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INTERNATIONAL ELECTROTECHNICAL COMMISSION

CRYSTALLINE SILICON TERRESTRIAL
PHOTOVOLTAIC (PV) MODULES -
DESIGN QUALIFICATION AND TYPE APPROVAL

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object /0 is to promote

this end and in addition to other activities, i i echnical §pecifications,
Technical Reports, Publicly Available SpeC|f|cat|ons (PAS) and Guides (he fter “IEC

Publication(s)”). Their preparation is entrusted to technical committees; any | terested
in the subject dealt with may participate in this preparatory work. and non-
governmental organizations liaising with the IEC also participate in this frep orates closely
with the International Organization for Standardization (ISO) in accordance ditiops determined by

consensus of opinion on the relevant subjects since each ica i épresentation from all
interested IEC National Committees.

Publications is accurate, IEC cannot be ponSible iq_ Mhich they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, 1 i < ittees”undertake to apply IEC Publications
transparently to the maximum extent posgible |n th' ional and regional publications. Any divergence
between any IEC Publication and the corre i or regional publication shall be clearly indicated in
the latter.

7) No liability shall 4 Yl
members of its te atfonal Committees for any personal injury, property damage or
other damage of an S ether direct or indirect, or for costs (including legal fees) and
expenses arising out 1 i ge of, or reliance upon, this IEC Publication or any other IEC
Publications.

This second edition cancels and replaces thew first edition published in 1993 and constitutes
a technical revision.

The main changes with respect to the previous edition (published in 1993) are detailed in
Annex A.
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The text of this standard is based on the following documents:

FDIS Report on voting
82/376/FDIS 82/382/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 remai
the maintenance result date indicated on the IEC web site under "http:
the data related to the specific publication. At this date, the publicatio

nchanged until
Qre.iec.ch" in

* reconfirmed,
* withdrawn,

* replaced by a revised edition, or

O

* amended.
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CRYSTALLINE SILICON TERRESTRIAL
PHOTOVOLTAIC (PV) MODULES -
DESIGN QUALIFICATION AND TYPE APPROVAL

1 Scope and object

This International Standard lays down IEC requirements for the design qualification and type
approval of terrestrial photovoltaic modules suitable for long-term operatlon in general open-
air climates, as defined in IEC 60721-2-1. It applies only to crystalline si modules types.
A standard for thin-film modules has been published as IEC 61646.

IEC 60068-1:1988, En
IEC 60068-2-21,
terminations andNpte
IEC 60068-2-78:
steady state

IEC 6041Q:19

conditions appearing\in rfature — Temperature and humidity

IEC 60891:1987, Procedures for temperature and irradiance corrections to measured [-V
characteristics of crystalline silicon photovoltaic devices
Amendment 1 (1992)

IEC 60904-1:1987, Photovoltaic devices — Part 1. Measurements of photovoltaic current-
voltage characteristics

IEC 60904-2:1989, Photovoltaic devices — Part 2: Requirements for reference solar cells

IEC 60904-3:1989, Photovoltaic devices — Part 3: Measurement principles for terrestrial
photovoltaic (PV) solar devices with reference spectral irradiance data
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IEC 60904-6:1994, Photovoltaic devices — Part 6: Requirements for reference solar modules

IEC 60904-7:1998, Photovoltaic devices — Part 7: Computation of spectral mismatch error
introduced in the testing of a photovoltaic device

IEC 60904-9:1995, Photovoltaic devices — Part 9: Solar simulator performance requirements
IEC 60904-10:1998, Photovoltaic devices — Part 10: Methods of linearity measurements
IEC 61853: Performance testing and energy rating of terrestrial photovoltaic (PV) modules 1

ISO/IEC 17025:1999, General requirements for competence of testing and calibration
laboratories.

3 Sampling

a production batch or batches, in accordance with the procedure o)
modules shall have been manufactured from specifigd X
accordance with the relevant drawmgs and process sh

modules shall be complete in every detail and sh
handling, mounting and connection instructions
voltage.

If the bypass diodes are not accessible\in the y voddles, a special sample can be
prepared for the bypass diode thermd he bypass diode should be mounted
physically as it would be in a standard grmal sensor placed on the diode as

[ S go through the other tests in the

—

When the modules to t K es of a new design and not from production, this
fact shall be not‘ 3

4 Marking

— serial number;
— polarity of terminals or leads (colour coding is permissible);
— maximum system voltage for which the module is suitable.

The date and place of manufacture shall be marked on the module or be traceable from the
serial number.

1 Under consideration. Documents
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5 Testing

Before beginning the testing, all modules, including the control, shall be exposed to sunlight
(either real or simulated) to an irradiation level of 5 kWhi—2 to 5,5 kWh—2 while open-
circuited.

The modules shall be divided into groups and subjected to the qualification test sequences
in Figure 1, carried out in the order laid down. Each box refers to the corresponding
subclause in this standard. Test procedures and severities, including initial and final
measurements where necessary, are detailed in Clause 10.

NOTE 1 Where the final measurements for one test serve as the initial measurements for the _next test in the
sequence, they need not be repeated. In these cases, the initial measurements are op

b) no sample has~ex
c) thereis no v@
)
)

modules meeting the requirements of Clause 3 shall be subjected to the whole of the relevant
test sequence from the beginning. If one or both of these modules also fail, the design shall
be deemed not to have met the qualification requirements. If, however, both modules pass the
test sequence, the design shall be judged to have met the qualification requirements.

7 Major visual defects

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

a) broken, cracked, or torn external surfaces, including superstrates, substrates, frames and
junction boxes;
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b) bent or misaligned external surfaces, including superstrates, substrates, frames and
junction boxes to the extent that the installation and/or operation of the module would be
impaired.

c) a crack in a cell the propagation of which could remove more than 10 % of that cell's area
from the electrical circuit of the module;

d) bubbles or delaminations forming a continuous path between any part of the electrical
circuit and the edge of the module;

e) loss of mechanical integrity, to the extent that the installation and/or operation of the
module would be impaired.

8 Report

Following type approval, a certified report of the qualification
performance characteristics and details of any failures and re-tests
test agency in accordance with ISO/IEC 17025. The report
specification for the module. Each certificate or test report shalf' in
information:
a) atitle;

b) name and address of the test laboratory and loc 3 s were carried out;

i) reference to sampl

j) any deviations\ fron {0 clusions from the test method, and any other
information fecifi \ i itions:

k) measurements,
and photograp

for the contentof the certificate or report, and the date of issue;

n) where relevant, a statement to the effect that the results relate only to the items tested;

o) a statement that the certificate or report shall not be reproduced except in full, without the
written approval of the laboratory.

A copy of this report shall be kept by the manufacturer for reference purposes.
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8 Modules

5 kWh-m2

[

10.1
Visual inspection

[
- 10.2
Maximum power
determination

’ Preconditioning ‘

Insulation test

[

10.15
Wet leakage current test

e |

1 Module

1 Module

2 Modules 2 Modules <\

N\

10.14 10.10 19.13
Measurement of UV Preconditioning test Damp heat test
temperature coefficients| 15 kWh'-m
(see note 1) °C
[ 85 % RH
10.11
10.5 Thermal cycling test
NOCT 50 cycles 10.15
(see note 2) -40Cto+85°C Wet leakage current
‘ test
106 )\
Performance
at STC and NOCT (1) 1?“'5 1 M"\du'e
Control 10.7 10.16 1047
Performan: Mechanical Hail 'test
at low irradi?‘(gz\&{ load test
.8
Outdoof exposure test 10.1
60 kwh? Robustnes$\of
> minations te
10.
t-spo
duraqce te:
N
Repeat test
10.15
Wet leakage current test
IEC 584/05

NOTE 1 May be omitted if IEC 61853 has been performed.

NOTE 2 In the case of modules not designed for open-rack mounting, the NOCT may be replaced by the
equilibrium mean solar cell junction temperature in the standard

Figure 1 — Qualification test sequence
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Table 1 — Summary of test levels

Test Title Test conditions
10.1 Visual inspection See detailed inspection list in 10.1.2
10.2 Maximum power determination See IEC 60904-1
10.3 Insulation test Dielectric withstand at 1 000 V d.c. + twice the maximum

systems voltage for 1 min.

For modules with an area of less than 0,1 m2 the insulation
resistance shall be not less than 400 MQ. For modules with
an area larger than 0,1 m2. the measured insulation
resistance times the area of the module shall be not less
than 40 MQ[M2 measured at 500 V or mum systems
voltage, whichever is greater

10.4 Measurement of temperature See details in 10.4

coefficients (see note 1) See IEC 60904-10 for guidanc(\« w
10.5 Measurement of NOCT Total solar irradiance: 80

(see note 1) Ambient temperatu \>

Wind speed: 1 m- s—
10.6 Performance at STC and NOCT Cell temperatufe: 25 N CT
Irradiance:

(see note 1) 000(an 800 m EC 60904-3 reference
solar sm ir an}bg dis |but|on

10.7 Performance at low irradiance erature:(25 @
(see note 1)
diance distribution

<2 with AEC 60904-3 reference
/ i
10.8 Outdoor exposure test Wh rNNq/sBIar irradiation

10.9 Hot-spot enduraqce t F|v hour exppsure to 1 000 W-m-2 irradiance in worst-case
\k\t spot cowndition

10.10 uv precond| ion W total UV irradiation in the wavelength range from
280 m to 385 nm with 5 kWh(n 2 UV irradiation in the
elength range from 280 nm to 320 nm

10.11 Therma\( 50 and 200 cycles from —40 °C to + 85 °C with STC peak
power current during 200 cycles

10.12 Hum@(x freez test 10 cycles from + 85 °C, 85 % RH to —40 °C

10.13 Qam\heé\te\ > 1000 h at + 85 °C, 85 % RH

10.14 /\\Q)\usWs\of t\e\{mination test As in IEC 60068-2-21
10.15 Weltaakdge surrent test See details in 10.15

For modules with an area of less than 0,1 m2 the insulation
resistance shall be not less than 400 MQ. For modules with
an area larger than 0,1 m2 the measured insulation
resistance times the area of the module shall be not less
than 40 MQ[i?2 to be measured at 500 V or maximum
systems voltage, whichever is greater

10.16 Mechanical load test Three cycles of 2 400 Pa uniform load, applied for 1 h to front
and back surfaces in turn.

Optional snow load of 5 400 Pa during last front cycle

10.17 Hail test 25 mm diameter ice ball at 23,0 m3-1, directed at 11 impact
locations
10.18 Bypass diode thermal test One hour at Iy, and 75 °C

One hour at 1,25 times I, and 75 °C

NOTE 1 These tests may be omitted if future IEC 61853 has been performed on this module type.
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9 Modifications

Any change in the design, materials, components or processing of the module may require a
repetition of some or all of the qualification tests to maintain type approval.

10 Test procedures

10.1 Visual inspection
10.1.1  Purpose

To detect any visual defects in the module.

10.1.2 Procedure

Carefully inspect each module under an illumination of no{ 0 ux for the

following conditions:

— cracked, bent, misaligned or torn external surfaces;
— broken cells;

— cracked cells;

— faulty interconnections or joints;

— cells touching one another or the frame;

— failure of adhesive bonds;

forming a coous .

— faulty termin ive ¥ i ;

— bubbles or delamination
module;

between a cell and the edge of the

— any other conditio i a rformance.

Make note of otog nature and position of any cracks, bubbles or

Visual condition ar than the major visual defects listed in Clause 7 are acceptable for the
purposes of type approval.

10.2 Maximum power determination
10.2.1 Purpose

To determine the maximum power of the module before and after the various environmental
tests. Repeatability of the test is the most important factor.

10.2.2 Apparatus

a) A radiant source (natural sunlight or a solar simulator class B or better in accordance with
IEC 60904-9).
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b) A PV reference device in accordance with I[EC 60904-2 or IEC 60904-6. If a class B
simulator is used the reference device shall be a reference module of the same size with
the same cell technology (to match spectral response) as the test specimen.

c) A suitable mount for supporting the test specimen and the reference device in a plane
normal to the radiant beam.

d) A means for monitoring the temperature of the test specimen and the reference device to
an accuracy of #1 °C and repeatability of £0,5 °C.

e) Equipment for measuring the current of the test specimen and reference device to an
accuracy of £0,2 % of the reading;

f) Equipment for measuring the voltage of the test specimen and reference device to an
accuracy of £0,2 % of the reading.

10.2.3 Procedure

at a specific set of irradiance and temperature conditions
cell temperature between 25°C and 50 °C and an irradia
1100 WIh—2) using natural sunlight or a class B or b
requirements of IEC 60904-9. In special circumstane g are designed for
operation under a different range of conditions, thé current aracteristics can be

measured using temperature and irradiance ¢ expected operating
conditions. Temperature and irradiance corré nade in accordance with

IEC 60891 in order to compare sets ©

measurements are made under similar gperating iti at is minimize the magnitude of
the correction by making all ents on a particular module at
approximately the same temperature \and epeatability of the maximum power

measurement must be be

NOTE Use the control mo

10.3 Insulatio

10.3.1  Purpose

nethe test/modules are measured.

The purpose i q or not the module is sufficiently well-insulated between
current-carrying pa gme or the outside world.

a) DC voltage squrce) with current limitation, capable of applying 500 V or 1 000 V plus twice
the maximum system voltage of the module according to 10.3.4 c).

b) An instrument to measure the insulation resistance.

10.3.3 Test conditions

The test shall be made on modules at ambient temperature of the surrounding atmosphere
(see IEC 60068-1) and in a relative humidity not exceeding 75 %.
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10.3.4 Procedure

a) Connect the shorted output terminals of the module to the positive terminal of a
d.c. insulation tester with a current limitation.

b) Connect the exposed metal parts of the module to the negative terminal of the tester.
If the module has no frame or if the frame is a poor electrical conductor, wrap a conductive
foil around the edges and over the back of the module. Connect the foil to the negative
terminal of the tester.

c) Increase the voltage applied by the tester at a rate not exceeding 500 V=1 to a maximum
equal to 1000V plus twice the maximum system voltage (i.e. the maximum system
voltage marked on the module by the manufacturer). If the maximum system voltage does
not exceed 50 V, the applied voltage shall be 500 V. Maintain the volta at this level for
1 min.

d) Reduce the applied voltage to zero and short-circuit the terminals eqiipment to
discharge the voltage build-up in the module.

e) Remove the short circuit.

The following require

— no dielectric kd

— for modules whH
than 400 MQ;

The purpose is to determine the temperature coefficients of current (a), voltage () and peak
power (J) from module measurements. The coefficients so determined are valid at the
irradiance at which the measurements were made. See |IEC 60904-10 for evaluation of
module temperature coefficients at different irradiance levels.

10.4.2 Apparatus
The following apparatus is required to control and measure the test conditions:

a) a radiant source (natural sunlight or solar simulator, class B or better in accordance with
IEC 60904-9) of the type to be used in subsequent tests;
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b) a PV reference device having a known short-circuit current versus irradiance characteristic
determined by calibrating against an absolute radiometer in accordance with IEC 60904-2
or IEC 60904-6;

c) any equipment necessary to change the temperature of the test specimen over the range
of interest;

d) a suitable mount for supporting the test specimen and the reference device in the same
plane normal to the radiant beam;

e) a means for monitoring the temperature of the test specimen and reference device to an
accuracy of +1 °C, and repeatability of +0,5 °C;

f) equipment for measuring the current of the test specimen and reference device to an
accuracy of £0,2 % of the reading;

g) equipment for measuring the voltage of the test specimen and refe device to an

accuracy of +0,2 % of the reading;

10.4.3 Procedure

10.4.3.1 Procedure in natural sunlight

NOTE The measuremen i i i ubclauses should be made as expeditiously as possible

within a few hours.on the samedaykto mi |m' e the effect of changes in the spectral conditions. If not, spectral
corrections ma .
odule : €

c) If the test m

d) If temperature co \{ro used, shade the specimen and the reference device from
the sun ' temperature is uniform within =1 °C of the ambient air
tempe t specimen to equilibrate to its stabilized temperature, or cool
the to a\point below the required test temperature and then let the module
warm e reference deV|ce should also stabilize within *1 °C of its

e) Record the currenht-voltage characteristic and temperature of the specimen concurrently
with recording the short-circuit current and temperature of the reference device at the
desired temperatures. If necessary, make the measurements immediately after removing
the shade.

f) The irradiance G, shall be calculated in accordance with IEC 60891 from the measured
current (/) of the PV reference device, and its calibration value at STC (/). A correction
should be applied to account for the temperature of the reference device 7, using the

specified temperature coefficient of the reference device a,;
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1000 Wm™2x I,

o=
[I’C

X [1 ~Orc (Tm - 2500)]

where a,, is the relative temperature coefficient [1/°C] at 25 °C and 1 000 W/m?Z.

g) Adjust the temperature by means of a controller or alternately exposing and shading the
test module as required to achieve and maintain the desired temperature. Alternately, the
test module may be allowed to warm-up naturally with the data recording procedure of
item d) performed periodically during the warm-up.

h) Ensure that the test module and reference device temperature are stabilized and remain
constant within +1 °C and that the irradiance as measured by the reference device

remains constant within =1 % during the recording period for each data set. All data must
be taken at 1 000 W2 or be translated to that irradiance level.

10.4.3.2 Procedure with a solar simulator

a) Determine the short-circuit current of the mod
temperature, in accordance with IEC 60904-1.

NOTE The ~®: d ; isiic may be measured at each temperature to determine the
temperature changg’i a a

10.4.3.3

a) Plot the Value d P.ax as functions of temperature and construct a least-
squaye

b) From
calculate ici ircui , B, the temperature

coefficient of ope
module.

-circuit voltage, and 9, the temperature coefficient of P,,,, for the

NOTE 1 See IEC 60904-10 to determine if the test modules can be considered to be linear devices.

NOTE 2 The temperature coefficients measured in this procedure are only valid at the irradiance level at which
they were measured. Relative temperature coefficients expressed as percentages can be determined by dividing
the calculated a, S, and Jdby the values of current, voltage and peak power at 25 °C.

NOTE 3 Because the fill factor of the module is a function of temperature, it is not sufficient to use the product of
a and £ as the temperature coefficient of peak power.
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10.5 Measurement of nominal operating cell temperature (NOCT)
10.5.1 Purpose

To determine the NOCT of the module.

10.5.2 Introduction

NOCT is defined as the equilibrium mean solar cell junction temperature within an open- rack
mounted module in the following standard reference environment (SRE):

— tilt angle: 45° from the horizontal
— total irradiance: 800 W2

— ambient temperature: 20 °C

— wind speed: 1 ms-!

— electrical load: nil (open circuit).

NOCT can be used by the system designer as a guide to
will operate in the field and it is therefore a use
performance of different module designs. However,

The first, called "the primar, )\ sallyx applicable to all PV modules. In the case
of modules not designed fo ounting, >the primary method may be used to

The second, ca

modules of the typg h respond\to thanges of ambient temperature (within restricted
ranges of wind spé i n the same way as the reference plates used in the
measurement. Cryst dules with a glass front and plastic back are in this
category. The ates _are calibrated using the same procedure as in the primary
method.

10.5.3

10.5.3.1 Princip

This method is based on gathering actual measured cell temperature data under a range of
environmental conditions including the SRE. The data are presented in a way that allows
accurate and repeatable interpolation of the NOCT.

The temperature of the solar cell junction (7,) is primarily a function of the ambient
temperature (T,,,,), the average wind speed (V) and the total solar irradiance (G) incident on
the active surface of the module. The temperature difference (7; — T,.,) is largely
independent of the ambient temperature and is essentially linearly proportional to the
irradiance at levels above 400 WIih~=2. The procedure calls for plotting (7; — T,,;,) against G
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for a period when wind conditions are favorable. A preliminary NOCT value is then determined
by adding 20 °C to the value of (T — T,,,) interpolated at the SRE irradiance of 800 W2,
Finally, a correction factor, dependent on the average temperature and wind speed during the
test period, is added to the preliminary NOCT to correct it to 20 °C and 1 m3~".

10.5.3.2 Apparatus
The following apparatus is required:

a) an open rack to support the test module(s) and pyranometer in the specified manner (see
10.5.3.3). The rack shall be designed to minimize heat conduction from the modules and
to interfere as little as possible with the free radiation of heat from their front and back
surfaces;

NOTE In the case of modules not designed for open-rack mounting, the test mod
recommended by the manufacturer.

— irradiance,

— ambient temperatuyr
— cell temperature

— wind speed

— wind dire

Configuration: to simulate the thermal boundary conditions of modules installed in an array,
the test module(s) shall be mounted within a planar surface that extends at least 0,6 m
beyond the module(s) in all directions. For modules designed for free-standing, open-back
installations, black aluminum plates or other modules of the same design shall be used to
fill out the remaining open area of the planar surface.
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Surrounding area: there shall be no obstructions to prevent full irradiance of the test
module(s) during the period from 4 h before local solar noon to 4 h after local solar noon.
The ground surrounding the module(s) shall not have an abnormally high solar reflectance
and shall be flat and level or sloping away from the test fixture in all directions. Grass, other
types of vegetation, black asphalt or dirt are acceptable for the local surrounding area.

10.5.3.4 Procedure
a) Set up the apparatus with the test module(s), as described in 10.5.3.3. Ensure that the
test module(s) are open-circuited.

b) On a suitable, clear, sunny day with little wind, record, as a function of time, the cell
temperature, the ambient temperature, the irradiance, wind speed and wind_direction.

c) Reject all data taken during the following conditions:
— irradiance below 400 Wh~2;

— in a 10-min interval after the irradiance varies by more 1 paximum
value to the minimum value recorded during that 10 min ;

— wind speeds outside the range 1 m3~1+ 0,75 m3-!
— ambient temperatures outside the range 20 °C £

associated wi
from Figure

g) Add the correctj®

10.5.4
10.5.4.1 Princip

This method is based on the principle of comparing the temperature of the test module(s) with
that of standard reference plates under the same conditions of irradiance, ambient
temperature and wind speed. The steady-state temperature of the reference plate in the SRE
is determined using the primary method described in 10.5.3.
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The NOCT of the test module is obtained by correcting the temperature difference between
the test module and the reference plates to the SRE and adding this value to the mean
steady-state temperature of the reference plates in the SRE. It has been established that
the measured temperature difference is insensitive to fluctuations in irradiance and to small
changes in ambient temperature and wind speed.

10.5.4.2 Reference plate

The reference plates shall be made of hard aluminum alloy to the dimensions shown in
Figure 3. The front surface shall be painted matte black and the back surface gloss white.
Means shall be provided for measuring the temperature of the reference plates to the required
accuracy. One method employing two thermocouples is shown in Figure 3. One thermocouple
is cemented into each branch of the milled groove with thermally conductive™and electrically
insulating adhesive, after removing any insulation for a distance of 25mym from“\the junction.
The remainder of the thermocouple wires are finally cemented into the\grooke with sonductive

putty.

At least three reference plates shall be made and calibrat i [ yimary method
described in 10.5.3. The steady-state temperatures so d i S s within the range
46 °C to 50 °C and shall differ by no more than 1 °C. On fere tes shall be kept
unused as a control. Before making a NOCT measurgmen e temperatures of

conditions indicated in item c) of 10.5.3.4 to dete
the measured temperatures of the reference pia

test.

10.5.4.3 Test site

topographical feature
plane shall be avoided

10.5.4.4 Appa

+ 5° to the horizontal with the front side toward the equator. Each module shall be closely
flanked by two réference plates with the lower edge of the module(s) approximately 1 m
above the ground. The rack shall be designed to minimize heat conduction from the
module(s) and plates and to interfere as little as possible with the free radiation of heat
from their front and back surfaces.

d) Instruments to measure wind speed down to 0,25 ms~! and wind direction, installed
approximately 0,7 m above the top of the module(s) and 1,2 m to the east or west, as
shown in Figure 4.

e) An ambient temperature sensor with a time constant equal to or less than that of the
modules, installed in a shaded enclosure with good ventilation near the wind sensors.
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f) Cell temperature sensors, attached by solder or thermally conductive adhesive to the
backs of two solar cells near the middle of each module, or other equipment necessary for
IEC-approved measurement of cell temperature.

g) A data acquisition system with temperature measurement accuracy of £1 °C to record the
following parameters within an interval of no more than 5 s:

— irradiance;

— ambient temperature;
— cell temperature;

— wind speed;

— wind direction;

— reference-plate temperatures.

10.5.4.5 Procedure

a) Set up the apparatus with the test module(s) and reference

b) On a suitable, clear, sunny day with little wind,

c)

— wind direction
— differences betweenr

d) For each da
reference plates.

3) Correct AT jp,, to the SRE as follows:
AT py, (corrected) = (fI(R) UATp,,, (uncorrected)

where

/. the irradiance correction factor, is 800 divided by the average irradiance over the
selected period;

¢, the ambient temperature correction factor, is obtained from the average ambient
temperature T,,, over the selected period using the following table (linear
interpolation for { values is acceptable).
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Tamp (°C) 4
0 1,09
10 1,05
20 1,00
30 0,96
40 0,92
50 0,87

R, the wind correction factor, is obtained from the average m eed over the

selected period, using the graph in Figure 5.
4) Calculate the NOCT of the test module as follows:
NOCT = Tpr + AT,p,, (corrected
where Tpg is the mean steady-state temperature of tes iff the SRE.

f) Repeat the entire procedure on two additional days an v 3 ree values of NOCT
for each test module.

O
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1,40 |-
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1,20 |-

Average wind speed V (mI§_1)

\ | | |
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Average ambient temperature Tgmp (°C)

IEC 585/05

Figure 2 — NOCT correction factor
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Dimensions in millimetres
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Figure 4 — NOCT measurement by reference plate method Documents
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1,0

Higher plate
temperature

Permissible range
of wind speed

05 |

Wind correction factor R

|

0 [ | | | _—
0, }}% 2,0 3,0 4,0
Average wind speed ms '

IEC 588/05

gure 5 — Wind correction factor

10.6 Perfo 'C and NOCT

10.6.1 Purpose

To determine how the electrical performance of the module varies with load at STC
(1 000 W2, 25°C cell temperature, with the IEC 60904-3 reference solar spectral
irradiance distribution) and at NOCT and an irradiance of 800 Wn—2, with the IEC 60904-3
reference solar spectral irradiance distribution.

10.6.2 Apparatus

a) A radiant source (natural sunlight or a solar simulator class B or better) in accordance
with IEC 60904-9.

b) A PV reference device in accordance with I[EC 60904-2 or IEC 60904-6. If a class B
simulator is used, the reference device shall be a reference module of the same size with
the same cell technology to match spectral response.
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c) A suitable mount for supporting the test specimen and the reference device in a plane
normal to the radiant beam.

d) A means for monitoring the temperature of the test specimen and the reference device to
an accuracy of +1 °C and repeatability of +0,5 °C.

e) Equipment for measuring the current of the test specimen and reference device to an
accuracy of £0,2 % of the reading.

f) Equipment for measuring the voltage of the test specimen and reference device to an
accuracy of £0,2 % of the reading.

g) Equipment necessary to change the temperature of the test specimen to the NOCT
temperature measured in 10.5.

10.6.3 Procedure
10.6.3.1 STC

iradiance of
; C 60904-1,

Maintain the module at 25 °C and trace its current- voItage charaste 'stl

IEC 60904-9.

10.6.3.2 NOCT

Heat the module uniformly to NOC
irradiance of 800 Wih—2 (as measured a device), in accordance with
IEC 60904-1, using natural sunhght ona ¢ G ef simulator conforming to the

10.7 Performa@a

10.7.1 Purpose

To determine hot e i ormance of the module varies with load at 25 °C and an
irradiance of neasured by a suitable reference device), in accordance with

a) A radiant source (natural sunlight or a solar simulator class B or better) in accordance
with IEC 60904-9.

b) Equipment necessary to change the irradiance to 200 Wn—2 without affecting the relative
spectral irradiance distribution and the spatial uniformity in accordance with IEC 60904-10.

c) A PV reference device in accordance with IEC 60904-2 or IEC 60904-6.

d) A suitable mount for supporting the test specimen and the reference device in a plane
normal to the radiant beam.

e) A means for monitoring the temperature of the test specimen and the reference device to
an accuracy of £1 °C and repeatability of £0,5 °C.

f) Equipment for measuring the current of the test specimen and reference device to an
accuracy of £0,2 % of the reading.

g) Equipment for measuring the voltage of the test specimen and reference device to an
accuracy of £0,2 % of the reading.
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10.7.3 Procedure

Determine the current-voltage characteristic of the module at 25 °C + 2 °C and an irradiance
of 200 Wh—2 (as measured by a suitable reference device), in accordance with IEC 60904-1
using natural sunlight or a class B or better simulator conforming to the requirements of
IEC 60904-9. The irradiance shall be reduced to the specified level by using neutral filters or
some other technique, which does not affect the spectral irradiance distribution. (See
IEC 60904-10 for guidance on reducing the irradiance without changing the spectral
irradiance distribution.)

10.8 Outdoor exposure test

10.8.1 Purpose

posure to
not be

To make a preliminary assessment of the ability of the module tg

be used as a guide or indicator of possible problems.

10.8.2 Apparatus

a) A device capable of measuring sola

b) Means to mount the module, as re
irradiation measuring device.

c) A load sized such that at STC the

10.8.3 Procedure

a) Attach the resjstive
manufacture@ 3
recommende 3

10.8.5 Requireme
The requirements are as follows:

— no evidence of major visual defects, as defined in Clause 7;

— the degradation of maximum output power shall not exceed 5 % of the value measured
before the test;

— insulation resistance shall meet the same requirements as for the initial measurements.
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10.9 Hot-spot endurance test
10.9.1 Purpose

The purpose of this test is to determine the ability of the module to withstand hot-spot heating
effects, for example solder melting or deterioration of the encapsulation. This defect could be
provoked by cracked or mismatched cells, interconnect failures, partial shadowing or soiling.

10.9.2 Hot-spot effect

Hot-spot heating occurs in a module when its operating current exceeds the reduced short-
circuit current of a shadowed or faulty cell or group of cells within it. When such a condition
occurs, the affected cell or group of cells is forced into reverse bias and\must dissipate
power, which can cause overheating.

Figure 6 illustrates the hot-spot effect in a module of a series st
cell Y, is partially shadowed. The amount of power dissipated j

dissipation in a type B cell occurs when it is
this case, the dissipated power may be only a

In contrast, Figur
fully shadowed.@t
fraction of the totalp

(\ L T
C \ \\ Ivp
| (s—1)cells

ZS / Module
N -

L

s cells
(s—1)cells

)

-

Cell Y

-

I Power
dissipation in Y
Case S: series connection IEC 589/05

Figure 6 — Hot-spot effect in type A cell
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