
Designation: F1864 − 16

Standard Test Method for
Dust Erosion Resistance of Optical and Infrared Transparent
Materials and Coatings1

This standard is issued under the fixed designation F1864; 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.

1. Scope

1.1 This test method covers the resistance of transparent
plastics and coatings used in aerospace windscreens, canopies,
and viewports to surface erosion as a result of dust impinge-
ment. This test method simulates flight through a defined
particle cloud environment by means of independent control of
particle size, velocity, impact angle, mass loading, and test
duration.

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

2.1 ASTM Standards:2

D618 Practice for Conditioning Plastics for Testing
D1003 Test Method for Haze and Luminous Transmittance

of Transparent Plastics
D1193 Specification for Reagent Water
E11 Specification for Woven Wire Test Sieve Cloth and Test

Sieves
E168 Practices for General Techniques of Infrared Quanti-

tative Analysis (Withdrawn 2015)3

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 mass loading, n—the mass of dust per unit of total

exposed surface area (including the sample holder) that im-
pinges on the specimens.

3.1.2 mean IR transmission, n—for the purposes of this
standard, the average percentage of light transmitted by a
material in the 8- to 12-µm bandwidth.

3.1.3 sweep time, n—the time required for one translation
pass.

3.1.4 translation pass, n—the translation of the specimen
platform from the vertical or horizontal limit to the correspond-
ing vertical or horizontal limit.

3.1.5 translation cycle, n—the translation of the specimen
platform from the vertical or horizontal limit to the correspond-
ing vertical or horizontal limit and back to the initial vertical or
horizontal limit. Two translation passes are equivalent to one
translation cycle.

3.2 Symbols:

As = reference surface area of specimen platform (cm2),
Cc = simulated cloud concentration (g/m3),
ho = percent haze before exposure,
he = percent haze after exposure,
ṁp = rate of particle mass impacting the reference surface

area (g/min),
ṁi = incremental mass loading (g/cm2),
mT = total mass loading (g/cm2),
N = number of increments,
Vp = particle impact velocity (m/s),
ts = sweep time(s),
Te = optical or mean infrared (IR) transmission after expo-

sure (%),
To = optical or mean IR transmission before exposure (%),
α = impact angle (normal incidence = 90°),
∆ti = exposure time (min) for loading increment i,
φi = incremental dust load (g/cm2) for loading increment i,

Φ = total dust load (g/cm2),
∆h = change in percent haze, and
∆T = change in optical or IR transmission.

4. Summary of Test Method

4.1 This test method consists of: (1) measuring and record-
ing the light transmission properties, at visual or infrared
wavelengths, of test coupons; (2) mounting the coupons in a
test fixture; (3) exposing the coupons to a dust particle stream;
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and (4) remeasuring the light transmission properties to deter-
mine changes in these properties.

4.2 The dust particle stream simulates flight at a specified
velocity through a dust cloud of specified density. Simulation is
accomplished through control of particle size distribution,
mean particle velocity, particle mass flow rate, and angle of
impact.

4.3 The degree of abrasion is measured by the amount of
change in haze and luminous transmittance for materials
transparent in the visual wavelengths and by the amount of
change in IR spectral transmission for materials transparent in
the infrared wavelengths.

5. Significance and Use

5.1 All materials on exterior aircraft surfaces are subject to
abrasion from airborne particles of various sizes and shapes.
Transparent materials are particularly vulnerable to abrasion,
since their performance is based on their ability to transmit
light with a minimal amount of scatter. Scratches, pitting, and
coating removal and delamination as a result of abrasion may
increase scatter, reduce transmission, and degrade the perfor-
mance of transparent materials. Visually transparent materials
are required for pilot and air crew enclosures, such as canopies,
windshields, and viewpoints. Materials transparent in the IR
region (8 to 12 µm) are required for tracking, targeting, and
navigational instrumentation.

5.2 This test method is intended to provide a calibrated and
repeatable means of determining the relative abrasion resis-
tance of materials and coatings for optical and IR transparent
materials and coatings. The test parameters for this test method
can be directly related to dust cloud densities and velocities to
which transparent materials are exposed in the field.

6. Apparatus

6.1 Dust Erosion Abrader, as illustrated in Fig. 1. The test
apparatus simulates flight through dust environments by blow-
ing crushed silica particles, at a controlled mass flow rate and
velocity, onto samples that are stationary in the direction of
particle flow. The dust erosion abrader consists of four distinct
subsystems: transport gas system, dust particle delivery
system, dust velocity calibration system, and specimen plat-
form.

6.1.1 The transport gas system carries the dust particles at
specified velocity. The transport gas for the particles shall be
dry air or nitrogen. The transport gas shall be controlled by a
system of precision regulators and pressure transducers and
routed through a nozzle which produces stable flow for the
particle sizes and velocities of interest. Dust particles are
accelerated to target velocities in a circular jet formed by the
expansion of compressed gas in the nozzle. The nozzles
conforming to Fig. 2 have been shown to produce stable flow
for inlet pressures in the range 5.50 to 620 kPa (0.800 to 90.0
psi). The nozzle consists of converging-diverging sections,

FIG. 1 Dust Erosion Chamber
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which accelerate the gas phase to supersonic speeds, and a
constant diameter extension which provides sufficient resident
time for particle acceleration. Fig. 3 shows typical stable
velocities that can be achieved using the nozzle in Fig. 2. The
nozzle mount shall include adjustments for convenient access
to the specimen platform during mounting of the specimen
holder and for positioning the nozzle a distance of 25.4 mm
(1.00 in.) from the specimen after mounting.

6.1.2 The dust particle delivery system directs particles into
the transport gas stream. The delivery system shall deliver
uniform and consistent mass flow over the range of 0.200 to
10.0 g/min. The system consists of a pressurized holding
container for the dust and a mechanism for directing the dust
into the transport gas stream. A screw feeder system housed in
a pressurized plenum (Fig. 4) has been demonstrated to provide
the required mass flow. The particle delivery system shall

possess control instrumentation separate from the transport gas
control system so that mass flow rate of the dust can be
controlled independent of the transport gas velocity.

6.1.3 The dust velocity calibration system shall consist of a
noninvasive velocity measurement system (VMS) such that
particle velocity may be calibrated to transport gas pressure
and dust mass flow rate. The laser doppler velocimeter (LDV)
shown in Figs. 5 and 6 has been demonstrated to provide the
required velocity measurements. In-situ monitoring of velocity
during dust exposure is recommended. However, if the size or
configuration of the noninvasive VMS prohibits in-situ
monitoring, pre- and post-exposure calibration shall be con-
ducted to ensure that the velocity/pressure calibration has
remained valid through the test.

6.1.4 The specimen platform and test bed consists of stages
and fixtures onto which test specimens and the nozzle are

FIG. 2 Recommended Nozzle Configuration
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mounted. The test bed shall include adjustments such that dust
particle incidence angles range from normal to 70° off-normal.
Because the particle stream is substantially smaller than the
specimen holder, the specimen platform shall translate both
horizontally and vertically through the particle stream to ensure
uniform coverage of all specimens. Screw-type mechanisms or
stepper motors are recommended for platform translation.

Translation rates shall be adjustable from 0 to 30 translation
cycles per minute horizontally and 0 to 4 translation cycles per
minute vertically. The translation range shall be sufficient to
permit the outermost specimens to translate completely past the
dust jet in all directions. The specimen platform shall accom-
modate a variety of test sample geometries. Samples ranging in
size from 25.4 mm (1.00 in.) in diameter to 152 mm (6.00 in.)
square have been exposed in the test bed shown in Fig. 7. The

FIG. 3 Typical Velocity/Pressure Profile for Fig. 2 Nozzle

FIG. 4 Screw Feeder and Pressurized Plenum FIG. 5 Laser Doppler Velocimeter Calibration
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