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Determining Resistance of Solar Collector Covers to Hail by
Impact With Propelled Ice Balls’

This standard is issued under the fixed designation E822; 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 epsilon (¢) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the U.S. Department of Defense.

1. Scope

1.1 This practice covers a procedure for determining the
ability of cover plates for flat-plate solar collectors to withstand
impact forces of falling hail. Propelled ice balls are used to
simulate falling hailstones. This practice is not intended to
apply to photovoltaic cells or arrays.

1.2 This practice defines two types of test specimens,
describes methods for mounting specimens, specifies impact
locations on each test specimen, provides an equation for
determining the velocity of any size ice ball, provides a method
for impacting the test specimens with ice balls, and specifies
parameters that must be recorded and reported.

1.3 This practice does not establish pass or fail levels. The
determination of acceptable or unacceptable levels of ice-ball
impact resistance is beyond the scope of this practice.

1.4 The size of ice ball to be used in conducting this test is
not specified in this practice. This practice can be used with
various sizes of ice balls.

1.5 The categories of solar collector cover plate materials to
which this practice may be applied cover the range of:

1.5.1 Brittle sheet, such as glass,

1.5.2 Semirigid sheet, such as plastic, and

1.5.3 Flexible membrane, such as plastic film.

1.6 Solar collector cover materials should be tested as:

1.6.1 Part of an assembled collector (Type 1 specimen), or

1.6.2 Mounted on a separate test frame cover plate holder
(Type 2 specimen).

1.7 The values stated in SI units are to be regarded as the
standard. The values given in parentheses are for information
only.

1.8 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the

! This practice is under the jurisdiction of ASTM Committee E44 on Solar,
Geothermal and Other Alternative Energy Sources and is the direct responsibility of
Subcommittee E44.05 on Solar Heating and Cooling Systems and Materials.
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responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Significance and Use

2.1 In many geographic areas there is concern about the
effect of falling hail upon solar collector covers. This practice
may be used to determine the ability of flat-plate solar collector
covers to withstand the impact forces of hailstones. In this
practice, the ability of a solar collector cover plate to withstand
hail impact is related to its tested ability to withstand impact
from ice balls. The effects of the impact on the material are
highly variable and dependent upon the material.

2.2 This practice describes a standard procedure for mount-
ing the test specimen, conducting the impact test, and reporting
the effects.

2.2.1 The procedures for mounting cover plate materials
and collectors are provided to ensure that they are tested in a
configuration that relates to their use in a solar collector.

2.2.2 The corner locations of the four impacts are chosen to
represent vulnerable sites on the cover plate. Impacts near
corner supports are more critical than impacts elsewhere. Only
a single impact is specified at each of the impact locations. For
test control purposes, multiple impacts in a single location are
not permitted because a subcritical impact may still cause
damage that would alter the response to subsequent impacts.

2.2.3 Resultant velocity is used to simulate the velocity that
may be reached by hail accompanied by wind. The resultant
velocity used in this practice is determined by vector addition
of a 20 m/s (45 mph) horizontal velocity to the vertical terminal
velocity.

2.2.4 Ice balls are used in this practice to simulate hailstones
because natural hailstones are not readily available to use, and
ice balls closely approximate hailstones. However, no direct
relationship has been established between the effect of impact
of ice balls and hailstones. Hailstones are highly variable in
properties such as shape, density, and frangibility.”> These
properties affect factors such as the kinetic energy delivered to

2 Gokhale, N. R., Hailstorms and Hailstone Growth, State University of New
York Press, Albany, NY, 1975.
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