NOTICE: This standard has either been superseded and replaced by a new version or discontinued.
Contact ASTM International (www.astm.org) for the latest information.

QH].p DESignation: E 1171 -99 An American National Standard

Standard Test Methods for
Photovoltaic Modules in Cyclic Temperature and Humidity
Environments *

This standard is issued under the fixed designation E 1171; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope E 1462 Test Methods for Insulation Integrity and Ground

1.1 These test methods provide procedures for determining _Path Continuity of Photovoltaic Modufés .
the ability of photovoltaic modules to withstand simulated E 1799 Practice for Visual Inspections of Photovoltaic
temperature and humidity environments. Environmental test- _Modules o _
ing is used to simulate aging of module materials on an E 1830M Test Methods for Determining the Mechanical
accelerated basis. Integrity of Photovoltaic Modulés

1.2 Three individual environmental test procedures are deg
fined by these test methods: a thermal cycling procedure, a L e , .
humidity-freeze cycling procedure, and an extended duration 3-1 Definitions—definitions of terms used in this standard
damp heat procedure. may be found in Terminology E 772 and in Terminology

1.3 These test methods define mounting methods for mod= 1328. _ . . _
ules undergoing environmental testing, and specify parameters 3-2 Definitions of Terms Specific to This Standard:
that must be recorded and reported. 3.2.1 ground fault—a module fault where any portion of the

1.4 These test methods do not establish pass or fail |eve|§j!odule circuitry between the output terminals becomes elec-

The determination of acceptable or unacceptable results i€ically connected to the module grounding point.
beyond the scope of these test methods. 3.2.2 open circuit—a module fault where any portion of the

1.5 Any of the individual environmental tests may be module circuitry between the output terminals becomes elec-

performed singly, or may be combined into a test sequenciically discontinuous.

with o_ther envwon_n_wental or non-environmental te_sts, or bpth4. Significance and Use

Certain pre-conditioning tests such as annealing or light . i

soaking may also be necessary or desirable as part of such a*1 The useful life of photovoltaic modules may depend on

sequence. The determination of any such sequencing anfell ability to withstand repeated temperature cycling with

pre-conditioning is beyond the scope of this test method. ~ Va&rying amounts of moisture in the air. These test methods
1.6 There is no similar or equivalent ISO standard. provide procedures for simulating the effects of cyclic tem-
1.7 This standard does not purport to address all of thePerature and humidity environments. An extended duration

safety concerns, if any, associated with its use. It is thélamp heatprocedure is provided to simulate the effects of long

responsibility of the user of this standard to establish appro-€™M exposure to high humidity. _

priate safety and health practices and determine the applica- 4-2 These test methods describe procedures for mounting

. Terminology

bility of regulatory limitations prior to use test modules, conducting the environmental tests, and reporting
' the results.

2. Referenced Documents 4.2.1 Test modules are mounted so that they are electrically

2.1 ASTM Standards: isolated from each other, and in such a manner to allow free air

E 772 Terminology Relating to Solar Energy Converdion circulation around the front and back surfaces of the modules.
E 1036 Methods of Testing Electrical Performance of Non- 4-3 Data generated using these test methods may be used to
concentrator Terrestrial Photovoltaic Modules and Arrays£valuate and compare the effects of simulated environment on

Using Reference Cefls test specimens. These test methods require determination of
E 1328 Terminology Relating to Photovoltaic Solar EnergybOth visible effects and electrical performance effect_s. 3
ConversioR 4.3.1 Effects on modules may vary from none to significant

changes. Some physical changes in the module may be visible
when there are no apparent electrical changes in the module.

1 This test method is under the jurisdiction of ASTM Committee E-44 on Solar, Q; i : : s
Geothermal, and Other Alternative Energy Sources and is the direct responsibility Q§|mllarly, electrical Changes may occur with no visible changes

Subcommittee E44.09 on Photovoltaic Electrical Power Systems. in the module. . .
Current edition approved Oct. 10, 1999. Published November 1999. Originally 4.3.2 All conditions of measurement, effects of cycling, and
published as E 1171-87. Last previous edition E 1171-97. any deviations from this test method must be described in the

2 Annual Book of ASTM Standardgol 12.02.
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report so that an assessment of their significance can be mademperature cycling, humidity-freeze cycling, and damp heat
4.4 If these test methods are performed as part of @rocedures may be performed individually, the requirements of
combined sequence with other environmental or nonany test sequence (see 1.5 and 4.4) may determine the order in
environmental tests, the results of the final electrical tests (7.2yhich the environmental tests are performed, and also may
and visual inspection (7.3) determined at the end of one tesinpose restrictions on which test modules are to be subjected
may be used as the initial electrical tests and visual inspectioto individual procedures. The sequencing may also specify
for the next test; duplication of these tests is not necessamwhen modules undergo electrical testing (see 6.2) and visual

unless so specified. inspections (see 6.3).
6.1.1 A typical combined thermal and humidity-freeze cy-
5. Apparatus cling sequence is illustrated in Fig. 1.
5.1 In addition to the apparatus required for Test Methods 6.2 Electrical Tests—Perform the following electrical tests
E 1036 and E 1462 the following apparatus is required. before and after each of the test procedures.

5.2 Environmental Chamber(s}A chamber or chambersin  6.2.1 Electrical Performance-Measure and record the
which modules are mounted during the environmental tests. electrical performance of each module. A suitable method for
5.2.1 Air temperature throughout the working volume shallnonconcentrator modules is Test Methods E 1036.
be within =2°C of that specified. 6.2.2 Ground Path Continuity-Test any module with a
5.2.2 Relative humidity shall be controlled within5 % of  grounding terminal identified by the module manufacturer to
that specified. For temperatures below 80°C, relative humidityletermine the maximum resistance between the grounding
control is not required. terminal or lead and any accessible conductive part using 7.3 of
5.2.3 Provisions for monitoring and recording the chambefTest Methods E 1462.
temperature and relative humidity throughout the environmen- 6.2.3 Insulation Integrity—Subject each module to a test of
tal testing shall be provided. the electrical isolation capability according to 7.1 and 7.2 of
5.3 Temperature Measurement Equipmeftn instrument Test Methods E 1462.
or instruments used to measure module temperature during the6.2.3.1 The test voltage shall be equivalent to twice the
environmental testing with a resolution of at least 0.1°C, and &pecified maximum system voltage (typically open-circuit
total error of less thar=2°C of reading. voltage at 0°C cell temperature) plus 1000 Vdc. If the
5.3.1 Temperature sensors suitable for the test temperatumeaximum system voltage is less than 30 Vdc, employ a test
range, such as thermocouples or thermistors, shall be attacheditage of 500 Vdc.
to the portions of the modules likely to exhibit the longest 6.3 Visual Inspection-Visually inspect each module before
thermal time constant. For flat-plate modules, attach thend after each of the environmental test procedures to deter-
sensors near the middle of the front or back surfaces of theine the presence or absence of anomalies or defects according
modules. to Practice E 1799.
5.3.2 If more than one module of identical design and 6.4 Instrumentation
contruction is tested simultaneously, it is not necessary to 6.4.1 Attach one or more temperature sensors to the exterior
monitor the temperature of all identical modules. of the module following the requirements of 5.3.
5.4 Ground Fault and Open Circuit Monitoring 6.4.2 Attach the ground fault and open circuit monitoring
Equipment-An electrical circuit attached to all test modules equipment specified in 5.4.
which can detect ground faults and open circuits. The equip-
ment must monitor and record the state of the module circuitry

f[hroughc_)ut th_e environmental testing. An acceptable apparatus 7 Mscﬂl’}gse%‘;‘ica,)
is described in Annex Al of Test Methods E 1830M.

5.4.1 Modules that lack a grounding terminal identified by *
the module manufacturer are not required to be monitored fot Initial Visual and Flectrical Tests |
ground faults. ; l *

5.5 Test Frame—A frame inside the environmental chamber ; 1000 h Damp Heat Control 50 Thermal Cycles
which adequately supports the test modules during the tegt " {Gacsar ™ (1 Module Typical) (4 Modules Typical
procedures. ‘ l

5.5.1 Itis not required to mount the test modules at an angle | Visual and Electrical Retest |
such as when modules are installed as part of an array; they I
may be mounted vertically to facilitate testing multiple mod-
ules inside the environmental chamber. l ¥

5.5.2 The test modules shall be mounted in a manner that 10 Humidity-Freeze Cycles 150 Thermal Cycles
allows free air circulation around the modules. Mo ey apea) (2 Moduies Tpical

5.5.3 The test frame should be constructed such that corro- * ‘
sion of the test frame during the environmental testing does nclt Yy Final Vieual and Elactrioal Toot |
adversely affect the test modules. 4 .

6. Procedure
6.1 Sample Selection and Test Sequenédthough the FIG. 1 Typical Environmental Test Sequence
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