

he‘feport.

10.10

10.10.

Water spray test

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.

— Inits 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
indtallation instructions. WWhen more than one wiring method 1S 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” Stgndard
forl Flat-Plate Photovoltaic Modules and Panels, section 33.5 above thermodule’d most
vu|nerable 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-sheuld shall be examined for evidence of|water
pehetration or collection of water in any area containing electrically active parts. If water is
présent in such an area, there shall be adequate means, sGch’as drain holes, to kegp the
wdter level from reaching uninsulated electrically active parts.

e) The insulation test of 10.4-sheuld shall be conducted/within 1 h to 2 h after the last |spray.
Nd manual dry-up—sheuld shall be performed dufing this time period. If the insdilation
registance is found to be below that specified, thedinsulation test-should shall be repeated
after the module has dried to determine if the condition was caused by moisture insife the
mqadule.

10.10}4 Requirements
a) Nq evidence of major visual defects,. @s defined in 10.1.2.
b) Ingulation resistance-sheould shall-meet the same requirements as defined in 10.4.

¢) N(d significant amount of watefr-sheuld shall remain inside the module after the test (the
depth of the remaining water=should shall not reach any electrically active parts |n any
pogsible 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 pf the
thermal design-and relative long-term reliability of bypass/blocking diodes used to limit the

detrimentdl effects of system hot-spot susceptibility within the receiver being tested|. This
procedluré verifies that the bypass diode can safely operate at elevated temperaturgds and
throu =i i i i ase 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

bypask .. . tally ; . ,... . : .. Q}/

Three|bypass diodes are to be selected for testing. These bypass diodes a é\i@ be selected
by thqg test laboratory and should be representative bypass diodes whichrj& subject [to the
most stress in the design. The test lab shall indicate in the test reporqgl ich three RQypass
diodeg were selected and why they were selected. N

a) Sdlect diode locations representative of the thermal profileco)@/e receiver, in the| order

bellow:
elow \Q/

1)| Center. &
2)| High temperature location (if applicable) — such aQa nction box or terminal blogk.
3)| Corner. Q

10.11J3 Apparatus g\Q\\

Envirgnmental chamb@V}apable of heating the test sample to 75 °C + 5 °C, [digital
thermpmeter, type @ ermocouple wire, thermal adhesive, a power supply capaple of
produging 1,25 times.7;. of the receiver, and a DMM or current shunt capable of measurjng up
to 12§ % of theQ~ iver’s short circuit current at standard reporting conditions, digital timer.

O

10.114 P dure

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.

¢) 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

po

rt.

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

po
g) Co

sitive terminal of the receiver.

nnect the thermocouple(s) to a digital thermometer.

h) Heat the-medule receiver to 75 °C + 5 °C. Apply a current to the-medule receiver equal to

ISC

i) Calculate the junction temperature using information provided by the diode manufa

alg
co

+ 2 %. After 1 h, measure the temperature of each bypass/blocking diode.

ng with the measured case temperature or temperature of the hptiest s
htacting the diode.

Cturer,
urface

NOIFE—H-the—module—contairs—a—heat-sink—specificaly—designedtoreduce—the—operatingtemperaturg—of-the
diope;this—test-may-beperformed-at-thetemperaturethe-heat-sinkreachesundergondiions—of 1004 W/mg—

j) Ingrease the applied current to 1,25 times Iy, while maintaining the—medule receiver
temperature at 75 °C £ 5 °C. Maintain the current flow for 1 agditional hour.

k) Vefrify that the diode is still operational.

10.11/5 Requirements

a) The calculated diode junction temperature-as—detesmined-in-step—10-11-4-e)-should shall
not exceed the diode manufacturer’s maximum-jufiction temperature rating.

b) Nd evidence of major visual defects, as defined-in 10.1.3.

c) Ingulation resistance-should shall meet the’same requirements as defined in 10.4.

d) The diodes-sheuld shall still function as diodes after the-conclusionof-the diode thermal
tegt. The test report shall include a dgscription of the test used to make this determination
anf the results of that test.

10.11)6 Procedure 2 — Alternateimethod

a) Elgctrically short any blocking diodes incorporated in the module.

b) Dgtermine the rated ST C short circuit current of the module from its label or instiuction
sheet.

c) Cg
d) Iti

nnect the lead‘wires for /' and /p on both diode terminals as shown in Figure 10.

s recommgnded that the connections be made by the module manufacturer
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+Ip  +Vp D -Ip

L1
e

Bypass diode

Cell Cell

LEC.
NOTE [The lead wire should not cause heat dissipation from the terminal box.

Figure 10 — Bypass diode thermahtest

e) Pyt the module into the chamber set up to 30 °C €& 2 °C until the module tempgrature

regches the saturation.

f) Apgply the pulsed current (pulse width 1 ms)sequal to the STC short circuit curfent of
th¢ module, measure the forward voltage 7' <of diode.

g) Usging the same procedure, measure Vp, @50 °C £ 2 °C.
h) Uding the same procedure, measure }igz at 70 °C + 2 °C.
i) Uging the same procedure, measure\Vp, at 90 °C + 2 °C.

) Then, obtain the V', versus 7 characteristic by a least-squares-fit curve from Vp4, Vps,
Vs and Vpy.
This Vp versus T; characferistic may be provided by the diode manufacturer yith a
mgnufacturer’s certification.

k) Hegat the module_f0)75 °C + 5 °C. Apply a current to the module equal to the| short
cincuit current ofi.the module as measured at STC + 2 %. After 1 h measure the
forward voltagesof the each diodes.

) Uging the ("y*versus 7 characteristic obtained in item j), obtain 7; of the diode.

m) In¢reasenthe applied current to 1,25 times the short-circuit current of the modlile as
measuyyed at STC while maintaining the module temperature at 75 °C £ 5 °C.

n) Maintain the current flow for T 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:
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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-sheould shall never exceed the module weight.

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

— | All terminations-sheuld shall be tested.
— | Method 1 with 10 cycles (1 cycle is 1 bend in each oppositejdirection).

10.12)3.3 Type B terminations
Tensile and bending tests:
a) Fgr modules with exposed terminals, each termination-sheuld shall be tested as for fype A

tetminations.

b) If the terminations are enclosed in a protective box, the following procedure-should shall
bel applied:

— | A cable of the size and type recommended by the module manufacturer, cut to a
suitable convenient length,-sheudld shall be connected to the terminations insigle the
box using the manufacturer's“recommended procedures. The cable-should sHall be
taken through the hole ©f the cable gland, taking care to use any cable |clamp
arrangement provided- The lid of the box-—sheuld shall be securely replaced. The
module-sheuld 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-sheuld shall be tested.
— | Severity-1.

The npts or screws-should shall be capable of being loosened afterwards, unless th¢y are
specif|callydesigned 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,-sheuld 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
caleulated 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
testingI; 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 fyll-size
conceptrator system, including all structures and foundations,—sheuld shall be analyzed by
suitabje qualified engineers to verify that the design meets the local code requirements|of the
installgtion site.

If there is no-specificlocation-specified—structures-and foundations should meet the followinarminimum
H—Ret S P HHE— HHOR—SP He e —StHdctdre s ahRa+oudRaaHoRsS, SRotHa—m t—He+oHOWHR G HAHREHR

Wind foad minimums shall apply (see Table 5).

Table*5 — Minimum wind loads

Test load Wind load capacity . . Tracker
Pa mls Snowlice load capacity requirement/restriction

40 in a wind stow Restricted to use on trgckers

800 osition onl None with automatic and failsafe

P Y wind stow of 24 m/s of less

1600 40 None None

2 4Q0 40 Light to Med None

5400 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—orfront-side—down horizontally. The test base-sheould 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-lead-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 maonitared rnn’rimmnqu 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-te-2-400-Pa up te'the makimum
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 magunted
hdrizontally. Maintain this load for 1 h.

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

10.13J3 Requirements

a) Ngq intermittent open-circuit fault detected during the {est.

b) Ng evidence of major visual defects, as defined in’1071.3.

c) Ingulation 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 /s required for off-axis beam damage test. It cpn be
condurted by installing it in the lab, of 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

Concgntrator systems that use a fully redundant and failsafe protection system to mjanage
misalighmeént issues may be exempt from the requirements of this clause. The manufgcturer
should shall state in the system manual how this Tevel of protection is achieved, what Tevels of
maintenance are required, what locations are suitable for installation, and how to commission
and operate such a system correctly. The testing agency—sheuld 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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test-should shall be performed:

“walk-off

The module-shoeuld shall be aligned toward the sun.

Tracking will be stopped.

—41 -
a simple

Allow the sun to “walk off” to an angle of 45° relative to the module or assembly (about

2 la)

If no specific locations are identified

DNI greater than 800 W/m?Z.
d) Repeat for step c) for any other suspect locations.

each exposure.

c) The module or assembly will then track the sun in this position for at least-45-min 3 h, with |

e) Observe the test sample during each exposure and inspect for evidence of damage after
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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.

10.15 Outdoor exposure test

10.15.1 Purpose
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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-sheuld shall be
installed Pn-planar with the module or aeenmhly

c) Any hot-spot protective devices recommended by the manufacturer—sheould “shpll be
ingtalled before the module or assembly is mounted.

d) If the system requires active cooling, the cooling system-sheuld shall be gperated during
the test.

e) THe module or assembly-should shall be exposed outdoors with tfracking and melet the
following requirements:

— | Cumulative DNI of—4-000 at least 450 kWh/m2 while they'fhodule or assen]bly is
connected to a maximum power point tracking load.

— | Followed by cumulative—UJV—irradiance DNI of at“léast 50 kWh/m2,—if—tHe UV
conditioning—test (10-15)-is—combined-with-thistestCwhile the module or assembly is

operating in open circuit condition; during or aftef¢hat 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 BNI-and-UV radiations—should shall hot be
counted-fer towards their total exposures.

— | UV dosage is recommended to be recgrded and included in the report;.

10.15)3 Requirements
a) Ngq evidence of major visual defegts, as defined in 10.1.2.

b) Pqgwer degradation-sheuld shall. not exceed 5 % for solar simulator I1-V measuremernt, and
7 % for natural sunlight |-V measurement.

c) Ingulation resistance-sheuld 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 plirpose of-this test is to evaluate the ability of a module or assembly to endure thg long-
term §ffects of periodic hot-spot heating associated with common fault conditions sych as

severely./cracked or mismatched cells, single-point open-circuit failures, or non-uPiform

illumi ation-siich 2 nartial chadawina
RHORA-SHEeH—aSPpaHtia+-SHaGoWHRg-

Currently, a major revision for the hot-spot endurance test on flat-plate PV modules is under

consideration—by—t=EC—technicalcommitiee—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 |-V
measurement, to the maximum power degradation requirement, to count for an extra
uncertainty on the CPV |-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).

10.173 Requirements

The module shall meet a minimum of IP6X. See 10.10 for water ingress
IP6X test is for dust ingress only and is conducted in conformance with I[EC

requj
o

3
gnbe/nt

5. The
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Annex A
(informative)

Summary of test conditions and requirements

and values included in this summary, see Table A.1.

Table A.1 — Summary of test conditions and requirements

IEC 62108:2016 RLV © IEC 2016

For reference only. Requirements and values in the main body of this standard supersede requirements

Seq. Test title Sample Test condition Requirement
No.
m — module
r — receiver
mir — mirror
10.1 Visual inspection | All Visual inspection No major visual defects (MYVD)
defined in,1041.2.
10.2 Electrical All Outdoor side-by-side -V with Power degradation < 8 % for
performance DNI > 700 W/m?, wind speed solan simulator measurement,
< 6 m/s, clear sky. and)< 13 % for natural sunljght
. ) measurement, (except for 10.15
Dark |-V as a d|agnost]c and 10.16).
means to measure resistance,
at least 10 points from 0,9:to If dark I-V shows 10 %
1,6 I, resistance increase, side-bl-side
| I-V-sheuld shall be performled.
10.3 Ground path All Measure resistanee between Resistance < 0,1 Q
continuity grounding point.and other o )
conductive parts with 2 x [ No”?::tl)m:ge atjeints grounding
current passing through. pa onas
10.4 Electrical All At ambient temperature, 25 °C | No dielectric breakdown or
insulation test + 10°C and RH < 75 %, surface tracking during high
apply 2 x ¥ + 1 000 V for voltage;
2'min (hi-pot); R > 50 MQm?, if area < 0,1|m2,
Measure R at 500 V. R > 5 MQm?, if area > 0,1 ?,
total overall R > 1 MQ if
encapsulated in earthed me¢tal,
total overall R > 10 MQ if dpuble
insulated
10.5 Wet insulation All Measure R at 500 V when the | Same as 10.4
test sample is wetted by
surfactant solution with
| resistivity-< 1 500 Qcm to
3 500 Qcm.
10.6 Thermal cycling 2r All TC test options are from No MVD.
Jost =40 °C to T Meet insulation test 10 .4 amd
maXx
. 10.5.
Options for T,,.x on
receivers in Sequence A:
1000 cycles if 7, = 85 °C,
500 cycles if 7, , = 110 °C,
2 000 cycles if T, , = 65 °C,
Apply 1,25 x I_ when T >
25 °C-w
electrical{thermal until the
end of the high dwell time
Options for T,.x as pre-
conditioning for HF on
modules or assemblies in
Sequence B:
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Seq. Test title Sample Test condition Requirement
No.
m — module
r — receiver
mir — mirror
2r as pre- 200 cycles if Trax = 85 °C,
conditioning . .
for HF 100 cycles if 7., = 110 °C,
400 cycles if 7, = 65 °C,
10.7 Damp-heat test 2m or 2r/2mir 1 000 h at 85 °C and 85 % No MVD.
RH;
Meet insulation test 10.4 and wet
Or 2000 hat 65 "C and 85 % | insulation test 10 5-wAtE 1h 2 h
RH. to 4 h after removal from_the
chamber.
10.8 Humidity freeze 2m or 2r/2mir Tmax and 85 % RH for 20 h No MVD.
test followed by 4 h cool down to ) )
—40 °C: Meet insulatioh\test 10.4 and wet
insulation test,10.5in 2 hto 4 h
20 cycles if T, is 85 °C; after removal from the chamber.
40 cycles if T, is 65 °C.
10.9 Hail impact test 1m or 1r/Amir | Atleast 10 shots of 25,4 mm Report all results, no pass/fail
diameter ice ball at 22,4 m/s criteria.
on areas where an impact by
hailstone falling from 45°
around the vertical line is
possible.
10.10| | Water spray test 1m or 1r/1mir 1 h water spray onmyeach of No MVD.
four orientations. ) )
Meet insulation test 10.4.
No significant water remains
inside (the depth of the
remaining water-shoud sha|l not
reach any electrically active
parts in any possible
orientation).
10.11 Bypass/blocking 1m or 1r At 75 °C-sample chamber When 7 applied:
diode thermal temperature, apply / . . .
test through the receiver for 1 h, Diode junction temperature| not
then measure to exceed rated maximum
bypass/blocking diode temperature,
temperature. No MVD.
Meet insulation test 10.4.
Apply 1,25 x I__ for additional | After 1,25 x I applied:
1 h. Verify diode is functional. . . . L
Diode is still functioning.
10.12| | Robusthess of 1m or 1r/1mir 20 N tensile and 10 cycles No MVD.
terminations test bending . .
Meet insulation test 10.4 and wet
insulation test 10 .5
10.13 | Mechanical load 1m or 1r/1mir 2 400 Pa on front and back, No MVD.
test 1 h each, total of 3 cycles. . .
Other loads may be used. Meet insulation test 10.4.
No intermittent open-circuit.
10.14 | Off-axis beam 1m or 1r/Amir | Aim the light on suspect No MVD, especially, no melting,
damage test locations for at least-45-min smoking, charring, deformation,
3 h when DNI > 800 W/mZ; or or burning.
walk-off for 3 h. Meet insulation test 10.4.
test , 50-kWhim? (This-test could ,
trsize be-combined-with-the-outdoor ower-degradation-should-be
()
exposure-test of 10-16) tess-than-5%-
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Seq. Test title Sample Test condition Requirement
No.
m — module
r — receiver
mir — mirror
10.15 | Outdoor 1m or 1r/1mir Expose to DNI accumulation Same-as- 1015
exposure test . of:
Full size No MVD.
1-000-kWh/mZ-when )
DNI>_600-W/m2- Power degradation shall be less
than 5 %.
— 450 kWh/m? at Pm , )
Meet insulation test 10.4.
— followed by 50 kWh/m? at
V. With at least 1 h of
DNI > 800 W/m?2.
DNI < 600 W/m? should not
be counted
10.16| | Hot-spot 1m or 1r Pending- Add 3 % (simulator) or 5 %
endurance test ) (sunlight).to flat-plate modyle
Refer to IEC 61215-2:2016, requiremgnt for maximum gower
10.9 and its amendments. degradation to count for
measurement uncertainty.
10.17| | Dust IP test 2m Modules which have package ("The module shall meet a

design that is deemed an
enclosure shall be subjected
to IP testing according to
IEC 60529

minimum of IP6X
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B.1

Annex B
(normative)

Retesting guideline

Product or process modifications requiring limited retesting to maintain

certification

This annex sets forth a uniform approach to maintain the certification of products that have, or

will, undergo modification from the articles originally certified. It shall not be used as a
guideljne to certify new product submittals. A

e . _ QY
Changes in design, materials, components and manufacturing process c mpagt the
performance of the modified CPV module or assembly. The recommended sequences
given pelow have been selected to identify adverse changes to modified ¢ ackages|within
CPV modules or assemblies. (b

N
Thosel CPV modules or assemblies meeting the requirements of IE 108 after retestipg are
considered to be compliant and will be issued an amended Conf y Assessment Cerfificate
and af Amended Technical Report Form. Q/
\

The annex is organized by component modificatio h@admgs Following this arne the
recommended retesting requirements with parentheL@ reference to the specific r%:evant
clausgs of the IEC standard. The changes shall be@ essed relative to the design that was

previo|

usly certified.

s\\‘»

Fordtll"e modifications listed below the tes@@lab shall use the tests in IEC 62108 as a
guidelfne.
&
B.2 | Modifications of CPV cel,LQtychnology
For modifications such as: C)\\
o Magtallization materialstand/or process
o Type of diffusion @ess
° Ar;rhreflectlve@a ing material
e Semicond layer materials and/or process
e Orfer [l processing if the change involves the metallization system
e Ch of manufacturing site of the solar cells not under the same quality assyrance
system
e Use of cells from a different manufacturer

e Major change in cell thickness greater than 25 % change in total cell thickness

e Major increase in cell area (greater than 25 %), and

e Reduction in output power per cell (greater than 10 %)

Repeat:

e Th

ermal cycling test (10.6, sequence A)

e Damp heat test (10.7)
o Hot-spot endurance test (10.17), if applicable
e Outdoor exposure test (10.16); change 1 000 kWh/m?2 in 10.16.2.e) to 500 kWh/m?2
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B.3 Modifications in optical encapsulation on the cell (Includes optical
coupling between the cell and a glass secondary optical element bonded
to the cell)

For modifications such as:

e Different encapsulation or optical coupling material
o Different additives or formulation of an encapsulation or optical coupling material, and

o Different encapsulation or optical coupling application process (e.g. curing temperature,
rate, or time)

Repegt: A
Y

e Thermal cycling test (10.6, sequence A) @Q"

° Hjmidity freeze test (10.8) Q\

e Dgmp heat test (10.7) q’

(b’.
e Hgt-spot endurance test (10.16) if applicable and if material comp %n changes
e OJtdoor exposure test (10.15) ©

O

B.4 | Modification in cell encapsulation outside of in\}e ded light path

o)
For medifications such as: QQ
L

o Different encapsulation material 0\
o Different additives in encapsulation materia@se%d
o Different encapsulation process (e.g. c&f@rate)

Repedt: A‘\Q
e Thermal cycling test (10.6, seq ’égce A)
. Hjmidity freeze test (10.8 ‘\\C)

e Dgmp heat test (10.7)_ -,

e Hdgt-spot enduranc (10.16) if applicable and material composition changes

e Odtdoor expos r&tést (10.15)
e Bypass diod@%rmal test (10.11) if diode is located in encapsulant

o Of -axis@ damage test (10.14)

O

B.5 dification of cell package substrate used for heat transfer

For modifications such as:

o Different polymeric materials used in bond to heat sink
e Change in substrate heat spreader material
e Reduction in heat spreader area, and

e Different method of substrate attachment
Repeat:

e Thermal cycling (10.6, sequence A)
e Humidity freeze (10.8)
e Damp heat (10.7) for any change, addition, or removal of a polymeric material
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e Hot-spot endurance test (10.16) if applicable and material composition changes

e Qutdoor exposure test (10.15)
B.6 Accessible optics (primary or secondary)

For modifications such as:

e optic material or design
e thickness, and

e surface treatment

Repeagt: Q~
e Thirmal cycling/Humidity freeze (10.8) ,\Q)

o Dgmp heat (10.7) (]/Q

e Hgil impact (10.9) Q‘b‘

e Mgchanical load (10.13) q,'\

o Off-axis test (10.14), if susceptibility to beam damage is incr ed
o Water spray (10.10), if the optic serves as part of the we tTgf'seal
o Tht

e Odtdoor exposure (10.16), if the optical material Q@wss is increased by more than[ 20 %

rmal cycling (10.6), if the optics are part of the re iGer assembly

B.7 |Inaccessible optics (secondary) ‘\0

For modifications such as: $\\'Q
e oplic material or design A\Q
e thipkness, and O
- c\}‘
e sufface treatment C)\\
Repegt:
« Ddmp heat (10.7)-O
e Odtdoor expo@e(10.15)
o Off-axis b damage test (10.14), if increased beam damage
e Therm cling (10.6), if the optics are part of the receiver assembly
e Th | cycling/humidity freeze (10.8), if an optical element or structural adhesive

charges
B.8 Frame and/or mounting structure

For modifications such as:

e cross-section of frame
o different framing material, and

e different mounting technique
Repeat:

e Mechanical load test (10.13)

e Ground continuity (10.3), for change in material or grounding means of metallic designs
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e Qutdoor exposure (10.15), for polymeric materials

o Off-axis beam damage test (10.14), for polymeric materials
B.9 Enclosure

For modifications such as:

e different enclosure material, and

o different enclosure geometries, including > 5 % change in any dimension

Repegt: Q
e Dgmp heat (10.7) Q}/
e Magchanical load test (10.13) ,\Q)

. Hjmidity freeze (10.8) q/Q

e Hgil impact test Q%’

e Grpund continuity (10.3), for change in material or grounding m '\of metallic designs

e Odtdoor exposure (10.15), for polymeric materials Q

o Off-axis beam damage test (10.14), for polymeric materi@L&Q/
O

B.10 | Wiring compartment/junction box 0<(
. | S
For mpdifications such as: S\Q\
o different compartment material, and \\'QQ)
o different compartment design @
Repedt: X\
xO
e Dgmp heat (10.7) C\)J“

e Thermal cycling/humidity @ze (10.8)

o Water spray test (10.1 K

e Rdbustness of te tions (10.12)

e Bypass diode @J‘mal test (10.11), if bypass diode is located in wiring compartment
e Ogtdoor e@s‘ure test (10.15), if exposed to direct UV

o Of -axi@@‘am damage test (10.14), if exposed to concentrated sunlight

B.11 —ﬁt/efeefmeehaﬁ—teﬂmn-a-ls

For modifications such as:

o different material
o different design
o different potting material, and

e different method of attachment
Repeat:

e Thermal cycling test (receiver) (10.6)
e Humidity freeze (10.8)
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o Off-axis beam damage test (10.14)

° By

pass diode thermal test

e Damp heat (10.7) — For changes in materials

e Hot spot endurance Test (10.16) —

(Not required if a bypass diode is employed for each cell)

B.12

For changes in bonding technique or bonding material.

Interconnection materials or technique (to cells and between receivers)

For modifications such as:

o different manufacturer A
o different interconnect material Qy
o different thickness/diameter of interconnect material, more than 10 % chang\@
o different bonding technique (]/
e different number of solder bonds, and Q%
o different solder material or flux 61,\
Repeagt: Q/O
| O
e Thermal cycling (10.6) (e)
° Hlﬁnidity freeze (10.8) QQ
e Off-axis beam damage test (10.14) Q

e Dgmp heat (10.7) for changes in materials ‘\0

bde or

e Hqt spot endurance (10.16) for changes n@bondmg technique or solder material
B.13 | Change in electrical circuitggéign in an identical package
xO
For meodifications such as: c\)j\.
N\
e Madifications to the inter@nection circuitry (for example more cells per bypass di
re{routing of output leads), and
 Rdconfiguration of ¢ojtage (i.e., 12 to 24)
Repeagt: @
e Hgt spot @urance test (10.16)
e Bypa @ de thermal test (10.11), if current in any diode increases by 5 %
e Thermal cycling test (10.6) if the current in any cell increases by 5 %
B.14 Output power

For modifications such as:

e more than 10 % increase in current or power

Repeat:

e Hot spot endurance (10.16)

e Th
° By

ermal cycling (receiver) (10.6)

pass diode thermal (10.11)
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B.15 Thermal energy transfer means

For modifications such as:

o different heat sink gel

o different heat spreader material

e reduction in heat spreader area by > 10 %

e removal or addition of thermally or electrically insulating layers

o different thermally or electrically insulating layer material, and

o different method of attachment

Repedt: Q.

e (Odtdoor exposure test (10.15) Q
e Off-axis beam damage test q/

e Thermal cycling (receiver) (10.6), for any change, addition, or @oval of a pol

ma3terial

polymeric material N\

e Hgt spot endurance (10.16), except if the only c @e is a mechanical meth

attachment
QO

B.16 | Adhesives ‘\&\

e ) %)
For mpdifications such as: \~'Q

e uspge of new or different adhesive w@ is not covered by another category

Repegt: \O
. Djmp heat (10.7) ‘\\C)
e Hymidity freeze (10.8, incg%jing pre-thermal cycling)

e (Odtdoor exposure )
e Mgchanical load (ejquence D (10.13), if structural adhesive

o Water spray énce E (10.10), if the adhesive provides a moisture seal

proof of equi

evaluat orQ/
N\

©
e Dgmp heat (10.7) and humidity freeze (10.8) for any cha&;(e) addition, or remova

NOTE [The d onsition is that a different supplier means different material, for any material. The by
ncy is up to the manufacturer and supplier of material, through acceptable results of t

meric

| of a

od of

rden of
bst and

The retesting guideline for CPV cell technology and encapsulation were published in

Provisional Decision Sheet 0778 (2010).
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

CONCENTRATOR PHOTOVOLTAIC (CPV) MODULES AND ASSEMBLIES -

1) The

DESIGN QUALIFICATION AND TYPE APPROVAL
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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 unchangef 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
e re¢onfirmed,

e withdrawn,

o replaced by a revised edition, or

e anjended.
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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 qualifi

cation

and type approval of concentrator photovoltaic (CPV) modules and assemblies suitable for

long-term aperation in _general aopen-air climates as defined in IEC 60721-2-1_ Th

test

sequence is partially based on that specified in IEC 61215-1 for the design qualificatid

n 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 mo
particlilarly with regard to the separation of on-site and in-lab tests, effects of tr
alignment, high current density, and rapid temperature changes, which have) resulted
formulation of some new test procedures or new requirements.

The dbject of this test standard is to determine the electrical,~-mechanical, and th
charagteristics of the CPV modules and assemblies and to show,-as far as possible
reasomable constraints of cost and time, that the CPV modules/and assemblies are cap4

dules,
bcking
in the

ermal
within
ble 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, environ
and thie conditions under which they are operated.

This standard shall be used in conjunction with thetetest guidelines described in Annex

2 Noprmative references

The fdllowing documents, in whole or in\part, are normatively referenced in this docume
are inglispensable for its application.cfor dated references, only the edition cited applie
undated references, the Ilatest edition of the referenced document (including
amendments) applies.

IEC 60068-2-21:2006, Environmental testing — Part 2-21: Tests — Test U: Robustn
terminations and integral,mounting devices

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

IEC 61215-2:2016, Terrestrial photovoltaic (PV) modules — Design qualification and
approval 4 Rart 2: Test procedures

ment,

B.

nt and
s. For
any

bss of

| type

IEC 62670-1, Photovoltaic concentrators (CPV) — Performance testing — Part 1. Standard

conditions

ANSI/UL 1703:2002, Standard for Safety: Flat-Plate Photovoltaic Modules and Panels

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply. See also T

31
concentrator
term associated with photovoltaic devices that use concentrated sunlight

able 1.
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concentrator cell

basic

3.3

photovoltaic device that is used under the illumination of concentrated sunlight

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

chang

ing 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

receive
second

3.4

concegntrator receiver

group
conce
receiv
smallg

3.5

group
moun

prefah

Note 1
smaller

3.6
conce

group

mounting, that accepts unconcentrated sunlight. All above components would usug

shippd

Note 1
alone, 1

3.7

contrgq
hardw|
confid

conc]ntrator module

s concentrated or maodified sunlight from another optical device, such as primary optics or

nother

bry optics.

of one or more concentrator cells and secondary optics (if present) that a
ntrated sunlight and incorporates the means for thermal and electric' energy trans
er could be made of several sub-receivers. The sub-receiver is a physically stand-
r portion of the full-size receiver

of receivers, optics, and other related components, such as interconnectio
ing, that accepts unconcentrated sunlight. All, above components are U
ricated as one unit, and the focus point is not field\yadjustable

to entry: A module could be made of several sub;modules. The sub-module is a physically stan
portion of the full-size module.

ntrator assembly
of receivers, optics, and otherrelated components, such as interconnectio

d separately and need some field installation, and the focus point is field adjustab

o entry: An assembly could_be made of several sub-assemblies. The sub-assembly is a physically
maller portion of the full-size assembly.

bl unit
are that iswnot stressed, but is included in each measurement to enable d
ence in consistent measurements

ccepts
fer. A
alone,

n and

sually

-alone,

n and
Ily be
le

stand-

reater
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Table 1 — Terms used for CPV

Primary optics —

CPV Module -
prefabricated and
— the focus point is not field
adjustable, such as most
CPV cells I Fresnel lens systems

Secondary optics —

— CPV receiver —

Electric energy
transfer means

Thermal energy CPV Assembly —
transfer means needs some field
installation and the focus
point is field adjustable,
such as mostyreflective
sysiems

Interconnection —

Mounting —

IEC

4 Sampling
Figurgs 1 to 5 are schematics of cells, receivers, modtles, and assemblies.

For ngn-field-adjustable focus-point CPV systems or modules, 7 modules and 2 receivgrs are
required to complete all the specified testsxplus 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, Q\%eceivers (including secondary optics sectigns, if
applicpble) and 7 primary optics sections are required to complete all the specified testg, plus
one rgceiver for the bypass/blocking.diode thermal test (intrusive or non-intrusive). For details,
see Figure 7.

In the case that a full-sizé. module or assembly is too large to fit into available festing
equipment, such as environmental chambers, or a full-size module or assembly fs too
expengive (e.g., for a20' kW reflective dish concentrator system, 9 receiver samples a¢count
for 180 kW of PVcells), a smaller representative sample can be used. However, gven if
repregentative samples are used for the other test, a full-size module or assembly shall be
installed and tested for outdoor exposure. This can be conducted either in the testing lab, or
through on-site-witness.

Repregentative samples shall include all components, except some repeated parts. If pgssible,
the representative samples shall use sub-receivers, sub-modules, or sub-assemblies. During
the design and manufacturing of the representative samples, much attention 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 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 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 shall also be included and tested.

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).
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The test samples 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 shall be complete in every detail and should be accompanied by the
manufacturer’s handling, mounting, connection, and operation manuals. Samples 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 shall carry the following clear and indelible markings:

— Nagme, monogram, or symbol of manufacturer.

— Type or model number.

— Serial number.

— Padlarity of terminals or leads (color coding is permissible).

— Magximum system voltage for which the module or assembly\is suitable.

— Ngminal maximum output power and its tolerance at specified condition.

— Thle date, place of manufacture, and cell materials/shall be marked, or be traceabl¢ from
the serial number.

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

6 Testing

If recommended by the manufacturer, before beginning the testing, all testing samples,
includlng the control module .and control receiver, shall be exposed to the direct normal
irradidtion (DNI) of sunlight (€ither natural or simulated) for a total of 5 kWh/m2 to 5,5 k\{Vh/m?2
while [open circuited. This ‘procedure is designed to reduce the initial photon degradation
effects.

In thig standard allkreferences to short-circuit current Iy, open-circuit voltage V,;, maximum
output power Ry, are based on Concentrator Standard Test Condition (CSTC), which is
defined in IEC 62670-1. Alternatively, Concentrator Standard Operating Conditions (C[SOC),

as deffned. intEC 62670-1, may be used consistently.

The tdst\samples 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 shall be removed
from the test sequence as a control unit. Preferably, the control unit should be 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.
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If a particular manufacturer produces only specific components, such as receivers, lenses, or
mirrors, the design qualification and type approval testing 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 Moduie Assembly
peduence receiver module receiver mirron
Control 1 1 1
A 2 2
B 2 2 2
C 2 2 2
D 1 t 1
E 1 (full-size) 1 (full-size) 1 (full-sige)
F 1 1
Total 3 7 10 7

7 Pass criteria

A congentrator photovoltaic module or assembly design shall be judged to have passed the
qualification tests, and therefore to be IEE62108 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
me¢asurement is under outdéor natural sunlight, or 8 % if the |-V measurement is|under
sojar simulator.

b) The relative power de@radation in sequence E does not exceed 7 % for natural sunlight |-V
measurement, or 5% for solar simulator |-V measurement, because the 1 000 k\Vh/m?2
DNI outdoor expasure test is not an accelerated stress test.

c) Nqg sample has-exhibited any open circuit during the tests.
d) THhere is no Vvisual 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 sequgnce.

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 shall apply:

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 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.
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[) In case h) or k), the entire test program illustrated in Figure 6 or Figure 7 shall be re-
performed, usually after some design or processing improvement.

ASSEMBLY
Primary optics
Cooling tubes
- — . .I
[ !
Lo
| ! !
| : :
I N RECEIVER
1 | |
Secondary T P
optics.mitrors ] Pl
Pusnnn i
Solarcell SUB-RECEIVER
02375604 IEC

Figure 1 — Schematic of point-focus dish PV concentrator
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Figure 3 — Schematic of point-focus fresnel lens PV concentrator
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Figure 4 — Schematic of linea
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Figure 5 — Schematic of aheliostat CPV
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7 modules (labeled as "m") and 2 receivers "
1 receiver specially constructed for intrusive bypass/blocking diode thermal test, when required.

r', at least one in full size, are required.

Sequgnce E

Control
1m

1 m (fyl size)
Outdloor
1 10.15
Water|spra
np Y 10.10
Off-axi beam |14 414
il
Ground dontinuity
1 10.3
————
Elec. pgrf. SBS
Tmp2r 10.2
Vispal
Tmp2r 10.1

7YT|]SEa2| r 10.1 On-site testing | In-lab testing
>
Elegt.rsiﬁé ?BS 10.2 Sequ1ence F
r
Elect. perf. dark 10.2 If long-distance shipping is involved, Elegt. perfédark 102
. . > m+2r .
‘_> 5m+2r use dark |-V to evaluate any changes .
Bypass/blocking
Ground continuity diode 1r
2m 10.3 *
Ground continuity | 45 2
5m+2r
Dry/wdtinsul  [10.4 *
2m 10.5 Dry/wet insul 10.4
5m+2r 10.5

Sequence [
1m

Mechanical lo

10.11

ﬂ 10.13
1m
A 4
Sequence A Sequence B Sequence C B
‘ o ‘ ‘ om ‘ ‘ om Term1|nat|on 10.12
m
\4
Thermal cycle Humidity freeze Damp heat Hail impact 10.9
‘ or ‘10.6‘ >m ‘10.6‘ 2m 10.7 1m
Bypass diode Dust'IP Hot-spot
non-intrusive, 1r |10-11 2'm 10.17 im 10.16
V} y
Elec. perf. dark | 10.2 If long-distance shipping is involved, Ground continuity 10.3
Sm+2r - use dark |-V to’evaluate any changes Sm+2r
Elect. perf. dark
5m+2r 10.2
—T
On-site testing(| In-lab testing
IEC

Eigure 6 — Qualification test sequence for CPV modules
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9 receivers (labeled as "r") and 5 mirrors "mir", at least one pair in full size, are required.
1 receiver specially constructed for intrusive bypass diode thermal test, when required.
9 yf;arlnir 10.1 On-site testing | In-lab testing
>
Elect. perf. SBS
or E 5 mir 10.2 Sequ1ence F
r
Elect. perf. dark 10.2 | If long-distance shipping is involved, Ele7ct. pe3rf. dark 102
. - O > r+3 mir .
* 7r+3mir use dark |-V to evaluate any changes ]
Bypass/blocking 10.11
Ground continuity * diode 1r ’
2r+2mir 10.3
Ground continuity | 45 2
7 r+ 3 mir
Dry/wdtinsul  [10.4 *
2r+P mir 10.5 Dry/wet insul 10.4
Control 7 r+ 3 mir 10.5
1r+1mir
Sequence [
Sequgnce E 1r+1mir
1 m +1 mir
(full pize) Y
Mechanical logd |19 13
1r+ 1 mir ’
Outdloor
1r+fime (1015 y
Sequence A Sequence B Sequence C Terminations
2r 2r 21 + 2 mir ! 10.12
1r+1mir
Water|spray
1r+h mir 10.10 \4
Thermal cycle Humidity freeze Damp heat Hail impact 10.9
‘ 2r ‘10'6‘ 2r 10'6‘ 2r+2mir | 107 1r+1mir
Off-axig beam |14 414 *
1r+[ mir : Bypass diode Dast'IP Hot-spot 10.16
non-intrusive, 1r 10.11 2% 10.17 1r+1mir .
Ground dontinuity 10.3 v * * > l
1r+ [ mir . 10.2 /
Elec. perf. dark If long-distance shipping is involved, Ground continuity 10.3
—— ] < B .
7r+3mir use dark |-V to’evaluate any changes 71+ 3 mir
Elec. pgrf. SBS *
9r+p mir 10.2
Elect. perf. dark
7 r+ 3 mir 10.2
-
Vishial On-site testing(| In-lab testing
’ 10.1
9r+p mir
D
IEC
Figure 7 — Qualification test sequence for CPV assemblies
8 Report
Followkt us) t_y pe—appt ovat—a—eetrtified— ot +—of—the qua“f;uat;ku —tests—with—measured

performance characteristics and details of any failures and re-tests, shall be prepared by the
test agency. Each test report shall include at least the following information:
a) A title.

b) The name and address of the laboratory, and the location where the tests were carried out,
if different from the address of the laboratory (such as on-site location).

¢) Unique identification of the test report (such as the serial number), and on each page an
identification to ensure that the page is recognized as a part of the test report, and a clear
identification of the end of the test report.

d) Name and address of client, where appropriate.
e) Description and identification of the item tested.
f) Characterization and condition of the test item.
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g) Date of receipt of test item and date(s) of test, where appropriate.

h) ldentification of test method used.

i) Reference to sampling procedure, where relevant.

i) Any deviations from, additions to, or exclusions from the test method, and any other
information relevant to a specific test, 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

fai
H A
m) A

lures observed.
tatement of the estimated uncertainty of the test results, where relevant.

signature and title, or equivalent identification, of the person(s) accepting respen

forl 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 jtems test

o) A

statement that to maintain the qualification and type approval, the manufacture

report to and discuss with the certifying body and testing agency every-change they

gu

p) A
ap

A cop

9 M

Any c
may r
descri

ded by the retest guidelines provided in Annex B.

statement that the report shall not be reproduced except dn full, without the
proval of the laboratory.

of this report should be kept by the manufacturer for teference purposes.

odifications

nanges in design, materials, components, or-processing of the modules and asse
bquire a repetition of some or all of the qualification tests to maintain type appro
bed in Annex B. Manufacturers shall report to and discuss with the certifying bog

testing agency every change they made.

10 Te¢st procedures

10.1
10.1.1

Visual inspection

General

This procedure proyide’s the requirements for obtaining baseline, intermediate, and final
inspegtions to identify and determine any physical changes or defects in module or asg
construction at-the beginning and after the completion of each required test.

Any Hardware showing initial damage not due to the manufacturing process shol
rejectqed if/it may worsen and lead to failure during the subsequent environmental tests.

sibility
ed.
r shall

made,

vritten

mblies
al, as
y and

visual
embly

Id be

A new

module or assembly may then be subsiiiuted before beginning the iest sequence.

10.1.2 Procedure

All test samples 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)
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, 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

ho

usings, 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 shall be noted.

d) Any ventilation hole or breather 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) FaLlIty terminations, or exposed live electrical parts.
) 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 @re considered to be
maijor [visual defects:

a) Brpken, cracked, bent, misaligned, or torn external surfaces), including lens, mmirror,
receiver body, frame, and junction box.
b) Brpken or cracked cells.

c) Bupbles or delamination forming a continuous path/between any part of the elgctrical
cirpuit and the edge of the receiver.

d) Vi
e) Adhesive or sealant failures.

gible corrosion of any of the active circuitry of\the sample.
f) Lops of mechanical integrity, to the extent that the installation and/or operation f the

maqdules or assemblies would be impaired.
10.1.4 Requirements

No magjor visual defects.

10.2 |Electrical performance measurement
10.2.1| Purpose

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

R Atabilitv, ~Af tha Ao tirarma ANt 1o thn et b Nt Foant e o e Aot
epec ooty Ot T Cosor G et o thiCT oSt P oot aCtor—ToOT—tiotC ot

10.2.2 Outdoor side-by-side I-V measurement
10.2.2.1 General

The side-by-side |-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 on the beginning and final
I-V measurements. It is optional for all intermediate |-V measurements.

When applying this method to receivers, the control receiver and the receiver under test 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) Cg
co

b) Mg
ali

c) Ali
us
ca

d) Md
20

e) If g
flo
mq

f) Take I-V\—measurements on both samples to obtain their maximum power outpuf

nduct the test on a favorable day and during a period of time that meets the-fal
hditions:

sky is clear, DNI is greater than 700 W/m2, and its variation is less than 2 %
5 min interval;

for systems with acceptance half-angle larger than 2,5°, no visjble clouds o
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 befo
measurement.

Pay attention to the tracking system’s rigidity and makKe sure it is stable und
windy condition.

unt the test sample and the control sample sidésby-side on a two-axis tracke
gjnment of the samples to sunlight could be done by either of following two sequen

adjust the test and control samples to co-plane, then align both of them together
direction of sun beam; or

separately align the test and controlvsamples to the sun beam before ea
measurement.

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

p the maximum 7, of the Module as an indicator of alignment. Misalignment sh
ise /. to decrease more than 2 % from its maximum value.

nitor sample’s temperature to make sure the sample temperature changes are les|
C in any 1 min period.

oolant is empleyed, monitor coolant flow rate and inlet/outlet temperatures. The ¢
v rate shall-hot change by more than 2 %, and the temperature shall not char
re than 432Cin any 5 min period.

prd

irradiance, ambient temperature, and wind speed changes is less than 2 % durin

cedure shall be completed quickly so that the change of power output caused by

owing
n any
hazy
re any
er the
r. The
ces:
to the
ch -V

or two
t.

gnment shall meet the manufacturer’s specifications. If specifications are not available,

all not
s than

oolant
ge by

. This
solar

g this

step.

g) Calculate the sample’s relative power P,

B = Fm 100 %,
mc
where:
P, is the sample’s relative power, in %;
Py is the test sample’s maximum power, in W;
Pme is the control sample’s maximum power measured at the similar condition as P,

in W.
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10.2.2.3 Requirements

a)

b)

The sample’s maximum power (P,), /., and V. shall be measured accurately and
repeatably.

The relative power degradation, P, is defined as follows:

P.-FB
Py i 400%

Bi
where:
P is the relative power measured after the given test:
P is the relative power measured before the given test.

For oytdoor measurement, P4 shall be less than 13 %, and for indoor simulator measurgment,
P.q shall be less than 8 %. The 5 % difference takes into account the larger uncertainty from

outdodr measurements.

10.2.3 Solar simulator I-V measurement

CPV I}V measurement could also be performed under indoor solarsimulator. The testipg lab

should create its own testing procedure, as long as similar conditions are achieved.

10.2.:1 Dark I-V measurement
1

10.2.4,.

General

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

possiljle changes.

The dark I-V measurement is also a .cost-effective method to monitor and diagnose |power
degraglation of test modules or assemblies following intermediate stress tests, or to monitor

the elegctric 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
measyrements to establish a reference for later dark I-Vs, in addition to the side-by-side
baseline -V measurement, which serves as a reference for later side-by-side I-V§. The

method is applicable to both receivers and modules.

a)

Choose<assuitable power source, which could be a conventional DC power supply or a

chargedsup capacitor, whatever is most convenient, as long as it will generate currgnt up
t0|1,6 times rated I ;. The current should be adjustable so that there are at least 10
separate points in the range of U,9 0 1,0 times rated Ig;, an € interval of the points

should be nearly equal-spaced.

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

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

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 V.

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

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 current to
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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-1+7V,
where
R is the module’s series resistance, and

Vo

is the linear-regression constant.

10.2.4.3 Requirements

The d
but as

Side-l

10.3

10.3.1

In son
restric

10.3.2

The p
betwe

10.3.3

a)

b)

c)

d)

e)

f)

g)

A
on
To
is
us

Th
mg
no
be

Ap
the

ark |-V test is not intended to be used as the pass/fail criterion for the qualificatio
a cost-effective method for identifying degradations of the sample following each

y-side |-V measurement shall be conducted for pass/fail decision.

Ground path continuity test

the test sample and its grounding point.

minimize danger to testing personnel, a current- and voltage-limited power supp
not capable of producing more than 10 V DC between its output terminals sho
ed for this test.

asured with a_cdrrent passing through these two points. If the module manufactur

scrapedclear of any anodization or coating to make good contact.

voltage within 1,3 cm of each point of current injection.

h test,
fest.

General
ne countries or regions, system grounding is not required. If the product installafion is
ted to these areas, this test may be omitted.

Purpose
urpose of the ground path continuity test is to verify adequate electrical continuity

en all exposed conductive parts and thé{grounding point under high-current conditfons.
Procedure
continuity tester (ohmmeter) shall be used to test electrical continuity between any parts

y that
uld be

e resistance between the grounding point and any accessible conductive part shall be

er has

I provided-econtact points for this test on the modules, a small area on the modul¢ shall

ply a-current of two times I, between the grounding terminal and a point, and measure

R

cord the currentand voitage untitthe vatues are stabte:

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.

At the end of this test, the test sample shall be subjected to an insulation test of 10.4.

10.3.4 Requirements

a)

Resistance shall be less than 0,1 Q.

b) Damage 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 1000V plus twice the maximum system voltage of thle test
sample.

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

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

c) D¢signs that use a cooling medium shall have the cooling mediunt present during the test,
but the cooling medium circulation is not required.

d) The sample cell faces shall be darkened and the sample:shall not be connected {o any
active electrical source.

e) Cgnnect the shorted positive and negative output derminals of the sample to the ppsitive
terminal of the tester.

f) Cannect the exposed metal parts of the sample'fo 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, thenxéonnect the plate or foil to the negative tefminal
of the tester.

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

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

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

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

k) Recordthe applied voltage and the current.

I) 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 shall not be less than 50 MQ.

c) For samples with an overall receiver aperture area larger than 0,1 m2, the measured
insulation resistance times cell area shall not be less than 5 MQm?2,

d) In addition to the previous requirements, receivers, modules, or assemblies shall always
have a total insulation resistance more than 1 MQ, or more than 10 MQ if double-insulated.
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10.5

10.5.1

Wet insulation test

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) Pr
en
14

c) De
bu
d) Th
ac
e) Cd
ten
f) M3
g) Im
5

are¢ not suitable for immersion could be maintained above the solution level, H

thg
tha

h) Ing

bpare a non-corrosive liquid agent (surfactant) solution in a testing tank that s
bugh to hold the test samples. The resistivity of the test solution shall be be

[ the cooling medium circulation is not required.
e sample cell faces shall be darkened and the sample shall not-be’connected

00 Q-cm to 3 500 Q-cm when measured at a temperature of 22 °C + 3 °C.

signs that use a cooling medium shall have the cooling medium presentiduring th

ive electrical source.

nnect the shorted positive and negative output terminals of'the sample to the p
minal of the tester.

merse the sample in the solution, or spray the solution over the sample, for a
hin. The terminal boxes, pigtail leads, uninsulated terminations, or other connecto

roughly wetted by spraying the solution over:these areas from all possible dire
t rain or melt snow could enter.

rease the voltage applied by the testerat a rate not exceeding 500 V/s to 500 V.

large
tween

e test,

o any

Dsitive

ke a good connection between the negative terminal of the tester and the liquid so¢lution.

least
rs that
ut be
ctions

ent is

i) Maintain the voltage at this level, and wait for 2 min after a stable leakage cur
reached, then observe any sign .of "dielectric breakdown, surface tracking, or bubble
geperation.

j) Rgcord the applied voltage and-the current.

k) Cdqlculate the insulation resistance based on recorded data.

) Re
dig
m) Di

q

n) Clean the surface of the module from residues of the solution.

10.5.3
a) Ng

sconnect the test’equipment from the sample.

duce the applied voltage to zero and short-circuit the terminals of the test equipm
charge the electrical charges built up in the test sample.

Requirements
dielectric breakdown or surface tracking.

ent to

b) Fo

samples—with—amoverat-receiver aperture area tesstham orequat—to 07+t

measured insulation resistance shall not be less than 50 MQ.

2 the

c) For samples with an overall receiver aperture area larger than 0,1 m2, the measured
insulation resistance times cell area shall not be less than 5 MQm?2.

d) In addition to the previous requirements, receivers, modules, or assemblies shall always
have a total insulation resistance more than 1 MQ, or more than 10 MQ if double-insulated.

10.6
10.6.1

Thermal cycling test

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

chang

es of temperature.
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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 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 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 largedffferences of thermatexpansion coeffiICients among pondedtayers and ot enougiT puffermg jayer in

betweep), wrong adhesives, and poor workmanship.

When| designing or fabricating the representative samples, special considerations| shall

includg, but not be limited to, the following aspects:

10.6.3 Procedure

— | Repeated parts or sections (sub-receivers) used by the full-size#sample cgn 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 cqrners,

electrical and mechanical joints, sensors, and bypassfblocking diodes, should be
included in the representative samples.

Three|options are given in Table 3 to fit the different materials used. The thermal cycle test
shall e carried out in air without adding humidity. M \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
tempefratures is required. The cycling frequencCycan range from 5 to 48 cycles per day. During
cycleg current 1,25 times rated I at CSTC shall be applied to the test sample| when

temperature is above 25 °C as shown inigure 8.

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

a)

b)

c)

d)

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

Prpvide a full intensity of illumination so that the sample can generate the desired dqurrent
in the positive direetion.

Propvide a pattial intensity of illumination in combination with an external DC power $upply
to generate the desired current in the positive direction (bypass diodes, if present, shall be
opgnedy:

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
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-
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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.

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 to use separate
power supplies for each string.

Based on the knowledge as this standard is written, some large-area IlI-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

receiv
of 1,2

er samples with similar, but “dead.” cells. i.e.. electrically inactive IlI-V cells. A minimum

b Igc should be provided in either positive or negative direction. The current sho

contralled to maintain a temperature difference between the cell and heat sink compara
or grelater than, operating conditions so that the localized heating can take place, a

ability

evalug

comm
than
sampl
shall

and if

bs will be changed to: after the thermal cycle test, the change ©f the receiver resi
pe less than 2 % (excluding the cell). This alternative procédure will be re-eval

on thig topic becomes available.

NOTE 4

not be
applied

the temperature can reach arbitrarily high temperatures~Fhermal cycling because of bias current

stress differently than thermal cycling the chamber and may be especially effective if a series resistance d
that enhhances local heating from the flow of current.

There

during the upward temperature ramp when the heat-sink temperature reaches 25 °C an

at the
circuit

end of the maximum temperature~dwell (see illustration in Figure 8). The sa
continuity shall be monitored andrecorded.

Table 3 — Thermal cycle test options for sequence A

uld be
ble to,
nd the

of the receivers to withstand thermal mismatch, fatigue, and other stresses gan be
ted. The thermal gradients during operating conditions can be.‘determined from
ercially available modeling programs or from direct measurements-when DNI is dreater
700 W/m2 and wind speed is less than 2 m/s. The pass critefia’ for these receiver

stance
uated,

necessary, an amendment to this standard will be issued, @s soon as further knowledge

ctively cooled systems are typically designed to handle a very large heat load. If coolant is present, it may
ossible to heat the system to the target temperatures, but if-the coolant is removed and (I, ) bias cyrrent is

applies
Evelops

will be one current cycle for each teniperature cycle. Current flow shall commence

d stop
mple’s

Qption Target heat'sink Total cycles Applied current during heating and hjgh-
temperature temperature dwell
°C
TCA-1 85 1000 Apply 1,25 - I when T > 25 °C
TCA-2 110 500 Apply 1,25 - I when T > 25 °C
TCA-3 65 2 000 Apply 1,25 - I when T > 25 °C
The samptesshat-besubjectedtovisuatimspectiom O tandthenmsutatiomtest-t64fotowing

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 shall meet the same requirements as defined in 10.4.
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Figure 8 — Temperature and current profile of thermaleycle test (not to scale

The purpose of the damp heat test is to determine the ability of the modules or assembllies 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 fest in
Sequgnce C. If a full-size sample-is too large to fit into the environmental chamber, or iffis too
expengive to use, a smaller representative sample may be specially designed and
manuflactured for this test. -The representative sample shall be carefully designed so [that it
can rgveal similar failure.mechanisms as the full-size one, and the fabrication process|of the
repregentative sample (shall be as identical as possible to the process of the full-size onegs.

NOTE [Possible failufes-mechanisms for damp heat test could include low-quality metal materials (rust), thin|or low-
quality Jamination_materials, not enough clearance distance around edges so that the moisture penetrates tp active

electric|circuits,.poor workmanship, or wrong or inadequate adhesives.

When| designing or fabricating the representative samples, special considerations| shall

includg\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)

b)

The test samples shall be subjected to a test in an environmental chamber in which the
relative humidity 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.

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.

At the end of the test, within 2 h to 4 h of removal from the environmental chamber, test
samples shall be subjected to the dry insulation test 10.4 and wet insulation test 10.5. This
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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

ins

ulation test 10.4 and wet insulation test 10.5.

d) Visual inspection 10.1 shall also be performed.

10.7.4

Requirements

a) No evidence of major visual defects, as defined in 10.1.2.

b) Insulation resistance shall meet the same requirements as defined in 10.4.

c) Wet insulation resistance 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
assenjblies to withstand the effects of high temperature and humidity,folowed by below-
freezing temperatures. This is not a thermal shock test.
10.8.2 Test sample
A tota] of two modules, or two receivers and two mirrors are réquired for humidity freeze test
in accprdance with the temperature/humidity profile shown in\Figure 9.
If a full-size sample is too large to fit into the environtmental chamber, or it is too expengive to
use, g smaller representative sample may be spegially designed and manufactured for this
test. Tlhe representative sample 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
shall he as identical as possible to the process of the full-size ones.
NOTE [The possible failure mechanisms for humidity freeze test and special considerations for design and
fabricatjon of representative samples are the combination of those for temperature cycling test 10.6 and dafnp heat
test 10.J7.
10.8.3 Procedure
At the end of the test, within 2 h to 4 h of removal from the environmental chambey, test
samples shall be subjeeted to the dry insulation test 10.4 and wet insulation test 10.5. Visual
inspegtion 10.1 shallalso be performed, see Table 4.
Table 4 — Humidity freeze test options for sequence B
Qption Target Humidity Total cycles Applied currpnt
sample o
temperature %
°C

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 shall meet the same requirements as defined in 10.4.

c) Wet insulation resistance shall meet the same requirements as defined in 10.5.
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85 % 15 % RH No RH control

10.9
10.9.1

The g

particularly the concentrator lens,»and mirrors, or any other parts exposed to possib

impac

If the
be om

10.9.2

a) Mq
s

.

q

—

|
|
|
|
|
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|
|
|
|
i

o
o 100 °C/h max.
3
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g N AN
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3
]
=
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Figure 9 — Profile of humidity-freeze test conditions

Hail impact test
Purpose

urpose of the hail impact, test is to determine whether the module or ass

, can survive a hailstorm.

system is designedifor a specific area where a hailstorm is very unlikely, this test
itted. This factshall be emphasized on the test report and the product certificate.

Apparatus

ulds of'suitable material for casting spherical ice balls of the required diamete
indard diameter is 25,4 mm + 5 %.

b) A freezer, controlled at =10 °C + 5 °C.

embly,
e hail

could

r. The

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
7,995 %.

g) An instrument for measuring the speed of the ice ball to an accuracy of £+ 2 %. The speed
sensor 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 vertic
when the system is under normal operation positions or on the stow position.

Corners that are no more than 25 mm from edges.

al line

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) Exjpmine size and mass of ice balls to make sure the requirements in10.9.2 are mat, and
the ice balls 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 pefore
use.

f) En[sure that all surfaces of the launcher likely to be in gontact with the ice balls ar¢ near
ropm temperature.

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

h) Fine a number of trial shots at a simulated target and adjust the launcher until the |hitting
pogition and speed of the ice ball meet the~téquirement.

i) Fine the first actual testing shots on thessample at the locations marked in step c).

i) Ingpect the module in the impact area’for signs of damage and make a note of any|visual
effects of the shot.

k) Regpeat steps i) and j) for all other desired locations.

10.9.4 Requirements

The rgquirement for hailkimpact is very site dependent, therefore, there is no specific pgss/fail

criteria for it. The results, however, shall be recorded and reported in details, such as:

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

b) Anly cracks or holes on the sample that are visible to the unaided eye, or any pieces|larger
than/2-mm?2 that have broken off and flown out, 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.


https://iecnorm.com/api/?name=3d2dfc2447c1274778022c07f7414939

-32 - IEC 62108:2016 © IEC 2016

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.

— Inits 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
indtallation instructions. WWhen more than one wiring method 1S 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
fonl Flat-Plate Photovoltaic Modules and Panels, section 33.5 above thermodule’d most
vu|nerable location.

specified in a), with at least 15 min between tests in different orientations. After eagh 1 h
spfay, the module or assembly shall be examined for evidenge | of water penetrafion or
collection of water in any area containing electrically active~parts. If water is pregent in
such an area, there shall be adequate means, such as drain holes, to keep the watef level
frojm reaching uninsulated electrically active parts.

d) The module or assembly shall be exposed to the water spray for 1.%in each orie:lv:tation

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

10.10/4 Requirements
a) Nq evidence of major visual defects, as.defined in 10.1.2.

b) Ingulation resistance shall meet the same requirements as defined in 10.4.
c) N(d significant amount of water shall remain inside the module after the test (the dgpth of
the remaining water shall not réach any electrically active parts in any possible position).
10.11 |Bypass/blocking diode/thermal test

10.11]1 Purpose

The plurpose of the “bypass/blocking diode thermal test is to assess the adequacy [of the
thermal design anhd relative long-term reliability of bypass/blocking diodes used to limit the
detrimental effe€ts of system hot-spot susceptibility within the receiver being tested. This
procedlure verifies that the bypass diode can safely operate at elevated temperaturds and
throughput current levels. The non-intrusive method requires that the bypass diode’s case be
accespibler for thermocouple attachment by the test personnel. The intrusive met

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

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)

10.11/3 Apparatus

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.

Envirgnmental chamber capable of heating the test sample to 75 °Cc++5 °C, [digital
thermpmeter, type K thermocouple wire, thermal adhesive, a power supply capaple of
produging 1,25 times /. of the receiver, and a DMM or current shunt capable of measurjng up
to 124 % of the receiver’s short circuit current at standard reporting conditions, digital timer.

10.11)4 Procedure

a)
b)

)

k)

E

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 leadsjunction box penetration and resgal the
junction box per manufacturer’s instructions, if applicable.

pctrically short any blocking diodes incorporated in thec¢sample.

Manufacturer-prepared receivers: Functiopally check the thermocouple(s) previously
atfached to the diode(s) by the manufactufer.

Mgunt 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 3ccess
port.

Atjach a thermocouple to the\front face of the receiver. This temperature sensor will be
usged to monitor the receiver’s‘temperature of 75 °C + 5 °C during the duration of the|tests.

Cannect 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 o the
positive terminal ofithe receiver.

Cannect the thermocouple(s) to a digital thermometer.

Heat the receiver to 75 °C £ 5 °C. Apply a current to the receiver equal to /g, + 2 %| After
1 R, measure the temperature of each bypass/blocking diode.

Cdlculaté the junction temperature using information provided by the diode manufagturer,
algng“with the measured case temperature or temperature of the hottest surface
contacting the diode.

Increase the applied current to 1,25 times /. while maintaining the receiver temperature
at 75 °C £ 5 °C. Maintain the current flow for 1 additional hour.

Verify that the diode is still operational.

10.11.5 Requirements

a)

b)
c)
d)

The calculated diode junction temperature shall not exceed the diode manufacturer’s
maximum temperature rating.

No evidence of major visual defects, as defined in 10.1.3.
Insulation resistance shall meet the same requirements as defined in 10.4.

The diodes shall still function as diodes after 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.
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10.11.6 Procedure 2 — Alternate method

a)
b)

c)
d)

NOTE [The lead wire should not cause heat dissipationfrom the terminal box.

e)

k)

Electrically short any blocking diodes incorporated in the module.

Determine the rated STC short circuit current of the module from its label or instruction
sheet.

Connect the lead wires for V' and I on both diode terminals as shown in Figure 10.
It is recommended that the connections be made by the module manufacturer

+Ip  +Vp -Vp )

.
A

Bypass diode

Cell Cell

IEC

Figure 10 — Bypass diode thermal test
Pyt the module into the chamber set up to 30 °C + 2 °C until the module tempgrature
reqaches the saturation.

Adply the pulsed current-(pulse width 1 ms) equal to the STC short circuit curnent of
the¢ module, measure the ferward voltage 74 of diode.

Uging the same procedure, measure ¥V, at 50 °C £ 2 °C.
Uging the same procedure, measure V3 at 70 °C + 2 °C.
Uging the samie“procedure, measure Vp, at 90 °C £ 2 °C.

Then, obtain the V' versus T characteristic by a least-squares-fit curve from Vp4, Vps,
Vg3 and¥p,.

This&d/H versus T characteristic may be provided by the diode manufacturer with a

£ s 2 T '+
matdractaretr-s—cefrurcaton:

Heat the module to 75 °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.

Using the V' versus 7 characteristic obtained in item j), obtain 7j of the diode.

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.

Maintain the current flow for 1 h.
Verify that the diode is still operational after completing this test.
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10.12
10.12.

Robustness of terminations test

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.
Three

2 Types of terminations

types of module terminations are considered:

10.12]
10.12]

Preco

10.12]

Tensil

10.12]
Tensil

a) Fd
tef
b) If
ap

TYpe A: wire or flying lead.
Type B: tags, threaded studs, screws, etc.
Type C: connector.

3 Procedure
3.1 General

nditioning: 1 h at standard atmospheric conditions for measurenient and test.

3.2 Type A terminations
e test: As described in IEC 60068-2-21, test Ua, with the following provisions:

All terminations shall be tested.
Tensile force shall never exceed the modWeweight.

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

3.3 Type B terminations

e and bending tests:

ng test: As described in IEC 60068-2-215.test Ub, with the following provisions:

A cable of the size and type recommended by the module manufacturer, cut to a
convenient length, shall be connected to the terminations inside the box using the
manufacturer's recommended procedures. The cable shall be taken through the

r modules with (éxposed terminals, each termination shall be tested as for type A
minations.

the terminations are enclosed in a protective box, the following procedure shall be
plied:

ole of

the cable gland, taking care to use any cable clamp arrangement provided. The lid of
the box shall be securely replaced. The module 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 shall be tested.
Severity 1.

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

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

termin

10.12.

ations shall be carried out.

4 Requirements

a) No evidence of major visual defects, as defined in 10.1.2.

b) Insulation resistance shall meet the same requirements as defined in 10.4.

c) Wet insulation resistance shall meet the same requirements as defined in 10.5.

10.13
10.13

The p
withst

If the
in are
and ic
aligne
unsuit|
shall ¢
limits

This t¢
is not
includ
verify

Wind

Mechanical load test

1 Purpose

and wind, snow, static, or ice loads.

hs of extreme conditions, the manufacturer shall specify the limits of wind, snow,
e loads that apply to the product. Pressure values used in the following test can th
d to match the maximum specification of the manufaeturer. If the design is
hble for snow areas, the snow load test needs not beyearried out and minimum
orrespond to wind loading. The test report shall state the manufacturer’'s recomm
hnd whether the equipment survived testing at these limits.

bst is only performed on modules, receivers,omirrors, or their representative samg
an evaluation for trackers and other mounting means. A full-size concentrator s
ng all structures and foundations, shall.be analyzed by suitable qualified engine
that the design meets the local coderequirements of the installation site.

oad minimums shall apply (seeTable 5).

Table 5 — Minimum wind loads

irpose of mechanical load test is to determine the ability of the modulge,or assenpbly to

concentrator systems are specified by the manufacturer not to be suitable for installation

static,
en be
ntirely
esting
ended

les. It
stem,
ers to

Test load Wind load capacity Tracker

Snowl/ice load capacity . .
Pa mls requirement/restric

ion

40 in a wind stow Restricted to use on trg
800 osition onl None with automatic and fai
p Y wind stow of 24 m/s o

ckers
safe
less

1 600 40 None None
2400 40 Light to Med None
1N 4nn 4n !—Ina\n: l’\‘lnna

TSy

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 shall be
mounted horizontally. The test base 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 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 monitared rnntimmucly dnring 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 up to the maximum indicated py the
test. This load may be applied pneumatically or by means of weights cévering the|entire
surface. In the later case, the test sample shall be mounted horizontally. IMaintain this load
for 1 h.

f) Reapeat step e) on the back surface of the test sample.

g) Repeat steps e) and f) for a total of three cycles.

10.13J3 Requirements

a) Ngq intermittent open-circuit fault detected during the {est.

b) Ng evidence of major visual defects, as defined in)10.1.3.

¢) Ingulation resistance shall meet the same requitements as defined in 10.4.

10.14 |Off-axis beam damage test
10.14)1 General

One full-size module or assembly 4s required for off-axis beam damage test. It cpn be
condufted 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 conditiohs of
misalignment or malfunctioning.

10.14)3 Special'case

Concgntrator systems that use a fully redundant and failsafe protection system to mjanage
misalighmeént issues may be exempt from the requirements of this clause. The manufgcturer
shall state in the system manual how this Tevel of protection is achieved, what Tevels of
maintenance are required, what locations are suitable for installation, and how to commission
and operate such a system correctly. The testing agency 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 shall respond to the
misalignment or malfunction according to the manufacturer’s design; otherwise, a regular off-
axis beam damage test shall be conducted.

10.14.4 Procedure

a) The module or assembly design and the receiver itself 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 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

ea

ch exposure.

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

10.14/

a) Ng
ev

b) Ins
10.15
10.15]

The p
the m
synerg

The module 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)-

Throughout this test, DNI shall be at least 800 W/m2.

5 Requirements

evidence of major visual defects, as defined in 10.1.3. In particular; there shall{be no
dence of melting, smoking, charring, deformation, or burning of any,material.

ulation resistance shall meet the same requirements as definedin-10.4.
Outdoor exposure test
1 Purpose

irpose of the outdoor exposure test is to make a preliminary assessment of the ahlility of
odule or assembly to withstand exposure to-eutdoor conditions and to reveal any
istic degradation effects that may not be<detected by laboratory tests. [If the

manufacturer specifies a stabilization period after, which the system reaches the steady state

perfor
electri
asseni
throug

10.15/
a) A
m4
b) A
co
c) An

beffore the module or assembly is mounted.

d) If{

mance, the system shall be operated for the specified amount of time prior to thel initial
cal performance test as defined in 10:2.This test requires one full-size modple or
bly. It can be conducted either by .nstalling it in an exterior area of the test lab, or
h on-site witness.

2 Procedure

full-size module or assembly shall be installed outdoor as recommended hy the
inufacturer.

direct-normal irradiation monitor and a global total irradiation monitor shall be ingtalled
rplanar with the_.module or assembly.

y hot-spot protéctive devices recommended by the manufacturer shall be ingtalled

he system requires active cooling, the cooling system shall be operated during the test.

e) The module or assembly shall be exposed outdoors with tracking and meet the following

re

Juifements:

10.15.

Cumulative DNI of at least 450 kWh/m?2 while the module or assembly is connected to
a maximum power point tracking load.

Followed by cumulative DNI of at least 50 kWh/m2 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/mZ is required while in open circuit condition.

When the DNI is less than 600 W/mZ2, the DNI radiation shall not be counted towards
the total exposure.

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

3 Requirements

a) No evidence of major visual defects, as defined in 10.1.2.

b) Power degradation shall not exceed 5 % for solar simulator I-V measurement, and 7 % for

na

tural sunlight I-V measurement.
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c) Insulation resistance 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.

Currenfly, a mnjnr revision for the hnf-qpnf endurance test on flq‘r_plnh:x P\/_modules is

under

considg
endur
simuldg
maxin
measy\

10.17
1017

The d
proted

applie
considg
This rq

10.17

eration. For CPVs, perform this test according to IEC 61215-2:2016, 10.9.Hd
hnce test, and its amendments, with one exception: add an extra 3 % fonrthe
tor 1-V measurement, and 5 % for the natural sunlight |-V measurenient,
um power degradation requirement, to count for an extra uncertainty en-the C
rement.

Dust ingress protection test
1 Purpose

egree of protection (IP-code) defines the extent toswhich an enclosure pr
tion against the entry of dust, as proved by standard/testing methods. This testin
5 to modules which have package design thatsis deemed an enclosure.

ered an enclosure the module shall contain an jnterior space that contains gas or

bquirement is for modules only; assembliesitare exempt from this requirement.

2 Procedure

The module or a representative sample~shall be subjected to IP testing after the huy

freezeg
the en
syster]

10.17,
The m

sequence with provisions proyided by the manufacturer to close ports or opening
closure that are included in_the existing module design for attaching the module tg
s (air drying for example)!

3 Requirements

odule shall meet-a minimum of IP6X. See 10.10 for water ingress requirement

IP6X test is for dust ingress only and is conducted in conformance with IEC 60529.

t-spot

solar
o the
PV |-V

bvides
g only
o be
liquid.

midity
Js into
other

5. The
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Summary of test conditions and requirements

and values included in this summary, see Table A.1.

Table A.1 — Summary of test conditions and requirements

For reference only. Requirements and values in the main body of this standard supersede requirements

Seq. Test title Sample Test condition Requirement
No.
m — module
r — receiver
mir — mirror
10.1 Visual inspection | All Visual inspection No major visual defects (MYVD)
defined in,1041.2.
10.2 Electrical All Outdoor side-by-side -V with Power degradation < 8 % for
performance DNI > 700 W/m?, wind speed solan simulator measurement,
< 6 m/s, clear sky. and)< 13 % for natural sunljght
. ) measurement, (except for 10.15
Dark |-V as a dlagnost!c and 10.16).
means to measure resistance,
at least 10 points from 0,9:to If dark |-V shows 10 %
1,6 I, resistance increase, side-bl-side
1-V shall be performed.
10.3 Ground path All Measure resistanee between Resistance < 0,1 Q
continuity grounding point.and other .
conductive parts with 2 x [ Eo c(ijamage at grounding path
current passing through. onas
10.4 Electrical All At ambient temperature, 25 °C | No dielectric breakdown or
insulation test + 10°C and RH < 75 %, surface tracking during high
apply 2 x ¥ + 1 000 V for voltage;
2'min (hi-pot); R > 50 MQm?2, if area < 0,1|m2,
Measure R at 500 V. R > 5 MQm?, if area > 0,1 ?,
total overall R > 1 MQ if
encapsulated in earthed me¢tal,
total overall R > 10 MQ if dpuble
insulated
10.5 Wet insulation All Measure R at 500 V when the | Same as 10.4
test sample is wetted by
surfactant solution with
resistivity 1 500 Qcm to
3 500 Qcm.
10.6 Thermal cycling 2r All TC test options are from No MVD.
(oet =40 °C to T Meet insulation test 10 .4 amd
maXx

Options for T,,.x on
receivers in Sequence A:
1 000 cyclesif 7___ =85 °C,

max

500 cycles if 7, , = 110 °C,
2 000 cycles if T, , = 65 °C,

Apply 1,25 x I when T >
25 °C until the end of the high
dwell time

Options for T,.x as pre-
conditioning for HF on
modules or assemblies in
Sequence B:

10.5.
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Seq. Test title Sample Test condition Requirement
No.
m — module
r — receiver
mir — mirror
2r as pre- 200 cycles if 7, = 85 °C,
conditioning . .
for HF 100 cycles if 7., = 110 °C,
400 cycles if 7, = 65 °C,
10.7 Damp-heat test 2m or 2r/2mir 1 000 h at 85 °C and 85 % No MVD.
RH;
Meet insulation test 10.4 and wet
Or 2000 hatbb "C and 85 % | insulation test 105 m2nhtp 4 h
RH. after removal from the ehamber.
10.8 Humidity freeze 2m or 2r/2mir Tmax and 85 % RH for 20 h No MVD.
test followed by 4 h cool down to ) )
—40 °C; 20 cycles if T is Meet insulationptest 10.4 apd wet
85 °C: max insulation test40:5in2htp 4 h
’ after removal from the chamber.
40 cycles if T, is 65 °C.
10.9 Hail impact test 1m or 1r/1mir | At least 10 shots of 25,4 mm Reportall results, no pass/fail
diameter ice ball at 22,4 m/s critefia.
on areas where an impact by
hailstone falling from 45°
around the vertical line is
possible.
10.10| | Water spray test 1m or 1r/1mir 1 h water spray on eath of No MVD.
four orientations. . .
Meet insulation test 10.4.
No significant water remains
inside (the depth of the
remaining water shall not r¢ach
any electrically active partd in
any possible orientation).
10.11 Bypass/blocking 1m or 1r At75 °C chamber When [ applied:
diode thermal temperature, apply I ) ) )
test through the receiver for 1 h, Diode junction temperature| not
then measure to exceed rated maximum
bypass/blocking diode temperature,
temperature. No MVD.
Meet insulation test 10.4.
Apply 1,25 x I__ for additional After 1,25 x [ applied:
1 h. Verify diode is functional. . . . o
Diode is still functioning.
10.12| | Robustness. of 1m or 1r/1mir 20 N tensile and 10 cycles No MVD.
termingtions test bendin
9 Meet insulation test 10.4 and wet
insulation test 10.5.
10.13| {“Mechanical load 1m or 1r/1mir 2 400 Pa on front and back, No MVD.
test 1 h each total of 3 cycles ] ]
Other loads may be used. Meet insulation test 10.4.
No intermittent open-circuit.
10.14 | Off-axis beam 1m or 1r/1mir | Aim the light on suspect No MVD, especially, no melting,
damage test locations for at least 3 h when | smoking, charring, deformation,
DNI > 800 W/m?; or walk-off or burning.
for 3 h. . .
Meet insulation test 10.4.
10.15 | Outdoor 1m or 1r/1mir Expose to DNI accumulation No MVD.

exposure test

Full size

of:
— 450 kWh/mZ2 at Pm

— followed by 50 kWh/m? at
Voo with at least 1 h of
DNI > 800 W/m?2.

DNI < 600 W/m? should not
be counted

Power degradation shall be less
than 5 %.

Meet insulation test 10.4.
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Seq. Test title Sample Test condition Requirement
No.
m — module
r —receiver
mir — mirror
10.16 | Hot-spot 1mor 1r Refer to IEC 61215-2:2016, Add 3 % (simulator) or 5 %
endurance test 10.9 and its amendments. (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 | The module shall meet a

design that is deemed an

minimum of IP6X

enclosure snhall be subjected
to IP testing according to
IEC 60529
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B.1

Annex B
(normative)

Retesting guideline

Product or process modifications requiring limited retesting to maintain

certification

This annex sets forth a uniform approach to maintain the certification of products that have, or
will, undergo modification from the articles originally certified. It shall not be used as a

guidel

Chand
perfor
given
CPV n

Those|
considg

and af Amended Technical Report Form.

The 4
recom
clausd
previoj

For th
guidel

B.2

For m

e Mdq
° Ty

e S
e Or

. Aj\i-reflective coating material

ne to certify new product submittals.

nodules or assemblies.

ered to be compliant and will be issued an amended Conformity Assessment Cerf

mended retesting requirements with parentheticah reference to the specific rel

s of the IEC standard. The changes shall be @ssessed relative to the design th
usly certified.

e modifications listed below the testing”lab shall use the tests in IEC 62108
ne.

Modifications of CPV celltechnology

bdifications such as:

tallization materialstand/or process

pe of diffusion process

miconduetOr layer materials and/or process

fder of<cell processing if the change involves the metallization system

angde of manufacturing site of the solar cells not under the same quality asst

X PN

e Ch
sy
e Us

TCTTT

e of cells from a different manufacturer

e Major change in cell thickness greater than 25 % change in total cell thickness

e Major increase in cell area (greater than 25 %), and

¢ Reduction in output power per cell (greater than 10 %)

Repeat:

e Th

ermal cycling test (10.6, sequence A)

e Damp heat test (10.7)
e Hot-spot endurance test (10.17), if applicable
e Outdoor exposure test (10.16); change 1 000 kWh/mZ2 in 10.16.2.e) to 500 kWh/m?2

nnex is organized by component modification, headings. Following this a€1e the

es in design, materials, components and manufacturing process can “impa¢t the
mance of the modified CPV module or assembly. The recommended itest sequences
below have been selected to identify adverse changes to modified cell.packages|within

CPV modules or assemblies meeting the requirements of IEC 62108 after retestipg are

ficate

evant

t was

as a

rance
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B.3 Modifications in optical encapsulation on the cell (Includes optical
coupling between the cell and a glass secondary optical element bonded
to the cell)

For modifications such as:

o Different encapsulation or optical coupling material
o Different additives or formulation of an encapsulation or optical coupling material, and

o Different encapsulation or optical coupling application process (e.g. curing temperature,
rate, or time)

Repeat:

e Thermal cycling test (10.6, sequence A)

e Huymidity freeze test (10.8)

e Dgmp heat test (10.7)

o Hdt-spot endurance test (10.16) if applicable and if material composition changes

e Odtdoor exposure test (10.15)
B.4 | Modification in cell encapsulation outside of intended light path

For medifications such as:

¢ Different encapsulation material
e Different additives in encapsulation material;;and

o Different encapsulation process (e.g. curing rate)
Repedt:

e Thermal cycling test (10.6, sequence A)

e Humidity freeze test (10.8)

e Dgmp heat test (10.7)

e Hqt-spot endurance-test (10.16) if applicable and material composition changes
e Ogytdoor exposure.test (10.15)

e Bypass diodeythermal test (10.11) if diode is located in encapsulant

e Off-axis beam damage test (10.14)

B.5 | Modification of cell package substrate used for heat transfer

For modifications such as:

o Different polymeric materials used in bond to heat sink
e Change in substrate heat spreader material
e Reduction in heat spreader area, and

e Different method of substrate attachment
Repeat:

e Thermal cycling (10.6, sequence A)
e Humidity freeze (10.8)

e Damp heat (10.7) for any change, addition, or removal of a polymeric material
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o Hot-spot endurance test (10.16) if applicable and material composition changes
e Qutdoor exposure test (10.15)

B.6 Accessible optics (primary or secondary)

For modifications such as:

e optic material or design
e thickness, and

e surface treatment

Repeat:

e Thermal cycling/Humidity freeze (10.8)

e Ddgmp heat (10.7)

e H4qil impact (10.9)

e Magchanical load (10.13)

o Off-axis test (10.14), if susceptibility to beam damage is increased
° Wter spray (10.10), if the optic serves as part of the weather seal

e Thermal cycling (10.6), if the optics are part of the receiver assembly

e Odtdoor exposure (10.16), if the optical material thickhess is increased by more than

B.7 |Inaccessible optics (secondary)

For modifications such as:

e oplic material or design
e thickness, and

e sufface treatment
Repeat:
e Dgmp heat (10.7)

¢ Oytdoor exposure (10.15)
e Off-axis beam damage test (10.14), if increased beam damage

. ThErmaI cycling (10.6), if the optics are part of the receiver assembly
e Th

rmal cycling/humidity freeze (10.8), if an optical element or structural ad

20 %

hesive

changes
B.8 Frame and/or mounting structure

For modifications such as:

e cross-section of frame
o (different framing material, and

e different mounting technique
Repeat:

o Mechanical load test (10.13)

e Ground continuity (10.3), for change in material or grounding means of metallic designs
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e OQutdoor exposure (10.15), for polymeric materials

o Off-axis beam damage test (10.14), for polymeric materials
B.9 Enclosure

For modifications such as:

e different enclosure material, and

o different enclosure geometries, including > 5 % change in any dimension

Repeagt:
e Ddmp heat (10.7)

e Megchanical load test (10.13)
e Hymidity freeze (10.8)

e Haqil impact test

e Grpund continuity (10.3), for change in material or grounding means of metallic designs
e Odtdoor exposure (10.15), for polymeric materials

e Off-axis beam damage test (10.14), for polymeric materials
B.10 | Wiring compartment/junction box

For mpdifications such as:

o different compartment material, and

o different compartment design

Repeat:

e Ddgmp heat (10.7)

¢ Thermal cycling/humidity freeze (10.8)

o Water spray test (10.10)

o Rdbustness of terminations (10.12)

e Bypass diode thermal test (10.11), if bypass diode is located in wiring compartment
e OJtdoor exposure test (10.15), if exposed to direct UV

o Off-axis'beam damage test (10.14), if exposed to concentrated sunlight

B.11 Unterconnectionterminals

For modifications such as:

o different material
o different design
o different potting material, and

o different method of attachment
Repeat:

e Thermal cycling test (receiver) (10.6)
e Humidity freeze (10.8)
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o Off-axis beam damage test (10.14)

° By

pass diode thermal test

e Damp heat (10.7) — For changes in materials

e Hot spot endurance Test (10.16) — For changes in bonding technique or bonding material.
(Not required if a bypass diode is employed for each cell)

B.12

Interconnection materials or technique (to cells and between receivers)

For modifications such as:

o dif
o dif
o dif
o dif
o dif
o dif
Repes

ferent manufacturer

ferent interconnect material

ferent thickness/diameter of interconnect material, more than 10 % changg
ferent bonding technique

ferent number of solder bonds, and

ferent solder material or flux

t:

e Thermal cycling (10.6)

e Hu
e Of
e Dag
e Ho
B.13

For m

midity freeze (10.8)
f-axis beam damage test (10.14)
mp heat (10.7) for changes in materials

t spot endurance (10.16) for changes in(bonding technique or solder material
Change in electrical circuit design in an identical package

bdifications such as:

e Madifications to the interéonnection circuitry (for example more cells per bypass di

re-

routing of output leads), and

o Rdconfiguration of yoltage (i.e., 12 to 24)

Repeat:

e Hdt spot ehdurance test (10.16)

° By

pass diode thermal test (10.11), if current in any diode increases by 5 %

e Th

B.14

ermal cycling test (10.6) if the current in any cell increases by 5 %

bde or

Output power

For modifications such as:

e more than 10 % increase in current or power

Repeat:

e Hot spot endurance (10.16)

e Th

ermal cycling (receiver) (10.6)

e Bypass diode thermal (10.11)
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Thermal energy transfer means

For modifications such as:

o different heat sink gel

o (different heat spreader material

e reduction in heat spreader area by > 10 %

¢ removal or addition of thermally or electrically insulating layers

o different thermally or electrically insulating layer material, and

o (dif
Reped
e OJ

o Of

e Thermal cycling (receiver) (10.6), for any change, addition, or removal of a pol

md
e D4d

po
e Hg

att
B.16
For m
e US
Reped
e D3

e Hu
e OU
e Me

e Water spray seguence E (10.10), if the adhesive provides a moisture seal

NOTE
proof o
evaluat

erent method of attachment
t:

tdoor exposure test (10.15)

-axis beam damage test

terial
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

MODULES ET ENSEMBLES PHOTOVOLTAIQUES A CONCENTRATION -

1) La

QUALIFICATION DE LA CONCEPTION ET HOMOLOGATION
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La No

rme-internationale IEC 62108 a été établie par le comité d'études 82 de I'lEC: Systemes

de conversion photovoltaique de I'énergie solaire.

Cette deuxiéme édition annule et remplace la premiére édition parue en 2007. Cette édition
constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) Modification de I'essai d'exposition en site naturel de 1 000 h réduites a 500 h.

b) Modifications des cycles de courant pendant I'essai de cyclage thermique.

c) Ajout de I'essai relatif a la pénétration de poussiere.

d) Su
e) Su

ppression du cyclage thermique associé a I'essai de chaleur humide.
ppression de I'essai d'exposition aux UV.
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Le texte de cette norme est issu des documents suivants:

FDIS Rapport de vote
82/1142/FDIS 82/1161/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a I'approbation de cette norme.

Cette publication a été rédigée selon les Directives ISO/IEC, Partie 2.

Le commité—adécidéque tecomntenu de cette pubticationm me—sera pas modifieavanttadpte de
stabilifé indiquée sur le site web de I'lEC sous "http://webstore.iec.ch” dans les~données
relativies a la publication recherchée. A cette date, la publication sera
e reg¢onduite,

e supprimée,

e remplacée par une édition révisée, ou

e anjendée.
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MODULES ET ENSEMBLES PHOTOVOLTAIQUES A CONCENTRATION -

QUALIFICATION DE LA CONCEPTION ET HOMOLOGATION

1 Domaine d'application et objet

La présente Norme internationale spécifie les exigences minimales pour la qualification de la
conception et I'homologation des modules et ensembles photovoltaiques a concentration

(CPV,

Concentrator PhotoVoltaic) pour une ufilisation de longue durée dans les climats

génér
partiel
et I'hg
plane,

hux d'air libre, comme défini dans I'lEC 60721-2-1. La séquence d'essa
lement issue de celle spécifiée dans I'lEC 61215-1 pour la qualification de la-cond|

Certaines modifications ont cependant été effectuées pour tenir‘-comptd

particlilarités des récepteurs et modules CPV, en particulier en ce qui concerhe la sépg

des e
élevéd
nouve

L'obje
mécar

5sais sur site et en laboratoire, les effets de la répartition, de la,'densité de c
et des variations rapides de température, qui ont entrainé la formulation de cef
les procédures d'essai ou exigences.

iques et thermiques des modules et ensembles CPV et d&€ montrer, autant que pd

avec (les contraintes de colt et de temps raisonnables, que‘les modules et ensemble

peuve
d'appl
de ley
lesqug

La pré

nt supporter une exposition prolongée aux.-Sclimats définis dans le do
cation. La durée de vie réelle des modules et ensembles CPV ainsi qualifiés dép
r conception, de leur production ainsi que de environnement et des conditions
lles ils fonctionneront.

a I'Annexe B.

2 R

Les d
partie
référe
éditior

bférences normatives

bcuments suivants sont_gités en référence de maniére normative, en intégralité
dans le présent document et sont indispensables pour son application. Po

nces datées, seulef’edition citée s’applique. Pour les références non datées, la de
du document de-référence s’applique (y compris les éventuels amendements).

IEC 6(0068-2-21:2006, Essais d'environnement — Partie 2-21: Essais — Essai U: Robu

des sd

rties et(des dispositifs de montage incorporés

s est
eption

mologation des modules PV au silicium cristallin pour application terrestre a plaque

e des
ration
burant
taines

I de la présente norme d'essai est de déterminer les ‘ecaractéristiques électiiques,

ssible
5 CPV
maine
endra
dans

sente norme doit étre utilisée conjointément avec les directives de contre-essai decrites

ou en
ur les
rniére

sfesse

IEC 61)529, Degrés de protection procurés par les enveloppes (Code IP)

IEC 61215-2:2016, Modules photovoltaiques (PV) pour applications terrestres — Qualification
de la conception et homologation — Partie 2: Procédures d'essai

IEC 62670-1, Concentrateurs photovoltaiques (CPV) — Essai de performances — Partie 1:
Conditions normales

ANSI/UL 1703:2002, Standard for Safety: Flat-Plate Photovoltaic Modules and Panels

3 Termes et définitions

Pour les besoins du présent document, les termes et définitions suivants s'appliquent. Voir
également le Tableau 1.
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a concentration

terme

3.2

associé aux appareils photovoltaiques qui utilisent un ensoleillement intense

cellule a concentration
appareil photovoltaique élémentaire qui est utilisé avec un éclairement d'ensoleillement
intense

3.3

optique a concentration

appar,ii uptiquc qui réatise—ume—ot piuoicuw des—fonctions—stivantes—=a pcutil de—somentrée
jusqu'a sa sortie: augmentation de l'intensité lumineuse, filtrage du spectre, modification de la
distribjution de l'intensité lumineuse, ou changement de direction de la lumierey/Il| s'agit
généralement d'une lentille ou d'un miroir

Note 1 @ I'article: Une optique primaire regoit un ensoleillement non intense directement'du~soleil. Une |optique
secondgire regoit un ensoleillement intense ou modifié provenant d'un autre appareil optique, tel qu'une |optique
primairg¢ ou une autre optique secondaire.

3.4

récepleur a concentration

groupe constitué d'une ou de plusieurs cellules a concentration et d'optiques secondaifes (si
présentes), qui regoit un ensoleillement intense et comporté.des dispositifs pour le transfert
d'éneavgie thermique et électrique. Un récepteur pourrait étre constitué de plusieurs|sous-
récepfeurs. Le sous-récepteur est une partie physiquemeéent autonome plus petite du récgpteur
en grgndeur réelle

3.5

module a concentration

groupg constitué de récepteurs, d'optiques et d'autres composants associés, tels qe des
dispogitifs d'interconnexion et de montage, qui regoit un ensoleillement non intense. Tdus les
compagsants ci-dessus sont généralement préfabriqués en une unité, et le point de focalisation
n'est pas ajustable a tout le champ

Note 1 fa I'article: Un module pourrait.'étre constitué de plusieurs sous-modules. Le sous-module est ung partie
physiguement autonome plus petite dd module en grandeur réelle.

3.6

ensemble a concentration

groupg constitué _de .récepteurs, d'optiques et d'autres composants associés, tels qe des
dispogitifs d'interconnexion et de montage, qui regoit un ensoleillement non intense. Tdus les
compgsants _Cisdessus sont généralement transportés séparément et nécessitent une
installption.groupée, et le point de focalisation est ajustable a tout le champ

Note 1 g larticle: _Un ensemble pourrait étre constitué de plusieurs sous-ensembles. Le sous-ensemble pst une
partie physiquement autonome plus petite de I'ensemble en grandeur réelle.

3.7

unité de commande
matériel non soumis a une contrainte, mais qui est compris dans chaque mesure afin de
favoriser une plus grande confiance dans des mesures cohérentes
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Tableau 1 — Termes utilisés pour les CPV

Optique primaire — Module CPV —
préfabriqué et le point
de focalisation n'est pas
—— ajustable a tout le champ,

semblable a la plupart

Cellules CPV — des systémes optiques
de Fresnel.

Optique secondaire ——

- Récepteur CPV —

Dispositifs de transfert
d'énergie électrique

Ensemble CPV —
nécessite une installation
groupée et le point'de
| | focalisation est.ajustable
Interconnexion [ a tout le champ, semblable
a la plupant~des systémes
a.reflecteurs.

Dispositifs de transfert
d'énergie thermique

Montage —

IEC

4 Echantillonnage
Les Figures 1 a 5 sont des schémas de cellules, récepteurs, modules et ensembles.

Pour les systéemes ou modules CPV a point de focalisation non ajustable a tout le champ,
7 modules et 2 récepteurs doivent étre soumis”a tous les essais spécifiés, plus un récgpteur
pour llessai thermique de la diode de dérivation/diode antiretour (intrusif ou non intrusif). Pour
plus de détails, se référer a la Figure 6% Pour les systémes ou ensembles CPV a pdint de
focalidation ajustable a tout le champ, 9 récepteurs (dont des sections de I'optique secopdaire,
si applicable) et 7 sections de |'optique primaire doivent étre soumis a tous les pssais
spécif|és, plus un récepteur pourdiessai thermique de la diode de dérivation/antiretour (iptrusif
ou nof intrusif). Pour plus decdétails, se référer a la Figure 7.

Dans Je cas ou un module’ ou ensemble en grandeur réelle est trop grand pour étre jinséré
dans yin équipement d'essai disponible, comme par exemple des chambres climatiques| ou si
un module ou ensembtle en grandeur réelle est trop colteux (par exemple, pour un systeme a
conceptration parabolique a réflecteurs de 20 kW, 9 échantillons de récepteurs prennent en
compte des cellules PV de 180 kW), un échantillon représentatif plus petit peut étre utilisé.
Cependant,.méme si des échantillons représentatifs sont utilisés pour l'autre essai, un module
ou ensemble’en grandeur réelle doit étre installé et soumis aux essais pour une expositjon en
site natufel. Ceci peut étre effectué soit dans le laboratoire d'essai, soit par des personnes
présentes sur e site.

Les échantillons représentatifs doivent comprendre tous les composants, a I'exception de
certaines parties répétées. Si possible, les échantillons représentatifs doivent utiliser des
sous-récepteurs, des sous-modules ou des sous-ensembles. Au cours de la conception et de
la fabrication des échantillons représentatifs, une attention particuliere doit étre accordée
pour veiller a atteindre la similarité maximale avec le composant en grandeur réelle,
concernant toutes les caractéristiques électriques, mécaniques et thermiques liées a la
qualité et a la fiabilité.

En particulier, la chaine de cellules dans les échantillons représentatifs doit étre suffisamment
longue pour comprendre au moins deux diodes de dérivation, mais en aucun cas moins de dix
cellules. Les enrobages, les interconnexions, les sorties et les distances d'isolement autour
de tous les bords doivent étre les mémes que sur les produits en grandeur réelle. Les autres
composants représentatifs, y compris les joints de la lentille/du boitier, les joints du
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récepteur/du boitier et le fond de capot/la lentille doivent aussi étre inclus et soumis aux
essais.

Il convient de prélever les échantillons d'essai au hasard parmi un ou plusieurs lots de
production. Si les échantillons a soumettre aux essais sont des prototypes d'une nouvelle
conception, mais non issus d'une production, ou que les échantillons représentatifs sont
utilisés, il convient de mentionner ces faits dans le rapport d'essai (voir Article 8).

Les échantillons d'essai doivent avoir été fabriqués a partir de matériaux et composants
spécifiés conformément aux schémas et procédures de fabrication correspondants, et il
convient qu'ils aient été soumis aux procédures normales d'inspection, de contrble qualité et
d'acc ; i ; ; i & intégrité—usqu'au
e détail, et il convient qu'ils soient accompagnés des manuels de manipulation, de
montage, de raccordement et de fonctionnement fournis par le fabricant. Les échantillgns ne
doiverjt pas étre soumis a d'autres procédures spéciales qui ne font pas,.partie [de Ila

produg¢tion normalisée.

Si I'egsai d'intrusion thermique de la diode de dérivation/antiretour~doit étre réaligé, un
récepfeur supplémentaire fabriqué spécialement est nécessaire.avec des conducteurs
électriques et des fils de détecteur thermique sortant de tellegsorte que chaque |diode
indiviquelle puisse étre accessible séparément.

5 Marquage

Chaque section du récepteur ou module doit porterclairement et de maniére indélébjle les

indications suivantes:

— Le[nom, le monogramme ou le symbole du-fabricant.

— Le|type ou le numéro du modéle.

— Le|numéro de série.

— Laj|polarité des bornes de sortie.du des conducteurs (un code de couleur est permis)}

— Lajtension maximale de systéme pour laquelle le module ou I'ensemble est adéquat.

— Lajvaleur nominale de lalpuissance de sortie maximale et de sa tolérance a la condition
spgcifiée.

— Lal date, le lieu de(fabrication et les matériaux de cellule doivent étre marqués ou étre
traigables a partiridu numéro de série.

Si deq échantillgns  représentatifs sont utilisés, les mémes marquages que sur les produyits en
grandeur réelle doivent étre inclus pour tous les essais, et il convient que le marquage puisse
résister a foutes les séquences d'essais.

6 Essais

Si recommandé par le fabricant, avant de commencer les essais, tous les échantillons d'essai,
y compris le module de commande et le récepteur de commande, doivent étre exposés au
rayonnement normal direct (DNI, Direct Normal Irradiation) du soleil (naturel ou simulé) de
5 kWh/m?2 & 5,5 kWh/m2 au total, tout en étant en circuit ouvert. Cette procédure est congue
pour réduire les effets initiaux de dégradation des photons.

Dans la présente norme, toutes les références au courant de court-circuit /5., a la tension en
circuit ouvert V., et a la puissance de sortie maximale P, sont fondées sur une condition
d'essai normalisée du concentrateur (CSTC, Concentrator Standard Test Condition) qui est
définie dans I'lEC 62670-1. Sinon, il est permis d'utiliser les conditions d'exploitation
normalisées du concentrateur (CSOC, Concentrator Standard Operating Condition) telles que
définies dans I'lEC 62670-1.
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Les échantillons d'essai doivent étre répartis de maniére aléatoire en groupes et soumis aux
séquences d'essais de qualification de la Figure 6 ou de la Figure 7. Les procédures et
exigences d'essai sont détaillées a I'Article 10, et résumées a I'Annexe A. L'attribution des
échantillons d'essai a des séquences d'essais types est donnée au Tableau 2.

Aprés les essais et inspections initiaux, un module ou une section du récepteur/miroir doit
étre retiré(e) de la séquence d'essais en tant qu'unité de contréle. De préférence, il convient
de stocker I'unité de contréle dans l'obscurité a température ambiante afin de réduire la
dégradation des performances électriques, mais elle peut étre maintenue a I'extérieur avec un
dispositif de masquage sombre. Comme le montre la Figure 6 pour les modules ou la Figure 7
pour les ensembles, la séquence d'essais est réalisée a la fois en laboratoire et sur site. Si le
récep’rpnr CPV utilise du silicium cristallin_ une mesure au soleil (avpr‘ flash ou a I'px’r’rieur)
peut gervir d'outil de diagnostic tout au long du programme. Si la distance entre ceq deux
emplacements est considérable ou que des sociétés de transport publiques sont impliguées, il
convignt d'effectuer la mesure de la courbe courant-tension (I-V) d'obscurité avant.et aprés le
transplort afin d'évaluer toutes les modifications éventuelles sur les échantillons d*essai.

Si un fabricant particulier ne produit que des composants spécifiques (ex?récepteurs, Igntilles
ou mifoirs), les essais de qualification de la conception et d'homaologation peuver|t étre
soumip seulement aux séquences d'essais applicables et une certification partielle pelit étre
prononcée indépendamment.

Si certaines procédures d'essai de la présente norme he“sont pas applicables A une
configuration de conception spécifique, il convient que le‘fabricant le mentionne aupfés de
I'organisme de certification et de I'organisme d'essai afin de mettre au point un prognamme
d'essgis comparable, basé sur les principes décrits¥dans la présente norme. Tols les
changements et écarts doivent étre enregistrés ‘et reportés en détail, conformément aux
exigences de I'Article 8 j).

Tableau 2 — Attribution des échantillons d'essai a des séquences d'essais typées

Séquence Module Ensemble

d'essai récepteur module récepteur miroir

Controle 1 1 1
A 2 2
B 2 2 2
Cc 2 2 2
D 1 1 1
E 1 (grandeur réelle) 1 (grandeur réelle) 1 (grandeur réglle)
F 1 1

Total 3 7 10 7

7 Critéres d'acceptation

Une conception de module ou d'ensemble photovoltaique a concentration doit étre jugée
comme satisfaisant aux essais de qualification et, par conséquent, comme étant un type
approuvé par I'lEC 62108, si chaque échantillon d'essai satisfait a I'ensemble des critéres
suivants:

a) La dégradation de puissance relative dans la Séquence A a D ne dépasse pas 13 % si la
mesure |-V est effectuée sous éclairement solaire naturel en extérieur, ou 8 % si la
mesure |-V est effectuée sous simulateur solaire.

b) La dégradation de puissance relative dans la Séquence E ne dépasse pas 7 % pour la
mesure |-V sous éclairement solaire naturel ou 5 % pour la mesure |-V sous simulateur solaire,
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dans la mesure ou I'essai d'exposition en site naturel de 1 000 kWh/m?2 DNI n'est pas un
essai de contraintes accélérées.

c) Aucun échantillon n'a présenté de circuit ouvert pendant les essais.
d) Il n'y a pas de défaut visuel majeur apparent, comme ceux définis en 10.1.2.

e) Les exigences d'essai d'isolement sont satisfaites au début et a la fin de chaque
séquence.

f) Les exigences d'essai de courant de fuite en milieu humide sont satisfaites au début et a
la fin de chaque séquence.

g) Les exigences spécifiques des essais individuels sont satisfaites.

Si deq défaillances sont observées au cours de I'essai, le jugement et la procédure de dontre-
essai pi-dessous doivent étre appliqués:

h) Si| deux échantillons d'essai ou plus ne satisfont pas aux critéres d'acceptatipn, la
conception doit étre considérée comme ne satisfaisant pas aux exigences de qualifigation.

i) Sifun échantillon échoue a l'un des essais, deux autres échantillohs” satisfaisant aux
exigences de I'Article 4 pourraient étre soumis a l'intégralité de'la“séquence d'gssais
correspondante depuis le début.

j) Dans le cas i), si les deux échantillons réussissent la séquence d'essais, la conception
doit étre jugée comme satisfaisant aux exigences de qualification.

k) Dans le cas i), si I'un des deux ou les deux échantillons échouent égalemgnt, la
conception doit étre considérée comme ne satisfaisadt pas aux exigences de qualifigation.

) Dans le cas h) ou k), I'ensemble du programme“d'essai illustré a la Figure 6 ol a la
Figure 7 doit étre réalisé une nouvelle fois,\généralement aprés avoir apportg une
amélioration au niveau de la conception ou du\traitement.
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Figure 1 — Schéma d'un systéme PV a concentration parabolique
avec point de focalisation
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Figure 2 — Schéma d'un systéeme PV a concentration
a réceptacle avec focalisation linéaire
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7 modules (désignés "m") et 2 récepteurs "r', au moins un en grandeur réelle, sont exigés.
1 récepteur spécialement construit pour I'essai thermique intrusif de la diode

de dérivation/diode antiretour, si nécessaire.
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Tm+2r ¢ >
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performances 10.2 Séquence F
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9 récepteurs (désignés "r") et 5 miroirs "mir", au moins une paire en grandeur réelle, sont exigés.
1 récepteur spécialement construit pour I'essai thermique intrusif de la diode de dérivation, si

nécessaire.
Inspection
visuelle 10.1 Essais sur site | Essais en laboratoire
9r+5mir ¢
Essai de
performances . Séquence F
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mise a la terre, |10-3 - — antiretour, 11
21+ 2 mir Essal_de f:ontlnune 0 a
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Figure.7'— Séquence d'essais de qualification pour ensembles CPV
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caractéristiques de performance mesurées ainsi que le détail de chaque défaut et contre-
essai doit étre élaboré par lI'organisme d'essai. Chaque rapport d'essai doit comprendre au
minimum les informations suivantes:

a) Un titre.

b)

différent de I'adresse du laboratoire (par exemple, sur site).

c)

Le nom et I'adresse du laboratoire, ainsi que le lieu ou les essais ont été réalisés s'il est

L'identification unique du rapport d'essai (par exemple, le numéro de série) et, sur chaque

page, une identification, permettant de s'assurer que la page est reconnue comme faisant
partie du rapport d'essai, ainsi qu'une identification claire de la fin du rapport d'essai.

d)

f)

Le nom et I'adresse du client, s'il y a lieu.

La caractérisation et la condition de I'élément d'essai.

La description et l'identification de I'élément soumis aux essais.
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g) La date de réception de I'élément d'essai, ainsi que la ou les dates de I'essai, s'il y a lieu.
h) L'identification de la méthode d'essai utilisée.
i) Une référence a la procédure d'échantillonnage, s'il y a lieu.

j) Tout écart par rapport a, tout complément & ou toute exclusion de la méthode d'essai,
ainsi que toute autre information se rapportant a un essai spécifique, comme par exemple
les conditions d'environnement.

k) Les mesures, les examens et les résultats dérivés appuyés par des tableaux, graphiques,
croquis et photographies selon le cas, y compris le courant de court-circuit, la tension en
circuit ouvert et la puissance de sortie maximale, la perte de puissance maximale
observée aprés I'ensemble des essais, ainsi que toute autre défaillance observée.

I) Une indication de l'incertitude estimée des résultats d'essai, s'il y a lieu.

m) Une signature et un titre, ou une identification équivalente de la ou des)personnes
acceptant d'étre responsables du contenu du rapport, ainsi que la date d'édition.

n) S'll y a lieu, une indication selon laquelle les résultats ne se rapportent gu'aux élgments
soumis aux essais.

o) Une indication selon laquelle, pour conserver la qualification \et” I'homologatipn, le
fabricant doit se référer a I'organisme de certification et a I'organisme d'essai et discuter
avec ces derniers de toutes les modifications qu'ils ont apportées, conformément aux
dinectives de contre-essai décrites a I'Annexe B.

p) Une spécification indiquant que le rapport ne doit pas étre reproduit sauf dans sa totalité,
sans l'approbation écrite du laboratoire.

Il conyient que le fabricant conserve une copie de cedapport a titre de référence.

9 Mpodifications

Tout ¢hangement dans la conception, lesi'matériaux, les composants ou le traitement des
modules et ensembles peut exiger la répétition de tout ou partie des essais de qualification
pour donserver I'homologation, comme décrit a I'Annexe B. Les fabricants doivent se référer a
I'orgamisme de certification et a I'organisme d'essai et discuter avec ces derniers de toufles les
modifications qu'ils ont apportées.

10 Procédures d'essai

10.1 |Inspection visuelle

10.1.1 Généralités

Cette | proCcédure fournit les exigences relatives aux inspections visuelles élémenfaires,
intermédiaires et finales dans le but d'identifier et de déterminer les changements ou dgéfauts

essais exigés.

Il convient de rejeter tout matériel présentant des dommages initiaux qui ne sont pas dus au
processus de fabrication si ces dommages peuvent s'aggraver et entrainer une défaillance au
cours des essais d'environnement ultérieurs. Un nouveau module ou ensemble peut alors étre
substitué avant le début de la séquence d'essais.

10.1.2 Mode opératoire

Tous les échantillons d'essai doivent étre inspectés entiérement et photographiés si
nécessaire. Tous les défauts ou anomalies (y compris les défauts initiaux liés a la qualité des
joints a souder, tels qu'une soudure inadaptée ou excessive, des billes de soudure, des
interconnexions cintrées ou un désalignement des piéces) doivent étre documentés avec des
croquis ou photographies appropriés pour montrer I'emplacement des défauts. Les
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composants tels que la lentille, le miroir, les éléments de I'optique secondaire, les diffuseurs
thermiques et les enrobages doivent également étre inspectés pour contréler la présence
éventuelle de défauts. Controler en particulier les éléments suivants:

a) Les bulles, la délamination ou tout type de défaut similaire sur la cellule et autour de ses

bo

rds.

b) Les dommages survenant au cours du transport et de la manipulation, tels que la félure
des lentilles, la félure/courbure des bofitiers et la courbure des bornes ou équerres de
montage.

c) L'intégrité du joint d'étanchéité autour de la lentille et des joints de bofitier. Tout trou ou
fissure dans les matériaux d'étanchéité doit étre indiqué.

d) Le
e) La
f) Le
g) Le
h) La
i) Le
j) Le
k) Le
) To

10.1.3

Pour |
suivari

5 orifices d'aération ou prises d'air ne doivent pas étre bouchés.

mise a la terre de toutes les parties conductrices accessibles.

5 surfaces externes cassées, félées, vrillées, désalignées ou déchirées.

5 interconnexions ou jonctions défectueuses.

corrosion visible des connexions de sortie, interconnexions et barres de raccorde
5 défauts de collage.

5 surfaces collantes au toucher des matériaux plastiques.

5 sorties défectueuses ou les parties électriques actives\egxposées.

ute autre condition pouvant affecter la fiabilité ou les performances.

Défauts visuels majeurs

bs besoins de la qualification de la conception-et de I'homologation, chacun des d
ts est considéré comme un défaut visuel majeur:

a) Le
le

s surfaces externes cassées, félées, pliées, désalignées ou déchirées, y com
tille, le miroir, la carcasse du récepteur, le chassis et la boite de jonction.

b) Les cellules cassées ou félées.

c) Les bulles ou la délaminatien. formant un chemin continu entre une partie du

é
d) L4
e) L¢g
f) La

10.1.

Aucun

ctrique et le bord du récepteur.
corrosion visible de l'un-des circuits actifs de I'échantillon.
s défauts du matéfiau adhésif ou du matériau d'étanchéité.

perte de l'intégrité mécanique entrainant une détérioration de l'installation et

fOJctionnement des modules ou ensembles.

Exigénces

défaut visuel majeur.

ment.

iefauts

pris la

circuit

ou du

10.2
10.2.1

Mesure des performances électriques

Objet

L'objectif de l'essai des performances électriques est d'identifier la dégradation des
performances électriques des échantillons d'essai provoquée par les essais exigés. Cet essai
s'intéresse a la dégradation de la puissance, et non a la sortie de puissance absolue, qui sera
traitée par une norme distincte sur les caractéristiques assignées de puissance et d'énergie.

La répétabilité de la mesure constitue le facteur le plus important pour cet essai.
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10.2.2 Mesure |-V de I'ensemble en site naturel
10.2.2.1 Généralités

La mesure |-V de I'ensemble identifie la dégradation de puissance d'un échantillon d'essai en
comparant sa puissance relative d'essai de post-contrainte a sa puissance relative d'essai de
précontrainte. La puissance relative est définie comme la sortie de puissance maximale de
I'échantillon en essai, divisée par la sortie de puissance maximale de I'échantillon de contréle,
mesurée dans des conditions d'essai similaires. Cette méthode est fondée sur I'hypothése
selon laquelle les modifications des performances électriques de |'échantillon de contréle sont
négligeables sur toute la période d'essais de qualification. En utilisant cette méthode, les
variables des conditions d'essai sont autocorrectives, et les procédures de translation
complgxXes sont efiminees.

La megsure |-V de I'ensemble est exigée pour chaque échantillon d'essai lors des‘mesures I-V
initialgs et finales. Elle est facultative pour toutes les mesures |-V intermédiaires

En appliquant cette méthode aux récepteurs, le récepteur de contréle etyle'récepteur d'essai
doivent étre installés avec un systéme optique et mécanique adéquat de telle sort¢ que,
pendant l'essai, la concentration de lumiére et les conditions thermiques de ces| deux
réceplleurs soient semblables aux conditions de fonctionnement réelles.

10.2.2.2 Mode opératoire

Mesurner la puissance relative d'un échantillon d'essai, conformément aux procgdures
suivarntes:

a) Effectuer l'essai lors d'une journée favorable\et pendant une période qui satisfgit aux
conditions suivantes:

— | le ciel est clair, le DNI est supérieura 700 W/m?2 et sa variation est inférieure |a 2 %
dans chaque intervalle de 5 min;

— | pour les systémes avec un demi*angle d'admission supérieur a 2,5°, il n'y a pas de
nuages visibles ni de ciel voilé dans un angle d'observation de 45° autour du solgil;

— | la vitesse du vent est inférieure a 6 m/s, et il n'y a pas de rafale supérieure a 10 m/s
en 10 min avant toute mesure.

Porter une attention particuliére a la rigidité du systéme de suivi et s'assurer qu'il est
stable lorsqu'il ¥ a*du vent.

b) Monter I'échantillon d'essai et I'échantillon de contrbéle cdte a cbte, sur un systéine de
sujvi a deuxyaxes. L'alignement des échantillons a I|'éclairement solaire pourralt étre
réalisé partine des deux séquences suivantes:

— | ajuster® les échantillons d'essai et de contréle de fagon plane, puis les aligner
ensemble par rapport a la direction du faisceau solaire; ou

| & & 4+ 1 & | 4211 ol H R | Py | 4 £
- diyiTcT ST UATTITTICTTIU TS TUITATTUTTUTTS U ToSdl T UT LUTTU OIS Udl  TappuUlt auTa sceau

solaire avant chaque mesure I-V.

NOTE L'échantillon d'essai et I'échantillon de contréle peuvent également étre soumis aux essais sur
deux systémes de suivi a deux axes adjacents, ou deux récepteurs peuvent étre soumis aux essais I'un
aprés l'autre sur un systéme de suivi et un systéme optique, si toutes les conditions du point a) sont
satisfaites.

c) L'alignement doit satisfaire aux spécifications du fabricant. Si les spécifications ne sont
pas disponibles, utiliser la valeur maximale de /. du module comme indicateur de
l'alignement. Le désalignement ne doit pas entrainer une diminution de la valeur de I, de
plus de 2 % de sa valeur maximale.

d) Contréler la température de I'échantillon afin de s'assurer que les variations de
température de I'échantillon sont inférieures a 2 °C dans chaque période de 1 min.

e) Siun fluide de refroidissement est utilisé, contréler le débit du fluide de refroidissement et
les températures en entrée et en sortie. Le débit du fluide de refroidissement ne doit pas
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varier de plus de 2 %, et la température ne doit pas varier de plus de 1 °C dans chaque
période de 5 min.

f) Prendre les mesures |-V sur les deux échantillons pour obtenir leur sortie de puissance
maximale. Cette procédure doit étre effectuée rapidement de sorte que les variations de
sortie de puissance provoquées par |'éclairement solaire, les variations de température
ambiante et de vitesse du vent soient inférieures a 2 % au cours de cette étape.

g) Calculer la puissance relative P, de I'échantillon:

P = Fin 100 %,
mc
ou
P, est la puissance relative de I'échantillon, en %;
P est la puissance maximale de I'échantillon d'essai, en W;
Pl. estla puissance maximale de I'échantillon de contréle, mesurée/ dans les mémes

conditions que P, en W.

10.2.2.3 Exigences

a) La puissance maximale de I'échantillon (P,,), le courant de court-circuit [ et la tensjon en
cincuit ouvert 7, doivent étre mesurés précisément et a plusieurs reprises.

b) L& dégradation de puissance relative P 4 est définie comnie suit:

P.—P
zard:”Tff-100%
r

P estla puissance relative mesurée-apres |'essai donné;
est la puissance relative mesuree avant I'essai donné.
Pour les mesures en extérieur, fa-valeur P4 doit étre inférieure a 13 %; pour les mgsures

avec le simulateur en intérieur,nla valeur P4 doit étre inférieure & 8 %. La différence de 5 %
tient compte de l'incertitude plus importante liée aux mesures en extérieur.

10.2.3 Mesure |-V sous simulateur solaire

La megsure |-V du€PV pourrait aussi étre réalisée sous simulateur solaire en intérieur. Il
convignt que le_laboratoire d'essai crée sa propre procédure d'essai, a condition que les
mémeps conditions soient obtenues.

10.2.4| Mesure I-V d'obscurité

10.2.4.1 Généralités

La mesure I-V d'obscurité compare les résistances en série de I'échantillon mesurées avant et
aprés les essais. Elle est effectuée avant et aprées le transport de I'échantillon d'essai afin
d'évaluer toutes les modifications éventuelles.

La mesure |-V d'obscurité est également une méthode rentable pour contréler et
diagnostiquer la dégradation de la puissance des modules ou ensembles d'essai a la suite
d'essais de contraintes intermédiaires, ou pour contréler la stabilit¢ des performances
électriques des échantillons de contréle.

10.2.4.2 Mode opératoire

Si la mesure |-V d'obscurité est utilisée a des fins de diagnostic, il convient de réaliser la
mesure au cours des mesures initiales afin d'établir une référence pour les mesures |-V
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d'obscurité ultérieures, en plus de la mesure |-V de base de I'ensemble qui sert de référence
pour les mesures |-V de l'ensemble ultérieures. La méthode s'applique a la fois aux
récepteurs et aux modules.

a)

e)

Choisir une source d'alimentation adaptée qui pourrait étre un condensateur a
alimentation continue conventionnel ou un condensateur chargé (selon ce qui est le plus
pratique), a condition qu'elle génére un courant jusqu'a 1,6 fois la valeur assignée de /.
Il convient que le courant soit ajustable de telle sorte qu'il y ait au moins 10 points
séparés dans la plage de 0,9 a 1,6 fois la valeur assignée de /., et il convient que
I'espacement entre les points soit régulier.

Court-circuiter la diode antiretour en plagant un cable de liaison entre les conducteurs de
la diode antiretaur_s'il yenaune

Reglier le conducteur positif de la source d'alimentation au conducteur positif de
I'échantillon, puis le conducteur négatif au conducteur négatif.

Blpquer la source lumineuse sur les cellules, en tournant par exemple les ‘€chantiljons a
I'ehvers de sorte que la tension mesurée en circuit ouvert de I'échantillof‘soit inférieure a
5 % de sa valeur assignée de V..

Agpliquer au moins 10 courants différents au module et enregistrer-chaque ensemple de
courant, de tension et de température de cellule.

Effectuer cette procédure aussi rapidement que possible afin/ d'éviter un échauffement
significatif des cellules au cours de I'essai. Si le décalage de température est trop rapidg pour
donnefr une lecture reproductible, laisser le courant circulerctandis que le module chauffg pour

atteindre sa température d'équilibre, puis enregistrer lesaleurs en régime établi.

f)

10.2.4.3 Exigences

Tracer les données de courant et de tension suf/un graphique avec la tension suf l'axe
vertical et le courant sur I'axe horizontal, puis\effectuer une régression linéaire dans la
zone de la partie linéaire de la courbe (elle<se situe généralement a I'extrémité 1 plus
élevée du courant):

VER-1+ 7,
ou
R est la résistance en série du.module, et

Vo| estla constante de la régression linéaire.

L'essqgi |-V d'obscurité n'est pas destiné a étre utilisé comme critére de réussite/d'échef pour
I'essal de qualification,ymais comme une méthode rentable pour identifier les dégradatigns de

I'échantillon aprés.chaque essai.
Une mesure I-\Vde I'ensemble doit étre réalisée pour la décision de réussite/d'échec.

10.3 |Essai de continuité de mise a la terre

10.3.1 Généralités

Dans certains pays ou certaines régions, la mise a la terre du systéme n'est pas exigée. Si
I'installation du produit n'est restreinte qu'a ces zones, cet essai peut étre omis.

10.3.2 Objet

L'objectif de I'essai de continuité de mise a la terre est de vérifier la continuité électrique
adéquate entre toutes les parties conductrices exposées et le point de mise a la terre dans
des conditions de courant élevé.
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