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Introduction

The role of aviation in U.S. Army night operations has been
enhanced greatly by the introduction of the AN/PVS-5 Night Vision
Goggles (NVG) (Figure 1). Although the NVGs were not designed
specifically for aviation application, they now are considered a
vital part of Army air operations and their use greatly expands
the overall combat capability of the aviator.

Initially, the AN/PVS-5s suffered from many shortcomings,
some of which were specific to aviation. The inability to resolve
all of these deficiencies in a cost-effective manner helped lead
to the concept and development of the Aviator Night Vision Imaging
System (ANVIS), AN/AVS-6 (Figure 2). These aviation-specific
goggles currently are replacing the AN/PVS-5s, and provide the
user with an improved product for night operations. Although the
two devices differ in design, they share several common features.
They both are attached to the helmet and are powered by integral

Figure 1. AN/PVS-5 Night Vision Goggles (original version).



Figure 2. Aviator Night Vision Imaging System (ANVIS).

batteries or aircraft power. 1In addition, when either of the
goggles is mounted on the helmet in the worn position, a metal
tube containing optics and electronics is located in front of each
eye. :

The AN/PVS-5s incorporate an adjustment which permits:
compensation for limited spherical refractive errors in the visual
system of the user. The ANVIS goggles also have a similar
adjustment. At the same time the ANVIS, unlike the AN/PVS-5s, was
designed originally to permit the wear of corrective spectacles,
when required. This can be important because a significant, number
of aviators required to wear corrective lenses need to compensate
for astigmatism, as well as simple nearsightedness (myopia) or
farsightedness (hyperopia). The "diopter" adjustment of the
goggles does not correct for this nonspherical error.

Following an in-flight accident several years ago, personnel
from the U.S. Army Aeromedical Research Laboratory (USAARL), Fort
Rucker, Alabama, evaluated the AN/PVS-5.goggles to determine if
they might be modified to eliminate some known deficiencies.

These included lack of peripheral vision, inability to view maps,
etc., except through the goggles, and the problem of correcting
for astigmatism. The evaluation led to elimination of most of the
facepiece material and a redesigning of the helmet attachment



method. This "cutaway" version of the goggles (Figure 3) resolved
the previously-identified problems. Removal of the facepiece
material permitted peripheral vision, allowed the user to lack
under the goggles at maps, etc., and enabled corrective lenses to
be worn when required. This last improvement was important
especially to the older aviator who needed to wear bifocals for
close viewing. : '

Although the "cutaway" version of the goggles was quite
successful in resolving many problems, it unfortunately introduced
a new one. The wearing of corrective spectacles meant the gQggle
tubes now were positioned in close proximity to the spectacle
lenses. In amw accident or incident, the forward thrust of the
head and body could allow the goggles to strike a portion of the
aircraft interior. The resultant forces generated likely would
cause the NVE tubes to be displaced toward the eyes and strike the
glass lenses. This impact could lead to lens breakage, resulting

in serious eye imjury. -

The issue of eye injury potential and ophthalmic lens impact-
resistance was placed in perspective in a paper presented by Rose*

Figure 3. AN-PVS/5 Night Vision Goggles (cutaway version).



and Stewart in 1957. They performed a study of the relative
impact-resistance of untreated glass lenses, glass.lenses heat-
treated to add strength, laminated glass lenses, and the then-new
"plastic" lenses (allyl resin lenses now commonly referred to as
CR-~39%,. a trademark of PPG Industries). They found that large
steel balls (17 and 23 millimeters in diameter) striking the test
lenses damaged untreated glass more frequently than treated glass.
Impact from small (1mm) steel balls caused an opposite effect,
with untreated lenses affording the greater protection:. . In
comparison, they found even the unprotected cornea of the rabbit
gave more protection from these small projectiles than treated
glass lenses. The CR-39 was found to provide more protection from
the small balls than any other materials tested. Stewart and.
Williams (1966) showed the size of the object impacting a lens was
critical in determining the forces necessary to cause breakage.
Their study involved the use of untreated glass, chemically-
treated glass, and heat-treated glass lenses. It confirmed the
earlier findings of Rose and Stewart that as the:object size-
increased, the effectiveness of lens hardening became more
apparent. -

Wigglesworth (1971a, 1971b) examined thermally-treated glass
and CR-39 for their comparative impact-resistance, and found
increased thickness led to increased strength. Other observations
were that there was wide variability between batches of lenses,
that 2.0 mm thick thermally-toughened glass lenses were inferior
to CR-39 with the extent of inferiority increasing with decreasing
size of the projectile, and that 3.0 mm thick heat-treated glass
lenses generally were more impact-resistant than CR-39 of the same
thickness. .

The U. S. Food and Drug Administration (FDA) (1971) issued
federal standards requiring all ophthalmic lenses manufactured
after 31 December 1971 to be impact-resistant, and specified the
test to be administered to each of the lenses. This procedure
involves dropping a 5/8-inch diameter steel ball 50 inches through
a plastic tube onto the lens surface. In terms of force
generated, this is not a very demanding test. It is the
equivalent of dropping 2.4 ounces a distance of 1 foot.

Subsequent to the establishment of standards by the FDaA,
there was increased interest in the whole issue of eye protectlon
(Dowaliby et al., 1972, Wigglesworth, 1972, Kors and St. Helen,
1973, Duckworth et al., 1978). The primary thrust of 1nterven1ng
studles has been to determine the relative resistance of various
materials to impact by objects of differing sizes, and to validate
the test procedure for measuring impact-resistance. Typically,

* See Appendix B.



the sizes of projectiles range from about one-tenth inch in
diameter up to about three-fourths of an inch, and the method of
delivery is usually a pneumatic gun or direct drop.

The U.S Army currently uses ophthalmic corrective lenses
manufactured from two different materials, crown glass and CR-39.
Military-issue lenses for all aviation personnel must be made from
glass, in accordance with Army Regulation (AR) 40-63, Ophthalmic
Services. Glass lenses are treated in one of two ways to enhance
their impact-resistance and meet FDA standards. The first of
these involves the steady application of heat until the melting
point almost is reached, then quickly removing the heat and
spraying the lens with jets of cold air to rapidly cool the
exterior surface. The cooling differential between the lens
surface and core creates a physical state of compression. When
the inner core cools, it contracts and forms radial tension lines
that pull against the surface layer. The result is an improvement
in the lens resistance to breakage.

The second method of treating glass involves a chemical
procedure. Lenses are immersed in a bath of molten potassium
nitrate (KNO3) for 16 hours. During this immersion, there is a
chemical change in the lens structural integrity which results in
an increase in the internal tensile strength. A lens so treated
usually is slightly more impact-resistant than a heat-treated lens
(Kors and St. Helen, 1973; Duckworth et al., 1978).

The other ophthalmic lens material used by the Army, CR-39,
is lightweight (approximately 50 percent of the weight of glass)
and has excellent optical characteristics. It is relatively easy
to work with in the fabrication facilities, and, when coated,
exhibits reasonably good scratch-resistance. Unlike glass, this
material does not require special treatment for impact-resistance.

In the past few years, a new polycarbonate material has been
introduced into the ophthalmic industry. Marketed commercially by
the General Electric Company as Lexan*, this product has proven to
have many desirable features. First, it is lightweight, weighing
approximately 10 to 20 percent less than CR-39; second, it can be
manufactured to meet exacting ophthalmic tolerances; and third,
since the material blocks more than 99.9 percent of the
ultraviolet (UV) light rays which are potentially harmful to the
eyes, there is no need to add a separate UV coating, as currently
is recommended for glass and CR-39 by many civilian practitioners.

Finally, and most important, polycarbonate lenses exhibit
exceptional resistance to breakage from physical impact without
any special treatment. This impact-resistance has been the
subject of numerous studies (Goldsmith, 1974, Miller et al., 1979,
Innes, 1982, Simmons, Krohel, and Hay, 1984). The safety aspects
of this lens also have raised the issue of potential liability for



the private practitioner when prescribing lenses for active
individuals (Classe’, 1986). One of the shortcomings of this
material is that the untreated surface is soft. However, it is
treated routinely with an abrasion-resistant coating which
currently provides protection almost equal to CR-39’s. Another
limitation associated with polycarbonate lenses relates to the
perception of peripheral distortion in the higher powers.
However, the generally accepted upper limits for lens power
encompass 3ll prescriptions associated with aviation, and an
estimated 95 to 97 percent of those throughout the remainder of

the Army.

Until recently, the most common method used to manufacture
the polycarbonate prescription lens blank involved a molding
process. Manufacturers now have developed machinery which permits
the lens to be surface ground in a manner similiar to glass.

This, along with improved methods of cutting and edging the
material, will serve to make it much more competitive with both
glass and CR-39.

This study was divided into two phases. In the first phase,
drop tests were conducted to determine the relative resistance of
glass, CR-39, and polycarbonate ophthalmic lenses to impact by
simulated night vision goggle tubes. Limited drop tests also were
performed with actual night vision goggles. The second phase was
designed to determine how well the polycarbonate lenses performed
when worn in the operational aviation environment.

Method

Phase I--Comparative lens analysis

Instrumentation

An instrumented helmet drop tower was used to subject
ophthalmic lenses to repeatable impact. This tower, located at
USAARL, is used routinely to evaluate and reproduce aviator flight
helmet damage. To replicate the damage of a helmet worn in an
aircraft accident, duplicates of that helmet are attached to a
modified version of a humanoid headform specified by the 1973
National Operating Committee on Standards for Athletic Equipment
(NOCSAE) for evaluating football helmets. As shown in Figure 4,
the head-neck connection of this headform was modified to increase
its adjustability and permit mounting of the standard carriage
assembly specified by the American National Standards Institute
(ANSI) 2-90.1 (1971) method. A triaxial accelerometer, Endevco
Model 2267C-750*, is positioned at the headform center of mass.
The signal generated is amplified by a signal conditioner (Endevco
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Figure 4. Headform shown after a drop test.

Series 4470)* and fed to a three-channel vector analyzer. The
vector resultant of the three accelerometer signals then is
transmitted to a Nicolet digital oscilloscope*. Kinetic energy is
assumed to be equal to the drop weight of the headform plus
carriage multiplied by the drop height in feet.

Cinematography

In addition to determining the resultant forces generated
during use of the drop tower, all of the drops were photographed
to permit slow motion analysis. The instrument selected for this
purpose was the HYCAM, Model 41-0004, 16 millimeter motion picture
camera* manufactured by the Redlake Corporation. This rotating
prism camera is designed to operate at up to 11,000 frames per
second (fps). However, in order to optimize film usage and to
obtain desired detail, it was decided to photograph at 6000 fps.
*At this speed, it was possible to capture the moment of lens
impact and observe the dynamics of the broken material.

Some of the drops were video recorded in addition to being
filmed. The video used was the model SP2000 Motion Analysis
System* manufactured by Spin Physics. This system is capable of
‘recording up to the rate of 250 inches (2000 frames) per second.



The slow motion film and video of selected drops have been
compiled and are located at USAARL. Results of the slow motion
analyses are not specifically discussed in this report.

Lenses

The glass lenses used in this study were taken from standard
stock and treated with a Kirk Model 20/30 chemical bath* to im-
prove their impact-resistance, in accordance with FDA require-
ments. Chemically-treated lenses generally are considered to be
slightly more impact-resistant than those heat-treated. The CR-39
lenses also were taken from current stock, but there is no pro-
cedure available to enhance their impact resistance. The poly-
carbonate lenses were procured by contract from a civilian
contractor. The lenses provided were finished, uncut, single-
vision blanks. Both lens surfaces. were coated by the manufacturer
to enhance abrasion-resistance.

All the lenses used in this study were "finished blanks,"
i.e., they were received with the prescription already ground and
polished, but the frame shape had not been cut nor the edges
beveled. The glass lenses were shaped and edged with an A.I.T.
Model Mark V automatic bevel-edger*. The CR-39 and polycarbonate
lenses were processed similarly with an A.I.T. machine having
grinding wheels especially designed for their composition. When
required, hand finishing for all the lenses was performed on a
Universal Model CE-300 dual-wheel edger*. For this study, it was
decided to use five samples each of three representative pre-
scription powers; a moderate correction for myopia (-2.00 di-
opter), a moderate correction for hyperopia (+2.00 diopter), and
plano (0.00 diopter).

Following preparation, the lenses all were mounted into the
standard HGU-4/P aviator flight frame having "bayonet" (straight
back) temples.

Test procedure

The procedure to impact the lenses in this study was somewhat
different than that usually employed. Typically, a rigidly-held
lens is impacted by an object propelled into it at a known
velocity. In this investigation, a duplicate of the NVG tubes
(Figure 5) was fabricated from aluminum and attached to the base
of the USAARL drop tower. Similar to the NVGs, these simulated
tubes were built to allow horizontal adjustment which permitted
accurate alignment prior to each test impact. The headform
attached to the drop tower served as a vehicle to support the test
spectacles. Each of the spectacles was adjusted to properly fit

10



Figure 5. Simulated night vision goggles after a drop test.

the headform prior to being dropped. To ensure they did not shift
on the inverted headform after being fitted, the temples were
taped lightly in place. Once the spectacles and simulated NVG
tubes were positioned properly, the headform was raised to a
predetermined height, and prepared for dropping. Prior to actual
release, cameras and lighting were positioned and the drop tower
instrumentation calibrated. For each of the 3 different lens
materials (glass, CR-39, and polycarbonate) there were a total of
15 drops completed, 5 drops for each of the 3 prescriptions.

The initial drop height for each lens was selected in
accordance with an estimate of the forces necessary to break the
lenses. Based upon the results of the first drop, the next drop
height either was raised or lowered in an attempt to determine

11



the minimum force necessary to just cause lens breakage. Using
this "step method" (Wigglesworth, 1971a, 1971b), it was possible
to approximate how each lens group would respond to the same type
of impact, and to develop a relative comparison of the impact-
resistance of each material by prescription range.

In the second study, the thicker "industrial" CR-39 lenses
were dropped onto the simulated goggle tubes to determine their
impact-resistance. Four lenses from each of the three
prescription powers were tested to establish their relative
performance. -

In the final drop test, chemically-treated -2.00 diopter
power glass lenses were mounted on the headform in the standard
manner. Next, a standard-issue SPH-4 aviator helmet with actual
NVGs attached was placed on the headform in the as-worn position
(Figure 6). The goggles were complete except for the electronics.
The ensemble was dropped twice onto the drop tower’s flat base
plate: the first time from 18 inches, and the second from 12
inches. Only two drops could be accomplished before the goggles
became unusable.

Phase II-~-Field evaluation

To gain field experience, ametropic Army aviators were
provided with polycarbonate lenses to wear during NVG-augmented
night flight. They were requested to contact their local military
eye clinic, or flight surgeon, who would forward prescription
information to USAARL. In addition, articles describing the
project were written in the monthly publications, Flightfax and

Aviation Djigest. A statement also was included in the Aviation
Branch Update which is published by the Commanding General, Fort

Rucker, Alabama, and provided worldwide to all aviators.

S More than 500 aviators volunteered and were issued spectacles
with polycarbonate lenses for these field trials. :

sti e

A questionnaire (Appendix A) was mailed to each subject after
., they had been wearing the lenses for 6 months. The purpose of the
questionnaire was to obtain data regarding when the lenses were:
worn, their acceptability to the wearer, the number of hours flown
with them, frequency and procedure for cleaning, how they were
stored if they were not worn continously, perceived optical
problems, and the incidence of scratching.

12
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Figure 6. Headform wearing helmet with glasses under NVGs.

Results

Phase I--Comparative lens analysis

Lenses with "equal" center thickness
The results of this study are best demonstrated by directly

comparing the performance characteristics of each lens material
following impact with the simulated NVG tubes.

13



Table 1 shows the mean lens center thickness for each
material, by prescription. There was no attempt to ensure the
lens thickness would be the same for each sample. The lenses
dropped were representative of what might be received when
ordering from an optical laboratory.

Table 2 is a synopsis of the lens impact study. A total of 45
drops were performed; 15 for each of the 3 materials. The
"estimated breakage threshold" is based upon the data from the
drop tests and is an attempt to determine where lens breakage
might first be encountered. The "foot-pounds" notation is a
calculated level of energy generated at the drop height indicated.
In addition to the calculated foot-pounds of energy expended,
instrumentation in the drop tower facility permitted the recording
of a peak energy level for each impact. These data also are shown
in Table 2. The figure for the polycarbonate is only that
associated with a drop from six feet, the limit of the test
apparatus used. It should be noted none of these polycarbonate
lenses was cracked or broken during the drop tests.

Table 1.

Mean center thickness of groups of lenses
used during the impact study

Power (diopters) Material Mean center thickness (mm)

-2.00 glass 2.1
CR-39 1.7
polycarbonate 2.0

Plano glass 2.2
CR-39 2.6
polycarbonate 2.1

+2.00 glass 3.2
CR-39 3.0
polycarbonate 3.6

14
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Table 2.

Estimated drop height and associated energy level
causing lens breakage

Power Estimated threshold for lens breakage Peak force

Material (diopters) Drop height (in.)| Kinetic energy (ft-lbs) (pounds)
glass -2.00 4.0 3.5 229
CR-39 =-2.00 5.0 4.4 393
polycarbonate -2.00 >72 >63 >2800
glass Plano 5.0 4.4 298
CR-39 Plano 8.0 7.0 479
polycarbonate Plano >72 >63 >2900
glass +2.00 6.0 5.2 : 393
CR-39 +2.00 14.0 12.3 617
polycarbonate +2.00 >72 >63 3000

Results of the lens impact study using simulated NVG tubes. The estimated threshold
for lens breakage is based on the "step" method. The energy (foot-pounds) is a
calculated figure based upon the drop height and the mass of the headform (including
lenses). The peak force level was recorded on an oscilloscope and represents the
maximum attained for each drop height listed.



Lenses with unequal center thickness

In general, impact resistance of ophthalmic lenses can be
enhanced by increasing their center thickness. For the typical
"dress lens" (the lens normally prescribed), the center thickness
is approximately 2.0 to 2.2 millimeters. The "industrial" or
"safety” lens center thickness is required by law to meet the
American National Standards Institute (ANSI) 2Z87.1 (1979) standard
which states it must be at least 3.0 millimeters.

Table 3 compares dress glass, dress CR-39, and industrial CR-~
39 for ability to resist impact with the simulated NVG tubes.
Grouped by lens power, the mean height where initial breakage
occured, and the associated foot-pounds of energy generated, are
presented. In the minus lens group, the extra thickness of the
CR-39 does provide improved impact-resistance. However, for the
plano and plus powers, the difference is not as great. This is
expected since the center thicknesses of the plano lenses, and
especially the plus lenses, are closer to that specified for
industrial thickness.

Although the comparison between glass and CR-39 was helpful,
the comparison of greatest interest was between industrial
thickness CR-39 and polycarbonate. Table 4 shows the results of
this comparison (including dress glass) and clearly demonstrates
the marked superiority of polycarbonate. ‘

Glass ses_co 2Wi Gs

The lens drops using simulated NVG tubes gave a good
approximation of the results one might expect from actual NVG,/lens
impact. However, in order to provide additional validation, it
was decided to mount an actual et of NVGs on the headform along
with chemically-treated -2.00 diopter power glass lenses. The
combination then was dropped onto the solid baseplate of the drop
tower. Two drops were performed; one from a height of 18 inches,
and a second from 12 inches.

In the first drop, both lenses shattered and the frame was
badly bent, while the goggles were relatively undamaged (Figure
6). The kinetic energy generated was 24.1 foot-pounds.

In the second drop, the same type of lenses were used. At
this height (12") only one of the two lenses broke. This
indicated the forces generated were very close to those necessary
to initiate lens breakage. That is, higher drop heights likely
would cause increased lens breakage, while lower drop heights
likely would result in no lens breakage. The actual energy
generated was 16 foot-pounds, roughly equivalent to walking
briskly into a wall.

16
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Table 3.

Comparison of lens breakage thresholds for glass,

CR-39 (dress), and CR-39 (industrial)

Estimated threshold for lens breakage

Mean
Material Power thickness (mm) Drop height (in.)
glass -2.00 2.1 4.0
CR-39 (dress) -2.00 1.7 5.0
CR-39 (indus) -2.00 3.0 8.0
glass Plano 2.2 5.0
CR-39 (dress) Plano 2.6 8.0
CR-39 (indus) Plano 3.1 11.0
glass +2.00 3.2 6.0
CR-39 (dress) +2.00 3.0 14.0
CR-39 (indus) +2.00 3.2 14.0

foot-pounds (approx)

Improvement in impact protection by substituting industrial thickness CR-39 allyl

resin for dress thickness (standard-issue) glass lenses.

Lenses were mounted on a

headform and dropped to impact simulated night vision goggle tubes.
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Table 4.

Comparison of lens breakage threshold for glass (dress),
CR-39 (industrial), and polycarbonate (dress)

Power Thickness Estimated threshold energy to break

Material (diopters) (mm) lens (foot-pounds)

CR-39 (indus.) -2.00 2.9 7.0

polycarbonate (dress) -2.00 2.0 >63

glass Plano 2.2 4.4

CR-39 (indus.) Plano 3.1 9.6

polycarbonate (dress) Plano 2.1 >63

glass +2.00 3.2 5.2

CR~39 (indus.) +2.00 3.2 12.3

polycarbonate (dress) +2.00 3.6 >63

Comparison of energy required to break glass, industrial thickness CR-39, and
polycarbonate lenses. '



Phase II--Field evaluation

A copy of the questionnaire used to obtain data from the
subjects in the study is shown in Appendix A. Since every subject
did not answer every question, the number of respondents was
slightly different for each question, varying between 213 and 228.

The mean age for this group was 34. The aircraft primarily
flown were the UH-1 "Huey" (42 percent) and the OH-58 "Kiowa"
(19 percent), with the AH-1 "Cobra" (8 percent) and "other" (30
percent) accounting for the remainder.

Oonly 28 percent of the pilots wore the polycarbonate lenses
fulltime, while 17 percent wore them 75 percent of the time, 10
percent wore them 50 percent of the time, 17 percent for 25 per-
cent of the time, and 28 percent only for f£lying.

Sixty-four percent of the pilots said they wear spectacles
to improve distance vision, 11 percent to improve near vision, and
25 percent for both distance and near. The figure for near vision
is somewhat confusing, since the purpose of the study was to pro-
vide lenses to be worn when flying with NVGs, and no provisions
were made to provide for older aviators requiring a near-only
prescription (presbyopia).

The calendar time the new lenses were worn varied, as might
be expected. Of the respondents, 13 percent had worn them 1-3
months, 41 percent for 3-6 months, and 46 percent for longer than
6 months.

When questioned as to when the polycarbonate lenses were
mainly worn, 32 percent of the pilots said they only wore them
when flying with NVGs, while 37 percent wore them all the time
they were flying, 15 percent wore them continuously, and 16 per-
cent listed "other." The "other" category resulted in statements
ranging from, "I lost my lenses," to "I never received my lenses."
Without further information, it would be difficult to conclude
anything from these latter figures.

The subjects liked their new lenses, with 92 percent saying
they were equal or superior to their regular-issue glass lenses.

The mean number of hours flown with the polycarbonate lenses
was slightly over 37, with a wide distribution ranging from 0 to
over 500.

Since cleaning is an important part of ophthalmic lens care,
the subjects were asked to comment on how frequently they per-
formed this task. Most (41 percent) of the aviators cleaned them
daily, with 17 percent reporting every 1 to 2 days, 6 percent
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every 2 to 5 days, 10 percent only on a weekly basis, and 26 per-
cent went longer than 1 week.

The procedure for cleaning is as important as the frequency.
The subjects were asked to discuss the methods they used, and most
of their responses fell into four categories. Fifty-five percent
reported using soap and water and drying with a towel; 30 percent
used a dry handkerchief; 11 percent used lens paper, and the re-
mainder used whatever was available (shirt, undershirt, etc.).

When questioned about the optical characteristics, such as
distortion, 97 percent of the subjects reported their lenses were
satisfactory. The most commonly mentioned problem apparently re-
lated to receiving a new prescription and experiencing the adjust-
ment period often associated with this change. Two aviators re-
ported their lenses "seemed smeared or milky." Although the rea-
son for this is not known, it is possible they were not using socap
and water or other degreaser to remove the normal accumulation of
grease and oils. There has been no mention of "milkiness" as a
specific problem for polycarbonate lenses in the published
literature. :

To determine how well the polycarbonate lenses withstood the
rigors of field aviation, the subjects were asked if their lenses
scratched, and if so, to describe the circumstances. Of the 217
responses, 84 percent reported no problem with scratching. There
was no apparent pattern for those indicating scratching occurred.
A cross section of the situations reported to lead to scratching
included: being rubbed by the NVG tubes; dropping on the airfield
concrete; carrying loose in the pocket with metal objects; being .
abraded by the plastic case; improper cleaning; laying down the
frame on the convex lens surface; and "normal wear and tear."

In the questionnaire, the &ubjects were asked to provide "...
any other information you would care to add."™ The responses
ranged from none to a full handwritten page. The most common
statement involved the lightness of the lenses, and the associated
improvement in comfort. Several negative comments were made about
the quality of the present frame issued to aviators. The temples
provided in this study were roughly half of each style (bayonette
or comfort cable) unless stated otherwise on the order form.

There were numerous complaints about the bayonette temples not
providing adequate retention on the face. This resulted in either
allowing the frame to slide down on the nose or fall off the head
and strike the ground. Other complaints involving the bayonette
temple related to discomfort around the ears, and the fact that
they adversely affect sound attenuation by breaking the earcup
seal. Although not reported by the subjects, one shortcoming of
the cable temple is it cannot be donned in flight without removing
the helmet.
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DRiscussion

The results of the drop tests dramatically demonstrate the
superior ability of polycarbonate lenses, compared to glass or CR-
39 lenses, to reduce the potential for eye injury when wearing
NVGs. The "step" method used to compare the impact-resistance of
the different materials is a valid one, even though it could be
argued the sample size should have been larger. For example, the
question of whether glass breaks upon impact with the simulated
goggles at 4 inches or 6 inches becomes insignificant when not one

polycarbonate lens broke even when dropped from 72 inches.

In this comparative lens study, there were a number of un-
controlled variables which could have had some minor bearing on
the results. Among these were:

a. The impact point on each lens was not exactly the same in
each trial.

b. There were some slight differences in the way the lenses
fitted into the frame, even though the same individual cut, edged,
and mounted all of the lenses.

c. The headform was not perfectly aligned in every drop due
to slight wear and tear normally found in such devices.

d. The lens thicknesses varied somewhat.

e. The spectacle frames had minor variations which could
possibly have affected lens retention.

f. There was some subjective variability associated with
adjusting the frame to the headform "face."

g. The chemical tempering of the glass lenses probably
varied somewhat even though accomplished by the same individual
using the same equipment.

h. The shelf age of each lens was unknown.

In this study, all lenses were impacted against simulated NVG
tubes. It is important to understand these lenses would not nec-
essarily behave in a similar manner had they been impacted with an
object of different size, shape, and/or weight. For this reason,
it is difficult to compare the results of other studies with the
present data. However, it should be noted in every known compar-
ison of impact-resistance, the polycarbonate lenses significantly
have outperformed both glass and CR-39 (Goldsmith, 1974; Miller et
al., 1979; Innes, 1982; Simmons, Krohel, and Hay, 1984).
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In roughly one-half of the drop tests in which one or both of
the lenses survived, lens dislodgement occurred. This was not un-
expected, since the standard flight frame has a shallow V-grooved
eyewire that is uniform in design. Often, only minor impact was
sufficient to cause the lenses to be displaced. It should be
noted that so-called “"safety frames," designed to retain lenses
upon impact, incorporate a safety bevel for this purpose. This
safety feature is achieved by simply ensuring the eyewire sur-
rounding the lens has a wider inner flange or lip on the side next
to the eye.

The field study was successful. Acceptance of the polycar-
bonate lenses by the wearers was excellent. Reduced lens weight
with associated improved wearing comfort frequently was singled
out by the respondents as an important feature.

The incidence of scratching reported during the field study
(16 percent), though higher than desired, becomes a minor problen
when considering the overall protection afforded. As mentioned
earlier, polycarbonate lenses are relatively soft in the post-
production state. Immediately after fabrication, they are coated
with a scratch-resistant material to provide additional protec-
tion. With the dramatic increase in polycarbonate lens production
over the past 3 years, there has been an industrywide increase in
coatings research. The result of this research is expected to ke
the development of coatings that are more scratch-resistant than
those currently in use.

c Cc e

Polycarbonate lenses offer a significant improvement in
protection for those individuals deemed to be at risk for eye
injury, whether they be aviators or foot soldiers.

Based upon the present findings, it is recommended the
following actions, listed in order of priority, be accomplished as
soon as possible:

1. Provide polycarbonate lenses to all ametropic personnel
flying with NVGs.

2. Make provisions to furnish plano polycarbonate lenses to
emmetropic aviators flying with NVGs, upon request.

3. Provide one pair of polycarbonate lenses to all ametropic
military personnel working in an "eye-hazardous" environment.

4. Make provisions to furnish plano polycarbonate lenses to
emmetropic personnel working in an "eye-hazardous" environment.
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5. Take steps to redesign the present aviator flight frame
to incorporate a safety bevel.

6. Initiate action to redesign the case currently issued
with aviator spectacles.
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U.S. Army Aeromedical Research Laboratory Date Mailed
ATTN: SGRD-UAS-VS Date Received _
P.0. Box 577 Lab Use Only

Ft Rucker, AL 36362-5000

POLYCARBONATE SPECTACLE LENS SURVEY

PLEASE PRINT LEGIBLY
NAME l RANK
(Last) (First) ( MI)

AGE TYPE ACFT FLOWN MOST WITH NVG & SPECTACLES

l. Approximately what percentage of your waking hours do you normally wear corrective

lenses? 100 75___ S0____ 25__ only when flying_ _
2. Lenses are worn to improve distance___ near___ both___ vision.
3. How long have you worn the new lenses? 1-3 mo 3«6 mo___  6-9 mo

4. The lenses were mainly worn: only when flying with NVG__ ; at all times when

flying _; all the time__ ; other__ (if other please explain)

5. Were the new lenses as satisfactory as your current glass lenses? Yes
No . If no, please explain.

6. Approximately how many hours did you fly with NVG and the new lenses__ .

7. How frequently did you clean your test lenses? daily 1-2 days___  2-5 days___
weekly _ other(state)__. What cleaning procedure did you use?

8. If you did not wear the lenses at all times, where did you store them during
non-use? case___ other__ (if other, please describe)

9. Did you notice any distortion or optical problems with the new lenses? Yes
No__. 1If yes, please explain.

10. Have the lenses scratched? Yes_ _ No__ . If yes, please return them along with
your prescription to the above address and a replacement pair will be provided.

Please explain how you think the lenses were scratched and any other information you
would care to add.

PLEASE PUT ANY GENERAL COMMENTS YOU CARE TO MAKE ON THE REVERSE SIDE.

PLACE THIS QUESTIONNAIRE IN RETURN ENVELOPE AND MAIL. THANK YOU.



Appendix B

Manufacturers’ list

Becton, Dickinson and Company
Rancho Viejo Road
San Juan Capistrano, CA 92675

Nicolet Instrument Corporation
Oscilloscope Division

5225-2 Verona Road

Madison, WI 53711

Redlake Corporation
1711-T Dell Avenue
Campbell, CA 95008

Spin Physics

Eastman Kodak Company
3099 Science Park Road
San Diego, CA 92121-1101

Kirk Optical Company, Incorporated
Farmingdale, NY 11735

Gentex Corporation
P.O. Box 315
Carbondale, PA 18407

A.I.T. Industries
8221 North Kimball Avenue
Skokie, IL 60076

Universal Company
Hicksville, Long Island, NY 11801

Endevco
30700 Rancho Viejo Road
San Juan Capistrano, CA 92675-9990

General Electric
Plastic Sales Division
1 Plastics Avenue
Pittsfield, MA 01201
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