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INTERNATIONAL
Test Method for
. . . . l
Wet Insulation Integrity Testing of Photovoltaic Arrays
This standard is issued under the fixed designation E 2047; 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 voltaic circuit and exposed, electrically conductive non-

1.1 This test method covers a procedure to determine thgulrent-carrying parts and surfaces of the array. _
insulation resistance of a photovoltaic (PV) array (or its 3-2.2 metal oxide varistor MOV n—a surge protection

component strings), that is, the electrical resistance betweefeVice. S _ _ o
electrically conductive, non-current carrying parts and surface§onducts the photovoltaic generated power.
of the array.
| . . 4. Summary of Test Method
1.2 This test method does not establish pass or fail levels. Y

The determination of acceptable or unacceptable results is 4-1 A procedure is provided for testing the electrical isola-
beyond the scope of this test method. tion between the array’s internal electrical components and its

1.3 There is no similar or equivalent ISO standard. exposed, electrically conductive, non-current carrying parts

1.4 Units—The values stated in either SI units or inch- @d surfaces of the array.
pound units are to be regarded separately as standard. The?-2 The procedure offers two ways to connect the array
values stated in each system may not be exact equivalent‘é‘%‘””g the test, either open-circuited or short-circuited. Each

therefore, each system shall be used independently of the oth&Ption has advantages and disadvantages (see 5.5).
Combining values from the two systems may result in non- 4.3 A wetting solution is applied to the array, then a voltage
conformance with the standard. is applied between the PV circuit and the exposed, electrically

1.5 This standard does not purport to address all of theconductive, non-current carrying parts and surfaces of the

safety concerns, if any, associated with its use. It is théT@y, while monitoring the current or resistance, to find
responsibility of the user of this standard to establish appro_Iocallzed regions where the insulation resistance is signifi-

priate safety and health practices and determine the applicac@ntly reduced by the wetting solution. The array is then
bility of regulatory limitations prior to use. inspected for evidence of possible arcing.

2. Referenced Documents 5. Significance and Use
21 ASTM Standards: 5.1 The design of a PV module or system intended to
E 772 Terminology Relating to Solar Energy Converdion provide safe conversion of the sun’s radiant energy into useful

E 1328 Terminology Relating to Photovoltaic Solar Energyelectricity must take into consideration the possibility of hazard
ConversioR should the user come into contact with the electrical potential

E 1462 Standard Test Methods for Insulation Integrity anc®f the array. In addition, the insulation system provides a
Ground Path Continuity of Photovoltaic Modufes barrler_ to electrochemlca! corrosion, ar_1_d insulation flaw_s can
result in increased corrosion and reliability problems. This test
3. Terminology method describes a procedure for verifying that the design and
3.1 Definitions—Definitions of terms used in this test construction of the array provides adequate electrical isolation
method may be found in Terminologies E 772 and E 1328. through normal installation and use. At no location on the array
3.2 Definitions of Terms Specific to This Standard: should the PV-generated electrical potential be accessible, with
3.2.1 insulation resistancen—the electrical resistance of a the obvious exception of the output leads. The isolation is

service of the PV system.

5.2 This test method describes a procedure for determining
_— the ability of the array to provide protection from electrical
! This test method is under the jurisdiction of ASTM Committee E-44 on Solar, hazards. Its primary use is to find insulation flaws that could be
Geothermal and Other Alternative Energy Sources, and is the direct responsibility ‘lfiangerous to persons who may come into contact with the
Subcommittee E44.09 on Photovoltaic Electrical Power Conversion. . . .
array. Corrective action taken to address such flaws is beyond

Current edition approved October 10, 1999. Published December 1999. .
2 Annual Book of ASTM Standardgol 12.02. the scope of this test method.
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5.3 This procedure may be specified as part of a series afiust be sufficient to reach all of the test segment surfaces and
acceptance tests involving performance measurements amckintain wetted surfaces, front and back.
demonstration of functional requirements. Large arrays can be N .

. . ote 1—The spray pressure is only enough to completely wet the
tested in Smaller Se_gme”ts- The _s,lze_of the array Segme”t to Q?posed surfaces; it is not intended to penetrate enclosed spaces such as
tested (called “circuit under test” in this test method) is usuallythe interiors of junction boxes. It is not necessary to use a forceful stream
selected at a convenient break point and sized such that thecause the wetting agent helps to penetrate small crevices.

expected resistance or current reading is within the middle 6.4 Array Shorter—A dc-rated switch, circuit beaker or

third of the meters range. . . other device capable of interrupting the maximum short circuit
5.4 Insulation leakage resistance and insulation Ieakagg

) . . urrent of the circuit under test. The array shorter is only
current leakage are strong functions of array dlmen5|ons,r,equireol if the short-circuited option is used

ambient relative humidity, absorbed water vapor, and other 6.4.1 The array shorter must be rated for the maximum

factors. For this reason, Itis the. responsibility of the user of th'.%pen—circuit voltage of the circuit under test plus the insulation
test method to specify the minimum acceptable leakage resig

tance for this test ester or ohmmeter.

541 Even thoﬁgh a numerical quantity is specified actua(lj‘ 6.4.2 The wiring_ between the_arrgy shorter and the positive

- . ’ nd negative terminals of the circuit under test must also be

results are often pass-fail in that when a.flaw Is found, therated for the continuous maximum short-circuit current of the
leakage current changes from almost nothing to the full Scalgircuit under test
value on the meter. '

5.5 The user of this test method must specify the option7 Hazards
used for connection to the array during the test. The short-" ) ) ]
circuited option requires a shorting device with leads to /-1 Touching the modules or array during the testing may be
connect the positive and negative legs of the circuit under tesfazardous because of the high voltage applied.
For larger systems, where the shorting device may have to be 7-2 Use caution whenever short circuiting any high voltage
rated for high current and voltage levels, the open-circuited®V array. It may be advisable to reduce the risk involved by
option may be preferred. The open-circuited option require§hort—_cqcu_mng the array at night, when the current and voltage
the user to correct readings to account for the PV-generated€ minimized. . .
voltage, and the procedure for making such corrections is /-3 .The mggohmmeter or |nsulat|on tester should be_turned
beyond the scope of this test method. The short-circuite@ff While wetting the array. This may not always be desirable,
option may be easier for small systems where the voltage angHCh as when trying to pinpoint the location of an insulation
current levels are low and the distance between the plus arffW- In these cases, appropriate personnel protection (electrical
minus leads of the circuit under test are small. The shortgloves with keepers, safety glasses, etc.) should be worn and
circuited option minimizes the chance of exposing arraycare should be taken to keep the wetting solution from entering

components to voltage levels above those for which they arfe gloves, boots, etc.

rated.
8. Procedure
6. Apparatus 8.1 Assemble the requisite equipment and personnel at the
6.1 Choose one of the following, depending on the optiorarray to be tested.
selected (see 4.2 and 5.5): 8.2 Prepare the wetting solution.
6.1.1 Variable dc Voltage Power SupplyA dc voltage 8.3 Measure and record the site meteorological conditions

power supply capable of providing a nominal test voltage of(irradiance, ambient temperature, wind speed) or arrange for
500V, as specified in Test Method E 1462. A common term foithe data to be measured by the site data acquisition system.

thlg i%pzhi/lratushls |ns':J|atX)nht_eite_r. d h t Note 2—It is recommended that this test not be performed under
-1.2 MegohmmetesA high-impedance ohmmeter, or ., jitions where the ambient temperature is greater than 100°F (40°C) or

similar device, capable of adequately measuring leakage resige wind speed is greater than 17 mph (7.5 m/s), since high values of either
tance in the range of anticipated readings, and that can providgake it difiicult to keep the array wet long enough to make the necessary
a nominal test voltage of 500 V. measurements. If the short-circuited option is used, it may be necessary to

6.2 Wetting Solution-A solution of tap water and a wetting conduct the test at a reduced irradiance to ensure that the currents

agen% with a surface tension of 0.002 Ib/ft (0.03 N/m) or less produced in the short-circuited PV components are within manufacturer’s
at 73°’F (23°C) ' ' requirements. Refer to the manufacturer's recommendations concerning

. . shorting of modules and other array components at high irradiance.
6.3 Spray Apparatus-A system for applying the wetting g Y P g

solution to the array, capable of providing a water pressure of 8.4 Isolate the circuit(s) to be tested prior to the start of

5 psig (35 kPaj.The force and flow rate of the wetting solution SPraying. Depending on the design of the PV system, this may
involve opening source circuit switches, taking out removable
- links, or disconnecting bolted connections or connectors. All
3An acceptable wetting solution that has been found to produce adequatpoles of the circuit to be tested (positive, negative and neutral)
shegting action is 1 part Liqui-nox detergent in 500 parts water. Liqui-Nox ismust be isolated. Disconnect positive and negative monopoles
?lﬁ;‘;‘:ﬁecggomsfz'conox' Inc., 9T East 40th St., New York, NY 10016, as part from each other. Ground connections among module frames,
4Molded nylon. Rain-Test spray heads are available from Underwriters’ Labo-P@Nels, array structures and system/earth ground must be left in

ratories, Inc., 333 Pfingsten Rd., Northbrook, IL 60062, as part number SAoszonIace.
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Note 3—The size of the array segment to be tested (circuit under tesfjhe insulation tester or megohmmeter, or similar items that are
may be limited to the area that can be kept wet at any given time. In certaiot under test. Also, try to avoid wetting adjacent modules and
situations for example, attempting to Ioca_te specific fault locations, it mayanels in segments not yet tested, as this would interfere with
be d_e5|rable to apply the test voltage first, and then apply the Wemnﬁubsequent dry resistance measurements (see 8.9).
solution. . o . 8.11 While the entire test segment is wet, measure and

8.5 Verify that MOVs or similar voltage surge protection yocqrq the wet leakage current or resistance reading after the
devices are disconnected and are not part of the isolat€g,haitive charging effect has subsided (perhaps 30 s or more).
circuits. If such devices are connected between the active adYiso note any instability in the reading and the areas being
circuit and ground, they must be disconnected as they mayy, aved at that time to provide an indication of the location of
invalidate the tests or be damaged by the test voltage. defects. Especially note any large changes in resistance, which

8.6 Set the insulation tester or megohmmeter on an apprQagicate regions where the insulation integrity is compromised.
priate scale for the size of the circuit under test. Ensure that the

insulation tester or megohmmeter is turned off before any Nore 6—Defects can be located more precisely by watching the
electrical connections are made insulation tester or megohmmeter reading while spraying small areas of

8.7 There are two acceptable options for performing thigtsifhcggzu&:tzﬂgr;(fﬁﬂgﬁ'ng a small garden sprayer or spray bottle filled

test: with the output leads of the circuit under test either ) )
short-circuited or open-circuited. Specify the option according 8-12 Observe and listen to the array during the test for
to the criteria described in 4.2. evidence of arcing or flashover.

8.7.1 Short-Circuited—Short the output leads of the array 8:13 Reduce the applied voltage to zero. Repeat 8.9-8.12,
together, using the array shorter (unless already done, see 7.9j0ile wetting the front (sun) side of the test segment.
Connect the shorted output terminals of the string(s) to the 8-14 Reduce the applied voltage to zero. Short-circuit the
high-potential (positive) terminal of the insulation tester. ~ terminals of the insulation tester or megohmmeter before

8.7.2 Open-Circuited—Connect the positive lead of thediSconnecting it from the array. _ _
insulation tester to the negative terminal of the circuit under 8:15 Inspect the array for any visual evidence of arcing or
test. The positive terminal of the circuit under test is leftfl@sh-over.

unconnected and protected so that it will not become wet and 8-16 Repeat 8.7-8.15 for the remaining test segments. Ob-
interfere with the test. serve appropriate polarities for the insulation tester or mego-

hmmeter connection.
be more convenient to connect the negative lead of the megohmmeter und to have defects may be left isolated, pending repairs. If

the positive terminal of the circuit under test, leave the circuit's negative hort-circuited obti d the short circuit
terminal unconnected, and connect the positive lead of the megohmmet??e short-circurte Qp Ion was used, remove the short circul
rom the array terminals.

to earth ground.

8.8 Connect the grounded (negative) terminal of the insulaﬁn&ltr3 Tige sir;rrar):]rtr;]ayfleavef?hthn r35||duaIfI|Irrn. Ifmne|c§§saé:]y,
tion tester or megohmmeter to the grounding point of the arrayfesste esiduatiro € face ot the modules after compieting the
or subarray string, being tested. :

8.8.1 If there is no common array ground, the procedure9 Report
may need to be repeated to measure the insulation resistance o o
between the circuit under test and each separate and uncon-9-1 Report the following items as a minimum:
nected electrically conductive component. 9.1.1 A complete description of the PV array,

8.8.2 Any connections to electrically conductive compo- 9.1.2 A description of the measurement equipment and
nents must be made to uninsulated points for the test results fgéasurement conditions or parameters, including ambient
be valid. For example, an anodized aluminum frame would noyéather conditions, _ _ _
qualify unless the anodization was removed at the test point. 9.1.3 The insulation resistance values obtained in 8.9 and

8.9 Apply the test voltage. Measure and record the dnB-11, o
insulation resistance in megohms after the capacitive charging 9-1.4 A description of any apparent changes as a result of
effect has subsided and the reading has established (perhapst86 testing, . S _ .

s or more). For insulation testers that indicate leakage current, 9-1.5 Observations or indications of any shorting, arcing, or
divide the voltage applied by the tester, in volts, by the testepther failures,
reading, in microamperes. Also note any instability in the 9.1.6 Identification of areas of the array where problems

reading which may indicate shorting or arcing. were found, and
. o 9.1.7 Any deviations from the procedure.
Note 5—The capacitance of the circuit under test may be large enough

to cause large currents to flow while the insulation capacitance is charging. . .
When usinggthe open-circuited option, the wetting ofehe circuit undergtjes 0. Precision and Bias
can cause changes in system voltage as the array temperature changes. Th#0.1 Several factors make a determination of the precision
operator must be aware of such possibilities and allow time for theand bias from the results of an interlaboratory study not
conditions to stabilize. practicable for this test method:

8.10 Thoroughly wet the back (away from the sun) side of 10.1.1 This test method requires the measurement of an
the circuit under test. Take care not to get water into the interioinstalled PV array. It would be impractical to circulate such an
of the interface junction boxes, the power-conditioning unit,array between laboratories for testing.
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10.1.2 Insulation resistance and insulation current leakagelectrical measurements should be made in accordance with
can depend on ambient relative humidity, absorbed watesound engineering practices using instruments that have recent
vapor, temperature, construction and age of the array, and otheslibrations traceable to national and international standards.
factors.

10.1.3 The test method is affected strongly by the locationj1, Keywords
size, shape, and attachment methods of the array and test leads , . . o i )
as well as module construction and installation details. 11.1 electrical testing; insulation integrity; insulation resis-

10.2 Precision and bias will be a function of the precisiont@nce; photovoltaics; solar energy
and bias limits of the electrical instruments. Therefore, these

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).



