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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SALT MIST CORROSION TESTING OF PHOTOVOLTAIC (PV) MODULES

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports,

the latter.

5) IEC itself does not provide any attestation\of c
assessment services and, i
services carried out by indef

SrTocmity I . . .
8 C mark¥ of conformity. IEC is not responsible for any
bodie

members of its te
other damage o

This second edition cancels and replaces the first edition issued in 1995. This edition
constitutes a technical revision.

The main technical changes with respect to the previous edition are as follows:
The scope has been updated to better reflect the applicability of the Standard.

Salt mist test is based on IEC 60068-2-52 rather than IEC 60068-2-11 as in edition 1 since
the former Standard is much more widely used in the electronic component field. According to
this change the new edition 2 includes a cycling testing sequence that combines in each cycle
a salt fog exposure followed by humidity storage under controlled temperature and relative
humidity conditions. This testing sequence is more suitable to reflect the corrosion processes
that happen in PV modules subjected to permanent or temporary corrosive atmospheres
(NaCl). In edition 1 only a salt fog exposure was considered.
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Additional tests have also been included to verify the effect of the salt mist test not only in the
PV module output but also in some of its components.

Different testing sequences are considered depending on the PV module technology involved:
crystalline silicon, thin-film and concentrator photovoltaic (CPV) modules.

A test report clause has also been included.

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

FDIS Report on voting
82/667/FDIS 82/681/RVD

Full information on the voting for the approval of this standard ca
voting indicated in the above table.

This publication has been drafted in accordance with the IS

The committee has decided that the contents of this satio ih unchanged until
the stability date indicated on the IEC web site JIwe .iec.ch" in the data
related to the specific publication. At this date, t

* reconfirmed,

* withdrawn,

* replaced by a revised edition, or
+ amended.
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SALT MIST CORROSION TESTING OF PHOTOVOLTAIC (PV) MODULES

1 Scope and object

Photovoltaic (PV) modules are electrical devices intended for continuous outdoor exposure
during their lifetime. Highly corrosive wet atmospheres, such as marine environments, could
eventually degrade some of the PV module components (corrosion of metallic parts,
deterioration of the properties of some non-metallic materials - such as protective coatings
and plastics - by assimilation of salts, etc.) causing permanent damages—that could impair
their functioning. Temporary corrosive atmospheres are also present in (placesswhere salt is
used in winter periods to melt ice formations on streets and roads.

modules to corrosion from salt mist containing CI" (NaCl, MgClIg Sh included in the
sequences, except the bypass diode functionality test, ! in” IEC 61215,

IEC 61646, IEC 62108, IEC 61730-2 and IEC 60068-2-52.<he in this Standard
to provide means to evaluate possible faults caused i pérating under wet
atmospheres having high concentration of dissolved aChs ding on the specific
nature of the surrounding atmosphere to WhICh t e gduleNs expgéed in real operation
several testing severities can be applied 2-52. For example severity
(1) is intended to be used for PV moddle ment, or in close proximity
to the sea. Severities (3) to (6) are i RV mydules /operating in locations where

there could be a change between salt 2 atmospheres, for examples in places
is not suitable for PV modules as

testlng condltlons are too weak ( 3 i intended for products exposed to

This Standard cap~be a e PV modules and concentrator PV modules and
assemblies.

latest edltlon of the referenced document (mcludmg any

IEC 60068-2-52, Environmental testing — Part 2-52: Tests — Test Kb: Salt mist, cyclic (sodium
chloride solution)

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

IEC 61646:2008, Thin-film terrestrial photovoltaic (PV) modules — Design qualification and
type approval

IEC 61730-2:2004, Photovoltaic (PV) module safety qualification — Part 2: Requirements for
testing

IEC 62108:2007, Concentrator photovoltaic (CPV) modules and assemblies — Design
qualification and type approval
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ISO/IEC 17025, General requirements for the competence of testing and calibration
laboratories

3 Samples

Three identical samples of the model of PV module or assembly of interest shall be subjected
to any of the testing sequences included in Figures 1, 2 or 3, depending on the PV technology
considered, namely crystalline silicon, thin-film or concentrator photovoltaic (CPV)
respectively. As the figures indicate one of these samples should be used as a control. The
control sample should be used as a check every time the test samples are measured to
evaluate the effect of the salt mist test.

assemblies, 3 receivers (including secondary optics sections,
optics sections are required to complete the testing sequé
complete description of the different types and component

mist test then a smaller representative sample i desighed and manufactured
for thls test The representatlve sample shou ¢ designed so that it can reveal
abrication process of the
representative sample should be as identicakas po | process of the full-size ones.

%j tepoxt under item g), see Clause 11.
urdirig then they constitute a part of the test

samples has to be indicated and reported i

If the PV module is provide
sample.

4 Test proc@s

4.1 General

All tests includec ' 2 or 3, except the bypass diode functionality test, are fully
descrlbed i i paratus, procedure and requwements) in the IEC Standards

included in “this Stndard are not applicable to a specific design configuration, the
manufacturer shouwld Mdiscuss this with the 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 detail, as required in Clause 11, item ).

4.2 Bypass diode functionality test
4.2.1 Purpose

To verify that the bypass diode(s) of the test samples remains functional following the salt fog
exposure.

NOTE |If in the test sample there are no bypass diodes or the bypass diodes do not have any metallic parts then
this test is omitted.

4.2.2 Apparatus

a) DC power source capable of applying a current up to 1,25 times the standard test
conditions (STC) short-circuit current of the sample under test and means for monitoring
the flow of current through the test sample during the test period. Documents
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b) Equipment for measuring the voltage drop across the test sample at an accuracy of
+ 0,5 % of reading.

c) Equipment for measuring test current at an accuracy of £ 0,5 % of reading.
4.2.3 Procedure

This procedure can be conducted in any ambient within 25 °C + 10 °C. During the test the
sample shall not be subjected to illumination.
a) Electrically short any blocking diodes incorporated to the test sample.

b) Determine the rated STC short-circuit current of the test sample from its label or
instruction sheet.

c) Connect the DC power source’s positive output to the test sample gatlve ead and the

manufacturer’'s minimum recommended wire gauge.

recommendations for wire entry into the wiring compartment. E
current shall pass through the cells in the reverse direction & Qd€&(s) in the
forward direction.

d) Apply a current equal to of 1,25 times (£ 5 %)
sample for a period of 1 h.

4.2.4 Requirements

After the 1 h of current flow check tha

method is to again pass a forward current throug
through the cells and then m
camera. Diode(s) shall reach\thérmakequilib

FC 61646 for thin-film materials and IEC 62108 for concentrator
the time of writing this Standard no preconditioning is specified for

thin-film technologié in [IEC 61646.

6 Initial measurements

6.1 The following initial measurements shall be performed on the selected samples
depending on the PV module technology being evaluated.

6.2 Crystalline silicon. The test order is included in Figure 1.

— Tests according to IEC 61215:
a) 10.2: Maximum power determination
b) 10.15: Wet leakage current test

— Tests according to IEC 61730-2

c) MST 01: Visual inspection Documents
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d) MST 13: Ground continuity test
e) MST 16: Dielectric withstand test

NOTE The reference before each test corresponds to its identification in the relevant IEC Standard.
6.3 Thin-film technologies. The test order is included in Figure 2.

— Tests according to IEC 61646:
a) 10.2: Maximum power determination.

NOTE 1 The only purpose of this test is to verify that the PV module is operational before being subjected to the
subsequent tests of the sequence.

b) 10.15: Wet leakage current test
— Tests according to IEC 61730-2

c¢) MST 01: Visual inspection

d) MST 13: Ground continuity test

e) MST 16: Dielectric withstand test

6.4 Concentrator photovoltaic (CPV) modules. The fest i ed in Figure 3.

— Tests according to IEC 62108:
a) 10.1: Visual inspection

b) 10.2: Electrical performance mea e
c) 10.3: Ground path continuity teg

d) 10.4: Electrical ins

e) 10.5: Wet insul

NOTE The reference befo

7 Salt mist te

following the gene apparatus, characteristics of the salt solution, severities and
other specification ! he severity of the salt mist test shall be chosen according to
the atmg } i prevailing in the place where the installation of the PV modules is
intended s not suitable for PV modules as testing conditions are too weak (it is

intended for products, exposed to corrosive environments from time to time that are normally
protected by an~enclosure) and should be avoided when applying this Standard. During
testing the face of thé PV module normally exposed to solar irradiance shall be inclined 15° to
30° from vertical inside the salt fog chamber. The module can be placed vertically in the
humidity chamber used for the humidity storage portion of the test.

8 Cleaning and recovery

After the salt mist test all samples shall be washed to remove the adherent salt using running
tap water (not artificially pressurised) for a maximum time of 5 min per square metre of area
of the sample. Once the washing is finished distilled or demineralized water shall be used to
rinse the samples, followed by complete drying at room temperature. To accelerate drying it is
allowed to shake the test sample by hand or to use air blasts with the aid of a fan. The
temperature of the water used for washing shall not exceed 35 °C. During cleaning or drying
the use of cloths, gauzes or any other woven material shall be avoided and no scraping is
allowed. After drying, the recovery time shall be minimised and the applicable testing
sequence shall be continued as soon as possible to avoid further damage produced by salt

depositions. Documents
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9 Final measurements

9.1 After the salt mist test the test samples shall be subjected to the following tests
depending on the PV module technology.

9.2 Crystalline silicon. The test order is included in Figure 1.

— Tests according to IEC 61215:
a) 10.2: Maximum power determination
b) 10.15: Wet leakage current test
— Tests according to IEC 61730-2:
c¢) MST 01: Visual inspection
d) MST 13: Ground continuity test
e) MST 16: Dielectric withstand test

NOTE The reference before each test corresponds to its identification in the Standa
— Test according to this Standard:
f) Bypass diode functionality test

9.3 Thin-film technologies. The test order is incl

— Tests according to IEC 61646:
a) 10.6: Performance at STC (not NQ
b) 10.15: Wet leakage current test
10.19: Light soaking
Tests according to IE

c)

— Tests according toEC 62108:
a) 10.1: Visual inspection
b

) 10.2: Electrical performance measurement
¢) 10.3: Ground path continuity test
d) 10.4: Electrical insulation test

)

e) 10.5: Wet insulation test

NOTE The reference before each test corresponds to its identification in IEC 62108.
— Test according to this Standard:
f) Bypass diode functionality test
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