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FOREWORD

This report summarizes the testing and results performed for the
Interim-Night Integrated Goggle and Head Tracking System (I-NIGHTS)
Program by the Helmet-Mounted Systems Technology (HMST) Office of
the United states Air Force.

I-NIGHTS results are documented in two volumes. Volume I discusses
the ground testing performed to quantify system characteristics,
identify risks and assess safety for flight test. Volume IX
discusses the results from the flight test phase and subjective
crew member comments.
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1. EXECUTIVE SUMMARY
1.1 Introduction

The Interim-Night Integrated Goggle and Head Tracking System (I-
NIGHTS) program was established to develop an ejection-safe
aviator’s flight helmet. The technical challenge in this program
is the incorporation of night vision goggles (NVGs) in the design
as a helmet-mounted device (HMD) while maintaining safety-of-
flight (SOF) considerations. The purpose of NVGs is to aid the
aircrew member flying at night. However, the detailed aspects of
NVG/HMD systems have not yet been perfected. Their use during
flight is still an emerging field with many technical hurdles to
overcome. The SOF considerations go beyond the essential
protective gqualities of the helmet to include its fit, comfort
and stability along with the capacity NOT to cause an injury
during ejection. Present NVG/HMD systems cannot be worn during
ejection due to the high probability of severe injury.

The Air Force I-NIGHTS program performed extensive ground and
flight testing to quantify NVG performance and SOF considerations
for three helmet designs.

1.2 Backgt ound

The I-NIGHTS began as a cooperative Aix Force/Navy joint
~development program with the Navy designated as lead service.

The prime contractor, NcDonnell Douglas, subcontracted with

~ General Electric Company (GEC) Avionics, Honeywell, and Kaiser
Electronics. Each of the three subcontractors designed and built
a prototype helmet system for government testing.

. The Navy I-NIGHTS program was granted Rapid Development
Capability (RDC) status in 1989 to correct urgent fleet safety
shortfalls as well as meet the current operational needs of the

1




F/A-18 night attack mission requirement. The planned Navy
approach was to downselect from three vendors to one after ground
and flight tests had been conducted, and then procure 100 units
initially as a low rate initial production (LRIP) milestone. The
Navy terminated its I-NIGHTS program in December 1990 after
realizing the technology was not mature enough for downselection
to a production decision.

The Air Force took a different approach to evaluate the three
helmet designs. This approach included: a) a risk reduction
effort prior to 6.4, full scale development; b) demonstrate the
concepts to the various Major Commands (MAJCOMs) through flight
tests; and c) develop test methodology to aid future development
programs.

I-NIGHTS helmets (Figures 1, 2, and 3) are modular in nature and
are designed to more evenly distribute the weight of the optical
systems in an attempt to provide a lower ejection risk. I-NIGHTS
systems underwent extensive ground tests (Table 1) to assess the
risk of ejection and evaluate system performance. In addition to
the ground tests, the systems underwent flight evaluations to
 assess performance under actual mission scenarios. Flight
testing was accomplished in MH-53, MH-60, HC-130, and B-52
aircraft (Table 2).
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Table 1.
OPTICAL CHARACTERISTICS
- Exit Pupil
- Eye Relief
- Brightness Gain
« Field-of-View

- Luminance Non-Uniformity
- Modulation Contrast

- Magnification

- Image Rotation

- S Distortion

- Optical Axis Misalignment
- Horizoutal Resolution

- Vertical Resolution

MASS PROPERTIES

- Weight Measurements
= CG Calculations

FIT ASSESSMENT

- Comfort
- Optical Adjustment
« Stability

" = Laser Scan

PERSONAL EQUIPMENT INTEGRATION

- Compatibility With:
© = Altorew
- Life Support Equipment
- DON/DOFF
- Mission Task Performance
~ Emergency Procedures (Pro/Post Bailout)

AIRCRAFT INTEGRATION
"« Emergency Procedures (Bgress)
~ = Blectromaguetic Interfersnos
- «Physical Restrictions
- = Visual Restrictions

ACOUSTICAL PROPERTIES

= Sound Attenuation
« Speech Intelligibility

I-NIGHTS Testing

ALTITUDE CHAMBER

- Aircrew Compatibility
- Rapid Decompression
- Visor Fogging

DYNAMIC SYSTEM PERFORMANCE:
CENTRIFUGE

- Comfort
- Image Migration
- Eye Relief

EXPLOSIVE ATMOSPHERE
- High Voltage Connector Arcing

CRASH LANDING: Gx IMPACT

- Head/Neck Loads
- Structural Intogrity

EJECTION: Gz VERTICAL
DECELERATION TOWER

- Bjection Simulation
- Head/Neck Loads

WINDBLAST

« Pitot Airflow
= Structural Integrity
= Head/Neck Loads

MAN/SEAT SEPARATION

= Seat Sepanttion

« Head/Neck Loads
- Riser Intorference
» Bye Relief

PARACHUTE DEPLOYMENT

« Riser Interference
« Head/Neck Loads
= Bye Rolief

= Structural Integrity




Table 2. I-NIGHTS Test Schedule

Ground Tests: Mar 90 - Nov 90
Flight Tests:

MH-60 Dec 90 - Jan 91 Hurlburt Field, FL
MH-53 Feb - Mar 91 Hurlburt Field, FL
HC-130 Mar - Apr 91 NAS Moffett Field, CA
B-52 Jul - Aug 91 Ellsworth AFB, SD

All three I-NIGHTS systems function in a similar manner. They
incorporate two battery powered, generation III image intensifier
tubes (I? tubes); two optional cathode ray tubes (CRTs); and a
magnetic head tracker. The I? tubes are extremely sensitive to
light in the region from 0.6 to 0.9 microns (600 nanometers (nm)
to 900 nm). This region overlaps the spectral distribution of
starlight which peaks at about 0.9 microns. The I? tubes amplify
ambient starlight and moonlight to enhance night vision
capability. The CRTs provide the means to presant symbology
and/or sensor video data to the crew member. A variety of
prisms, lenses, and beam splitters are used to move the
intensified image to a combiner in front of each eye.

The head tracker senses the magnetic field around the helmet to
-provide head position data. This data can be used to slew
aircraft sensors in the direction the crew member is looking
and/or update the symbology relevant to head position. Due to
aircraft avionic integration issues, the CRTs and head tracker
could not be flight tested.

1.3 Critical PFactors

~The critical factors for the I-NIGHTS program evolved from system
performance and flight testing concerns. Undertaken as a risk
reduction effort, the I-NIGHTS program needed to quantify
designed versus as-built system performance. Additionally,
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safety-of-flight (SOF) concerns had to be addressed prior to
entering the flight test phase. Two factors emerged as being
critical to the risk reduction effort. These factors are the fit
of the helmet on the crew member and the helmet’s weight (WT) and.
center-of-gravity (CG). The following sections discuss these
factors.

1.3.1 Fit Assessment

Helmet fit was identified as a critical factor in I-NIGHTS ground
and flight testing for several reasons. One reason is that the
I-NIGHTS helmets are "exit pupil" systems which provide sensor
and/or mission data (HUD symbology) directly to the crew member’s
eyes. Another reason is helmet size. In its specification, the
Navy directed the three helmet vendors to provide a "large" size
helmet. The Navy wanted to ensure the helmet would fit all the
pilots in it’s test program; "one size fits all." This
immediately leads to problems. A “small" head in a "large"
helmet can provide misleading test results and could result in an
injury. The Navy did not provide anthropomorphic data to specify
how large was “large." Consequently, each vendor specified it’s
own parameters for size. Therefore, there is no consistency
between size in the three helmet designs.

The "fit” of a helmet-mounted device is critical to the
performance of the mission as well as the performance of the
system itself. I-NIGHTS testing discovered that fitting a HMD
involves more than ‘just getting a head inside the helmet shell.

. Several factors evolved into a "fit equation.” The fit equation
consists of: a) comfort; b) optical adjustment; and most
importantly c¢) helmet stability.

- Comfort is the most obvious element of the fit. The aircrew
L member must typically wear the helmet for several hours. The
- average sortie duration for fighter aircraft during Operation
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Desert Storm was approximately four hours with some sorties
lasting as long as six hours, If the crew member experiences hot
spots, headaches, or just an annoying discomfort, he will be
distracted from his mission and his performance will be degraded.
In fighter aircraft it is highly impractical to remove the helmet
to relieve the pain or to just "take a breather." If the crew
member cannot or will not wear the helmet, then the best optics
in the world are of no use.

A second factor in the fit equation is optical adjustment.
Optical adjustment is the ability of the HMD optics to align
correctly by adapting to varying facial features. This is
critical since many HMDs are "exit pupil" systems which provide
sensor and mission data (HUD symbology) directly to the crew
member’s eyes. “"Exit pupil" means that the human eye must be
positioned and maintained within a circular area where the
image/data is displayed. A set of binoculars and a telescope are
“examples of exit pupil systems. When the eye is correctly
.aligned within the exit pupil the entire image can be seen. As
the crew member’s eye position begins to move out of the exit
pupil the image begins to vignette and will rapidly disappear.

Optical adjustment, with adequate range of movement, must align

" the optics relative to each eye. However, eyes are often not
symmetrical about the centerline of the face. One eye could be
slightly deeper, higher, or wider from the facial centerline than
the other. The optics must compensate for these differences or
at least one eye will have a less than optimum image and a small
tolerance for deviations from the exit pupil.

The third factor in the fit equation is the most important -
- stability. Helmet instability can place the crew member’s eyes

.'_on the edge or outside the exit pupil, thereby degrading or

eliminating the image. This may force the crew member to
terminate a maneuver or delay a response while attempting to
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stabilize the helmet. Either of these will limit mission
performance.

Instability is indicated by a rotational slippage or simply a
downward movement of the helmet itself. Rotational slippage,
relative to the head, can be up/down or left/right. A helmet
with a high and slightly forward center-of-gravity (top heavy)
will tend to rotate downward during high G maneuvers. A more
balanced helmet may slip to the left/right during a quick head
turn to “"check six." A direct downward movement can be
experienced under high G loads as the helmet liner more firmly
seats into the helmet or as the liner itself compresses under the
load. In some cases, the helmet may not automatically return to
its original position as the G load is reduced. This requires
the crew member to stop what he is doing, free his hands and
physically re-set the helmet. Although the helmet can be
extremely comfortable and the optics precisely aligned, if the
alignment cannot be maintained, the system may be unusable; most
likely at a critical point in the mission. ”

Fit assessments were completed to determine the stability of

- fitted subjects for both ground and flight tests. Data to make
this determination was gathered via three means: a) a comfort
assessment; b) a stability assessment; and ¢) 3D laser scanner
:(Refarence'Appendix C). Each test subject was individually
 fitted and aesessed in the three I-NIGHTS helmets. Each fitting
- ensured that the helmet set on the head in an optimum position

. and that the optics were correctly aligned as best as possible

_ (keeping in mind the “one size fits all® philosophy).
Considering the data from the two assessments and laser scanning,
. each subject was judged to have passed or failed. The results
 are presented in Table 3. |
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Table 3. Fit Assessment Pass/Fail Results

Vendor Subjects Number Number
System Tested Passed Failed
GEC Avionics 36 21 15
Honeywell 33 20 13
Kaiser 36 20 16

1,3.2 Weight/Center-of-Gravity

A second major area of concern was helmet weight/center-of-
gravity (WT/CG). HMDs add to the weight supported by the crew
member’s head and neck during high G maneuvers and emergency
situations such as ejection and crash landinj. But, how much
weight and at what CG can the neck tolerate? At what WT/CG/force
combination does a neck strain, injury, or fatality occur? The
Army, Navy, and Air Force are develouping HMDs for aircrew use
despite the fact that “"there are currently no established crite-
ria for allowable limits on mass and mass CG location for such
{EMDs]..."" The three greatest components affecting the risk of
“injury are the overall weight of the HMD system, the HMD's CG,
~.and the fdsce_encountered during ejection. |

~ ‘The weight of the standard USAF helmet (HGU-55/P) is approxi-
"m@tely 4.4 pounds including the visor and oxygen mask. Severe
V'injuries such as cervical vertebral fractures have cccurred with
~ this helmet, although neck strains and sprains are more common.

The weight of the I-NIGHTS helmets (including visor and mask)

- which were tested ranged from a low of 6.1 pounds in an NVG-only

* configuration to a high of 8.4 pounds in an NVG ¢+ CRT configura-
"~ tion. One might reasonably expect that increasing the weight

- would also increase the risk of injury. Any HMD display technol-
‘ogy naturally adds to the overall weight of the helmet; there-

~ fore, it is important to determine a weight related injury

threshold.
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Some of the increased risk of injury associated with added weight
can be offset with proper CG placement. Indeed, proper CG
placement is even more important than the weight. The head is
physiologically balanced at its CG and logic indicates that
coincident head/HMD CG is desirable. However, the optimal
solution is not as simple as placing the HMD CG at this same
location. Experiences in the centrifuge suggest that a HMD CG
slightly aft of the head’s CG is helpful during normal operations
and high G maneuvers. However, during ejection, the aft CG may
subject the crew member to greater risk by placing an injurious
or fatal load on the spine.

CG location is a design consideration trade-off. Optical physics
or a maximum weight specification may dictate the location of
display devices and optics. This will move the HMD CG away from
a desired point (assuming that a “desired" point can be
identified). Counter balancing c¢an move the CG to a more optimal
position but, this commonly used tactic adds to the overall
weight supported by the head. Thus, what WT/CG combinations are
reasonably acceptable during ejection?

 The third comporent which significantly affects the risk of

- injury is the force of the ejection. USAF aircraft use several
different types of ejection seats. Each seat imposes a different
force loading during ejection. A correlation of the risk of
injury to the force of ejection is described by the Dynamic
‘Response Index (DRI). The DRI "is a number waich is proportional
to the pasak load in a simple mechanical model (mass, spring,
damper) of the human spine during acceleration. The DRI has baen

~ related to the probability of thoracolumbar spinal fracture
during ejection seat use. The USAF use of the DRI to evaluate
ejection seats is embodied in Military Specification: Seat
System: Upward Ejection, Aircraft, General Specification for
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1072, MIL-S-9479B (USAF)."® Figure 4 shows the relationship
between DRI and the probability of spinal irjury. But, what
WT/CG/force combinations are reasonably acceptable during
ejection?

The I-NIGHTS program helped establish an interim boundary in the
area of head supported weight. Prior to entering the flight test
phase, the Air Force had to demonstrate that the I-NIGHTS HMDs

" -were safe-to-fly for a limited duration flight test schedule.

-vFlight test hardware included the ACES II ejection seat used on

~ the F-16 and the Martin-Baker seat used on the B-52. The results

of the testing produced interim criteria for future HMDs to
follow and are summarized in Table 4. These results suggest the
CG must remain in the same area regardless of the seat or helmet
weight used. The following recommendations are taken directly
from the Interim Head/Neck Criteria Consultation Report:

"Recommendations: It is recommended that as an interim
criteria: total head supported mass be less than 4.5
lbs with a combined helmet/head center-of-gravity
located between -0.8 and 0.25 inches along the x-axis,
and between 0.5 and 1.5 inches along the z-axis, for
safety during the catapult phase of escape using seats
with DRI no greater than 18. For helmetz weighing less
than 4.0 lbs, the helmet/head center-of-gravity limit
in the x-axis can be extended forward to 0.5 inches.
For seats with DRI not greater than 13, helmets can
weigh 5 lbs with the center-of-gravity located

between -0.8 and 0.5 inches along the x-axis and
between 0.5 and 1.5 inches along the z-axis. It is
assumed that mass is distributed such that the center-
of-gravity is symmetrical, +0.15 inches, with respect
to the x-z plane. These recommendations relate only to
the catapult phase of ejection and not to other phases
of the escape sequence. In general, it is recommended
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With Other USAP Seats
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Figure 4. Spinal Injury Rate from Operational Experience
Vs Dynamic Response Index

Table 4. Interim Weight/Center-of-Gravity Criteria

EJECTION | DYNAMIC | MAXIMUM TOTAL | MAXIMUM NET HEAD GC OFFSET FROM
SEAT RESPONSE | HEAD SUPPORTED | HEAD ANATOMICAL AXIS ORIGIN (IN)
INDEX (DRI) | WEIGHT (LBS)
o X , Y z!
ACES II 13 50 0.8 10 0.5 20.15 0.5 to 1.5
B-52 18 4.5 0.8 to 025 £0.15 0.5 to 1.5
B-52 18 <4.0 0.8 10 0.5 +0.15 05 to 1.5

| 'Data could not be collected at CGs below 0.7 on the Z axis
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that helmet systems be lighter, 3.5 to 4.0 lbs, in
order to enhance overall pilot acceptance under in-
flight conditions,"(*

1.4 Ground Testing

The three I-NIGHTS designs underwent extensive ground testing.
These tests were conducted to evaluate system performance and to
assess the risk of injury during ejection. Table 1 summarizes
the objectives for each test., Optical characteristics, mass
properties, fit assessment, acoustical properties and centrifuge
tests were conducted to quantify system performance. The
remaining tests were required to assess SOF concerns prior to
testing in operational aircraft. The reader is directed to the
test specific sections in this report and to the test plans and
reports in the appendices for greater detail.

1.5 Flight Testing

"After complstion of ground testing, the I~NIGHTS helmets were
provided to aircrews for an operational evaluation. The purpose of
this evaluation was to collect data from potential users on the
utility and capabilities of the various designs. This phase of the
evaluation was limited to the NVG portion of the helmet since
aircraft avionic integration issues prevented use of the HMD CRTs.
- The helmets were first provided to HC-130, MH-53, and MH-60 pilots.
These aircraft were selected on the basis that they were lower risk
. (two pilots and non-ejection seat) and that they would provide good
* human factors data (previous experieiice with NVGs). Each pilot was
~ scheduled to fly two flights with each helmet. One flight was
"scheduled for a high illumination night. (moonlight greater than 40%
of a full moon) and one for a low illumination night (moonlight
less than 40% of a full moon). 1In all cases the crews were
experienced with the Aviator’s Night Vision Imaging System-6
(ANVIS~6) night vision system. During each flight one pilot and
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the safety observer used ANVIS-6 while the other pilot used an I-
NIGHTS helmet. The evaluations were conducted via questionnaire.
Questionnaires were completed before, during, and after each
flight.

1.6 Lessons Learned/Recommendations

The major results from the ground and flight evaluations are that
helmet fit and WT/CG are a paramount factor to overall system
performance. The term "helmet fit" includes comfort, stability,
and optics alignment. It is essential that the optics remain in a
precise position for the duration of helmet wear. This precise
positioning is necessary to ensure that the exit pupil of the
optics is aligned with the pupil of the eye. For this evaluation,
only two of each helmet were available and the helmet shells were
"large." This "one size fits all" approach did not provide helmets
that were comfortable or stable for every test subject. Test
subjects reported various degrees of slippage and hot spots with
each of the helmets. A major design challenge is to provide a
helmet that fits tight enough to maintain the optics (combiners) in
a precise position while not being so tight as to be uncomfortable.

The second major result is the establishment of interim weight and
 center-of-gravity criteria as presentad in Table 4. It is
.. recommended that future helmet systems weigh less than 4.0 pounds
and the CG be close to the head’s natural CG. This will reduce the
"risk of injury during ejection or crash landing and will enhance
. aircrew acceptance for normal in-flight conditions. However,
- extensive work is 8till needed to more clearly define the

relationship between WT/CG and the risk of injury. General
-conclusions for the I-NIGHTS program are presented in Section 5. of

this report.
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2. PROGRAM DESCRIPTION

The Interim-Night Integrated Goggle and Head Tracking System (I-
NIGHTS) began as a cooperative Air Force/Navy joint development
program with the Navy designated as the lead service. The Navy
I-NIGHTS program was granted Rapid Development Capability (RDC)
status in 1989 to correct urgent fleet safety shortfalls as well
as to meet the current operational needs of the F/A-18 night
attack mission requirement. The planned Navy approach was to
downselect from three vendors to one vendor after ground and
flight tests had been conducted, and then procure 100 units
initially as a low rate initial production (LRIP) milestone. The
Navy terminated its I-NIGHTS program in December 1990 after
realizing the technology was not mature enough for downselection
to a production decision. )

The Air Force took a different approach to evaluate the three
helmet designs. This approach included: a) a risk reduction
effort prior to 6.4, full scale development; b) demonstrate the
concepts to the various Major Commands (MAJCOMs) through flight
tests; and c) develop test methodology to aid future development
programs,

I-NIGHTS helmets (Figures 1, 2, 3, 5, 6, and 7) are modular in
nature and are designed to more evenly distribute the weight of
the optical systems in an attempt to provide a lower ejection
~risk. I-NIGHTS systems underwent extensive ground tests (Table
1) to assess the risk of ejection and evaluate system
:performance. In addition to the ground tests, the systems
underwent flight evaluations tc assess performance under actual
mission scenarios. Flight testing was accomplished in MH-53, MH-
60, HC-130, and B=52 aircraft (Table 2).
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Figure 5. GEC I-NIGHTS Helmet




Figure 6. Honeywell I-NIGHTS Helmet
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Figure 7. Kaiger I-NIGHTS Helmet

20




2.1 System Descriptions

The I-NIGHTS helmet systems were designed to aid the aircrew
member flying at night. The prime contractor, McDonnell Douglas,
subcontracted with General Electric Company (GEC) Avionics,
Honeywell, and Kaiser Electronics. All three I-NIGHTS systems
function in a similar manner. They incorporate two-battery
powered, generation III image intensifier tubes (I? tubes); two
~optional cathode ray tubes (CRTs); and a magnetic head tracker.
The I?> tubes are extremely sensitive to light in the
spectromagnetic region from 0.6 to 0.9 microns (600 nm to 900
nm). This region overlaps the spectral distribution of starlight
which peaks at about 0.9 microns. The I? tubes amplify ambient
starlight and moonlight to enhance night vision capability. The
CRTs provide the means to present symbology and/or sensor video
data to the crew member. The head tracker senses the magnetic
field around the helmet to provide h~ad position data. This data
can be used to slew aircraft sensors in the direction the crew
member is looking and/or update the symbology relevant to head
position. Due to aircraft avionic integration issues, the CRTs
and head tracker could not be flight tested.

The helmets have the I? tubes mounted on both sides of the
‘helmet. A variety of prisms, lenses, and beam splitters are used
to move the intensified image to a combiner in front of each eye.
The combiner is positioned 10 to 20 mm from each eye, and it
combines the intensified image with any visible ambient light
superimposed with the visible scene. Each I-NIGHTS helmet
employs a unigue design to send the image output from the I? tube
through the combiner to the eye. 1In two of the systems the
combiners are movable and can be "stowed" out of the way when not
in use. The third system uses fixed combiners.

The image intensified scene appears as shades of green varying
from light green to dark green. The light green represents areas
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of high ambient light, and the dark green represents areas of low
light. The image intensified scene, as viewed through the
combiners, has a field-of-view of approximately 35° with a
Snellen visual acuity approaching 20/60. By comparison, ANVIS
has a field-of-view.of 40° and an Snellen acuity of 20/40. The
intent of the I-NIGHTS program was not to meet or exceed ANVIS
performance standards, but to demonstrate a night vision
capability in an "ejection-safe" helmet system.

Two parameters that were heavily emphasized during the I-NIGHTS
program were weight (WT) and center-of-gravity (CG). These
parameters were focused upon in order to demonstrate the
feasibility of an "ejection-safe" helmet system. The I-NIGHTS
helmets weigh 6.1 to 8.4 pounds (including visor and MBU-12/P
oxygen mask). This is heavy when compared to the Air Force
standard helmet and mask (the HGU-55/P, MBU-12/P) at 4.4 pounds.
However, results from the aircrew evaluations indicate that
aircrews have experienced less neck fatigue with the I-NIGHTS
helmets than with the HGU-55/P and ANVIS combination., The lower
fatigue rate results from a better distribution of the weight,

- resulting in an improved CG. The CG of the I-NIGHTS systems is
slightly .aigher and forward compared to the normal CG for the
human head.

The helmet systems are individually fitted to each crew member
through the usa of a removable helmet liner. The liner "form
fits" the helmet to the crew member. This process makes the
helmet more stable and comfortable. During the flight test phase
the crew member obtained the helmet at life support. The liner
was inserted and the combiners were adjusted to align in front of
each eye. The lights were turned off and the crew member used an

- eye chart to check the alignment of the combiners along with the
focus and visual acuity. Combiner misalignment reduces the
field-of-view and can induce eye fatigue.
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2.2 Test Program Summary

Development Test and Evaluation (DT&E) was conducted
independently by the Air Force and the Navy. However, some
ground tests and evaluations were coordinated between the two
services to maximize joint test requirements and eliminate
duplication of effort.

Each service planned independent flight evaluations to assure
that each service’s flight evaluation fully addressed their
unique mission requirements, environmental conditions, and
tactical considerations. The results of ground and flight
testing were shared between the two services.

2.2.1 Ground Test Summary

The Naval Air Development Center (NADC) coordinated and conducted
most of the ground and laboratory performance evaluation for the
Navy. The Navy tests focused on ejection risk issues and will be
reported separately. The Air Force ground tests were completed
‘prior to safety certification and flight tests. Ground testing
was conducted from Mar 90 through Nov 90 and is summarized in
Table 1.

2.2.2 Flight Test Summary

Flight Tests were conducted following NVG ground tasts and safety
certification for each respective aircraft. The following test
aircraft were used:
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Test A/C

MH-60
MH-53
HC-130
B-52

Table 5.

User
AFSOC (SMOTEC)
AFSOC (SMOTEC)
MAC (AF Reserve)
SAC (99 SwWW)

Flight Test Schedule

Period
Dec 90 - Jan 91
Feb 91 - Mar 91
Mar 91 - Apr 91
Jul 91 - Aug 91
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Location
Hurlburt Fld, FL
Hurlburt Fld, FL
Moffett Fld, CA
Ellsworth AFB, SD




3. GROUND TESTING REVIEW

Original planning for I-NIGHTS ground tests was based upon
testing identified for the full scale development of the Aircrew
Eye/Respiratory Protection System (AERPS) Program. The AERPS
program, managed by the Life Support Program Office, Wright-
Patterson AFB, Ohio, had the best available baseline of tests
which related to the I-NIGHTS procgram test needs. A preliminary
list of tests was tailored for I-NIGHTS by adding night vision
goggle (NVG) optics performance tests and other appropriate
ground tests, as required. One of the additional tests added was
“fit assessment."” It soon became apparent that a "good" versus
“poor" fit could greatly affect the outcome of most of the ground
tests. The importance of fit cannot be over-emphasized for both
ground and flight tests alike.

Some tests werxe deleted from the preliminary list because I-
'NIGHTS is a prototype system, risk reduction program, and not a
full scale development program. Those tests deleted included the
. following: static parachute drop, land drag, water drag, and
live parachute jumps. Altornative tests with an instrumented
manikin were substituted to simulate parachute deployment. The
major reasons for deleting the above tests were:

. Limited duration flight test program
- VSyatems would not be used operationally outside of the
scope of the short term test program
.  Limited mock-up systems available (2 each) did not
~ provide enough assets for some potentially destructive
, ~ tests
¢ Unnecessavy risk of injury possible for land drag,
' ‘water drag, and live parachute jumps
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3.1 Ground Test Descriptions

Table 6 provides a summary of the NVG ground tests conducted
before the I-NIGHTS flight tests. The corresponding ground test
results are summarized in paragraph 3.2.

(\VPA!-‘B: Weight-Patterson Air Force Base, Oliv)

Table 6. Summary of NVG Ground Tests Conducted
OPR Test
Subject/Test Area QPR Location Location
Optical Characteristics AL/CFHO WPAFB, OH WPAFB, OH
Mass Propertics AL/CFBV WPAFB, OH WPAFB, OH
Fit Assessment AL/CFIlW WPAFB, OH WPAFB, OH
Hurlburt Fi¢, FL
Personal Equipment Intognation  AL/CFIS Brooks AFB, TX  Brooks AFB, TX
Alrcraft lntogration 3246TWV Egtlin AFB, FL. Eglin AFB, FL
AL/CFTS Brooks AFB, TX.  Brooks AFB, TX
Hurlbust Fid, FL
Eaker AFB, AR
7 NAS Ponsacoly, FL
Acoustical Properties AL/CEBA WPAFB, OH WPAFB, OH
Altitude Chamber AL/CFTS . Brooks AFB, TX  Brooks AFB, TX
Dynamic System Pocformance  AL/CFBS WPAFB, O WPAIS, Ol
© Bxplosive Atmospiiore - WLAIGX WIAFB, O Munich, FRG
Crash Lwdim AL/CYBE © WPAFB, O WPAFB, OH
| Bjoction ALJCEBE WPAFB,OH  WPARD, Ol
. Windblast - ALICTBE WPAFH, Ol Bohemia, NY
Mam/Seat Scpasation AL/CFA (HIMST)  WPAI'D, OH NAS Ciea Lake, CA
Parachute Deploymont ﬁi‘é}@ (HMS1),  WPAFB,ON  WPAIB, Oi

g.rl.l Optical Characteristics Evaluation

The following parameters were evaluated under controlled
.. 'laboratory conditions:
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Exit Pupil Diameter
Eye Relief
Brightness Gain
Field-of-View (FOV)
Luminance Non-Uniformity (Center 80% of FOV)
Modulation Contrast
€ 5 degrees
@ 10 degrees
Magnification
Image Rotation
Optical Axis Misalignment
Horizontal
Vertical
Total
"S" Distortion (peak to valley)
Resolution
Horizontal
Vertical
CRT Image Quality
Sinewave Response
Line Width Measurement
Line Luminance Test

See Appendix A, These tests were accomplished by Armstrong
Laboratory’s Visual Display Systems Branch (AL/CFHV), at Wright-
Patterson AFB, Ohio.

3.1.2 Mass Properties: Weight/Center-of-Gravity (CG)

The weight/CG tests were corducted to accurately measure the mass
properties of the I-NIGHTS wVG helmet systems (Figure 8). The
mass properties of all NVG configurations were mathematically
- combined with representative human head mass properties extracted
from a subject data base, All tests were conducted by Armstrong
~ Laboratory'’s Vulnerability Assessment Branch (AL/CFBV) in the
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Figure 8.

Weighing an I<NIGHTS Helmet
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Manikin Testing Laboratory (MTL) located in Building 824, Area B,
Wright-Patterson AFB, Ohio., The measurements weie made using the
Automated Mass Properties Measurement System which consisted of
the Space Electronics mass properties instrument, a Hewlett
Packard microcomputer, an electronic scale and moment table
assembly. All calculations were made with the use of software
and associated computers resident to the test agency (AL/CFBV).

See Appendix B for test plan.

3.,1.3 Fit Assessment

Fit assessments were completed to determine the suitability of
fitted subjects for both ground and flight tests. First, ground
test subjects were assessed in each of the three I-NIGHTS helmets
including: anthropometric measurement of each subject,
tabulation of a fit questionnaire and documentation of each
subject’s fit parameters. The fit was assessed in the folilowing
three categories: comfort, optical adjustment, and stability.
Prior to the flight test phase, the test pilots were also
assessed for fit suitability in the same manner as the ground
test subjects. Fit assessments were accomplished by Armstrong

~ Laboratory’s Design Technology Branch (AL/CFHD) at Wright-

~ Patterson AFB, Ohio.

The fit assesament consisted of several steps. The first step
was to examine the “fitting" procedureas for the three I-NIGHTS
vendors and determine the acceptance or rejection criteria, It
'_might have been necessary to modify “fitting" procedures such as
~the helmet liner construction or helmet placement to optimize the
helmet fit. Any modifications needed to be made prior to the
beginning of actual fit testing. A set of fit testing methods
was created and these were verified with & small preliminary
test. Some changes were subsequently made to accommodate the -
- particular helmet system. '
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The second step was to conduct a generic fit study in the
laboratory with the intent of defining fit criteria. This
portion of the study included: a) head and face measurements by
traditional means; b) full head surface laser scanning; c)
assessment of comfort; d) assessment of stability using both
force and distance measures as well as a questionnaire; and e)
the assessment of optics placement.

The third step was to utilize the laboratory fit assessment
information to determine, if possible, which head sizes appear to
achieve a "good" fit. The purpose of this was to reduce the
amount of fit assessment needed for the flight test subjects
while at the same time maximizing the amount of information which
could be gleaned with a minimal number of subjects during flight
testing.

The fourth and final step was to analyze the data and prepare a
report documenting the results. Due to the importance of "fit,"
a separate section (4.0) has been set aside to deal with fit
related issues. See Appendix C for test plan.

3.1.4 Personal Equipment Inteqration

These assessments were conducted to demonstrate that the I-NIGHTS
‘helmets were compatible with the required life support and

- mission essential equipment. Compatibility was defined as the

 ability of the personal flight equipment to provide its function
‘as written in the aircraft Technical Order (T.0.), and the

 abi1ity of the aircrew to accomplish simulated mission tasks.-
Trained test subjects, representing approximately the 5th, 50th,

" and 95th percentiles (weight and stature) of the USAF aircrew

‘population were used for these tests. Mission tasks were
determined by consultations with rated aircrew members at the
test sites. All subjects wore the personal flight equipment
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required for their specific aircraft and/or mission (Mid-53, MH-
60' HC~130, 8‘52)0

Data was collected on the following: 1) any adverse interaction
between the I-NIGHTS helmet and the test subject, the personal
flight equipment, and the aircraft cockpit during simulated
normal and emergency situations; 2) reduced mobility (head and
body); 3) increased thermal loading; 4) ability to complete
don/doffing, ingress/non-emergency egress, and simulated mission
tasks (access to emergency and non-emergency controls and
displays); 5) comfort; 6) chinstrap and visor operation; 7)
visual limitations; and 8) any physical damage to the helmet.

An inversion wheel assessment was made using a replica ACES II
seat. Subjects wore the required personal flight equipment and
an I-NIGHTS helmet. After strapping in, subjects were tilted
side to side to simulate lateral Gs (G,;) and then rotated
(inverted) to simulate -1,0G,. Any adverse equipment interaction
and helmet discomfort were recorded. This testing was jointly
directed by Armstrong Laboratory'’s Crew Technology Division
(AL/CFTS), Brooks AFB, Texas and the Chemical Defense Branch,
3246 Test Wing, Eglin AFB, Florida. See Appendix D for test
procedure.

3.1.5 Aircraft Integration

The purpose of these tests was to demonstrate/evaluate each of
three I-NIGHTS vendor systems with regard to aircrew
survivability during emergency doff, ewmergency ground egress, and
parachute descent after parachute deployment. Data was also

- collected to assess I-NIGHTS NVG systems for electromagnetic
interference/electromagnetic compatibility (EMI/EMC). See

- Appendix D for more information,
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Ground egress tests were performed in the MH-53, MH-60, HC-130,
B-52, A-10 and F-16 aircraft. All procedures were performed by
three test subjects from the 3246 Test Wing in conjunction with
USAF AL/CFTS (Brooks AFB, Texas) personnel. The test locations
included: Brooks AFB, Texas; Eglin AFB, Florida; Hurlburt Field,
Florida; Pensacola Naval Air Station, Florida; and Eaker AFB,
Arkansas.

The test subjects were representative of the 5th, 50th, and 95th
percentiles (DOD-Handbook-743 Anthropometry of US Military
Personnel). The pass/fail criteria used was that- emergency
ground egress must be achievable in a reasonable period of time
IAW applicable T.0.’s from selected crew stations. The test
subjects were trained life support/survival personnel who wore
each of the I-NIGHTS systems along with required gear worn during
flight. The ground emergency procedures were followed, as
defined in the T.0. for each aircraft.

For parachute hanging harness tests, the test subjects donned
each I-NIGHTS system along with required life support and flight
gear for each aircraft to be flown during the flight tests. Each
person was suspended above the ground by the parachute risers and
subsequently completed post egress procedures according to T.O.
14D1-2-1, change 13, page 3-25 (Figure 9). A record was made of
-all post egress procedures which could/could not be accomplished

- and any changes in procedures were noted.

" The purpose of EMI/EMC tests was to determine if any
electromagnetic interference was caused by the I-NIGHTS NVG
_systems, A limited EMI/EMC check with the aircraft avionics
systems was conducted. All aircraft avionics systems were
sequentially operated while each I-NIGHTS system was operating.

" - A standard aircraft checklist was used to operate the I-NIGHTS

 systems. If no interference was observed while the I-NIGHTS
system was on, then the system passed the EMI/EMC tests.
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Figure 9. Life SBupport Personnel Demonstrating
the Hanging Harness Test
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3.1.6 Acoustical Properties

The objective of this testing was to measure the hearing
protection and voice communication performance of NVG helmets
from the three I-NIGHTS manufacturers. The purpose of the test
was to: (a) determine if the headsets met the hearing protection
requirements of MIL-P-38268C; and (b) quantitatively measure
speech intelligibility to estimate the operational performance of
the headsets. Testing was accomplished at Wright-Patterson AFB,
Ohio, by Armstrong Laboratory’s Bioacoustics and Bio-
communications Branch (AL/CFBA). See Appendix E for test plan.

3.1.6.1 Sound Attenuation

Hearing protection attenuation was measured in accordance with
the specific guidelines established by American National
Standards Institute (ANSI) standard S12.6-1984, "Method for the
Measurement of Real-Ear Attenuation of Hearing Protectors." The
study design of this method was a repeated measures design with
each of 10 subjects participating three times in each control
condition and test condition for each of nine test signals, and
for each of three I-NIGHTS helmets (Figure 10). Data for each of
the three I-NIGHTS helmets was tabulated and processed to provide
mean and standard deviations of the attenuation for each test
- signal. The attenuation (amount of hearing protection measured)
‘was defined as the arithmetic difference between the unoccluded
(subjects not wearing I-NIGHTS helmet) and occluded (subjects
- wearing I-NIGHTS helmet) hearing threshold levels,

» 6_ a e 1

The speech intelligibility testing employed a balanced, round

. robin design. Each subject participated as both speaker and

listener at four noise levels with each of the three I-NIGHTS
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Figure 10. Sound Attenuation

helmets being assessed. Experiment conditions were randomized to
‘minimize any possible order effect. The criterion measured was
speech intelligibility as measured by the Modified Rhyme Test
(MRT) (ANSI S3.2, 1989).
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3.1.7 2altitude Chamber

The altitude chamber tests focused on the following two
objectives:

a) Demonstrate compatibility of the I-NIGHTS helmets with
current aircrew protective equipment and life support systems.
b) Demonstrate compatibility of the I-NIGHTS helmets with the
-aircrew member, cockpit, required life support equipment, and
mission essential tasks associated with each crew station.

. These tests were conducted by the Crew Technology Division, Crew
Systems Branch (AL/CFTS) at Brooks AFB, Texas. See Appendix D
for test procedure.

3.1.7.1 Rapid Decompression Evaluation

Unmanned rapid decompressions (RDs) were conducted in a
hyperbaric chamber to verify the structural integrity of the
helmet shell and optical components. The helmets were mounted on
a brass manikin head. Each helmet received two exposures from a
simulated altitude of 8,000 to 25,000 feet (5.45 psi
differential) in approximately one second. Following each RD,
the liner was removed and the helmet shell, optics, and liner
were examined for physical damage.

3.1.7.2 Visor Foqqing

A lens/visor fogging evaluation was conducted by AL/CFTS. Two
temperature conditions were assessed: 32° Fahrenheit at 80%
relative humidity, and 75° Fahrenheit at 80% relative humidity.

" Subjects entered the chamber from ambient temperature and
humidity conditions. An assessment of air blown over the
lens/visor was made and a time for fogging to occur and clear was
noted.
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3.1.8 Dynamic System Performance: Centrifuge

The centrifuge tests were conducted to evaluate how the I-NIGHTS
systems operate under sustained acceleration. The tests were
devised to determine if the I-NIGHTS systems provided usable
visual information at typical acceleration levels. The pilot’s
ability to judge his orientation while the NVG was operating was
also evaluated. This testing was also conducted with the oxygen
mask removed to emulate helicopter and HC-130 scenarios (Figure
11). This configuration provided less helmet stability than
experienced during tests where an oxygen mask was worn under the
same G-forces.

D000 C00D2 DS
CO0O000002Q0

Figure 11. Centrifuge Cab
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The centrifuge tests primarily consisted of two gradual onset
profiles and a Simulated Air Combat Maneuver (SACM). The two
gradual onset runs tests from +1G, to +4G,, and from +1G, to +8G,,
were performed to measure migration of the intensified image.
Image migration results from helmet slippage and is measured by
the difference between where the test subject is looking
(straight ahead, center) and where the helmet is pointing
(degrees off center). The SACM presented various peak Gs
experienced during an air combat maneuver. At some point, the
test subject was directed to "check the six o’clock position" and
look left and right. Two additional centrifuge tests were
conducted to simulate 1.5G, profiles (left and right), and one
-1G, profile. These three profiles were used to emulate side-to-
gide and foot-to-head forces sometimes found in helicopters
mission profiles.

This testing was accomplished in the centrifuge located at
Wright-Patterson AFB, Ohio, by Armstrong Laboratory’s Combined
Stress Branch (AL/CFBS). See Appendix F for test procedure.

3.1.9 Exglosiva Atmosphere

The objective of this testing was to verify the safety of the
high voltage, quick-disconnect connector (QDC) in the presence of
a potentially explosive atmosphere. The QDC must safely function
and disconnect at all altitudes. Therefore, tests were conducted
- from sea level to 50,000 £t at 10,000 ft intervals. The QDC was
placed inside a vacuumed test cell and connected to a high
voltage power supply. The temperature and pressuve were allowed

- to stabilize prior to introducing the fuel-air mixture. After

three minutes, the QDC was pulled apart to see if the fuel-air
mixture would ignite. ' '

 This testing was sponsored by Wright Laboratory’s Advanced Flight
~ Test Integrator (AFTI) Office (WL/FIGX). Tests were actually
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conducted in Munich, Germany. See Appendix G for nominal test
information.

3.1.10 Crash Landing Evaluation: G, Impact Sled Test

The objective of this test was to measure head accelerations and
neck forces for the baseline HGU-55/P helmet and to compare the
results with the I-NIGHTS helmets. The test was designed to meet
the objectives by subjecting an anthropomorphic manikin fitted
with a test helmet to a high-energy acceleration pulse. The HGU-
55/P helmet was considered the baseline system, and a comparison
was made with three I-NIGHTS helmets (GEC, Honeywell, Kaiser).

Initial testing began at +20Gs in the G, direction. The +20G
profile was a simulation of a worst case acceleration encountered
during an emergency helicopter landing. However, due to the
destruction of two I-NIGHTS systems at the +20G impact level, the
test organization recommended reducing testing to a +15G profile.
(See Table 7.) The +15G profile provided a simulation of a 50th
percentile fixed wing emergency landing, and a 50th to 95th
percentile helicopter emergency landing. The test matrix below
provides an overview of the G, Impact Test Program. '

" Table 7, G, Impact Test Matrix

~ TEST CELL _ACCELERATION LEVEL HELNET _ § TESTS

Al +15G HGU=-55/p 3
Bl +15G I-NIGHTS GEC 3
cl +156 I-NIGHTS Honeywell 3
1)1 . +15C 1-NIGHTS KXaiser 3

The coordinate system used for the G, impact sled tests and other
tests described in this section is shown in Figure 12.
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e the cea n origin will be at the center of the line intersecting the
planes of the saat and gaat pan, »

Figure 12. Coordinate System
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This testing was accomplished in the Horizontal Impulse
Accelerator at Wright-Patterson AFB, Ohio, by Armstrong
Laboratory’s Biomechanical Protection Branch (AL/CFBE). See
Appendix H for test plan.

3.1.11 Ejection: G, Vertical Deceleration Tower

—

The Vertical Deceleration Tower (VDT) is used to simulate the
force pulse experienced by a crew member ejecting from an
aircraft. The force pulse can be varied in magnitude, rise time,
and duration to evaluate various ejection situations. VDT
testing included both human subjects and manikins. Humans were
tested up to +10G; while manikins were tested from +6G, to +20G,.
The manikins were instrumented with accelerometers and measured
head/neck forces in the X, Y and % axis. -

VDT testing was accomplished at Wright-Patterson AFB, Ohio, by
Armstrong Laboratory’s Biomechanical Protection Branch (AL/CFBE).
See Appendix I for test plan.

3.1.12 Windblast

| Windblast testing had three primary objectives: - _

a) Verify the structural integrity of the three I-NIGHTS helmet e

systems; |

b) Measure the head/neck loads;

¢) Verify the compatibility with the ACES II seat mounted pitot
tubes.

An instrumented manikin was fitted with each of the three I-
NIGHTS helmets. While wearing one of the helmets, the manikin
was strapped into an ACES II ejection seat and subjected to
windblasts simulating ejections at 375, 450, 550, and 600 knots. -
For each speed, the seat pitch angle was set at 17° and 34° to |
simulate ejections from F-15 and F-16 aircraft. The testing was
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conducted at Dayton T. Brown facilities located in Bohemia, New
York by Armstrong Laboratory’s Biomechanical Protection Branch
(AL/CFBE). See Appendix J for test plan.

3.1.13 Man/Seat Separation

The purpose of this test was to confirm that a crew member
wearing an I-NIGHTS helmet could safely separate from the seat
should an ejection occur. Tests were desiyned to study the
interactions between the I~NIGHTS helmets and the deploying
parachute riser assemblies. Test objectives included measuring
the head/neck loading, verifying eye relief, and safe seat
separation.  Testing was accomplished a¥ Naval Air Station; China
Lake, California, by Armstrong Laboratory'’s Belmet-Mounted
Systems Technology Office (AL/CFA (HMST)). See Appendix K for
test plan,

3.1.14 Parachute Deployment

The objective of this testing was to evaluate riser interference
- with the I-NIGHTS helmets while simulating a B-52 parachute
.deployment sequence. The B-52 sequence was selected since the
extreme riser loads represent the worst case scenario.
- Additional objectives include measurement of the head/neck loads
exparienced by an instrumented manikin and the evaluation of eye
relief.

The testing consisted of fitting the manikin with an I-NIGHTS
helmet and a parachute harness/riser assembly. The manikin was
- raised in the air via a ¢rane and then allowed to fall. After
falling a predetermined distance, the parachute risers (which
were still attached to the crane) deployed subjecting the manikin
 to the proper forces experienced in a B-52 ejection. Inertial
 accelerometers in the manikin measured the forces and the event
was recorded on high speed film. EBach helmet was tested with the
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manikin in a vertical and a horizontal body positicn. Each body
position drop was repeated three times to obtain nominal average
measuremer.t values. Testing was accomplished at the 4950 Test
Wing facilities at Wright-Patterson AFB, Ohio, by Armstrong
Laboratory’s Helmet-Mounted Systems Technology Office (AL/CFA
(HMST)). See Appendix L for test plan. :

3.2 Ground Test Results & Discussions

The following sections provide a summary of the test results for
each ground test.

3.2.1 optizal Characteristics Evaluation

The information in Tables 8 through 11 provide an average for
each applicable parameter along with maximum/minimum measurements
and sample sizes for each I-NIGHTS NVG system tested. Table 12
contains ANVIS information and is included to provide optics
performance overview for a fielded system as a comparison,

Figure 13 depicts a representative equipment setup to measure NVG
" Field-of-View optical characteristics. See Appendix A for
addiional test data.

3.2.2 Nass Properties: eight/Center-of-Gravit (o{¢]

Inertial properties (weight and CC) are useful reference points
in evaluating helmet systems. These parameiers are most
important in evaluating risk of injury due to ejection and/ox
- crash profiles. Weight and CG each contribute to the risk of
- injury since they have a bearing on head/neck loads and the
forces incurred during crash and/or ejection. However, the
extent of injury, injury thresholds, and tolerance levels are not
well established. Interim head/neck criterion is currently being
developed based upon past studies and laburatory experience, see
~section 3.2.11. '
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Table 8.

Parameter
Size

Exit Pupil
Eye Relief

Brightness Gain
at 3.7 * 10-4 ft-L

FOv

Luminance
non-uniformity

Modulation Contrast
Magnification
Image Rotation

S Distortion

Optical Axes
Misalignment (Total)

Resolution
"~ Horizontal
Vertical

Averaqge

9,.75mm
20,48mm

2480
36.5 deg

+/-40.3%
97.1%
.99
N/A
6.7mrad

26/62

. 20/59

44

Max

10.1mm
24.1lmm

2849
38.0 deg

+/-47.9%
99.3%
.94
46.9mrad
10.9mrad

15.1mrad

20/71
20/

GEC Avionics I-NIGHTS Optical Performance

Min Sample
9.2mm 14
17.1mm 14
1956 14
34.2 deg 14
95.2% 14
1.02 14 .
3.9mrad 14
2.3mrad 14
=-1.lmrad 14
20/54 14
20/48 14




Table 9.

Parameter
Size

Exit Pupil
Eye Relief

Brightness Gain
at 3.7 * 10-4 ft-L

FOV

Luminance
non-uniformity

Modulation Contrast

Magnification

~ Image Rotation

'S Distortion

- Optical Axes
~ Misalignment (Totul)

" .Reasolution

Horizontal
Vertical

Average

11.9mm
38.1mm

2500
36,4 deg

+/-76,2%
95.8%
1.02
N/A

»3.09mrad

20/85
20/69

45

Max

12.2mm
42.4mm

3265
38.2 deg

+/-84.4%
97.1%
1.08
50,.8mrad
4.7mrad

- =39,.8mrad

20/135

20/48

Honeywell I-NIGHTS Optical Performance

Min Sample
11.3mm 12
35.2mm 12
1406 12
35.4 deg 10
+/-59.5% 12
94.5% 12
0.99 15
"1 . gmrad 1 5
0.65mrad 15
20/54 14
20/96 14



Table 10.

Parameter
Size

 Exit Pupil

Eye Relief

Brightness Gain
at 3.7 * 10-4 ft-L

FOV

Luminance
non-uniformity

Modulation Contrast
Magnification
Image Rotation

- 8 Distortion

Alfﬂ* Optical Axes
-+ Misalignment (Total)

" Resolution

 “Horizontal

i *Vertical

Average

11.9mm
20.3mm

2077
31.8 deg

+/-29.0%
95.3%
1.01
N/A
0.74mrad

- 20/47

20/43

46 -

Max

12.1mm
21.7mm

2760
32.5 deg

+/-19.9%

99.5%

1.03
7.4mrad

1.3mrad

2l.6mrad

20/77
20/77.

Kaiser I-NIGHTS Optical Performance

Min Sample
11.7mm 12
19.6mm 12
1643 12
30.6 deg 12
+/-41.0% 12
91.2% 12
1.00 12
0.17mrad 12
0.41lmrad 12
l.4nrad 12
20/34 12
20/34 12




Table 11.

~Parameter
Exit Pupil
Eye Relief

Brightness Gain
at 3.7 * 10-4 ft-L

FOV

Luminance
non-uniformity

Modulation Contrast
Magnification
Image Rotation

S Distortion

- Optical Axes
Misalignment (Total)

‘Resolution
- Horizontal
" - Vertical

GEC

9.75mm
20.48mm
2480

36.5 deg

+/-40,3%
97.1%
0.99
N/A

6. 7mrad

20/62
20/59

47

Honeywell

11.9mm
38.1mm
2500

36.4 deg

+/-76.2%
95.8%
1.02
N/A
3.09mrad

20/85
20/69

Consolidated Report Optical Performance
(Average by Vendor)

Kaiser

11.9mm
20.3mm
2077

31.8 deg

+/-29.0%
95.3%
1.01
N/A
0.74mrad

o

20/47

20/43



Table 12. ANVIS NVS #0698 Optical Performance

Right Left Spec

Exit Pupil Diameter N/A N/A N/A
Eye Relief

(Questionable) 26.6mm 27.6mm 15.0mm
Brightness Gain

(e 3.7E~-04 ft-L) 2559 2707 not < 2000
Field of View 40 deg 40 deg 40 deg (+1, -2)
Luminance Non-ﬁniformity

(Center 80% of FOV)  m=mmecccom=—- Not Measured-—w—-eweccea-
Modulation Contrast

@ 5 deg 0.963% 0.964%

€ 10 deg 0.976% 0.978%
Magnification '1.00 0.98 1.00 (+/- 5%)
Image Rotation -19.6mrad -7.70mrad

Optical Axis Misalignment

Horizontal @ = | <«—=cceccaccoawa Not Measurege-=emeeececacn=
Vertical . - Not Measurede—we==erene==
Total ' Not Measured

~ “s* pistortion

_ ~ (peak to valley) . 10.2mrad 5.00mrad not > 1.33mrad
'».fngsolution ,
. Horizontal 20/48 20/48 not > 20/45
Vertical - 20/48 20/48  not > 20/45

"fA’Wbigbt of Binocular
- Without Battery Pack 6779 677g . . not > 550q

HOTES: '
-1, The ANVIS system is a non-pupil forming system and the three I-NIGHTS systems
ares all :Eil-fo:-ing systems. Since the ANVIS systea is a non-pupil forming
- systeam w. a 40 deg field of view the msasuremsnt of the ays rslief may be
- greater than what may be expected due to underfilling the NVG field of view. For
this reason ths eye xelief is considered questionable.

- 2. On the performance overview for ANVIS, the heading (SPEC) refers to the
- . minimum optical requirements for the ANVIS system obtained from military
. ‘specification (NIL-A-49425). These minimums are presented for comparison with
- the Armstrong Laboratories measurement.
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Pigure 13. Equipument Set Up to Measure NVG Field-of-View.

Other factors that need to be considered are fit, comfort,

_  fatigue, and stability. The weight and CG data for the I-NIGHTS
NVG systems are summarized in Tables 13 and 14. Figure 14

depicts an I-NIGHTS helmet mounted on a manikin head and placed

on a motion table tu Jdotermine the helmet’s center-of-gravity.

~ See Appendix B for analysis report.
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Table 13. I-NIGHTS (NMVG only) Helmet (Accuracy +/- 0.02 LBS)
Weight (LBS)

GEC , 5.03
Honeywell 5.05
Kaiser : 5.16

Table 14. I-NIGHTS (NVG only) Helmet CG (Accuracy 0.13 in)
(Inches - Anatomical Coordinates)

X Y zZ
GEC .35 -.03 1.04
Honeywell .18 .08 <13
Kaiser .60 -.06 1.46
*ADAM Bead "032 "'003 1.01

*Baseline manikin head data
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3.2.3 Fit Assessment

Fit assessments were conducted on most of the ground test
subjects. The importance of a "good fit" is just as necessary
for ground testing as it is for flight testing. For example,
ground tests such as centrifuge are most susceptible to invalid
results or even injury if a poor helmet fit is obtained. Due to
the importance of fit assessment a separate section (4.0) was
developed to discuss fit related issues. See Appendix C for test
report.

3.2.4 Personal Equipment Inteqration

Verification tests on the inversion wheel did not reveal any
interferences between the helmet and flight equipment or the
ejection seat. Maintaining head stability was difficult due to
the weight of the helmets and might be very uncomfortable if
inverted for a prolonged period. The size of the helmets and the
optical components might contact the seat during quick head
movements; this is especially true for the Honeywell I-NIGHTS
system if the combiners were in the stowed position.

‘Unaided field-of-view measurement results indicate that
peripheral vision from the tested helmets (GEC and Honeywell) is
less than that afforded by the HGU-55/P helmet. The mounting

~ locations of the combiner assemblies had a significant impact on
the field-of-view, reducing the upward and side peripheral fields
by 10°-40° and 10°-35°, respectively.

Problems discovered during the inteqgration tests were related to

fit, comfort, and vision. 1In the four aircraft tested, subjects

were able to compensate for reduced field-of-view by looking

. over, under, or around the combiner assemblies. Aircrew members
-stated they prefer to look under the combiners to avoid excessive

head movement and lessen neck strain and fatigue. The ability to
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see under the combiners was difficult with the Honeywell I-NIGHTS
system due to the location of its combiner assemblies.
Additionally, the high CG and weight of the systems caused the
helmets to roll forward on some test subjects. The addition of
an oxygen mask (when required) reduced helmet slippage.

Other comments included making nape straps on the Kaiser I-NIGHTS
helmet better and more functional. Standardized placement of the
chin strap releases was also a concern. Routing of the optics
cables was identified as a problem as well as placement of the
battery packs. Cables and battery packs should be positioned
such that they are usable and accessible. However, they should
not hinder nor prevent rapid movement. See Appendix D for test
results,

3.2.5 Aircraft Integration

Only one problem was detected for egress during ground
evaluation: the extra bulk of unused, heavy cabling (for helmet
tracker interface) of the I-NIGHTS was found to be unacceptable
'to crew members participating in the ground evaluations. The
systems were re-configured to remove &all unnecessary cabling.
‘The re-configuration did not invalidate any other ground test
data. '

Field-of-View within the cockpit was limited because crew members
had to tilt their heads to see the cockpit instruments and
controls (Figure 15). The crew members completed instrument
cross check'by looking above or below the combiners. The GEC 1-
NIGHTS system combiners restricted upward vision, and the visor
| mounting brackets affected right/left-side vision. The Honeywell
I-NIGHTS system restricted downward vision. 1In addition, during |
- one test, a 95th percentile crew member’s vision was completely
obstructed by sunlight hitting the Honeywell I-NIGHTS combiners;
the glare from the combiners created a “prism” effect. (The
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?iguroris. Crew Member Ensuring Unobstructed PField-of-View
- to all Cockpit Instruments

aircraft was facing directly into the sun.) The Kaiser I«NIGHTS
system afforded good visibility for looking above or below the
combiners; however, the subjects felt that the viscr straps (side
- buckles) interfered with vision on the right/left sides.
Internal interviews with aircrews suggested that they preferred
. _to look under the combiners to avoid excessive head movement,
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No EMI interference was found between all of the I-NIGHTS and
aircrait systems tested. See Appendix D for test results.

3.2.6 Acoustical Properties

I-NIGHTS helmets from three different manufacturers were
evaluated in the laboratory for sound attenuation and speech
intelligibility using standardized measurement procedures. The
performance data were summarized and presented in tabular and
graphic form. General criteria was used to estimate the
acceptability of performance in an operational situation. See
Appendix E for data report.

3,2.6.1 Sound Attenuation

Sound attenuation measured in this study for the three I-NIGHTS
NVG helmets is displayed in Table 15 along with the Military
Specification E-83425 values. Military Specification E-83425

- sound attenuation values for helmets are contained in the top of
" Table 15. The attenuation values for the test signals from 500
Hz to 4000 Hz are minimum values, The sum values for the three
~.groups of frequencies are also minimum sum values. Both the
-individual test signal values and the group sum values must be
" equalled or exceeded to comply with the specification. All

- - systems failed to meet MIL SPEC in at least one frequency range.

'Exposure to aircraft noise whils wearing the systems could be

reduced by wearing earplugs. Another factor that affects sound

_. attenuation is the fit of the earcup. A tight well-centered

* earcup will enhance the ability to hear across all frequency
‘ranges. '

3.2.6.2 Speech Intelligibility

' The speech intelligibility scores measured for the I-NIGHTS NVG

helmets in various noise ervironments are presented in tabular
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Table 15. Sound Attenuation Results

SOUND ATTENUATION
MIL SPEC FOR HELMETS & I-NIGHT ATTENUATION DATA

FREQUENCY IN Hz

126 250| 500 1000 2000 3150 4000| 6300 8000

MLSPEC| |23 30 85 85 85 |
E-83425 SUM > 23 SUM » 178 SUM » 60
KAISER |-11..9.1.12. 28 88" 447 447| 41 44
SUM = 21 SUM = 166 SUM = 85*

GEC |18 11| 9 20 85 42" 41'| 46 48
SUM = 24 SUM = 147 SUM = 94"

HONEY-| 12 7 | 9 28 29 40" 41"| 42 42
WELL | sum = 19 SUM = 142 SUM = 86"

* MEETS MIL SPEC
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form (see Table 16). The intelligibility scores are the average
percent correct responses for the helmet and noise conditions
shown. The scores were adjusted for those correct answers
obtained by guessing. All I-NIGHTS helmets compared favorably to
the baseline HGU/55-P helmet and are considered to be acceptable
for flight te. -t conditions.

3.2.7 Altitude Chamber

Hyperbaric chamber subjects had difficulty performing one-handed
and two-handed valsalva®! with the visors lowered and locked
~ (Figure 16). The large size of Honeywell I-NIGHTS and Kaiser I-
'NIGHTS visors sit low on the face and cover the valsalva pads on
the oxygen mask. Similar complaints were made on the GEC I-
NIGHTS visor. However, one subject was able to valsalva by
pulling down on the mask. No problems were experienced when the
visors were raised. The Honeywell I-NIGHTS combiners are
positioned close to the mask and may interfere with the crew
member’s ability to valsalva regardless of visor position.

3.2.7.1 Rapid Decompression

Rapid decompression exposures did not damage the helmet shells,
optical components (external), or liner materials. Additional
testing of the optical systems was performed to ensure that the
systems were still operational.

3.2.7.2 Visor Fogqqing

Slight visor fogging was observed in the environmental chamber;
especially at the colder temperature. ‘The fogging did not

' Valsalva: The process of equalizing the pressure in the
inner ear by holding the mouth and nostrils closed while forcibly
exhaling.
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Table 16. Speech Intelligibility Results
SPEECH INTELLIGIBILITY
(PERCENT CORRECT RESPONSES)
I-.NIGHTS SYSTEM VS 55P
I-NIGHTS
SYSTEM NOISE LEVELS (dB SPL)
55P 0 95 105 115
GEC 98.2 97,2 95.2 89.2
55P 97,75 98.4 96.45 89.95
HONEYWELL” | 994 98 94 822
s5p 99.25 98.3 96.25 874
KAISER
, 97.2 98 95.8 876
ssp 98.05 98.15 959 87.88

THIS TABLE SHOWS AVERAGE PERCENT OF CORRECT

RESPONSES FOR THE HELMET AND NOISE CONDITIONS SHOWN
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rigure 16. Altitude Chamber

completely cbstruct the subjects’ vision and could be easily
cleared by maintaining mask seal, or blowing air over the visor

by temporarily switcling the oxygen requlator to the emergency
setting.
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3.2.8 Dynamic System Performance: Centrifuqge

Testing was conducted to determine if combiners would contact
facial features under acceleration conditions. No such incidents
occurred. Additional testing was conducted to determine whether
contact with the face would occur with common head movements
(under +1Gz conditions). Some light contact occurred in the
eyebrow and cheek regions with all systems, particularly in the
case of tilting the head directly back (90°-120°). None of the
contact was reported to be unccmfortable or unacceptable.
However, the aircrew members were advised of the potential for
contact with facial features.

In situations with dynamic loads, there is potential for
migration of the intensified image. This could occur as a result
of helmet slippage during extreme head movements, or aircraft
accelerations. The need for good helmet stability is essential
to improve the aircrew member’s ability to maintain exit pupil
and teo reduce the probability of injury due to contact with the
eye or ey2 socket regions of the face.

 Centrifugé rasults confirmed what was expected due to helmet
) weight and CG differences between the I-NIGHTS helmets and the
baseline helmet (HGU-55/P). The standard helmet exceeded the
‘performance of all three I-NIGHTS helmets in terms of image
~  migration, repositioning of helmet, and downward shift. In terms
of image migration, the GEC I-NIGHTS helmet exhibited the poorest
performhnce; The lack of good stability with the Honeywell I-
- NIGHTS helmet resulted in a helmet shift during the higher “G*
- conditions especially when testing with the oxygen mask dangling
or removed. The Kaiser I-NIGHTS helmet performed the best in
~terms of image migration and fit. However, there seemed to be an
~ increase in discomfort while wearing the Kaiser I-NIGHTS helmet
~ during acceleration. Wearing an oxygen mask increased helmet
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stability in all three I-NIGHTS systems. See Appendix F for data
and technical paper.

3.2.9 Explosive Atmosphere

No explosions resulted from disengaging the high wvoltage QDC in
the presence of a potentially explosive fuel-air mixture. The
QDC was considered to have passed explosive atmosphere testing.
However, the physical and operating characteristics of the QDC
obtained for I-NIGHTS testing were not desirable. Therefore,
HMST program office is funding an in-house research and
development effort to produce a suitable QDC.

3.2.10 Crash Landing Evaluation: G, Impact Sled Tests

The +15G, impact level was determined to be the most
representative of rotary-wing or fixed-wing aircraft crash
conditions. All of the I-NIGHTS systems survived three tests at
+15G,. Ground tests and preliminary system analysis indicated
that there appeared to be no greater risk of injury due to the

- tension {z axis) loads within the neck than would be estimated

| - - for the ANVIS-6. 'However, there may be increased risk of injury

- in the forward (x) axis due to shear forces. At the acceleration
level used for testing (15G,), the tension forces were less than
~ that estimated to cause neck injury (tearing of ligaments or bone
damage). However, the shear forces measured in the manikin neck
~ during testing of two of the I-NIGHTS systems (GEC Avionics and

- Honeywell, Inc) were greater than those estimated to cause neck
injury. Test data on shear forces within the neck associated
- with ANVIS-6 were not available. However, preliminary analysis

- indicates that the shear forces measured in the manikin neck with
- the I-NIGHTS systems may be in excess of those estimated with
ANVIS-6. Note also that the ANVIS-6 is designed to break away at
~accelerations of +5 to +10Gs; although the reliability and

"1-'conaistency of the breakaway system is considered poor. When the
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risk of injury due to shear forces was weighed against the
probability of mishap in the flight test program, the risk was
considered "acceptable." The probability of mishap was deemed
"remote" for MH~53 and MH-60 aircraft, and "extremely improbable"
for HC-130 aircraft based on 1l0-year class "A" mishap statistics
for those aircraft. Note that the mishap statistics address all
flying hours, as opposed to addressing only night operations. No
testing was accomplished to assess the possibility of facial
injury if the acceleration vector were to occur in the +x
direction, as would be the case if a helicopter were moving in
the aft direction at the time of crash. See Appendix H for
preliminary summary.

3.2.11 Ejection: G, Vertical Deceleration Tower

VDT testing (Figure 17) was accamplished to establish interim
criteria for helmet weight and CG (Table 17). A helmet-mounted
‘weight study was initiated to further explore the forces on the
head/neck due to ejection. This study will produce a family of
- parametric curves representing x, y, z forces and moments for
various helmet weights and CGs. Additional study is required to
. establish confident injury thresholds. See appendix I for
Interim Head/Neck Criteria Consultation Report.

3.2.12 Windblast

Windblast testing produced seven pitot compatibility failures
while using the ACES II “fixed" pitot configuration. No failures
- resulted during tests conducted using the ACES II “deployable®
pitot configuration. The conclusion was to conduct all I-NIGHTS
F-15/F-16 flight tests while using the deployable pitot

. configuration.

. L3
Maximum head/neck loading was encountered at 600 knots and a seat
-angle of 34°. However, all three helmet designs exceeded the
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Figure 17. The Vertical Deceleration Tower (VDT)
' S8imulating Ejection Porces

Table 17. Interim Weight/Center-of-Gravity Criteria

EJECTION| DYNAMIC | MAXIMUM TOTAL | MAXIMUM NET HEAD GC OFFSET FROM
SEAT RESPONSE | HEAD SUPPORTED | HEAD ANATOMICAL AXIS ORIGIN (IN)
INDEX (DRI) | WEIGHT (LBS)

, X ¥ ozt
‘ACES N 13 50 08 to 05 20.15 05t 1.5
'B-52 18 s 45 0.8 to 0.25 20.15 051w 1S
B-52 18 <40 0.8 to 0.5 20.15 051015

'Data could not be collected at CGs below 0.7 oa the Z axis
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preliminary injury criteria at speeds above 450 knots. The
conclusion was to restrict I-NIGHTS flight tests to under 450
knots while reinforcing aircraft emergency procedures to take all
appropriate measures to slow the aircraft as much as practical
prior to ejecting.

The structural integrity of the basic helmet shell was confirmed,
however, failure to ancillary portions of two helmets induced |
high head/neck loads. It was concluded that these portions
should be reinforced prior to the flight test phase.

3.2.13 Man/Seat Separation

All of the I-NIGHTS helmets experienced loads/torques and angular
accelerations that were less than the preliminary quidelines. It
is important to note that the combined riser loads achieved on
these 21 tests varied between 2720 lbs and 3%20 lbs. Although the
combined riser loads are representative of some of the loads that
would be attained during actual parachute deployments, they do
‘not approach the peak riser loads that are possible in high

- speed/high altitude ejections.

 The parachute deployment sequence simulated for this series of
tests focused on the vertical and 15° off-vertical hody positions

~only. The primary objective was to evaluate parachute riser

interference with the various I-NIGHTS helmets. Fach of the
helmets had acceptable head/neck loads that were less than the
reference data point thresholds. Helmet tests showed that the
- riser interference was slightly more than with the HGU-55/P
‘baseline helmet, but no unsafe conditions surfaced.

‘Eye relief remains a concern with all vendor systems. Factoxrs
- euch as combiner positions (stowed oxr unstowed), body position,

- ejection speed/altitude, and the adequacy of helmet fit are some

of the most important factors to consider. Combiner contact was
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observed on two of the I-NIGHTS systems; GEC and Honeywell. The
GEC I-NIGHTS helmet showed a small amount of combiner contact on
the left side of the nose on one test. The GEC I-NIGHTS
combiners are non-stowable. The Honeywell I-NIGHTS helmet showed
a small amount of combiner contact on the left upper cheekbone
area. The Honeywell I-NIGHTS combiners are stowable, but is not
recommended due to the greater potential for riser interference
in the stowed position. A recommendation was made that a
protective eyewear assessment be completed to determine the
suitability and adequacy of wearing various types of eye
protection. The Kaiser I-NIGHTS system did not show combiner
contact during these tests, but it is possible that combiner
contact with the eye or eye socket area could occur in some
ejection profiles. Recommend that the Kaiser combiners be stowed
before ejection if time permits.

The head/neck lcads for the I-NIGHTS helmets are acceptable when
compared "o the HGU-55/P helmet within the scope of the
conditions used for these tests. However, exposure to combined
riser loads greater than 3920 lbs and different random body

~ positions may result in unacceptable loads. In addition, since
-the data used as a "reference data point" has not been verified,
further research is needed to obtain validated injury threshold
 ¢riteria. | -

' 3.2.14 Parachute Deployment

- The three I-NIGHTS helmets were considersd to have passed

a parachute deployment tests. However, additional exploration in
the area of head/neck load criteria and injury thresholds is
recommended. :
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4. FIT ASSESSMENT PROGRAM
4.1 Introduction

Helmets provided to aircrew members were initially conceived for
protection; physical and noise. Future helmets will not only
provide protection but will also be used to enhance mission
performance. Now, the entire success of the mission may depend
on how well the helmet fits the crew member.

Helmet fit was identified as a critical factor in I-NIGHTS ground
and flight testing for two reasons. The first reason is that the
I-NIGHTS helmets are "exit pupil" systems which provide sensor
and/or mission data (HUD symbology) directly to the crew member’s
eyes. "Exit pupil" means that the human eye must be positioned
and maintained within a circular pupil where the image/data is
displayed. A set of binoculars and a telescope are good examples
of exit pupil systems. When the viewer'’s eye is correctly
aligned within the exit pupil the entire image can be seen. As
the eye begins to move out of the exit pupil, the image will dim
“and eventually disappear. When employing an exit pupil, the

_ helmet must provide a stable platform to minimize alignment
deviations. Any deviations will provide a less than optimum
'diaplay,to the crew member.

'4The second reason fit became a critical factor is helmet size.
In its specification, the Navy directed the three helmet vendors
to provide a “large* size helmet. The Navy wanted to ensure the
helmet would fit all the pilots in it’s test program; “"one size
‘fits all.” Immediately this leads to problems. A small head in
‘a large helmet can provide misleading test results and could

- result in an injury. The Navy did not provide anthropomorphic

- data to specify how large was “"large.” Consequently, all three

“helmets are not the same size “large.”
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The HMST Program Office was concerned that test results would not
be valid unless some quantitative measure of "good fit" was
derived. If varying degrees of fit could be determined, then a
test subject could be disqualified as being potentially unsafe or
possibly to correlate poor helmet performance directly back to
fit. This would dramatically demonstrate the importance of fit.
The three most critical elements of a “good fit" are: a)
comfort; b) optical alignment/adjustment; and c) stability.

Comfort is the most obvious element of "fit." If the crew member
will not, or cannot wear the helmet then the best optics in the
world are of no use. The helmet must be comfortable, without hot
spots, pressure points or fatigue, for as long as he/she needs to
wear it.

‘Next, the optics have to adapt to the crew member’s eyes. Eyes
‘are not completely symmetrical about the centerline of the face.
One eye might be a couple of millimeters deeper, higher, or wider
from the center line than the other. The optics must align or at
least one eye will have a less than optimum image and/or a small
tolerance for deviations from the exit pupil. Adjustments (with
adequate range of movement) are required to align the optics to
',agchzeye for anyone in a particular size category.

'* The most important element of fit is helmet stability. The

- helmet can be extremely comfortable and the optics precisely
‘aligned; however,_if'the alignment cannot be maintained due to
helmet slippage under Gs or normal head movement then the system
is unusable; most likely at a oritical point in the mission.

- 4.2 Pit Agsusanant Procedures

‘Fit assessments were completed to determine the stability of
. fitted subjects for both ground and tlight tests. Data to make
~ this determination was gathered via three means: a) a comiort
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assessment; b) a stability assessment; and c) a 3D laser
scanner (Reference Appendix C). Each test subject was
individually fitted and a2 -essed in the three I-NIGHTS helmets.
Each fitting ensured that the helmet was optimally positioned on
the head and that the optics were correctly aligned as best as
possible (keeping in mind the "one size fits all" philosophy).

The comfort assessment consisted of the test subject wearing the
helmet for at least one hour (if possible) and then answering
specific questions. The questions dealt with the overall feel,
earcup feel, pressure points, hot spots, along with neck and/or
back discomfort. The subject was allowed to add personal
comments covering areas not mentioned; or to reinforce or
elaborate beyond that already recorded. The questionnaire is
included in Appendix C.

--The stability assessment was a measure of the amount of helmet
movement under a given load. This was an attempt to gauge how
- stable the helmet might be during an aircraft maneuver. A force
of two and then four pounds was applied to the helmet and the
- -amount of deflection from a “bench mark" was measured. The force
,'was applied to measure forward, backward, and sideward movement.

‘The third means of collecting data was a laser scannexr. The
- laser scanner is capable of acquiring high resolution, three
',dimensional (3D) surface data of the head and face. A test
 subject sat in a chair while a low intensity laser beam scanned
around the head providing 3D coordinates of landmarks associated
‘with the head (pupils, tragion, etc.), and with the helmet
- (optics, chin strap, etc.). These landmarks were then associated
with a common axis system for comparing the same subject with
different helmets and/or the sama helwet with different subjects.
“An entire éubject population c¢an be transformed into the common
" helmet axis system to examine the variability in which each
individual fits into that particular helmet. For example, the
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variability in the subject’s pupil location can be quantitatively
measured and used to design the optics’ adjustability range
requirement.

4.3 Fit Assessment Results

The evaluation of the I-NIGHTS systems included an assessment of
the fit of ground and flight test subjects in each of the three
I-NIGHTS systems. The fit assessment was conducted in three
phases. The initial phase was the gathering of anthropometric
data via traditional, manual methods. Three-dimensional
anthropometric data was also gathered by means of a Cyberwaré
laser scanner.

Following the collection of the anthropometric information, each
subject was also carefully fit in each respective I-NIGHTS
“helmet. The helmet fitting session began with the subject bheing
- fit with the helmet liner provided by each vendor. This liner
 was‘then placed in the helmet and the optics were switched on (in
- & darkened room) and a visual test was administered to ensure
. proper placement of the subject‘'s liner within the shell of the

~ helmet. The liner and helmet had to be correctly placed before
testing could begin.

. Bach subject wore the system for at least on2 hour unless
eircumstances rendered that impossible. During the course of an
asseggment, evaluationa‘were made in terms of optical adjustment,
- stability and comfort. Optical adjustment evaluations centered
on the issue of whether or not the optical system in the helmet
did or did not possess the adjustment capabilities necessary to
‘accommodate each subject. Stability was defined as the degree of
stability afforded each subject in the system. Comfort referred
to the degree of comfort each subject achieved while wearing the
helmet.
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In order to understand the following information, it is necessary
to explain that the causes of failure were examined both in terms
of percentage of failure and by the number of subjects who
failed. In so doing, we can see not only the number of subjects
who experienced failure, but also cases where subjects
experienced failure in more than one &ategory simultaneously.

4.3.1 Consolidated Fit Assessment Results

Table 18 demonstrates the consolidated fit assessment results.

Table 18. Fit Assessment Pass/Fail Results

Vendor Subjects Rumber Number
System Tested Passed Failed
GEC Avionics 36 21 15
Honeywell 33 20 13
Kaiser | 36 20 16

4.3.2 Fit Assessment Detailed Results (by Vendor)

Tables 19-21 are categorical listings of the number of subjects
who failed the fit assessment. Tables 22-24 represent all of the
possible combinations of failure and therefore illustrate cases
when subjects failed in single categories and cases in which
subjects failed in more than one category simultaneously.
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Table 19. I-NIGHTS Ratings by Category (GEC)

Excellent=1 Good=2 Average=3 Fair=4 Poor=5
(Pass = 1, 2 or 3 and Fail = 4 or 5)

GEC COMFORT RATING

Rating Frequency Percent
1 11 30.5
2 4 11.1
3 14 38.9
4 1 2.8
5 6 16.7
TOTAL 36 100.0

Frequency Missing = 1 (not tested)

GEC STABILITY RATING

Rating Frequency Percent
1 1 2.9
2 12 34.3
3 16 45.7
4 4 11.4
5 2 5.7
TOTAL 35 100.0

Frequency Missing = 2
(1 with no data, 1 not tested)

GEC OPTICAL ADJUSTMENT RATING

Rating Frequency Percent
1 13 48,2
2 2 7.4
3 4 14.8
4 1 3.7
5 7 25.9
TOTAL 27 100.0

Frequency Missing = 10
(1 not tested, 9 tested in systems with non-operational NVG)
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Table 20. I-NIGHIS Ratings by Category (HON)

Excellent=1 Good=2 Average=3 Fair=4 Poor=5
(Pass =1, 2 or 3 and Fail = 4 or 5)

HONEYWELL COMFORT RATING

Rating Frequency Percent
1 6 18.2
2 5 15.2
3 16 48,5
4 2 6.0
5 4 12,1
TOTAL 33 100.0

Frequency Missing = 4 (not tested)

HONEYWELL STABILITY RATING

Rating Freguency Percent
1 3 9.1
2 12 36.4
3 10 30,3
4 6 18,2
5 2 6.0
TOTAL 33 100.0

Frequency Missing = 4 (not tested)

HONEYWELL OPTICAL ADJUSTMENT RATING

Rating Frequency Percent
1 16 €6.6
2 3 12,5
3 3 12,5
4 1 §.2
5 1 4.2
TOTAL 24 100.0

Frequency Missing = 13
(4 not tested, 9 tested in systems with non-operational NVG)
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Table 21. I-~NIGHTS Ratings by Category (KAI)

Excellent=1 Good=2 Average=3 Fair=4 Poor=5
(Pass = 1, 2 or 3 and Fail = 4 or 5)

KAISER (NVG) COMFORT RATING

Rating Frequency Percent
1 5 13.9
2 8 22,2
3 17 47.2
4 4 11.1
5 2 5.6
TOTAL 36 100.0

Frequency Missing = 1 (not tested)

KAISER (NVG) STABILITY RATING

Rating Frequency Percent
1 1 2.8
2 9 25.0
3 i6 44.4
4 4 11.1
5 6 16.7
TOTAL 36 100.0

Frequency Missing = 1 (not tested)

KAISER (NVG) OPTICAL ADJUSTMENT RATING

Rating Frequency Percent
1 19 79.2
2 2 8.3
3 2 8.3
4 1 4,2
TOTAL 24 100.0

Frequency Missing = 13
(1 not tested, 12 tested in systems with non-operational NVG)
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Table 22. Failures for GEC I-NIGHTS Helmet

Possible Reasons for Failure:
Comfort=1, Stability=2, Optics=3, Comfort and Stability=4
Comfort and Optics=5, Stability and Optics=6
Comfort, Stability and Optics=7

Failure
Category Frequency Percent
1 3 20.0
2 3 20.0
3 4 26.6
4 1 6.7
5 2 13.3
6 1 6.7
7 1 6.7
TOTAL 15 100.0

Frequency Missing = 22
(21 passes, 1 not tested)

Table 23. Failures for Honeywell I-NIGHTS Helmet

Possible Reasons for Failure:
Comfort=1, Stability=2, Optics=3, Comfort and Stability=4
Comfort and Optics=5, Stability and Optics=6
Comfort, Stability and Qptics=7

Failure

Category Frequency Percent
1 3 25.0
2 5 41.7
4 2 16.7
5 1 8.3
6 1 8.3
TOTAL 12 100.0

Frequency Missing =
(20 passes, 4 not tested, 1 non-related failure*)

* One subject failed because the combiners could not be positioned
while the subject was wearing his eyeglasses. This fallure is
not given much consideraticn because an evaluation of the
I-NIGHTS systems on subjects with eyewear is scheduled at a later
date. .
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Table 24. Failures for Kaiser I-NIGHTS (NVG) Helmet

Possible Reasons for Failure:
Comfort=1, Stability=2, Optics=3, Comfort and Stability=4
Comfort and Optics=5, Stability and Optics=6é
Comfort, Stability and Optics=7

Failure

Category Frequency Percent
1 5 31.3
2 9 56.3
4 1 6.2
5 1 6.2
TOTAL 16 100.0

Frequency Missing = 21
(20 passes, 1 not tested)
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5. GENERAL CONCLUSIONS

The following section represents general conclusions from the I-
NIGHTS Program which are applicable to future NVG and HMD
programs. The I-NIGHTS Program did more than just validate
problem areas with HMDs. I-NIGHTS began to explore these areas
and define their solution~ with interim safety criteria. Future
programs will continue to refine the interim criteria.

5.1 Optical Characteristics

*» Measurements made for this program specifically characterize
the performance of the I-NIGHTS units tested.

5.2 Fit Assessuent

Fit includes comfort, optical adjustment, and stability and is a
critical factor in the system’s performance.

* System must be comfortable to wear for several hours.

+ System must have adequate range of adjustment to adapt optics
to a wide segment of flying population.

» System must remain stable providing maximum optical
performance throughout the aircraft’s dynamic environment. .

5.3 Porsonal Equipment Integration

* System must be compatible with life support equipment (COMBAT
EDGE, SEAWARS, etc.). .

* The external battery pack caused some difficulty in finding a
safe "storage" location on the crew member. I-NIGHTS
temporarily accommodated this problem by having the crew
member wear a survival vest with a zippered pocket. However,
this may not be a practical 6.4 production solution.
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The ability to perform a valsalva is difficult when the optics
are in position and the visor is down and locked.

Some optical adjustments were difficult while wearing nomex
gloves.

Helmet weight, CG, and lack of adequate fit accelerated the
onset of fatigue.

5.4 Aircraft Integration

NVG compatible cockpit lighting is essential if NVGs are
mounted on the helmet. '

Visual obscuration caused by the optics assembly and helmet
shell restricted crew member’s peripheral vision. This
inhibited the crew member from looking under/around the optics
to directly view cockpit instruments. The aircrews preferred
to look under the optics to minimize head movement.

Extra effort was required to check the six o’clock position
due to helmet size/shape.

- A suitable CRT cable connector (a QDC) "is required to be
integrated with the parachute harness and ejection seat to
facilitate easy ingress and emergency egress.

External protrusions from the helmet (focus levers, stowed
optics) could hinder r&bid egress in emergency situations.

5.5 HAcoustical Properties

Data gathered was spacific to the units tested and
characterize their performanca.

Helmet fit and earcup seal were critical to good sound
attenuation performance.

%

5.6 Altitude Chamber

The likelihood of fogging is minimal since the helmets are
not a closed system like chemical defense respirators.
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However, the incidence of fogging could be lessoned by
using anti-fogging compound or avoiding sudden temperature

changes.
5.7 Dynamic System Performance: Centrifuge

* The oxygen mask was critical under high G loads to the overall
stability of the helmet due to the forward CG location of the
helmets tested.

* Fit and helmet liner compressibility significantly impacted
helmet stability.

* The helmet liner comfort was inversely proportional to helmet
stability; the most comfortable liner produced the poorest
stability - too much "padding." (see above comment)

5.8 Explosive Atmosphere
* A suitable high voltage QDC is required.
5.9 Crash Landing: Gx Impact

* Additional study is required in the area of head/neck loads
versus injury thresholds.

5.10 Ejection: Gz Vertical Deceleration Tower
e Interim head/neck criteria were produced (Table 17).
e Additional study is required in the area of helmet weight/CG
versus injury thresholds.

5.11 Windblast

* Deployable, “"pop-up," pitot configuration was required to
ensure proper pitot sensing of the ACES II ejection seat.
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Structural failure of ancillary portions of the helmet may
significantly increase head/neck loads.

Maximum air speed for flight test phase was limited to 450
KTAS to minimize windblast head/neck loads.

Additional study is required in the area of head/neck loads
versus injury thresholds.

5.12 NMan/Seat Separation

Helmet protrusions (focus levers, stowed optics) may interfere
with riser deployment and increase head/neck loads.

Fit and helmet stability significantly lmpacted eye rzlief;
protective eyewear may be required.

Additional study is required in the area of head/neck loads
versus injury thresholds.

5,13 Parachute Deployment
Fit and helmet stability significantly impacted eye relief;
protective eyewear may be required.

Additional study is required in the area of head/neck loads
versus injury threshold.
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APPENDIX A: OPTICAL CHARACTERISTICS EVALUATION
1. INTRODUCTION

Optical devices worn by aircrew members have many properties
which impact performance; the performance of the device itself
and the performance of the aircrew member. Quantifying the
optical characteristics of a new device enables comparison to
historical data and to predict, measure, or identify its effect
on the crew member’s ability to perform the mission. This report
describes a laboratory measurement of the optical characteristics
of three night vision systems developed for the Interim-Night
Integrated Goggle and Head Tracking System (I-NIGHTS) Program by
the Helmet-Mounted Systems Technology (HMST) Program Office. The
measurements were accomplished by the Visual Display Systems
Branch, Human Engineering Divisibn, Armstrong Laboratory,
Wright-Patterson Air Force Base, Ohio.

2. APPROACH

The optics for each of the three I-NIGHTS helmet designs were
evaluated to quantify their optical characteristics. The
evaluations were made according to American National Standards
‘Institute (ANSI) procedures and procedures developed by the
Visual Display Systems Branch (formerly the Crew Systems
Effectiveness Branch), Human Engineering Division, Armstrong
Laboratory, Wright-Patterson Air Force Base, Ohio. Further
information on these procedures can be obtained by contacting Dr.
H. Lee Task at the Visual Display Systems Branch.

3. OBJECTIVES

The objective of this evaluation is measure and define the
- optical characteristics in the following areas: exit pupil, eye
relief, brightness gain, field of view, luminance non-uniformity,
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modulation contrast, magnification, image rotation, S distortion,
optical axes misalignment, horizontal resolution; and vertical
resolution.

84




Performance Overview

GEC - 9G Repeat After Flight Test (A/C'-/,?O)

Right
Exit Pupil Diameter 9.5mm
Eye Relief 22,2mm
Brightness Gain 2551
(e 3.7E-04 ft-L)
Field of View 37.7 deg
Luminance Non-Uniformity +/~- 45.4%
(Center 80% of FOV)

Modulation Contrast

@ 5 deg 95.7%

@ 10 deg 96.8%
Magnification 1.00
Image Rotation , 42 .4mrad
Optical Axis Misalignment

Horizontal 10.9nrad

Vertical -1.5mrad

Total -11.0mrad
*s* pistortion (peak to valley) 6.6mrad
‘Resolution

Horizontal 20/68

Vertical 20/54
Weight 382g

Inspected By:

Date:
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Left

9.4mm
21.0mm
2580

37.9 deg

+/“ 40Q3%

97.7%
96.6%

1,01
12.3mrad

-10.4nrad
11.3mrad
7.4nmrad

20/60
20/54

351g




Honeywell - SH Repeat After Flight test (//c—/j

Exit Pupil Diameter
Eye Relief

Brightness Gain _
(@ 3.7E~04 ft-L)

Field of View
Luninance Non-Uniformity
(Center 80% of FOV)

Modulation Contrast

@ 5 deg

€ 10 deg
Magnification
Image Rotation
Optical Axis Misalignment

Horizontal
Vertical

Total

*$* Distortion (peak to valley)

Resolution :
Horizontal

Vertical
| wWeight

* . goggles appear to have an astigmatism affect resulting in the

—— o —

94.0%
96.7%

1.00
-31.8nrad

5.6mrad
l.4mrad
5.8mrad
2.6mrad

20/135¢
20/68
5809

Performance Overview

Left

——

11.3mnm
36.9mm
2253

37.2 deg

+/- 76.7%

94.0%
96.6%

1.02
-1.9mrad

=10.1lmrad
-20.3mrad
22.7mrad
4.7nrad

20/108*
20/60
582g

| " descripencies between the vertical and horizontal components.

inspected By: , (fi*h_t
Date: 122 SuArYy
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Performance Overview

Kaiser - SK Repeat After flight Test (,L/c-/go)

Right Left
Exit Pupil Diameter 12.0mm 12.1mm
Eye Relief 19.9mm 21.6mm
Brightness Gain 2534 2142
(e 3.7E-04 ft-L)
Field of View 31.9 deg 31.5 deg
Luminance Non-Uniformity +/- 22.1% +/- 28.9%
(Center 80% of FOV)
Modulation Contrast
@ 5 deg 95,9% 96.4%
@ 10 deg 91,2% 94,0%
Magnification 1.02 1,02
Image Rotation 5.1lmrad l.0mcad
Optical Axis Misalignment
‘ Horizontal -14.6mrad 4.5mrad
Vertical ~-14.4mzad 1.4mrad
Total 20,5mrad 4.7mrad
"s* pistortion (peak to valley) 0.90mrad 0.83mrad
~ Resolution
. Horizontal 20743 20/34
Vertical 20/34 20,38
 Weight 53649 520g

)/'J/Efl“‘-‘
Sudy
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Inspected By:
Date:
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Performance Overview

GEC - 6G - Repeat 1 After Flight Test

Right Left
Exit Pupil Diameter 9.7nm 9.9mm
Eye Relief 22.8mm 22.5mn
Brightness Gain 2528 2282
(e 3.7E-04 ft-L)
Field of view 38.0 deg 35.3 deg
Luminance Non-Uniformity +/- 40.0% +/- 35.2%
(Center 80% of FOV)
Modulation Contrast
@ 5 deg 96.3% 95.9%
@ 10 deg 97,0% 95.2%
Magnification 0.98 0.94
Image Rotation 4.0mrad 13.6nmrad
-Optical Axis Misalignment
Horizontal 2.0mrad 4.2mrad
Vertical l.lmrad ~0.78mrad
Total 2.3mrad -4.3mrad
*8" Distortion (peak to valley) 6.0mrad - 6.3mrad
Resolution - ' __ :
' Horizontal 20/60 ‘ 20/54
Vectical 20/54 20748
Weight ' - ) ~=« Not Measured ««-

 fInspected By: _ﬁLJkg T W
pate:___ | ¥ Ay 4l
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Performance Overview

Honeywell - 8H - Repeat 1 After Flight Test

Inspected By: Q\AL. T

Pt

Right Left
Exit Pupil Diameter 12.2mm 11.9mm
Eye Relief 35.2mm 35.9mm
Brightness Gain 3019 2766
Field of View 36.5 deg 38.2 deg
Luminance Non-Uniformity +/- 64.8% +/- 13.7%
(Center 80% of FOV)
Modulation Contrast
@ 5 deg 93.0% 93.8%
@ 10 deg 95.4% 96.5%
Magnification 1,01 1,02
Image Rotation 8.6mrad -9.2mrad
'Optical Axis Misalignment
Horizontal -6.6mrad -«1.3mrad
Vertical 7.8mrad 2.9mrad
, Total -10.2mrad -3.2mrad
" 'wg® pigtortion (peak to valley)  1.3mrad 2.3mrad
- -Resolution : '
R : Horizontal 207108 20/86
_ Vertical 20/11 20796
Weight (with white sheild) 580g 5879

Date: ¥ Ror qi

89




Performance Overview

Kaiser - 6K - Repeat 1 After Flight Test

Right
Exit Pupil Diameter 12.0 mm
Eye Relief 19.7 mm
Brightness Gain 1962
Field of View 32.5 deg
Luminance Non-Uniformity +/- 29.3%
({Center 80% of FOV)
Modulation Contrast
@ 5 deg 93.2%
@ 10 deg 93.8%
Magnification 1.01
Image Rotation 3.0 mrad
'Optical Axis Misalignment
" Horizontal ~1.5mrad
Vertical -3,.0mrad
Total 3.4nmrad
*s* Distortion (peak to valley)  0.96 mrad
Resolution
S - Horizontal 20743
- Vertical 20/34
. Weight 544g
(with reticle)
inSpected By: RAs, 1- [T Pp—

Date: |V 6‘;' Q|

90

Left

11.7 nm
19.8 mm
2063

32,3 deg
+/- 29.9%

94.7%
94.7%

1.03
6.4 mrad

l.4mrad
0.18mrad

" l.4mrad

0.54 mrad

20748
20/38

$299




I-NIGHTS Performance Overview
Submitted 25 Jan 91
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Performance Overview

Bracket

GEC - SG
Right
Exit Pupil Diameter 10mm
Eye Relief 20.4mm
Brightness Gain 1956
(3.7E-04 ft-L)

Field of View (Questionable) 36.9 deg
Luminance Non-Uniformity +/~- 71.9%
(Center 80% of FOV)

Modulation Contrast
@ 5 deg 97.3%
@ 10 deg 99.3%
Nagnification 1.00
‘Image Rotation 10.6mrad
Optical Axis Misalignment
Horizontal 4.2mrad
vertical | ~7.7mrad
Total -8, 7arvad
*S* Distortion (peak to valley) 5, 3mrad
" Resolution
: ‘Horizontal 20,60
-~ Vertical 20/54
E Weight ~ Channel 3NMq

INSPECTED BY: LT RICHARD HARTNAN

DATE: 29 NOv 90

92

Left

9.2mm
22.5mm
2373

35.0 deg

96.8%
98.6%

1.02
-7.5mrad

-9.6mrad
0.77mrad
-9.7mrad
4.8mrad
20/60 -
20/54

351
1089 ’




Performance Overview

GEC - 6G

Right
Exit Pupil Diameter 10mm
Eye Relief 7 18.4mm
Brightness Gain 2566

: (3.7E-04 ft-L)

Field of View 36.2 deg
Lumxnance Non-Uniformxty i¢/- 37.1%

A (Center 80% of FQV)
Modulation Contrast
€ S deg

‘ . @ 10 deg
: Magnification
Image Rotation -
-Optxcal Axxs nisalignment

: Horizontal

. Vertical -

rétal

e Distoztion {peak to valley)

- Resolution '

vﬂotizontal
~ Vertical

. Weight

97.2%

98.3%

0.99

32.5mcad

-1,imrad

- Omrad

-1.lmrad

6.2nrad
20/60
20/60
378g

INSPECTED BY: LT RICHARD HARTNAN

DATE: 29 Nov 90

93

Left

10mm
17.3mm

2579

34.2 deg

0.99
12.0mcad

-11.5mrad
- 9.8arad

15.1ncad
6.3ncad
20,60
207117
3569




. Exit Pupil Diameter
Eye Relief

Brightness Gain
(3.7E-04 £t-L)

Field of View

Luminance Non-Uniformity .
{Center 80% of FOV)

Modulation Contrast
@ 5 deg
8 10 deg

Nagnification

- Inage Rotation

V_Optical Azis Misalignment
c ' Horizontal
‘Vertical

Total

*s* nistorcion>ipeak to valley)

Resolution
: Horizontal
" "Vertical
Weight Hag CR?T Port

NO CRT

- INSPECTED BY:
_ DATE:

Performance Overview

GEC - 7G
Right Left
9.7mm 9.8mm
18.4mm 17.1om
2744 - 2618
37.8 deg 36.2 deg |
+/- 45.TY e/ 47.9%
96.0% 96.11%
96.8% 96.8%
1.01 - 0.99
21.5arad 3d4.3mcad .
 -4.0mrad <9.9urad
7_'#3.3nrad 3.9nrad
- S.2mrad -10.6arad
~ 7.6mrad 10.9ucad -
20/68 20,60
207711 20/60
3789 3834

LT RICHARD HMARTNAN
29 NOV 90

Y4




Performance QOverview

GEC - 8G
Right Left
Exit Pupil Diameter : 10.0mm 9.8mm
Eye Relief 19.1mm 18.8mm"
Brightness Gain 2433 2229
(3.78-04 ft-L)
Field of View 35.4 deg 35.6 deg
Luminance Non-Uniformity +/- 371.7% +/- 33.5%
(Center 80% of FOV)
Modulation Contrast
@ 5 deg 94.4% 95.8%
@ 10 deg 95.2% 95.8%
Magnification 0.98 0.98
Image Rotation 3.9mrad 8.0mrad
Optical Axis Misalignment
. Horizontal -0.25mrad l.3nrad
Vertical -2.6mrad 2.4mrad
Total 2.6mrad 2.7mrad
" "8" Distortion (peak to valley) 9.4mrad 2.3mrad
Resolution
Horizontal 20/68 20/77
Vertical 20/60 20,68

Weight Has CRT Port 382g 383g
. NO CRT

INSPECTED BY: LT RICHARD HARTMAN
DATE: 29 Nov 90
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Performance Overview

GEC - 9G
Right Left
Exit Pupil Diameter 10.1mm 9.4mm
Eye Relief 24.1nm 22.1lmm
Brightness Gain 2440 2849
Field of View 37.3 deg 37.3 deg
Luminance Non-Uniformity +/- 44.6% +/- 42.2%
(Center 80% of FOV)

Modulation Contrast

@ S deg 94,.9% 95.6%

8 10 deg 97.4% 96.4%
Magnification 1.00 1.01
Image Rotation 46 .9mrad 12.1mrad
Optical Axis Misalignment

Rorizontal 10.9mrad -2,8mrad

Vertical -1.9mrad -14.0mrad

Total -11.1lmrad 14.2mrad
"s* Distortion (peak to valley) 8.0mrad 6.9nrad
Resolution

Horizontal 20/60 20/54

Vertical 20/54 20748
Weight 381qg 353¢q

with reticle

Inspected By: Lt Richard Hartman
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Performance Overview

Raiser - 5K

Exit Pupil Diameter
Eve Relief

Brightness Gain
(3.7E-04 ft-L)

Field of view

Luminance Non-Uniformity
(Center 80% of FOV)

Modulation Contrast
@ 5 deg
@ 10 deg
Magnification
Image Rotation
Optical Axis Misalignment
Horizontal
Vertical
Total
*s* pistortion (peak to valley)
Resolution
Horizontal
Vertical

Weight

INSPECTED BY:

 DATE: 29 NOV 90

97

—— o

31.8 deg

97.3%
93.9%

1.02
0.17mrad

-14.4mrad
-16.1mrad

2l.6mrad

0.66mrad
20/60
20/54

5349

LT RICHARD HARTMAN

Left

12.0mm
19.6mm
1994

32.0 deg
+/= 41.0%

97.1%
97.1%

1.02
1.7urad

-2.8mrad
3.3nrad

-4.3nta§
0.54mrad
20/48
20/54

520qg




Performance Overview

Kaiser - 6K

Right
Exit Pupil Diameter 12.0mm
Eye Relief 21.7mm
Brightness Gain 2180
Field of View 31.0 deg
Luminance Non-Uniformity +/- 29.3%
(Center 80% of FOV)

Modulation Contrast

@ 5 deg 91.1%

@ 10 deg 93.2%
Magnification 1,00
Image Rotation 2.9mrad
Optical Axis Misalignment

Horizontal -0.62mrad

Vertical 2.3mrad

Total -2.4mrad

“®s" pistortion (peak to valley) 1.3mrad

Resolution _
Horizontal 20/54
Vertical 20743
Weight 544g

INSPECTED BY: LT RICHARD HARTNAN
 DATE: 29 NOV 90
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Left

12.0mm
20.3mm
1964

32.0 deg

97.2%
99.5%

1.02
2.8mrad

-2.2nrad
-0.86mrad

2.4mrad
0.43mrad
20/77
20/717
5289




Performance Overview

Kaiser - 7K

Right
Exit Pupil Diameter 12.1om
Eye Relief 21.1mm
Brightness Gain 1933
(3.7E-04 ft-L)

Field of View (Questionable) 32.1 deg
Luminance Non-Uniformity +/- 39.1%
(Center 80% of FOV)

Modulation Contrast
@ S deg 87.6%
@ 10 deg 98, 4%
Magnification 1.02
Image Rotation 7.4mrad
Optical Axis Misalignment
Horizontal -4.2nrad
Vertical -10.0mrad
Total 10.8mrad

*s" Distortion (peak to valley) 1.0mrad

Resolution
Horizontal 20738
Vertical 20/34
'Weight  Has CRT Port  589g

NO CRT

INSPECTED BY: LT RICHARD HARTNAN
n&Tu: 29 NOV 90

99

3
+/-

Left

12.0mm
19.7mm
2022

1.8 deg
31.7%

86.5%
97.1%

1.02
1.0mrad
-12.0mrad
1.0mrad
-12.0mrad
l.1mrad
20/38
20,38

S90g




Exit Pupil Diameter
Eye Relief

Brightness Gain
(e 3.7E-04 ft-L)

Field of View

Luminance Non-dﬁifofmity
(Center 80% of FOV)

Modulation Contrast
. @ 5 deg

@ 10 deg
Magnification
Image Roéation
~Optical Axis Misalignment
: Horizontal
Vertical

Total

- "s" pistortion (peak to valley)

-Resolution
. Horizontal
Vertical

w§£ght HUD port, No CRT

Performance Overview

Raiser - 8K

Right Left
12.0mm 11.7mm
20.5mm 19.6mnm

1643 1740

31.9 deg 30.6 deg
/= 22.3% +/- 19.9%

94.5% 98.4%

92.6% 97.9%

1.01 1.02
S.4mrad -1l.6mrad
2.2mrad -4.1lmrad

0.8lmrad -3.6mrad
2.4mrad 5.4mrad
0.60mrad 0.41lmrad

20/54 20/34

20/43 20/34

589q 589¢q

Lt Richard Hartman

inspected By:

Date:

31 Dec 90

100




Performance Overview

Honeywell - 5H

Inspected By:

LT RICHARD HARTNAN

Date:

29 nNov 90

101

Right Left
Exit Pupil Diameter 11.9mm 11.8mm
Eye Relief 42.8mm 41.9mm
Brightness Gain 3085 2393

(@ 3.7E-04 £ft-L)
Field of View 36.4 deg 35.4 deg
Luminance Non-Uniformity +/- 71,9% +/- 66.8%
(Center 80% of FOV)
Modulation Contrast
@ 5 deg 94.4% 93.0%
@ 10 deg 95.3% 95.3%
Magnification 1.02 0.99
Image Rotation 2.3nrad -35,3nrad
Optical Axis Misalignment
Horizontal 4.8mrad 12.1mrad
Vertical -12,3mrad -7.6mrad
Total -13.2nrad -14.3nrad
»g* pistortion (peak to valley) 4.4mrad 1.2ncad

'~ Resolution

: : Horizontal 207108 20786
Vertical 20/77 20/86
weight (without white shield) 563g 5629




Performance Overview

Honeywell - SH Repeat of Both Channels

Right Left
Exit Pupil Diameter
Eye Relief
Brightness Gain
(@ 3.7E-04 ft-L)
Field of View
Luminance Non~Uniformity
(Center 80% of FOV)

Modulation Contrast

@ 5 deg

@ 10 deg
Magnification 1.01 1.01
Image Rotation 25.9mcad -32.1lmrad
Optical Axis Misalignment
‘ Horizontal 3.2mrad -l.lmrad

Vertical 2.9mrad -5.1mrad

Total 4.3mrad S.2nrad
“S" Distortion (peak to valley) 4.0mrad l.7mrad
Resolution

, Horizontal 20/86 20/68
Vertical 20/68 20/68

Weight

Lt Richard Hartman

:nsppcted By:
. pate: 31 Dec 90
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Performance QOverview

Exit Pupil Diameter
Eye Relief

Brightness Gain
(@ 3.7E-04 ft-L)

Field of View

Luminance Non-Uniformity
(Center 80% of FOV)

Modulation Contrast
@ 5 deg
@ 10 deg

Magnification

Image Rotation

Optical Axis Misalignment
Horizontal
Vertical
Total

“s* pistortion (peak to valley)

Resolution

Horizontal
_ Vertical
Weight  (with white sheild)

Honeywell - 6H

35.5 deg

91.6%
94.6%

1.01
-2.5mrad
14.3mrad
-2,.6mrad

-14.5mrad
3.6mrad
20/68
20/86
601g

tt Richard Hartoman

Inspected By:

Date: 31 Dec 90
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Left

12.2mm
40.9mm
1406

36.3 deg

90.3%
96.4%

0.99
-22.9mrad
-2.5mrad
-3.0mrad

3.9mrad
2.5mrad

20/86

20/54

5969




Performance Overview

Exit Pupil Diameter

Eye Relief

Brightness Gain

Field of View

(3.7E-04 ft-L)

(Questionable)

Luminance Non-Uniformity

(Center 80% of FOV)

Modulation Contrast

Magnification

@ S5 deg
@ 10 deg

Image Rotation

Optical Axis Misalignment

"S" Distortion (peak to valley)

Resolution

Weight

Horizontal
Vertical

Total

Hotizontal
Vertical

HUD Port only

no CRT

Honeywell - 7H

27.3 deg

90.6%
94.5%

1.08
50.8mrad

39.8mrad
-0.82mrad

"'39 . amtad
2.5arad
20/60
20/54

5849

INSPECTED BY: LT RICHARD HARTNAN

DATE:

29 NOV 90

Left

12.0mm
36.2mm
2699

26.5 deg

88.2%
96.3%

1.03
-2.8mrad

-21.5mrad
-11.6mrad

24.4mrad

l.2mrad
20/
20/60
S86g




Exit Pupil Diameter
Eye Relief

Brigh“ness Gain
(@ 3.7E-04 ft-L)

Field of View

Luminance Non-Uniformity
(Center 80% of FOV)

Modulation Contrast
@ 5 deg
@ 10 deg
Magnification
Image Rotation
Optical Axis Misalignment
Horizontal
Vertical

Total

“S* Distortion (peak to valley)

Resolution
Horizontal
Vertical

- Weight (with shield)
(without white shield)

Inspected By:

Honeywell - 8H

37.8 deg
+/- 66.0%

94.4%
95.9%

1.04
29.8mrad
-17.6mrad
25.5mrad
1.7%nrad
20,68
20,68

587¢g
5669

LT RICHARD HARTMAN

Date:

29 NOv 90
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Performance Overview

Left

12.0mm
42.4nm
2966

36.2 deg

94.4%
97.1%

1.03

18.9narad
-25.6mrad
-10.7mrad
27.7nrad
1.32mrad

20/54

20748

588qg




Performance Overview

Honeywell - 8H Repeat of Left Channel

Right Left
Exit Pupil Diameter
Eye Relief
Brightness Gain
(e 3.7E-04 ft-L)
Field of View
Luminance Non-Uniformity
(Center 80% of FOV)

Modulation Contrast

8 5 deg

e 10 deg
Magnification 1.03
Inage Rotation ~ 13.9mrad
Optical Axis Misalignment

Horizontal =10, 3mrad

Vertical -4 .6mnrad

Total 11.3mcad

. "s" Distortion (peak to valley) ' . 0.65mrad

Resolution |
- Hocrizontal

Vertical

‘Weight (with shield)
(without white shield)

ingpected By: Lt Richard ﬂl:wn

Date: . 31 Dec 90
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P

Bxit Pupil Diameter

Eye Relief
(Questionable)

Brightness Gain
(@ 3.7B-04 ft-L)

Fleld of View

Luninance Non-Uniformity
(Center 80% of rOV)

Modulation Contrast
€ 5 deg
@ 10 deg
wgnification
Image Rotation
Optical Axis Misalignment
Horizontal
Vertical -
Total
*s* Distortion (peak to valley)
Resolution

Horisontal
Vetrtical

'ﬁbight of Binocular without battery pack -

erformance Overview
ANVIS
serial number 0698

Right Left
N/A N/A
26.6mn 27.6mn
2559 2707
40 deg 40 deg
——ee=N0t BEASULCA=====
0.963% 0.964%
0.976% 0.978%
1.00 0.98
=19.6nrad =-7.70arad
----- nOt MNeasutede=r—m=
[ 2] - [ X )
an se
10.2mrad 5,00::.6
20748 207408
20748 20743
6119

“Inspected by: Lt Richard Hactman

- Dates 4 Dec 1990

shannsrtne Sge Altachment t*eceasane
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Spec
N/A
15.0mn

not ¢ 2000
40 deg(+l,-2)

1.00 (+/- 5%)

-not > 1,33;::6

not > 20748
not > 20/45

not > 550g




MINIATURE CRT IMAGE QUALITY

NEASUREMENT SYSTEM
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l ' MINIATURE CRT IMAGE QUALITY
| © . MEASUREMENT SYSTEM
-~ INTRODUCTION | | |

The measurement results for the INIGHTS system cathode ray tubes
(CRTs) provide specific information about the CRTs' image quality, from
which certain aspects of expected display performance can be inferred. The
metrics used for the CRT function tests concentrate on the active raster

- line and Sinewave Response (SWR). The figures of merit used have wide
acceptance within the industry for determining response capabilities of
- CRTs. However, standards or metrics to determine how "good" or "bad" a
specific displayis in absolute terms, are.not defined at this time. Further,
any correlation to operator performance is an even more vague proposition.

~ SYSTEM

- The Miniature CRT Image Quality Measurement System is designed to
perform specific measurements on both miniature and sub-miniature CRTs.
- The system is also flexible enough to perform any conceivable test
- compatible with luminance measurements. A system diagram is provided on
. the following page. Three tests will be completed for INIGHTS. They are:

SINEWAVE RESPONSE
- LINEWIDTH MEASUREMENT
- LINE LUMINANCE TEST

-~ The deflection/video drive electronics is capable of driving high -
- resolution miniature CRT's at various line rates in both raster and
~calligraphic modes. This equipment is pait of the Video Drive Electronics
~ -System (VDES) which is designed to provide high quality signals for
- . evaluating CRT characteristics and testing the capabilities of miniature
CRTs for visual display applications. The video amplifier drives the CRTs
_ differentially up to +/- 60 volts, which provides a maximum drive of 120
volts. Differential drive requires less power applied to the video amplifier,
, higher signal-to-noise ratio, and greater bandwidth than single-ended
- amplifiers (i.e. grid or cathode biased), The bandwidth of the video =
~ amplifier is 60 MHz at 3 db down, - . BT

© HARDWARE
" a, Bertan B-Hive controller and housing unit for B-mod/B-pac power

o ies.
suppli tos




b. Bertan model 205A-20P 20 KV power supply.

¢. Video Drive Electronics System. This system includes the deflection
-electronics, video drive electronics, and associated power supplies.

d. Photo Research model 1980A photometer . This system uses a slit that is
0.4 x 40 minutes and a 20X microscopic lens. The effective slit width of this
system is .1 microns.

e. OPIX IMAGER Pattern Generator
f. LeCroy 9400 digital oscilloscope

g. Klinger model MD-4 controller with X-Z MT160 translation stages
capable of .1 micron steps.

h. Hewlet-Packard model 8116A 50 MHz function generator

i, Oriel Model 18011 encoder with motor mikes that provide three degrees
of freedom: azimuth, elevation, and roll.

See system diagram on next page.

NOTE: ALL OSCILLOSCOPE MEASUREMENTS WERE MADE WITH
A 12 pf 10X PROBE. ALL VOLTAGES SHOWN ON PLOTS SHOULD
BE MULTIPLIED BY 10. LUMINANCE VALUES ARE IN CANDELAS
PER METER SQUARED (Cd/m ~2) UNLESS OTHERWISE SPECIFIED.

. CONVERSION FACTOR FROM Cd/m~2 TO FOOT LAMBERTS

~ FOOT LAMBERTS = (Cd/m"2)/3.426
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MODULATION/LUMINANCE

This section provides information about cutoff, contrast ratios, and
luminance output/video drive levels. First, a brief discussion concerning
CRT principles is provided in order to enhance understanding of the above
topics and other areas contained in this document. Plots are provided from
the LeCroy 9400 digital oscilloscope showing drive levels for specific
luminance outputs and cutoff. Drive comparison characteristics between
CRTs can be easily obtained from these plots.

CRT OPERATION

Figure 1 is a representative bipotential lens miniature CRT design used
in Helmet Mounted Display (HMD) systems. Figure 2 is a simpler
schematic that will be used to explain necessary details of CRT operation.
The electron gun in figure 2 includes a heater, control grid (G1),
accelerator grid (G2), and focusing grid (G3). Each grid structure is a
metal cylinder with a small aperture or hole in the center.

The control grid has a negative bias with respect to the cathode in order
to control the space charge field for the electrons arriving from the heated
cathode. The succeeding grids have positive potentials, with the anode at
* the highest potential to accelerate the electron beam to the screen. Most of

‘the electrons go through the electron gun apertures and form the electron
beam shown as a dotted line in figure 2. The electron beam has a complete
circuit for current from the screen, which is connected to the anode. The
path for electron flow is from the cathode to the screen to the anode and
-returning to the cathode through the high voltage supply.

Electrons emitted from the cathode tend to diverge, because they repel

~ each other. However, the electrons can be forced to converge to a point by

.. either a magnetic or electric field. This is similar to focusing a beam of light
by using a magnifying glass. The focusing system is called an electron lens.
- A two electron lens, or a bipotential lens system, is described here. The first
- lensing element is the electrostatic field* between the cathode and control
o jg:id produced by the difference in their potential. This voltage focuses the
- beam to a spot called the crossover point (point P, figure 2) just beyond the
- control grid. The second lens may be either an electrostatic or magnetic
- field to focus the beam just before the deflection plates. As a result of the

 two electron lenses, the beam is focused to a sharp spot of light on the

- screen.
Details of the first electron lens formed by the electrostatic field between

-* Any voltage has an associated clectric ficld, just as any current has an
-associated magnetic ficld . When the voltage has a steady state value, its
field is electrostatic, meaning that it does not vary with respect to time.
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the cathode and control grid is illustrated in figure 3. The positive grid 2
(shown in figure 2) and anode voltage provide a forward accelerating force
on electrons emitted from the cathode. The net result is that diverging
paths are bent so that the electrons go through the control grid aperture.
The diverging beam is focused at point P. This point serves as the point
source of electrons to be imaged onto the screen by the second electron lens
for a sharp spot. It is important to note that the grid 2 voltage will affect,
physically, where the crossover point is located and its size and shape. The
value of the grid 2 voltage is critical if the CRT is to be optimized in terms
of resolution!

The design of the video amplifier determines how a CRT is driven or
operated. There are three different methods that can be used, grid 1 drive,
cathode drive, or differential drive. The primary difference between these
methods is the polarity with which the video signal is modulated. Grid
drive uses negative sync polarity. This means that the blanking level drives
the grid 1 voltage more negative than the DC bias, to cutoff the beam
current for black. The white peaks in the video signal drive the grid 1
voltage less negative than the DC bias for maximum beam current. The
opposite case is used in cathode drive. Cathode drive uses positive sync
polarity. This means that the blanking level drives the cathode more
positive than the DC bias to cutoff the beam current. The white peaks in
the video signal drive the cathode voltage less positive than the bias for
maximum beam current. Differential drive combines both cathode and grid
1 drive characteristics, using both negative and positive polarities. Each
method has advantages and disadvantages, but we believe that differential
drive provides the greatest overall advantages. These advantages were
covered under the system description. Figure 4 depicts each of these
methods. Grid 1 drive is shown on the left side, cathode drive on the right
side, and differential drive combining the two.

The grid 1-cathode bias is a DC voltage that sets the brightness of the
- entire screen area. The video signal varies the instantaneous values of
- electron beam intensity to reproduce the details of the video information.

Figure 4 illustrates this idea with a video sinewave signal for one horizontal
- line, The DC bias sets the operating point and the maximum contrast. The
- peak-to-peak amplitude of the sinewave signal determines the contrast in

- 'the picture, with peak white at maximum beam current, for the applied
video signal, and black at cutoff, or no beam current. Figure 5 shows both
~the electrical sinewave signal and the image displayed on the screen area of
the CRT. Figure 4 also portrays the beam current contributions from both
t[:hle 2giid 1 and cathode elements in the differential video amplifier system

1,21). .

- CUTOFF

. Cutoff is defined as the point where the anode/cathode current is
- essentially zero for a specific set of grid potentials. Figure 4 shows the point
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where cutoff occurs. Notice on the graph that the outter plot indicates the
maximum contrast available or maximum cutoff voltage (120 volts), for our
system. Typically, the Hughes 1380 CRTs cutoff point is represented by the
inner plot, which is approximately 60 volts. The first graph in this section,
labeled "CUTOFF", shows the cutoff point measured at grid 1 and cathode.
This plot was taken from the LeCroy Digital Oscilloscope using a 10X
probe. The cutoff voltage is shown under each channel and must be
multiplied by 10 because of the probe used. The voltage is the potential
difference between the top line (cathode DC bias) and the bottom line
(grid 1 DC bias). This voltage defines the maximum contrast adjustment
available for the CRT. For a particular type of CRT design, with similar
grid potentials, the value of cutoff should not change a significant amount.
However, the value of the cutoff voltage can be increased or decreased
by variations in the grid 2 potential. By increasing the grid 2 potential the
DC bias or operating point can be increased. This effectively increases the
amount of contrast adjustment or raises the cutoff voltage. Decreases in the
grid 2 potential have the opposite effect. In the discussion on CRT
operation, it was noted that changes in the grid 2 potential affect the
crossover point (image point source). The electron beam crossover is used
as the object whose image appears on the screen of the CRT. Therefore,
the location and size of the crossover are very important in determining the
minimum spot size attainable by the focusing techniques (electrostatic or
magnetic) [ 2 ]. Usually, the manufacturer provides the optimum grid 2
potential, or at least a good approximation, for a specific CRT. In the case
of the Hughes 1380 CRTs, only a voltage range was provided. This range
was between 300 and 600 volts. Extensive operational testing over the
* entire grid 2 voltage range would be necessary to determine the most
efficient operating grid 2 potential. This would take an inordinate amount
~ of time. A quick preliminary evaluation produced the best results with grid
.2 potentials between 350-430 volts. It was found that using the lower range
of grid 2 voltages decreases the cutoff voltage or contrast adjustment.

MAXIMUM LUMINANCE
The second plot in this section is labeled "MODULATION AT MAX

~ LUMINANCE". The maximum luminance was measured using the

~ Prichard Photometer, model 1980A. A flat field video signal (this signal

_illuminates the entire display active area) is displayed on the CRT. The

contrast, or video gain, was increased until maximum signal gain was
reached. The luminance output at the center of the CRT was then
“measured. The luminance is provided on this plot in foot lamberts. The
modulation signal was measured on the cathode side of the differential
video amplifier output. The total modulation voltage was obtained by
multiplying the voltage (shown in red -on the plot) under either channel by
- 10 (because of the oscilloscope probe) and then by 2, because only the
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the cathode side is measured. Maximum luminance is an indication of a
CRT’s output capability. Again, referring tp figure 4, the amount of
modulation is measured from the DC bias or operating point to the peak
amplitude of the video signal.

CONTRAST RATIOS

Contrast ratio is normally defined as the ratio of the excited screen
brightness to the level of brightness in the unexcited screen area [ 2 ].
This is a measure of the depth of modulation, ratio between light and dark
parts of an image, for a particular display. Contrast ratios were measured
using a low spatial frequency, 10 cycles per display width (Cy/DW),
sinewave videc signal. The plots labelecf "MOD CONTRAST" show the
modulation required to obtain the luminance output indicated, either 375
or 500 foot lamberts. The contrast voltage was increased until the light
output from the displayed bright sinewave image reached 375 and 500 foot
lamberts, respectively. Again, figure 5 shows the electrical sinewave video
signal and the image seen on the CRT display. The maximum and
minimum luminance values were measured at the center of the CRT on
adjacent peak white and dark imaged areas. The contrast ratio is obtained
from the following formula:

CONTRAST RATIO = MAX LUMINANCE/MINIMUM LUMINANCE
Referring to figure 5, the maximum luminance for the drive signal

applied was measured within the light area, near the center of the display.
The minimum luminance was measured within the adjacent dark area.
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LINEWIDTH/LINE PROFILE

The linewidth measurements provide a physical representation of the
active raster line in the form of a line luminance profile. The active line is
scanned in small increments with a luminance detection device such as a
photometer or instantaneously acquired by a CCD silicon photodiode array.
The line luminance response profiles that are generated show how the
profile and linewidth varies as the luminance is increased. Since linewidth
is directly related to resolution for a fixed format size, increases in linewidth
imply decreased resolution. CRTs that are used in applications with
see-through HMDs and ambient light leveis that vary significantly (e.g.
day-to-night transitions, or vice versa) must have their linewidth optimized
to the requirements for the displayed imagery and the information transfer
demands of the human-display interface.

Line profiles, at incremental luminance values, were constructed by
scanning a line video signal displayed on the miniature CRT with a slit
photometer. The line video signal was generated by the OPIX pattern
generator at an 875 linerate with a 60 Hz update rate. The active line was
scanned with the Prichard 1980A photometer equipped with a 0.4 X 10
minute slit and 20X objective microscopic lens at a step size of 0.5 microns.
The initial luminance value was approximately 25 footﬁlmberts. Subsequent
line profiles were acquired at 0.025 volt increments in contrast voltage
(video gain/modulation) until approximately 500 foot lamberts was reached.
The linewidth was obtained from the line profiles and is define as the
distance between the points that are 50% gown from the peak luminance of

-the line profile. Figure 6 is a representative line profile showing the peak
luminance, 50 % points, and linewidth. .
The next four sections provide pertinent information concerning active
raster lines. The first section, titled "LINE PROFILES", concentrates on
single raster lines. The fitst graph, labeled "LINEWIDTH PROFILES", is a
composite graph of ail the line profiles acquired. It shows how the raster
line changes as the luminance is increased by incremental changes in
contrast (video gain/ modulation). The linewidth information for these
- profiles is summarized on the graEh for easy comparison. The remaining
graphs in this section, labeled "LL*.*", are the individual line profiles
contained in the composite graph. The second section, titled
"LINEWIDTH/LUMINANCE", is a piot of the linewidths versus their
corresponding peak luminances. As previously mentioned increases in
linewidth over significant variations in luminance will have a degradating
effect on the resolution of the HMD system.

The third section, titled "SCAN LINE MODULATION?, is the
luminance profile of two adjacent active scan lines [3,4]. Excessive scan
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line structure modulation contrast (SLSMC) can compete with actual video
information that is present at the CRT display. Display operating conditions
normally require CRT line widths be adjusted so that the scan line structure
is not visible, or barely so. However, sufficient dynamic range should be
permitted between the maximum and minimum luminance levels, such that
usable contrast is maintained between adjacent pixels imaged at different
luminance levels on adjacent scan lines. Maximum and minimum
acceptable scan line merge conditions, that may provide acceptable
performance for the human operator, are shown in figure 7. The merge
condition selected should allow a reasonable tradeoff of scan structure
contrast and vibration induced artifacts which affect visibility of the
scanned image. The first graph in this section labeled "SCAN LINE
MODULATION" is a composite of the SLSMC profiles over the same
luminance range of the line profiles. The graphs that follow labeled "SCAN
LINE MOD LL*.*" are the individual SLSMC profiles.

The fourth section titled "13 KV CRT LINE PROFILE" is a composite
graph of the line profiles from a one inch CRT operating with a 13 kilovolt
(KV) final anode potential. This graph is provided as a baseline. This 13
KV CRT is of similar size and shape whose primarily differences are a higher
anode potential, a modified electron gun (primarily concerned with spacing
of triode elements), and a phosphor whose grain size and thickness have
been optimized for improved electrical-to-light conversion performance.
Raising the final anode potential effectively provides more luminance for
the same beam current (video modulation). Linewidth changes for this
- particular miniature CRT are minimal at luminance levels in excess of 7000

oot lamberts. Also, above 12 kilovolts , space charge spreading effects
become negligible with the beam currents and beam travel distances found
in miniature CRTs. However, this higher anode potential means that the
- electron beam will be stiffer requiring iighet deflection currents.
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SINEWAVE RESPONSE

Sinewave Response (SWR) is a performance measurement method for
CRTs that is well established in the industrial sector. The procedure used
to perform this test is established in AAMRL-TR-76-73 [5]. The method is
outlined below.

Sinewave Response employs an engineering system measurement
technique where a known sinewave signal is introduced at the input of a
.system and the system response is measured at the output.” This technique
makes the assumption the system being measured is linear, causal, and
continuous. These assumptions are not adhered to in a strict sense for CRT
SWR measurements. For CRTs, the amount of modulation observed at the
display, after being processed by the associated electronics, is determined by
measuring the light and dark sinewave luminance values imaged on the
display. Recalling figure 5 from from the line profile section, the sinewave
video signal displayed shows both the corresponding light and dark areas
considered for measurement. The CRTs' SWR performance is significantly
affected by the design and performance of the cable and display electronics.
The main cause is tie distributed capacitance found in the standard CRT
cable. Sinewave Response is a figure of merit used to determine where
limiting resolution occurs for future optimization or component replacement.

The input video amplifier signal was provided as shown in figure 8. The
procedures described below are illustrated in the block diagram flow chart
in figure 9. At an initial spatial frequency of 5 CY/DW the sinewave signal is
set to 0.96 volts peak-to-peak and is offset above ground 0.04 volts. This
video signal format is used to ensure compatibility with TV cameras or
sensors with which the display under test will be used. The 0.04 volt offset
eliminates black level clipping of the video signal. This sinewave video
signal is measured at the output of the video amplifier to establish a baseline
amplitude. Each successive output spatial frequency video signal is adjusted
to this baseline. The displayed sinewave on the CRT is measured using a
slit photometer and a 20X microscopic objective lens to determine the
maximum luminance (Lmax) and minimum luminance (Lmin) values. The
modulation contrast (Mc) is calculated using the following formula:

Mc = (Lmax - Lmin)/(Lmax + Lmin)

" The spatial frequency of the sinewave video input is increased until the
displayed modulation can no longer be detected and the data are then
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plotted as modulation contrast versus the associated spatial frequency.

As mentioned previously, the SWR is a measure of the contrast or image
quality that is present. It quantitatively defines how crisp or clear a
displayed image is on a particular CRT. This relates directly to the
discernibility of edges on both high and low contrast images. Since the
edges of an image are made up of harmonics throughout the spatial
frequency band, it follows that lower modulation percentages produce
degradation of image contrast at specific spatial frequencies.

The first graph in this section labeled, "VIDEO AMP INPUT", records
the establishment of the input signal to the video amplifier using the
procedures described above. The second and third graphs, labeled "VIDEO
AMP OUTPUT", provide plots of the output of the video at 25 and 100 foot
lamberts, respectively. The amplitude of the video amplifier output signal
(the baseline) was maintained by adjusting the input video amplifier signal,
as previously discussed. This provided a consistent reference point for the
measurement. The results of this procedure are provided in the graphs
labeled, "MODULATION CONTRAST". These last two graphs are the
SWR for 25 and 100 footlamberts, respectively.
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FIGURE 9 - SINEWAVE RESPONSE SIGNAL CONDITIONING BLOCK DIAGRAM
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APPENDIX B: MASS PROPERTIES
1. INTRODUCTION

Helmzt-mounted systems add to the weight supported by the head.
If the weight is excessive or is not evenly distributed about the
head it increases the onset of fatique in aircrew members. Also,
the additional weight and its distribution significently
increases the risk of injury during high G maneuvers and
emergency situations such as crash landing or ejection. This
report describes the weight and center of gravity (CG)
measurements taken by the Vulnerability Assessment Branch,
Biodynamics and Biocommunications Division, Armstrong Laboratory,
Wright-Patterson Air Force Base, Ohio.

2. OBJECTIVE

R The objective of this evaluation is simply to determine the
-ﬁ#f'f, weight and center of gravity of selected I-NIGHTS helmets.
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WEIGHT/CG TESTS
I-NIGHTS Safety of Flight

Preliminary Test Plan - Measurement of Inertial Properties

A. INTRODUCTION/BACKGROUND

A series of tests are being planned for evaluating the
operational effectiveness and safety of certain helmet mounted
systems before they are actually flown in aircraft. This
preliminary test plan addresses one of the critical issues :
necessary for the total evaluation efforl (Safety of Flight) by
providing for the measurement of the inertial mass properties of
the helmet mounted systems along with correlations of mass and
mass placement to dynamic test responses. Additionally, this
plan will comment in Section VIII on developing a modeling data
base that may be used in future analytical simulations of
head/neck response to added head encumbrances under whole body
exposure to abrupt accelerations.

Six custom helmet prototypes will be delivered for testing to the
Biodynamics and Bioengineering Division (BB) of the Armstrong
Aerospace Medical Research Laboratory (AAMRL) at Wright-Patterson
AFB, OH. Two prototypes will be delivered from each of three
vendors: Honeywell, GEC Avionics, and Kaiser. One system will
be a Night Vision Goggle (NVG) configuration, the other system
contains both display optics and an image source, allowing the
system to be used as a NVG, a Helmet Mounted Display (HMD), or as
a combination NVG/HMD. Delivery of the NVG mockups will be Dec
89 and the systems will be delivered in Feb 90. The NVG/HMD
mockups will be delivered Feb 90 and the systems delivered May
90. Another system, the ITT MERLIN, is being procured by AAMRL
and may be ready for testing during FY90. Additionally, a system
being developed through a Small Business Innovative Research
{SBIR) program may be added to the test matrix at a later date.

I. PURPOSE
A. SCOPE OF PLAN

The additional mass of helmet mounted systems and their center-
of-gravity (cg) position relative to that of the head may
adversely effect the safety of the crew member and the
operational effectiveness of the system under certain force
exposure conditions. To quantitatively address possible adverse
effects and correlate them to various impact, acceleration, and
vibration exposures, their inertial properties must be
determined.
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A test series will be conducted to measure and report the mass,
center of gravity location, magnitudes of principle moments of
inertia, and orientation of the principle axes of each helmet
mounted system. This data will then be correlated to measured
dynamic test responses and compared to previous tests performed
without the additional head mounted mass.

B. CRITICAL ISSUES

1. What are the inertial properties of the different helmet
mounted systems?

2. How does the addition of the helmet/NVG alter the cg
position, moments of inertia, and mass of the pilot head/neck
system?

3. How does the addition of the helmet/NVG/HMD alter the cg
position, moments of inertia, and mass of the pilot head/neck
system?

4., How do the alterations in pilot head/neck inertial properties
effect the dynamic response characteristics of the head/neck
system?

III. TEST OBJECTIVES
The specific objectives of the test are:

l. To accurately measure the mass properties of the helmet/NVG
systems, the helmet/NVG/HMD systems, as well as the add-on NVG
system alone and with its designated helmet and necessary
configurations.

2. To mathematically combine the mass properties of all the NVG
configurations with representative human head mass properties
extracted from the stereophotometrically measured subject data
base.

3. To correlate this data with measured dynamic test responses
done at AAMRL and compare to previous tests performed without the
additional head mounted mass.

IV. EXPERIMENTAL DESIGN
A. FACILITIES AND EQUIPMENT

All tests will be conducted in the Manikin Testing Laboratory
(MTL) located in Building 824, Area B, Wright-Patterson AFB, OH.
The measurements will be made using the Automated Mass Properties
Measurement System which consist of th2 Space Electronics mass
properties instrument, a Hewlett Packard microcomputer, an
electroaic scale and moment table assembly, and an assortment of
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balsa wood molding fixtures designed to secure the test object(s)
during tests. All calculations are made with the use of software
associated with the HP-85B, the Zenith Z-100, and the Perkin-
Elmer computers resident to BB. For a detailed description of
the automated Mass Properties Measurement System used to measure
these properties, see Reference 1. '

B. EXPERIMENTAL CONDITIONS
The following system configurations will be tested:
Vendor Helmet Configuration Helmet Only NVG HMD Mask

Honeywell NVG
Honeywell NVG
Honeywell NVG

GEC Avionics NVG

GEC Avionics NVG

GEC Avionics NVG
Kaiser NVG

Kaiser NVG

Kaiser NVG

Honeywell NVG/HMD
Honeywell NVG/HMD
Honeywell NVG/HMD
Honeywell NVG/HMD
Honeywell NVG/HMD
GEC Avionics NVG/HMD
GEC Avioniecs NVG/HMD
GEC Avionics NVG/HMD
GEC Avionics NVG/HMD
GEC Avionics NVG/HMD
Kaiser NVG/HMD
Kaiser NVG/HMD
Kaiser NVG/HMD
Kaiser NVG/HMD
Kaiser NVG/HMD

ITT MERLIN (if available) X (55/P)
ITT MERLIN (if available) X (55/Pp)
ITT MERLIN (if available) X (55/P) X

M DI DE DI DI DI DI DI DRI DI DRI DI DI D DI DI DI DI DI DI DA N
>
>4
PERPIDE MM M MM KX

=
-
Dpe A X

For this test series, the configurations (with the exception of
the helmets alone) will be performed with a styrofoam head to
properly position the mask and night vision goggles. The
inertial properties of the head will be measured and subtracted
from the results of the h=lmet/NVG configurations.

The inertial data can also be combined with manikin head-neck
data to evaluate the effect of the head encumbrance. If a
comparison is required, a digitization of each helmet with a
manikin will be included in the test series.
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C. TEST EVALUATION

The test results will be evaluated by comparing configurations
measured together against configurations measured separately and
then mathematically combined.

V. TEST SCHEDULING

This series of tests will require one week per NVG system., Three
weeks will be required for final data analysis, compilation and
report preparation. The entire testing effort will take
approximately 10 weeks.

VI. COSTS
This series of these will%require funds of $12,500.
VII. TEST DOCUMENTATION
The following documents will be maintained:
Calibration Sheets - the calibration results of the system

Inertial Entry Log - the cg offsets, mass, and measured
moments of inertia of the test object plus balsa wood box

Inertial Properties Log - the principal moments of inertia
and direction cosines of the test object alone

Tables of analyzed data which will include center of gravity
location, mass, magnitudes of principal moments, and orientation
of principal axes for each configuration.

VIII. POSSIBLE ADDITIONAL AREA OF TESTING

The Modeling and Analysis Branch (ARMRL/BBM) makes extensive use
of a three-dimensional, coupled rigid-body simulation program
called the Articulated Total Body Model (ATBM). There is an
effort under way to model the human head/neck response to abrupt
Gz accelerations with added head encumbrances with the ATBM. The
head encumbrances being modeled include the HGU-55/P helmet and
the EAGLE EYE Concept III NVG, both with and without the MBU-5/P
mask. While it would be highly desirable to conduct a
complimentary analytical/modeling task as part of this effort,
none is proposed. However, as a minimum, the protocols developed
within BB should ensure that data collected in the dynamic and
inertial measurement tests be sufficiently complete and properly
formatted for later analytical/modeling application.
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IX. TEST PERSONNEL ASSIGNMENTS

The principal investigator of this effort is Lt Deborah Determan,
BBM. Direction to the MTL contractors, who will actually perform
the measurements, will be through the MTL facility engineer, Capt
Christopher Taylor, BBM.

X. REFERENCE DOCUMENTATION

1. Alberry, C., Whitestone, J., and Lephart, Alan, Ph.D., The
Automated Mass Properties Measurement System Testing Procedures,
available in draft.

2. Alberry, C., Whitestone, J., and Lephart, Alan, Ph.D., The
Automated Mass Properties Measurement System Calibration Report,
available in draft.

3. Bartol, A., Whitestone, J., and Lephart, Alan, Ph.D., The
Automated Mass Properties Measurement System Accuracy Report,
available in draft.

4. McConville, J.T., Churchill, T.D., Kaleps, I., Ph.D.,
Clauser, C., and Cuzzi, J., Anthropometric Relationships of Body
and Body Segment Moments of Inertia, AFAMRL-TR-80-119, Aerospace
Megical Research Laboratory, Wright-Patterson Air Force Base,
Ohio,
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INTRODUCTION

This report presents the results of inertial properties testing
of twelve different night vision goggle {NVG) and head mounted
display (HMD) devices from each of the three vendors: GEC,
Honeywell, and Kaiser. Helmets were tested from each company in
each of the four following categories: NVG mock-up, NVG/HMD
wock-up, NVG operational, and NVG/HMD operational. These devices
were tested individually in various configurations involving a
helmet, a MBU-12/P mask, a visor, a large Hybrid II (ADAM) head,
a Hybrid III 5th percentile head, and a custom thermoplastic
liner (TPL).

Two critical issues need to be applied to the inertial properties
results of these devices. The first is how well do the three
vendor’s systems meet the specifications listed in the statement
of work (SOW). The second is how well do the mass properties of
the mock~up systems compare to the operational systems.

PROCEDURES

Each of the twelve helmets was tested in four different
configurations. The configurations were tested in the following
order. The appropriate vendor’s TPL liner for the ADAM head was
ingerted into the helmet shell. The straps on the helmet were
loogsened and the ADAM head inserted. The ear cups, webbing, and
straps were all fitted for the best possible fit. The optics
were aligned with the pupils and when possible the interpupillary
distance (IPD) was measured and set to the vendor'’s
specification. The MBU-12/P mask with appropriate vendor’s clips
was attached to the helmet and fitted to the head. The visor was
then pulled down. The helmet axis system and additional
reference points were marked and the helmet was secured in the

- testing box. For the second configuration, the mask and ADAM
head were removed without changing any positions of the optics,
straps, or liner. The third and fourth configurations were
completaed similarly to the first two except the small Hybrid IIIX
head and TPL were used,

The Rybrid III and ADAM heads were tested independently at the
beginning of the test program to provide baseline data on each
head. Anatomical landmarks were parmanently marked on the heads
for digitizing purposes. These points provided a reference for
locating the helmet with respect to the head and established the
relationship of the helmet mass properties with respect to an
anatomical axis system.

A detailed descriptior of the testing procedure and the equipment
used is contained in “The Standard Automated Mass Properties
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Testing Procedure" (1).

Properties Testing Accuracy Report* (2).

The accuracy of the equipment has been
evaluatad and is documented in *The Standard Autcmated Mass

Table 1 lists the 48

different configurations that were tested on the twelve helmets.

Table 1.

Helmet Configurations

GEC 1-G MBU-12/P ADAM 95th Retested after Mod.
GEC 1-G - - Retested after Mod.
GEC 1-G MBU-12/P | HYB III 5th
GEC 1-G - -
HONEYWELL 1=-H MBU-12/P ADAM 95th Kon-atd, Nelmet axis
HONEYWELL 1~-H - - Non-std. Helmet axis
HONEYWELL 1-H MBU-12/P | HYB III 5th Kon-std, Nelmet axis
HONEYWELL 1-H - - Non-std, Helmet axis
KAISER 1-K MBU-12/P ADAM 95th
KAISER 1-K - -
KAISER 1-K MBU~12/P | HYB III 5th
KAISER 1-K - -
GEC 4~-G MBU-12/P ADAN 95th
GEC 4-G - -
GEC 4~G MBU-12/P | HYB III 5th
GBC 4-G - -
HONEYWELL 3-H MBU-12/P ADAM 95th Non-atd, Helmet axis
HONEYWELL 3-H - - Non-std, Helmet axis
HONEYWELL 3-H MBU-12/P | HYB III 5th ¥on-std, Nelmet axis
HONEYWELL 3-H - - Kon-std. Helmet axtfs
KAISER 3-K MBU-12/P ADAM 95th
KAISER 3-K - -
KAISER 3-K MBU-12/P | HYB IIX 5th
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VENDOR HELMET MASK HEAD UNIQUENESS
KAISER 3-K - -
GEC 6-G MBU-12/P ADAM 95th
GEC 6-G - -
GEC 6-G MBU-12/P { HYB III 5th
GEC 6~G - -
HONEYWELL 5-H MBU-12/P ADAM 95th
HONEYWELL 5-H - -
HONEYWELL 5-H MBU-12/P | HYB III Sth
HONEYWELL 5-H - - ..
KAISER 6-K MBU-12/P ADAM 95th
KAISER 6-K - -
KAISER 6-K MBU-12/P | HYB XII S5th
KAISER 6-K - -
GEC 8=G MBU-12/P ADAM 95th Optics cable xached
GEC 8-G - ~ Optics cabla attached
GEC 8=-G MBU-12/P | HYB III 5th Optics cable attached
GEC 8~G - - Optics coble atteched
HONEYWELL 8-H MBU-12/P ADAM ©5th
HONEYWELL 8~-H - -
HONEYWELL 8-H MBU~12/P | HYB III 5th
HONEYWELL 8~H - =
KAISER 8-K MBU-12/P ADAM 95th
KAISER 8=K - -
KAISER 8-K MOU-12/P | HYB III S5th
KAZSER 8~K - -
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AXIS8 S8YSTEN DESCRIPTION

The test data are presented with respect to two axis systems:
the anatomical and the helmet axis system. A brief description
of these systems follows.

Anatomical Coordinate System This axis system is used to compare
manikin and human head mass properties. It also serves as a
reference for locating various helmet and night vision goggles
with respect to a human head. The coordinate system is shown in
Figure 1. The anatomical y-axis is defined by a vector from the
right to the left tragion. The x-axis is defined by a vector
perpendicular to the y-axis passing through the right
infraorbhital, positive toward the front. The z-axis is defined
as the cross product of the ’x’ and ‘y’ axes and is positive out
the top of the head. The origin of the system is defined to be
at the point of intersection between the y-axis and the vector
through the sellion perpendicular to the y-axis.

Helmet Coordinate Bystem This axis system is used to define the
mass properties of the helmet or helmet configuration independent
of a manikin or human head. Three points were located to define
the helmet axis system. The first was located at the center of
the ridge roll across the front of the helmet. The second and
third points were found by mirroring the following steps on the
left and right side of the helmet. A large caliper was used to
neasure 9.467 in. from the ridge roll just located to the ridge
along the bottom of the helmet. From this point an arc with a
3,125 in. radius was drawn on the side of the haelmet. From the
firet point at the center of the front ridge roll, an arc with a
' 8.467 in. radius was drawn on the side of the helmet. The point
of intersaction c¢f the arcs form the left and right reference
points for the y-axis, positive right to left. The x-axis is
perpendicular to the ¥~axis and passes through the centar of the
ridge roll. The z-axis is defined as the crose product of the
'x’ and ’y’ axes and is positive out the top of the helmet. The
origin of the axis system is located at the intersection of the
%’ and ’y’ axes. PFigure 2 shows the helmet coordinate axis
systenm.

RESULTS

The results of the mass properties tests are listed in Tables 2-
26, The tables contain weight; center of mass locations in
helmet and anatomical coordinate systems; principle moments ot
inertia; and the cosine tensors used to transform between the
coordinate systens.
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Isble 2, GEC 1-G Helmet / Adam Configurstion

Helmet, 95X TPL, No Head, No Mask, Retested After Modification

Mass (Lb) : &.72
Principal Moments of Inertia (ib/In'):

x: 98.897
Y: 43.870
Z: .40
Nelmsat Coordinate Axes (in) Anatomical Coordinate Axes Cin)
L3 Y z b § A { 2
Center of Kasa Location 3.98 -.06 .34 31 07 1.%7
Transformation from Helmet Coordinate to Anatomical Axes:
Cosines
f Qd.76832  -0.07307  -0.83597 |
{  0.01463 0.99522  «0.098%7 |
{  0.64002 0.05483 0.76567 |
Helmet, 95X TPL, Large Adam Mead, NBU-12/P Nask, Retested After Nodificstion
Nass (Lb) ¢ 14.35 _
principal Noments of tnertia (LO/IN'):
» ) x: 189,650
¥: 164.440
2 154.8L0
Relast Coordinate Axee (in) _ Anatomical Coordinate Axes (in}
x A { 2 4 Y 4
m.f °’ Nass Lmﬂd\ 2-” ‘t& 1.” 20” '.01 ‘.”

trﬁumum from Nalmet Coordinate to Aratomical Axes:
Coslnes

( 0.75493 0.05326  -0.55381 |
i -0.01508 0.99786 0.06360 |}
o685 -0.03820 0.753%¢8 |
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Isble 3. ¢SC 1-G Nelmet / Adem Configuration

Helmet, 95X TPL, No Kead, No Mask, Before Modification
Mass (Lb) : 4.54
Principal Moments of Inertia (Lb/In):

X 9N.792
¥: 60.602
2: 78122
Relmet Coordinate Axes (in) Anatomical Coordinate Axes (in)
X 4 2 X Y 4
Conter of Maas Location 4.05 19 2.02 95 -1 2.02

Trammformation from Nelmet Coordinate to Anatomical Axes:
Cosines
[ 0.70848 0.00049  -0.70554

i -0,01390 0.99995  -0,00034
| 0.70855 0.01018 0.70a851

—— - n—

Nelmat, 95X TAL, Large Adam Nead, NBU-12/P Nask, Before Nodification

Mass ¢LbY @ 14.20
Principal Noments of trartis (LIVIA'):

 § ’“tm
¥: 176.08%
T2 155.807
Kelmet Coordinate Axes ((n) Aratoaical Coordinate Axes (In)
4 4 4 X Y 3
ww .‘ m kmt'm 20" ’ou ‘o“ 08 ‘v“ ‘.“

Tearwformation from elmet Coordinate to Anatomical Axes:
Coslnes

{  o.r002 0.00950  -0.70502 |
‘ -0.01588 G.m ‘0.“39 }
{  o.70501 0.0t002 0.70008 |
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Isble 4, GEC 1-G Heimet / Mvbrid III Configureticn

Helmet, 5X TRL, Ko Head, No Mask
Mass (Lb) : 4.61
Principal Noments of Inertfs (Lb/In%):

X: 91,039
Y: 53.629
I: T5.895
Helmet Coordinate Axes (in) Anatomical Coordinate Axes (in)
X 2 X Y 2
Center of Nass Location 4£.05 -1 2.07 .63 - 33 2.3

Trarnsformation from Nelmet Coordinete to Anatomical Axes:
Cosines
73N -0.04120 «0.69926 |

(0
{ -0.00507 0.9795  -0.06377 |
{ 0.70043 0.043% 0.71216 |

Yelmat, SX TR, SX Kybrid 11l dead, WBU-12/P Mask

Mass (Lb) : 13.58
Principal Xoments of Inertia (LIV/IN'):

X: 161,182

Y: 151.97

2z 136.496

kelmet Coordinete Axes ¢(in) Anatoaicsl Coordinate Axes (in)
X \i 4 X Y 4

Transforaation from Nelmst Coordinate to Anatomicel Axes:
Cosines

{07139  -0.04159  -0.60011 |
‘ ’O‘m“ 0.9 «0,08418 ’
| 0.7082 0.04024 o.n2w |
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Isble 5, Honeywell 1-N Helmet / Adom Configuration

Helmet, 95X YPL, No Head, No Mask
Mass (Lb) : 5.16
Principal Moments of Inertia (Lb/in'):

X: 125.653
Y: 58.79%
2: 108.038
Helmet Coordinate Axes (in) Anatomical Coordinate Axes (in)
X Y z X Y Z
Center of Mass Location 1.7 <13 -.60 95 21 1.37

Transformation from Helmet Coordinate to Anatomical Axes:
Cosines
[ 0.98956 0.01326  -0.14289

1
{ -0.01508 0.99976  -0.01150 |}
| o.42m 0.013460 0.9895¢ |

Helmat, 95X TPL, Large Adem Nesd, NBU-12/P Nask

Mass (Lb) : .73
Peincipal Moments of Inertia (Lb/In'):

X: 222.1%2
Y: 167.822
s 187.168
Nelmet Coordinate Axes (in) Anatomical Coordinate Axes ¢in)
X Y 4 X Y 1
Center of Nass Location 39 .08 -.58 A3 08 .90

Tramformation from Nelmet Coordinate to Anatomlical Axes:
Coainea

{ 0.99328 -0.00281 -0.11686
i -0,00049 0.9995%  -0.0275%
U 0.11696 0.02734 0.992n

—— gy —
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Isble 6, Honeywell 1-H Helmet / Hvbrid [1] Configyretion

Kelmet, 5X YPL, Wo Head, No Mask

Mess (Lb) : 5.16

Principal Noments of Inertfa (Lb/In'):
X: 105.664
Y: 59.034
2: 121,718

Helmet Coordinate Axes (in)

X Y 4

Center of Mass Location 1.09 -0 -.66

Transformation from Helmet Coordinate to Anatomical Axes:

Cosines
{ 0.08858  -0,01243 +0.15066
{ 0.0076% 0.99048  -0.03215
(  0.15038 0.03041 0.96806

— -

Anatomical Coordinate Axes (in)

X Y 4
. .12 T

Helmet, 5% TPL, 5X Nybeld 111 Wead, WBU-12/P Nask

Kass (Lb) ¢t 14.00

Principal Moments of Inartia CLb/In"):
¥: 145.734
2: 148.408

Nelmet Coordinate Axes (in)

4 Y 4

Canter of Mass Location N -.04 =61

Traraformation from Nelmet Coordinate to Anatomfcal Axes:

Cosines
{  0.97555  <0.07870  -0.20548
t  0.08682 0.09540  -0.08417
1 0.20067 0.04885 0.97487

2n

{
{
|

Anatomical Coordinate Axes (in)

X L § 2
o“ '.20 R4




Isble 7, Kaiser 1-K Heimet / Adam Configureticn

Helmet, 95X TPL, No Head, No Mask
MNass (Lb) : 4.8t

Principal Moments of Inertia (Lb/In*):

X: 92.418
Y: 60.484
: 85.624
Kelmet Coordinate Axes (in) Anatomical Coordinate Axes ¢{n}
X Y 2 X Y 4
Center of Nass Location (3 .09 2.38 1.50 -.06 r-8 3

Tranaformation from Helmet Coordinate to Anatomical Axes:
Coslines

( 0.70803 0.00955  -0.70606
| +0.00255 0.99997 0.01042
l 0.70812  -0.00396 0.70804

— g

helmet, 95X TPL, Large Adam Nead, MBU-12/P Wask

Hass (Lb) & 14.46
principal Moments of Inertia (Lb/In%)s

Xt 188.858
Y: 187.229
s 16r.47
Kelmet Coordinate Axes {in) Anatomical Coordinate Axes ¢in)
X Y b 4 4 Y 4
Center of Mass Locatfon 3.0 N 4 2.0 .56 A 1.39

Tranaformation from Nelmet Coordinate to Anatomical Axes:
Coslnes

' oomn‘ Q.WS ‘O.Ml ‘
-0,00308 0.90984 0.01017 |
‘ °0M 'O.le O.m ‘
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Iable 8, kaiser 1-k Helwet / Hvbeid 111 Configueation

Helmet, 5X TPL, No Head, Mo Mask
Mass (Lb) : 4.81

Principal Noments of Inertis (Lb/In%):

Helmet Coordinate Axes (in)

Anatomical Coordinate Axes ({a)

X Y } 4 X Y 2
Center of Mass Location 4.78 Q9 2.3% 1.47 -.06 .46
Transformation from Helmet Coordinate to Anatomical Axes:
Costirms
( 0.62198  -0,0075  -0.7ma292 |
{ -0.03170 0.998%%  -0.03450
l 0.7824t 0.04640 0.621%6 |
Helmet, 5% YPL, 5% Hybrid 111 Head, MBU-12/P Mask
Nass (Lb) : 13.78
Principst Noments of Inartis (Lb/In'):
X: 1468.487
¥: 150,221
23 W4T,049

Nelmet Coordinate Axes (in)

Y 4

4
Conter of Mass Location 3.3 X 2.2

Yranaformstion from Nelmst Coordinate to Anatomicat Axes:

Cosines
(0.8 -0.00876 -0.78280
! '0.532” O-W '°;M
{  o.vedvwe 0.04870 0.62127
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Anatomical Coordinate Axes ¢in)

Y )
.48 -.06 1.3




Isble 9, Honeywell 3-H / Adam Contiguration

Nelmet, 95X TPL, Mo Head, No Kask
Mass (Lb) : 5.7

Principal Moments of Inertia (Lb/In%):

X: 121.771
Y: 63.906
2: 1460.156
Helmet Coordinate Axes ¢{n) Anatomical Coordinate Axes (in)
X | { 4 X 4 b 4
c‘\ttl‘ °f “‘u Lm“m .37 007 '0" o“ '.03 o“

Tranaformation from Helmet Coordinste to Anatomical Axes:
Cosines
(  0.99351 0.02236  -0.11215

{ -0.02180 0.99973 0,005606
L o.112¢  -0,00358 0.99360

W - -

‘Helmet, 95X TPL, Lerge Adam Nead, MBU-12/P Nask

Mass (Lb) : 15.23
Principal Kaments of lnertie (LIRS

tr 232,497
¥: 167.303
T 188477
Seluet Couvrdinate Axes (in) Anatomical Coordinate Axes ¢(in)
X 4 b4 4 4 R 4
wt.f of Nass L“.t‘“‘ 30 01 ‘o” ‘6 «,08 R

' Tronaformation from Netlmet Coondinate to Anatcmicel Axes:
Cosfcws

{ 0.9652  -0.01932 -0.16025 |
i o.0t18 0.99086  -0.01HS |
U 0.16040 0.0117 ovemr |
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Isble 10, Honevvell 3-8 / Mvbrid 111 Configuration

Helmet, SX TPL, Mo Head, Mo Mask
Mass (Lb) 1 5.69
Principal Noments of tnertia (Lb/in'):

X: 123.056
Y: 61.498
2: 134.870
Nelmet Coordinate Axes (in) Anatomical Coordinate Axes (in)
X Y 2 X  § 2
CU\(CI' °f m‘ LOCIC‘M o” ow 'o& o“ 'n°7 03‘

Transformation from Helmet Coordinate to Anatomical Axes:
Cosines
{ 0.99082 0.0t722  -0.13%07

i -0.021%6 0.99943  -0.02779
t o.13242 0.03037 0.99075

— g

Nelmet, 3X TAL, 5X Wybrid 111 Mead, MBU-12/P Rask

Nass (Lb) ¢ 14.59
~ principst Noments of Inertie (LbVIn'):

At 200,731

Y 145,357

T 166.19%

Nelmet Coordinate Axes (in) Anatomical Coordinate Axes (in)
X  { 4 ¥ 2

Canter " Ross Lu."m 57 -\ -8 .3‘ ““ c”

Trarsforsation from Meimet Coordinate to Anatomical Axess
Coslnes

[ 0.9847% 0.00088  -0.17489
| -0.01051 0.90885  -0.08516
1 o.anuwy 0.05607 0.98302

— s -
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Iable 11, Keiser 3-K Helmet / Adom Configucation

Helmet, 95X TPL, No Head, No Mask
Hass (Lb) : S5.84

Principal Noments of Inectia (Lb/In"):
X: 136.101
Y: 78.151
2 114,999

Helmet Coordinate Axes (in) Anatomical Coordinete Axes (in)

X Y z X Y 2
Center of Mass Location 430 <04 2.83 N .03

Transformation from Helmet Coordinate to Anatomical Axes:
Cosines
{ 0,7003% 0.00485  -0.71366 |

{ -0,05232 0.99755  -0.04476 |
L o.M 0.056845 0.69893 |

Selmat, 95X VAL, Lerge Adam Head, WBU-12/P Nask

Hass (Lb) @+ 15.52
principal Koments of trectie CLLVIN'):

N 2N.884
3 mQN
2 199,988
Nelmat Coordinate Axes (in) Anatomical Coordinate Axes (in)
X  { 1 , ¥ 2
Center of Haas Locatien M 04 2.5 & .03 1.39

Tearmforemtion feom Nelmet Coordinate to Aratamical Axes:
' ' Coaines

[ 079 0.0397¢  -0.70199 |
| +0.08838 0.996849 0.00058 |}
l 0.700R 0.038346 .78 |
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Inble 12, 3-K Helmet 7 Mvbrid I11 Configuration

Helmet, 5% TPL, Mo Nead, Ko RKask

Mass (Lb) : 5.89
principal Noments of Inertis (Lb/in'):

X: 112.795
Y: 78.489
2: 133.205
Helmet Coordinate Axes (in) Anatomical Coordinate Axes (in)
X Y 2 X Y 2
Cﬂ\“f Qf “I‘l LOCC“G\ ‘-a 003 2.76 o“ ‘o“ 2:”

Transforuation from Nelmet Coordinate to Anatomical Axes:
Cosines
{ 0.61225 ~0.01548  -0.79048

| -0,01059 0.99955  -0.02763
| 0.79084 0.025%7 0.561184

Nalmet, 5K AL, Uybrid 111 Need, mfﬂl' Nask

Nase (Lb) : .8
Principat Noments of Inartla (Lb/in%)s

¥ 200,440
¥ 175.698
1 119.588
Relamet Coordinate Anes (in) Aratomical Coordinate Axes ¢in)
X  § 4 4 Y F 4
Canter of Nass Locetion 3.4 .00 2.40 N - 01 .4

Transformation teoa Kalmet Coondinate to Anatomical Axes:
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Isble 13, GEC 4-¢ Nelmet / Adem Configuresicn

Helmet, 95X TPL, Mo Nead, No Mask

Mass (Lb) : 5.64
Principal Roments of Inertia (Lb/1n'):

Xz 101.457
Y: Th.544
2: 128.836
Hetmet Coordinate Axes (In) Anatomical Coordinate Axes (in)
X Y b 4 b ¢ 4 4
Center of Nass Location 3.80 Ot 2.8 9 -.05 2.39

Transformstion from Helmet Coordinate to Anatomical Axes:
Costnes

( o.ra337 0.01654  -0.6902%4 1}
| -0.0184% U. 99986 0.00484 }
| 0.6903 0.00964 o.r2357 |

Selmat, 95X TPL, Lorge Adem Nesd, MBU-12/P Mask

~ principal Noments of Inertia (LvVin'):

A 214,409
¥: 198119
T 154.295
Selmat Coordinate Axes (in) Anatomicel Coordinata Axes (in)
X 4 4 b 4 Y 4
Conter of Rass Location R4 04 .9 .+ .00 ..

Trarsformition from Selmet Coordinate to Anatomical Axest
Coslrms

{ o.re2% 0.01602 -0.600M0 |
| -0.01887 0.9 0.00512
| 0.60084 0.00921 oI |
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Isble 14, GEC 4-¢ Nelmet / Mvbrid L1} Configuration

Melmat, SX TPL, No Kead, Mo Mask

Mass (Lb) ¢ S5.69

Principal Moments of Inertis (LL/IN'):
A 96.522
Y: 5.5
2: 124,765

Nelmat Coordinate Axas (in)

X |
Coenter of Mass Location 3.8 2
Transformotion feom Helmet Coordinate to Anatomical Axes: '
“wm
[ Q78251  -0.19208
{  o.0T342 0.9726y

i o.6v84t 0.1285%

r8

Anatomical Coordinate Axes (in)

X Y T
28 - A7 .5
-0.59208 1
0. 21978 )
o.m '

Hass (m 3 “;“

Principal Noments of Inertis LIVIN')
. 11 1”.‘”
vs 168.707
T 141,262

Neimet Coordinate Axes ¢(in) -

X Y
Conter of Ness Location _ 2.8 +,03

Transforaation from Calmet Coordinate to Anstomical Axes:

Coslines
{0759 -0.00M8
| -0.021% 0. 9917
1 0.6m88 0.04137
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Anatasieal Coordinate Axes (1)

X RS |
e

~0.085 |
«0.03436 |
0.7 | -

LIt B



Isble 15, Moneywell 5-H Kelmet / Adem Configuration

Helmet, 95X TPL, No Mead, No Mask

Mass (Lb) : S5.05

Principal Moments of Inertia (Lb/In'):
X: 125,286
Y: 56.042
Tz 109.429

Helmet Coordinate Axes (in)

X Y 4

Center of MNass Location 3.90 -.02 .35

Tranaformation from Melmet Coordinate to Anatomical Axest

Cosirme
{ o9t -0.010M -0, 40558
{  0.00005 0.99992  ~0.00644
(| 0.40854 0.0021t7 0.91405

1
}
)

Aratomical Coordinate Axes (in}

4 4
.u. 2653

) S
t.40

CBelmat, V5K TR, Large Adsm Nead, KN-12/P Neek

Mass {Lb) @ u.'.,ss

Prircipe. Nomsixts of lnertls (Lb/In'):

‘ : Xy ¥F.2%
: ¥s §70.084
2 148,893

Netmet 'Mmu Azes (!ni

X \ 3

Center of Mass Location 3.30 82

tmmﬁtiﬁ fn- talat Coordinate to Armtonical Axes:

- Costrws
L 0T -0.015%0  -0.3MS3
1 0.01806  G.09088  0.00308
T 0338 -0.0100

- 091008

. Anatamical Coordinate Axes (in)

1
}
}

e Y R |
M e n




Isble 16, Honeywell 5-H Helmet / Hvbrid 1) Configyraticn

Helmet, 5X TPL, No Head, No Mask
Nass (Lb) : 5.03

Principal Moments of Inertia (Lb/In'):
X: 117.816
Y: 56.408
Z: 103,517

Helmet Coordinate Axes (in) Anatomical Coordinate Axes (in)
X Y 2 X Y h 4
Center of Mass Location 3.95 -2 32 54 .02 .76

Transformation from Helwmet Coordinate to Amatomical Axes:
Cosines
[ 0.94399 0.04539 «0.32655 |

{ -0.05668 0.99806  -0.02509 !
I 0.32486 0.04220 0.%&479 |

Helmet, 5X TPL, 5X Hybrid 111 Head, MBU-12/P Mask

Mass (Lb) : 14.00
Principal Moments of Inertia (Lb/In%):

X: 199.189

Y: 145.734

s 148,498

Helmet Coordinate Axes (in) Anatomical Coordinate Axes (in)
X Y 4 X Y 4

Center of Mass Location .66 <04 -.61 &6 -.20 a7

Transformation from Helmet Coordinate to Anatomfcal Axes:

Cosfres

‘ 0-9”57 ‘O.om '0.20552 l
1 0.06680 0.99560  -0.067T32 |
1 0.20962 0.04257 0.97656 |
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Isble 17, GEC 6-G Nelmet / Adam Configuretion

Helmet, 95% TPL, Mo Head, Mo Mask
Mass (Lb) : 5.03
Principal Moments of Inertia (Lb/In%):

X 8.2m
Y: 67.705
2 106.831
Helmet Coordinate Axes (in) Anatomical Coordinate Axes (in}
X  { b4 X Y r 4
Center of Mass Location 3.95 -.05 2.06 t.11 .13 1.9

Transformation from Helmet Coordinate to Anatomical Axes:
Cosines
{(  0.6799% 0.00961 -0.73311

{ -0.0147S 0.99977  -0.00057
{ 0.73306 0.01105 0.68002

Helmet, 95X TPL, Large Adam Kead, NOU-12/P Nask

Mass (Lb) : 14.68
principal Moments of Inertia (Lb/In'):

X 194.537
Y: 185.259
Tt 163,661
Nelmat Coondinate Axes (in) Anatomical Coordinate Axes (in)
4  { 2 X Y b 4
Center of Mass Location b 54 .02 1.9% 35 -.03 1.04

Tranaformation from Helmet Coordinate to Aratomical Axeset
Cosines

( 0.6™M2 0.0072Y  -0.7340t
{ -0,01560 0.9099t  -0.00453
U o1 0.01447 0.61925

— e aaw

288




Isble 19, GEC 6-G Welmet / Mybrid 111 Configuration

Nelmet, SX TPL, No Kead, No Mask
Mass (Lb) : S.07
Principal Moments of Inertia (Lb/In%):
X: 82,245

Y: 66.181
2: 105.6463

Helmet Coordinate Axes (In) Anatomical Czoidinate Axes (in)

X Y 4 X Y Z
Center Of Mass Lmﬂﬂ\ ‘.03 ow ZQ‘S 970 -3 2.3

Transformation from Helmet Coordinate to Anatomical Axes:
Coairms
(  0.6829%  -0.04355  -0.720%0

{ 0.0073 0.99645  -0.05290
{  o.73028 0.03077 0.68235

Helmet, 5X TPL, 5X Wybrid 11l Nead /7 MBU~12/P Rask

Masa (Lb) : 14.04
Principst Noments of Inertia (Lb/in'):
X: 170,682

Y1 159.707
2t 144,160

Helmst Coordinate Axes (in) Anatoaical Coordinate Axes (in)

X ¥ 4 X v 4
Conter of Mass Locetion .93 02 1.8 I35 +.18 1.3

Vrersformation frem Helmet Coordinate to Anatomical Axes:
Coslines

' O.mas '0.0‘3‘3 'o.m
{ 0.00758 0.99882  -0,0%268
0.73022 0.03030 0.48280

O e w—
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Iable 19, Keiser 6-K Helmet / Adam configuration

Helmet, 95X TPL, No Head, No Mask, Retested After Modification
Mass (Lb) : 5.16
Principal Moments of Inertia (Lb/In'):

X3 109.655
Y: 67.496
2: 90.314
Kelmet Coondinate Axes (in) Anatomical Coordinate Axes (in)
X Y 4 X Y 4
Center of Nass Location &.76 =035 2.2 1.66 =09 2.95

Trareformation from Kelmet Coordinate to Anatomical Axes:
Cosines
[ 0.7399% 0.01705% =0.67229 |

{ -0.02137 0.99981 0.00185 !}
L o.67219 0.01304 0.74027 |

Helmet, 95X TPL, Large Adam Head, NBU-12/P Nask

Mass (Lb) : 14.8!
Principal Moments of Inertie (Lb/in'):

X1 196.492
¥: 205,304
2: 101.05¢9
Helmet Coordinate Axes (in) Anatom{cal Coor.u..ate Axes (in)
X 4 4 X Y 4
Canter of Nass Location .9 L8 1 2.04 60 «.06 1.48

Tronsformation from Nelmet Coordinate to Anatomical Axess
Cosines

' 0. 7‘5” 0*02956 -0 OM ‘
{ -0.02007 0.9942 0.01067 |}
| 0.68828 0.01208 0.74555 |
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Iable 20, Keiser 6-K Nelmet / Wybrid [1] Configuretion

Helmet, 5% TPL, No Head, No Mask
Nass (Lb) : 5.16
Principal Moments of Inertia (Lb/In'):

X: 104,268
Y: 66.039
1: B84.903
Helmet Coardinate Axes (in) Aratomical Coordinate Axes (in)
X Y 2 4 Y 4
Center of Mass Location 4.64 -.08 2.40 1.29 -.15 2.28

Transformation from Kelmet Coordinate to Anatomical Axes:
Cosines
{ 0.6510% -0.0019%9  -0,75905

| -0.01618 0.99980  -0.01845
| o.7s828 0.02301 0.71370

— g g

Nelmet, 5X TPL, 5X Nybeid 111 Head, MBU-12/P Mask

Kass (Lb) : 14,18
Principal Moments of Inertia (Lb/ln%):

X: 176,683
¥: 1467.024
23 150.684
Kelmet Coordinate Axes (in) Anatomical Coordinate Axes (in)
4 Y 4 X 4 2
Center of Mass Location 3.8 .13 2.28 51 .15 1.4

Tranaformation from Helmet Coordinate to Anatomical Axes:
Cosines

( 0.64776 0.00347  -0.76187 |
=0.02025 0.99%91  -0.01267 |
{  0.7616¢ 0.02352 0.64786 |
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Isble 21, GEC 8-G Helmet / Adam Configuration

Helmat, 95X TPL, No Head, NO Mask
Mass (Lb) : 7.25
Principal Moments of Inertia (Lb/In%):

Xt 121.553
Y: 143.202
2: 109.014
Helmet Coordinate Axes Cin) Anatomical Coordinate Axes (in)
X 4 ¥ ] X Y 2
Center of Mass Location 2.7 .28 2.n -2 A3 1.76

Transformation from Helmet Coordinate to Anatomfcal Axes:
Cosires
‘ O‘M m '0.730“ ‘

o.
{ -0.02174 0.99971  -0.00897 |}
t o.73019 0.02207 o.68289 |

Helmat, 95% TPL, Large Adam Head, MBU-12/P Nask

Mase (Lb) : 17.09
Principal %omants of Inertia (Lb/1n"):

Xt 282.674
Yt 299.9002
2: 199.830
Helset Coordinate Axes (in) Anatomtcal Coordinate Axes (in)
X Y A ¢ Y 2
Cﬂ\tﬂ‘ °' ﬂ.“ ‘w“‘m 2.35 ’o& 2.‘0 'o" o" Q.Z‘

Tranaformation from Kelmet Coordinate to Anatomical Axes:
Cosines

‘ 0.“275 O.MW g W
‘ "0.02“' Q.W .OQM
{ 0.73038 0.02228 0.68282

—— —
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Isble 22, GEC 8-¢ Helmet / Nvbrid 111 Configuretion

Nelmet, 5X YPL, ¥o Head, No Mask
Mass (Lb) : 7.32
Principal Moments of Inertfa (Lb/in'):
X: 120,507

Y: 145.848
: 193.857

Helmat Coordinate Axes (in) Anatomical Coordinate Axes (in)

X  § 4 X Y 4
Canter of Mass Location .55 .15 .97 -.8 .27 1.3

Tramsforsation from Helmet Coordinate to Anatomical Axes:
Cosines
(  0.67158 -0.06016 -0.73848 |

0.03129 0.99814  -0.05289 !}
l 0.74020 0.01248 0.47219 |

Nelmet, 5K YA, 5% Mybrid 111 Head, NBU-12/P Kask

Nass (Lb) s 15.2"
Principal Noments of Inertie (Lvin')e
X: 261,703

Y: 236.245
2t 103,315

Gelmat Coordinate Axes (in) Anatomtcal Coordinate Axes ¢in)
X 4 2 4 2
Conter Of Nass lmﬂd\ 2.“ -.08 .3 3 17 .3

Tranaformation f_m Hslmet Coordinate to Anatomical Axest
Coaines

[ o.6786 -0.08077 -0.73831 |
| o.70i10 - 0.01202 0.67242 |
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1sble 23, GEC 8-G Helmet / Adam Configurstion

Kelmet, 95X TPL, No Head, No Mask
Nass (Lb) : 5.78
Principal Koments of Inertia (Lb/In'):

X: 128.327
Y: 66.669
2: 137.990
Helmet Coordinate Axes (in) Anatomical Coordinate Axes (in)
X Y 2 X Y F 4
Center of Mass Location 3.3 .08 . .20 .20 R

Transformation from Nelmet Coordinate to Anatomical Axes:
Cosines
‘ 0.96012 0.03701 'Q.Zm‘

{ -0.03200 0.99915 0.02275
L o.277s  -0.01295 0.96050

————

Nelmet, O5% TPL, Large Adam Mead, NBU-12/P Nask

Hass (Lb) ¢ 15.50
Principal Moments of Inertia (Lb/In'):

X: 241,342
¥: 181,024
2t 191,008
Nelmet Coordinate Axes (in) Anatomical Coordinate Axes (in)
4 Y 4 X  § 2
““‘f 0' ”... k“."m 30“ o“ '.12 .07 ". ‘“

Transformation from Helmet Coordinate to Anatomical Axest
Cosines

{ 0.950M 0.03817  -0.27836 |
{ -0.03311 0.99910 0.02304 !}
| o.2re  -0.012% o.06082 |

294




Isble 24, Honevwell §-8 Helwet / Nyvbrid III Contiguraticn

Helmet, SX TPL, No Nead, No Mask

Mass (Lb) : S5.82

Principal Noments of tnectia (Lb/In'):
X: 139.327
Y: 66.084
23 122,761

Helmet Coordinate Axes (in)

X Y 2

Center of Kass Location 3.65 09 36

Transformation from Kelmet Coordinate to Anstomical Axes:

Cosines
{  o0.97T27  -0.05627  -0.20427
i 0.04525 0.997T26  -0.0578¢
l 0.20488 0.04730 0.97724

Anatomical Coordinate Axes (in)

X Y z
14 ~.03 1.3

Relmet, 5X TP, 5X Wybrid 111 Nead, MOU-12/P Wask

Nass (Lb) : 14.66
Principal Noments of Inertis (Lb/1n'):
’ X: 209,208
Y: 152.450
2 166,852

Nelmet Coordinate Axes (in)

X | 1

Canter of Nass Location 3.50 A3 -,01

Transformation from Melmet Coordinate to Aratomical Axest

Cosines
( 091738  -0.05840  -0.204%6
{  0.04548 0.99560  -0.05736
L 0.20882 0.04470 0.3
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Anatoaical Coordinate Axes (in)

Y 2
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Isble 25, Keiser 8-K Helmet / Adew Configursticn

Helmet, 95X TPL, No Nead, No Mask
Mass (Lb) : 5.95
Principal Moments of Inertia (Lb/In'):

X: 136.814
Y: T78.697
2 114,568
Helmet Coordinate Axes (in) Anatomical Coordinate Axes (fn)
X Y 2 X Y Z
Center of Nass Location 4.16 N\ 2.83 9 .15 2.7

Tranaformation from Nelmet Coordinate to Anatomfcal Axes:
Cosines
([ 0.68550 0.04519  -0.72472

|
=0.03369 0.99693 0.03045 |
L o.7né 0.00345 0.68837 |

Nelmat, 95X TPL, Large Adam Nead, MOU-12/P Nask

‘Kess (Lb) : 15.6%
Principal Noments of Inertia (Lb/IN'):

X: 224,482
¥s 205.447
1 199,604
Selmet Coordinate Axes (in) Anatomical Coordinate Axes ¢in)
¢ 4 2 ] Y 4
Conter of Mass tocation 2,00 00 2.3 S22 .19 .44

tmfonnl_on from Halmet Coordinate to Anatomical Axes:
Coslrms

{  0.68508 0.04532  -0.72628 |
{ -0.03842 0.99892 0.0 |
| o.res 0.00312 o.68877 |
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Isble 26, Kaiser 8-K Helmet / Hybrid 111 Configuration

Helmet, 5X TPL, Mo Head, o Mask
Nass (Lb) : 5.93
Principel Homents of Inertia (Lb/In'):

X: 134.293
Y: 81.159
2: 107.275
Helmet Coordinate Axes (in) Anatomical Coordinate Axes (in)
4 Y T b ¢ Y z
Center of Mass Location 423 -.05 2.9 8t ~.27 2.54

Transformation from Helmet Coordinate to Anatamical Axes:
Cosines
[ 0.64884 -0,02658  -0.76220 |

{ -0.00514 0,99930  -0.03927 |}
| 0.76286 0.0292¢ 0.64613 |

Helmet, 5X TP, SX Kybrid 111 Nead, NOU-12/P Mask

Nass (L) : 14.90
Principal Moments of Irertis (LbvIn'):

X 199,143
¥: 178.933
2 174,503
Nelmat Coordinate Axes (in) Anatonical Coordinate Axes ¢in)
X Y b b \§ 1
Center of Mass Location 3.02 -.02 .47 -39 -.0r .R

trenaformation from Nelmet Coordinate to Anatomical Axes:
Coslnes

{  0.64919  -0,00101  -0.78056
{ -0.01704 0.9  -0.015&2
{  0.76043 0.02322 0.84911
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APPENDIX C: FIT ASSESSMENT
1. INTRODUCTION

Helmets and optical devices worn by aircrew members need to be
comfbrtable, stable and fit optically "correct." The three
I-NIGHTS helmets were designed to be a size "large." However,
one size does not fit all plus each design is a different size
*large." A helmet that does not "fit" may produce invalid test
results and/or may provide for an unsafe test condition. This
“report describes a laboratory evaluation of the comfort, fit and
stability of the I-NIGHTS helmets. This evaluation was
accomplished by the Design Technology Branch, Human Engineering
Division, Armstrong Laboratory, Wright-Patterson Air Force Base,
Ohio.

2. APPROACH

Each subject who participates in an I-NIGHTS test, such as
vertical deceleration tower, centrifuge or flight test, will
undergo a fit evaluation to ensure each of the helmet systems
fit, |

3. OBJECTIVE
The objective of the fit assessment is to determine for each test

subject wearing each of the I-NIGHTS helmet systems that the
helmet is comfortable, stable, and fits optically correct.
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The Fit Assessment Technical Report titled "Human Integration
Evaluation of Three Helmet Systems" was not available at press
time. For this report contact:

AL/CFHV

BLDG 248, Area B

WPAFB, OH 45433

ATTN: Ms. Kathy Robinette

302




APPENDIX D
PERSONAL EQUIPMENT INTEGRATION,
AIRCRAFT INTEGRATION, AND
ALTITUDE CHAMBER
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PREFACE TO APPENDIX D:
PERSONAL EQUIPMENT INTEGRATION,
AIRCRAFT INTEGRATION, AND
ALTITUDE CHAMBER

The following three teét areas address separate facets of helmet-
mounted system testing. These areas are: Personal Equipment
Integration, Aircraft Integration, and Altitude Chamber.

Although they are treated as distinct areas of testing, they were
jointly accomplished by two test organizations sharing assets,
test personnel, and expertise. However, the results of
individual phases of testing under each area are provided in two
reports; and by each test organization for the phases of testing
that organization was responsible for.
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APPENDIX D: PERSONAL EQUIPMENT INTEGRATION
1. INTRODUCTION

Aircrew members work in a hostile world. Not only do they have
the possibility that someone might shoot at them, they fly in
machines subject to mechanical failure forcing them to eject or
crash land. They fly in environments unfriendly to human
existence and perform mission tasks under unbearable conditions.
To enhance their survival, aircrew members must wear protective
gear such as parachutes, life preservers, flak vests, survival
vests, G suits, oxygen masks, helmets, and visors. Each
additional piece of "armor" cannot conflict or negate another and
therefore must be integrated with the crew member. This report
describes the effort to integrate the helmet-mounted systems with
a limited set aircrew protective gear. The three helmet systems
were developed for the Interim-Night Integrated Goggle and Huaad
Tracking System (I-NIGHTS) Program by the Helmet-Mounted Systems
Technology (HMST) Program Office. This effort was jointly
conducted by the Crew Systems Branch, Crew Technology Division,
School of Aerospace Medicine, Brooks Air Force Base, Texas and
the Chemical Defense Branch, 3246 ‘Test Wing, Eglin Air Force
Base, Florida.

2. APPROACH

The personal equipment integration evaluation was conducted by
having trained life support personnel donn each I-NIGHTS helmet
ensuring that the helmet system did not conflict with other
protective gear; did not interfere with the performance of normal
migsion tasks; and did not prevent the performance of emergency
procedures. The trained subjects represented aircrew members in
the 5th, 50th, and 95th anthropomorphic percentiles (DOD-Handbook
- 743 Anthropometry of U.S. Military Personnel). This ensured
that crew member size would not be a factor during actual flight
testing. 106




3. OBJECTIVE

The objective of personal equipment integration testing was to
demonstrate I~NIGHTS compatibility with:

-~ the aircrew member .

- required life support equipment

- mission essential tasks

- emergency procedures
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APPENDIX D (Continued): AIRCRAFT INTEGRATION
1. INTRODUCTION

Each new piece of equipment worn by an aircrew member must be
integrated into the cockpit. This integration process ensures the
equipment is functionally compatible with the crew member and
with the systems already on board the aircraft. This report
describes the efforts to integrate three helmet-mounted systems
with selected Air Force aircraft. The helmet systems were
developed for the Interim-Night Integrated Goggle and Head
Tracking System (I-NIGHTS) Program by the Helmet-Mounted Systems
Technology (HMST) Program Office. This effort was jointly
conducted by the Crew Systems Branch, Crew Technology Division,
School of Rerospace Medicine, Brooks Air Force Base, Texas and
the Chemical Defense Branch, 3246 Test Wing, Eglin Air Force
Base, Florida.

2. APPROACH

Aircraft integration was conducted by having trained life support
personnel don each I-NIGHTS helmet and performing various
aircrew/aircraft interactions. These interactions include
visibility within the cockpit, unobstructed head movement,
emergency procedures and electromagnetic interference checks.

3. OBJECTIVES

The objective of aircraft integration is to ensure helmet
system/aircraft functional compatibility.
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APPENDIX D (Continued): ALTITUDE CHAMBER
1. INTRODUCTION

Aircraft flying at altitudes have pressurized cockpits. These
cockpits have the potential to suddenly lose pressurization
during a rapid decompression or during certain emergency
situations where cabin pressure is intentionally “dumped."
Helmet-mounted systems must not be effected by rapid
decompression. Its structural components and optical performance
should not be degraded. Additionally, the helmet must help to
ensure the oxygen mask maintains a good seal around the crew
member’s face. This report describes the altitude chamber
evaluation of three night vision helmet systems developed for the
Interim~Night Integrated Goggle and Head Tracking System
(I-NIGHTS) Program by the Helmet-Mounted Systems Technology
(HMST) Program Office. The evaluation was accomplished by Crew
Systems Branch, Crew Technology Division, School of Aerospace
Medicine, at Brooks Air Force Base, Texas.

2. APPROACH

The structural integrity and lens fogging susceptibility of the
three I-NIGHTS helmet designs were evaluated in a hyperbaric
chamber with rapid decompression of 8,000 to 25,000 feet within
one second. Each helmet design received two rapid
decompressions.

3. OBJECTIVE
The objective this evaluation was to verify the structural
integrity of the helmet designs; to determine any tendency of the

optical components to fogging; and helmet comfort in reduced
atmospheres.
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USAFSAM Safety of Flight Testing of the
Interim-Night Integrated Goggle and Head Tracking System

(1-NIGHTS)
14 June 90

1. Project/Task/W t: 79301175, 79301176

2. Principal Investigators:

a. Under the Generic Altitude Chamber Experimentation Using Human
Subject Volunteers Protocol (SAM ACHE 85-18; approved by HQ USAF/SGP, 20 Dec

85): Mr Ronald D. Holden, USAFSAM/VNL/43361, and 2d Lt John T. Crist,
USAFSAM/VNL/42256.

b. Under the Generic Cockpit and Equipment Integration Laboratory

Protocol (SAM ACHE 82-16; approved by HQ USAF/SGP, 28 Oct 82): 2d Lt John T.
Crist, USAFSAM/VNL/42256.

3. Associate Investigator: Col John B. Bomar, Jr, USAFSAM/VNL/43361.

4. Medical Consultants: Base Flight Surgeon, USAF Clinic/SGP, Brooks AFB
TX/42859. USAFSAM/VN Medical Monitors (Physician)/42921/43521/43814/43361.

5. Contractor: McDonnell Douglas Aircraft Company, St. Louis MO.
6. Facilities:
a. USAFSAM/VN Experimental Altitude Chambers, Brooks AFB TX.
b. USAFSAM/VN Environmeﬁtal Chambers, Brooks AFB TX,
c. USAFSAM/NG Arc Perimeter Device, Brooks AFB TX.
d. USAFSAM/VN Cockpit and Equipment Integration Laboratory (CEIL),

Brooks AFB TX.
e. Afircraft Test Sites: MH-53J Hurlburt Field FL
B-52G/H Ellsworth AFB SD
A-7 LANA Davis-Monthan AFB AZ
AFTI/F-16 Edwards AFB CA

7. Project Objectives: Human Systems Division Helmet-Mounted System
Technology Systems Program Office (HSD/YAH-HMST) has requested the USAF School
of Aerospace Medicine (USAFSAM), Brooks AFB TX to conduct safety of flight
testing of the Interim-Night Integrated Goggle and Head Tracking System (I-
NIGHTS). The Crew Technology Division (USAFSAM/VN) will perform ground tests
on I-NIGHTS with the following objectives:

a. To demonstrate compatibility of the [-NIGHTS man-side equipment with
current altitude protective equipment and 1ife support systems.

b. To demonstrate compatibility of the I-NIGHTS man-side equipment with
the aircrew member, cockpit, requirved 1ife support equipment, and mission
essential tasks associated with each crew station.
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8. Background and Relevance: I-NIGHTS is a joint USAF and US Navy program to
develop: an' ejection capable night vision goggle (NVG) and binocuiar helmet-
mounted display (BHMD). USAF participation in the I-NIGHTS program is in
response to Strategic Air Command SON 309-087 (NVG requirement) and Tactical
Air Command A-16 SORD 312-88-1-A (HMD requirement). GEC Avionics Ltd,
Honeywell Inc, and Kaiser Electronics are the competing subcontrators tasked
by McDonnell Douglas Aircraft Company to design and fabricate the I-NIGHTS NVG
and BHMD systems.

Ground tests on the subcontractors’ I-NIGHTS prototype systems are
necessary to obtain clearance to proceed to advanced development flight test
and demonstration as well as to ensure risk reduction to facilitate rapid
transition to full scale development.

9. Jest Procedures: The Crew Technology Division Crew Systems Branch
(USAFSAM/VNL) will conduct I-NIGHTS ground tests on altitude (USAFSAM/VNL Life
Support Function) and integration with personal flight equipment (USAFSAM/VNL
Cockpit and Equipment Integration Laboratory). Altitude evaluations consist
of human interface, altitude/rapid decompression, and valsalva assessment.
Integration with personal flight equipment evaluations consists of donning and
doffing (non-emergency), ingress and egress (non-emergency), simulated mission
tasks, inversion wheel, lens/visor fogging, helmet fitting, chin strap and
visor operation, comfort, and unaided field of view assessment.

l& Altitude Evaluations: The altitude assessment of I-NIGHTS will
involve both unmanned and manned testing. This series of tests will

evaluate the compatibility of I-NIGHTS with the MBU-12/P oxygen mask,
structural integrity of the NVG/HMD and helmet under rapid decompression (loss
of cabin pressure), comfort and fit, and ability of the crew member to perform
a one-handed valsalva.

Procedure:

Prior to manned evaluations, unmanned testing will be performed using a
manikin head form. The I-NIGHTS prototypes will be fitted to the head form
and placed in the altitude chamber. The chamber pressure will be brought from
ground level to a simulated altitude of 25,000 feet at a standard rate of
- ascent (5,000 feet/min). The chamber will be returned to 9,500 feet in
preparation for rapid decompression (RD). Rapid decompression will occur from
9,500 feet to a peak altitude of 25,000 feet (5 psi differential). Elapsed
time of the RD is approximataly one second. Testing will be completed upon
descent to ground level at a rate of 5,000 feet/min. The I-NIGHTS helmet will
be inspacted for physical damage at ground level.

The flight profile for the manned evalua:iions will be to a simulated
peak altitude of 25,000 feet. Subjects will be fitted to the I-NIGHTS helmet
and NBU-12/P oxygen mask. Exposure to 25,000 feet will involve no 100% oxygen
pre-breathing. Each flight will be preceeded by an ear and sinus check to an
altitude of 5,000 feet, The assessment will begin with a controlled ascent
from ground level to 25,000 feet (5,000 feet/min) to encourage venting of
abdominal gas and to allow monttoring of the equipment to ensure normal
operation. Following the abdominal check, the chamber will descend to 9,500
feet and then be decompressed to 25,000 feet in approximately one second.
Subjects will perform head mobility and oxygen mask seal assessment at peak
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altitude. Total time at peak altitude will not exceed five minutes. Upon
descent to ground level (5,000 feet/min) subjects will attempt to perform a
one-handed valsalva while wearing the USAF Nomex flight gloves. The I-NIGHTS
NVG/HMD helmet will be visually inspected at ground level for physical damage.

Manned flights of each subcontractor’s I-NIGHTS system will involve
three subjects. The following data will be recorded during altitude tests:
absolute pressure, chamber altitude, mask cavity pressure, mask cavity oxygen
concentration, mask cavity carbon dioxide concentration, subjective data.

(2) Integration with Personal Flight Equipment Evaluatjon: Assessments
will he conducted to demonstrate that the I-NIGHTS man-side equipment is
compatible with the required 1ife support and mission essential equipment.
Compatibiiity is defined as the ability of the personal flight equipment to
provide its function as written in the Technical Order (7.0.) and the ability
of the aircrew to accomplish simulated mission tasks.

Procedure:

(a) Trained test subjects, representing approximately the 5th, SOth,
and 95th percentiles (weight and stature) of the USAF aircrew population will
don I-NIGHTS in the aircraft, perform ingress and strapping in procedures,
execute simulated mission tasks, complete non-emer?ency egress, and doff the
system. Mission tasks will be determined by consultations with rated aircrew
members at the test sites. Subjects will wear the required personal flight
equipment as required for the specific aircraft and/or mission. After each
assessment, the I-NIGHTS NVG/HMD helmet will be inspected for any physical
damage. Procedures may be modified as appropriate to the aircraft (MH-53J, B-
526/H, A-7 LANA, AFTI/F-16). Percentiles are based on anthropometric tables
‘derived from the 1967 survey of USAF crew members.

Data will be collected on the following: any adverse interaction
between the I-NIGHTS man-side equipment and the test subject, the personal
flight equipment, and the aircraft cockpit during simulated normal and
emer?ency situations; reduced mobility (head and body); increased thermal
- loading; ability to complete donn/doffing, ingress/non-emergency egress, and
- simulated mission tasks {access to emergency and non-emergency controls and
- displays); comfort; chinstrap and visor operation; visual limitations; any
physical damage to I-NIGHTS.

(b) Helmet fitting process evaluation will address the subcontractors’
procedures and the capability to provide for person21 fit and adjustment to
. the aircrew member. Data will be coilected on the length of time for fitting,
ability to fit subjects with various head dimensions, complexity of the
fitting procedures (for a level five life support specialist), comfort of the
helmet liner and earcups, comfort of nape and chin strap, and the operation of
chin strap and visor.

(c) Unaided field of view evaluations will be performed using an arc
perimeter device. Measurements will be made with the head fixed, however, eye
movement is allowed. Subjects will wear the [-NIGHTS NVG/HMD heimet with
- visor lowered and MBU-12/P oxygen mask. Twenty-three data points will be
collected from the 285 degree to the 255 degree radial at 15 degree
increments. A baseline will be established using the same subjects wearing
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the HGU-55/P helmet with visor lowered and MBU-12/P oxygen mask. The
assessment will involve approximately ten subjects.

{d) An inversion wheel assessment will be made using a replica ACES II.
Subjects will wear the required personal flight equipment and I-NIGHTS. After
strapping in, subjects will be tilted side to side to simulated lateral G (Gy)
and then rotated (inverted) to simulate -1.0 Gz. Any adverse equipment
interaction and helmet discomfort will be recorded. Three subjects will be
used for the evaluation.

(e) Lens/visor fogging evaluations will be conducted as requested by
the 3246TW/TZFC, Eglin AFB FL. Two temperature conditions will be assessed:
32 degrees Fahrenheit at 80 % relative humidity, and 75 degrees Fahrenheit at
80 % relative humidity. Subjects will enter the chamber from ambient
temperature and humidity conditions. Assessment of air blown over the
lens/visor will be performed. Time for fogging to occur and clear will be
noted and provided to the 3246TW/TZFC prior to I-NIGHTS jump tests. Testing
will be conducted on three subjects.

10, Medical Risk Analysis: A1l tests will be conducted within the exposure
envelopes approved within their respective generic provocols. Hazards
normally associated with equipment testing and altitude exposure will apply.
When feasible, unmanned testing of each experimental set-up will precede its
use with human subjects.

11. Attachments:

a. Generic Protocol-Altitude Chamber Experimentation Using Human Subject
Volunteers (SAM ACHE 85-18; approved HQ USAF/SGP, 20 Dec 85)

. b. Generic Protocol-Cockpit and Equipment Integration Laboratory (SAM
ACHE 82-16; approved by HQ USAF/SGP, 28 Oct 82)
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DEPARTMENT OF THE AIR FORCE

ARMSTRONG LABORATORY (AFSC)
BROOKS AIR FORCE BASE, TEXAS 78235-5000

REPLY TO

atv ofF: CFTS

suamcw:%valuztio?s of the Interim-Night Integrated Goggle and Head Tracking System
I-NIGHTS

vo: HQ HSD/YAH-HMST
Wright-Patterson AFB OH 45433

1. Attached is a letter report outlining evaluations performed on the
I-NIGHTS helmets at Brooks AFB TX, NAS Pensacola FL, Eglin AFB FL, and Eaker
AFB AR, during August - December 1990. The Armstrong Laboratory and the
3246th Test Wing conducted the tests to assess optics fogging, structural
integrity during a rapid decompression, ejection seat interaction, valsalva
capability, unaided field of view, and compatibility with existing life
support equipment and crew duties on nonejection (MH-53, MH-60, and HC-130)
and ejection (B-52) type aircraft.

2. Helmet fit, comfort, and vision {unaided) problems were experienced
~throughout the tests. OQur findings are listed below:

a. The helmet weight and forward center-of-gravity were uncomfortable,
‘and the adjustment straps were not adequate to prevent the helmet from rolling
forward. Better helmet sfzing criteria and/or fitting procedures are needed.

b. Unafded field of view was affected by the mounting location of the
combiners, Our subjects compensatcd for reduced visibility by looking over,
under, or along the sides of the combiner assemblfes. Crewmembers may also
have to tilt their head in order to see iastruments near the body.

¢c. Helmet modifications for consideration are: trim visors for better
valsalva capability; simplify the visor assembly for one-handed operation;
provide tinted visors; fmprove nape strap; mount chinstrap away from bayonet
connections and set release location consfstent with the HGU-55/P; provide
capabilfty to stow the combiners and make in-flight adjustments (when flight
“gloves are worn); and provide capabflity to replace batteries unassisted
without having to remove the helmet. '

3. [If questions arise, please contact Lt John T. Crist (DSN 785-7576) or
TSgt Ourrell Bess (OSN 240-2256).

RICHARD L. NILLER, PhO
Chief, Crew Yechnology Division
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INTRODUCTION

The Interim-Night Integrated Goggle and Head Tracking System (I-NIGHTS) was
evaluated by the Cockpit and Equipment Integration Laboratory (CEIL) during
August - December 1990. I-NIGHTS is a joint USN/USAF program to develop an
ejection capable night vision goggle (NVG) and binocular helmet-mounted
display (BHMB) system incorported into a custom-designed helmet. Specific
satety of flight (SOF) tests conducted by CEIL were: optics fogging, altitude
(rapid decompression), inversion wheel, valsalva capability, unaided field of
view, and integration with personal flight equipment (PFE) on the MH-53J,
MH-60G, HC-130P, and B-52G aircraft.

MATERIALS AND METHODS

Mock-up and operational GEC Avionics Ltd, Honeywell Inc, and Kaiser
Electronics I-NIGHTS helmets were provided. The aircraft ground tests were
performed at operational bases, all other testing was completed at Brooks AFB
TX. None of the subjects at Brooks AFB received custom-fitted helmet liners;
qualified 1ife support technicians performed a “"best effort" fitting.

Optics Fogging

Optics fogging evaluations were conducted in an environmental chamber at 75
deg F and 32 deg F. Testing was performed at ambient barometric pressure with
80% relative humidity. Three subjects participated in the tests. Each
subject and one inside observer monitored fogging of the helmet visor and
optical components. MBU-12/P oxygen masks were worn with breathing oxygen
supplied by a CRU-73/A regulator at 70 psi inlet pressure. The helmet visor
and combiners were lowered and locked. Initially, the subjects maintained
mask seal and breathed for four to five minutes. Then the subjects created a
slight mask lTeak over the nose and eyes. After an additional four to five
minutes, the regulator was switched to emergency setting for approximately one
minute. Fogying was also monitored with the mask hanging from the left
bayonet receiver. Each subject breathed for four to five minutes, then placed
the regulator in 100% oxygen and emergency settings ("gany load") and
attempted to quick don the mask.

Altitude (Rapid Decompression)

Unmanned rapid decompressions (RDs) were conducted in a hypobaric chamber to

verify the structural integrity of the helmet shell and optical components.

The helmets were mounted on a brass manikin head. Each helmet received two

exposures from a simulated altit ie of 8,000 to 25,000 feet (5.45 psi

. differential) in agproximately v.2 second, Following each RD, the liner was

gemoved and the helmet shell, optics, and liner were examined for physical
amage.

Inversion Wheel
Inversion wheel tests were completed using a replica ACES II ejection seat.

"~ Two subjects, approximately the 5th and 95th percentile by weight, stature,
and sitting eye height of the aircrew population, were strapped into the seat.

313




(A1l percentile dimensions are based on the 1967 anthropometric survey of USAF
crewmembers.) Both subjects wore the I-NIGHTS helmets, CWU-27/P flight suit,
MBU-12/P oxygen mask, LPU-9/P life preserver, SRU-21/P survival vest, and
PCU-15/P torso harness. (The CSU-13B/P anti-G suit was not worn since
assessments were being made near the head region.) The seat assembly was
rotated to simulated -1.0 Gz and +/- 1.0 Gy.

Valsalva

Valsalva capability assessments were accomplished by qualified hypobaric
chamber subjects. Four subjects attempted to perform a one-handed valsalva
with the right and left hand while wearing the standard mask. The I-NIGHTS
heimet visor and combiners lowered. The subjects also attempted to valsalva
with the index fingers ("two-handed valsalva").

Unaided Field of View

Limited unaided ficld of view measurements were completed using a perimeter
device. Three subjects wore the GEC and Honeywell systems and standard mask.
(The Kaiser system was not available for testing.) The helmet visor and
combiners were lowered and locked. The head was fixed and only eye movement
was allowed. A baseline was established with the same subjects wearing the
standard HGU-55/P helmet and mask.

Integration with PFE on the MH-53J, MH-60G, and HC-130P

Equipment and crew duty compatibility evaluations were performed on the MH-53J
“and MH-60G at NAS Pensacola FL and on the HC-130P at Eglin AFB FL. Three test
-parachutists from the 3246th Test Wing, Eqlin AFB FL, volunteered as subjects.
‘The parachutists represented approximately the S5th, 50th, and 95th percentiles
by waight and stature of the aircrew population. A1l subjects wore mock-up
rg{:t:?sbwith custom-fitted liners, flight suit, Nomex flight gloves, and

flight boots.

The subjects were evaluated for the ability to perform ingress, strapping-in,
access to controls and displays, field of view, and non-emergency egress
procedures in the pilot and copilot crew stations. Qualified aircrews from
the 9t2 and 20th Special Operations Squadrons, Hurlburt Field FL, provided
support,

Integration with PFE on the B-526

Equipment and crew duty compatibility evaluations were performed on the B-52G
at Eaker AFB AR, Two test parachutists from the 3246th Test Wing
participated. The subjects represented approximately the 50th and 95th

- percentiles by weight and stature of the aircrew population.

Both subjects donned the flight suit, CWU-45/P flight jacket, Nomex f1ight
gloves, flight boots, torso harness, LPU-9/P life preserver, and mask. The
50th percentile subject wore the Honeywell system and the 95th percentile
subject wore the GEC and Kaiser helmets. The 95th percentile subject did not
have custom-fitted liners.

316




The subjects were evaluated for the ability to perform ingress, strapping-in,
access to controls and displays, field of view, and non-emergency egress in
the pilot and copilot crew stations. Qualified B-52G aircrews from the 340th
Bombardment Squadron, Eaker AFB AR, provided support.

RESULTS AND DISCUSSION

Optics Fogging

One incidence of fogging occurred at 75 deg F. The lower edge of the GEC
visor misted as the subject was redonning his mask. At 32 deg F, fogging
developed on all helmet visors along the forshead region, and gradually spread
over the eyes when a mask leak was created. The fogging cleared when the
regulator was switched to the emergency setting. With the mask hanging, visor
fogging occurred near the nose during exhalation; especially on the Honeywel}
and Kaiser systems. The Honeywell and Kaiser visors are larger than the GEC
visor and extend lower on the f.ce providing a greater surface area for

fogging to develop.

No fogging resulted at either temperatures if the subject maintained mask
seal. All subjects experienced difficulty connecting the mask on the
Honeywell helmet due to the combiners setting close to the bayonet receivers, -
and the subjects required more familiarization with the Honeywell bayonets.
Quick mask donning on the Honeywell and Kaiser systems was not possible with
the combiners and visor lowered and locked, The GEC visor caused slight .
interference with quick donning of the mask since the subjects were ahle to
slide the mask under the visor. Additionally, the lower, left mask strap on
the GEC helmet set over the chinstrap buckle, requiring removal of the mask -
before the chinstrap can be unfastened. : '

Altitude (Rapid Decompression)
The helmets rose slightly during the decompression due to the loose fit of the

 ”§1 helmets on the manikin head. However, both the mask and visor assemblies

remained firmly attached on the heimet during the RD. No physical damages -
- were found during post-exposura helmet inspaction. B :

| Inversion Wheel

No adverse equipment interaction or unusual helmet displacemert was noted.
‘However, one subject stated that the wetaht of the helmets caused some strain
- on his neck. The helmets did not interfere with the ejection seat as the

- subjects performed slow head movements. (Fast head movements were not
completed to avoid neck injury and damage to the opevational systems.)

Valsalva .

In general, the subjects had difficulty performing a one-handed valsalva when
the visors were lowered and Yocked. The Honeywell and Kaiser visors presented
more difficulty due to the Yarge lens which set low on the face. Likewise,

.- the GEC visor set over the valsalva pads on the mask; however, one subject
- managed to pull the mask down and complete a valsalva. Another subject
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. afforded good visibi

performed a valsalva but complained of discomfort from having to reach under

the GEC visor. In addition, jaw movements to clear the ears caused some

giscomfort to one subject as the Honeywell left bayonet pressed against his
ace.

Unaided Field of View

Figures 1 and 2 are plots from the data collected. The center of the chart
represents a position directly in front of the eyes; the 0 deg radial is an
arc around the right side at eye level; the 90 deg radial is an arc directly
overhead; the 180 deg radial is an arc around the left side at eye level; and,
the 270 deg radial is and arc directly below the subject. Measurements of the
Tower field of view were largely dependent on the fit of the mask.

Lig}t?tions of the device prevented collection of data near the 270 deg
radial. o

Integration with PFE on the KH-53J, MH-60G, and HC-130P

No safety hazards were observed at the pilot and copilot crew stations in the
three aircraft. Although most crewmembers will don the helmet once seated,
the subjects were able to perform ingress and strapping-in procedures while

wearing I-NIGHTS. The 5th percentile subject had some problems with the
:hoglder harness contacting the helmet and causing it to roll forward on her
ea »

A1l subjects could see and access the cockpit instruments and controls. The
subjects completed instrument cross check by looking above or below the
combiners. The GEC combiners restricted upward vision, and the visor mounting
brackets affected right- and Yeft-side vision. The Honeywell combiners
restricted downward vision. Additionally, the 95th percentile subject’s
vision was completely obstructed by sunlight hitting the Honeywell combiners.
The glare from the combiners created a "prism" effect. (The aircraft was
facing the sun durin? tests with the Honeywell system.) The Kaiser system

ity for looking above or below the combiners; however,
the subjects noted the visor straps (side buckles) interfered with vision on
the right and left sides. Conversations with rated aircrews suggest they
prefer to look under the combiners to avoid excessive head movement.

~~ An HC-130 pilot commented that special qualification is required for landing
. the HC-130 while wearing NVGs. The GEC system may present a problem during

. f1ight trials since the combiners cannot be stowed. For the Honeywell and

Kaiser systems, the aircrews will need to be familiar with one-handed
operation of the combiner assemblies. Tinted visors should be provided to
avoid similar glare groblems experienced during the ground tests.
agdlgsonally.:l-ﬂlsu S will not be compatible with the quick don mask on the

The GEC and Kaiser chinstrap buckles set close to the helmet shell causing
- difficuity in fastening the strat. Similiarly, the subjects preferred to have
~the GEC and Kaiser chinstrap buckles on the right side of the helmet,
consistent with the HGU-55/P helmet. If a mask is not worn, the visors on all
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I-NIGHTS helmets may contact the face, nose and 1ips, as it rolls forward.
A1l helmets had a tendency to roll forward on the head. .

Integration with PFE on the B-526

Helmet fit and comfort problems were experienced by both subjects. The 50th
percentile subject complained of pain on his nose from the Honeywell system
which had rolied forward on his head. The 95th percentile subject felt the
Kaiser helmet was not on tight enough, however, all straps on the helmet were
fastened. Additionally, the 95th percentile subject suggested the Kaiser nape
strap be redesigned to keep the helmet from slipping. The 50th percentile
subject felt strain on his neck from the weight of the Honeywell system while
being evaluated in the second crew station.

Peripheral unaided field of view was affected by the mounting locations of the
combiners. Both subjects compensated for reduced vision by looking over,
under, or around the side of the combiner assemblies. The 95th percentile
subject felt the GEC combiners limited forward and peripheral vision (while he
was looking straight forward) and commented that he did not notice the same
problem with the Kaiser helmet. The 50th percentile subject felt the
Honeywell system limited his field of view. Additionally, while entering the
~ copilot seat, the 95th percentile subject noted distortions in the GEC
combiners whenever he looked to the right.

CONCLUSIONS

Slight visor fogging was observed in the environmental chamber; especially at
the colder temperature. The fogging did not completely obstruct the subjects’
viston and could be easily cleared by maintainin? mask seal, or blowing air
over the visor by temporarily switching the regulator in emergency setting.
Since the helmets are not a closed system as are chemical defense respirators,
the likelihcod of fogging is minimal. Furthermore, the incidence of fogging
could be lessened by using anti-fogging compound or aveiding sudden
temperature changes.

Rapid decompression exposures did not damage the helmet shells, oRtical
components (external), or liner materials. ndditional tests of the optical
~system is recommended to ensure that the systems are still operational.

Verification tests on the inversion wheel did not reveal any interferences
between the helmet and flight equipment or the ejection seat. Maintaining
head stability was difficult due to the weight of the helmets and may be very
uncomfortable 1f inverted for a prolong period. The size of the helmets and
the optical components may contact the seat during quick head movements;
especially if the combiners on the Honeywell system are stowed.

Hypobaric chamber subjects had difficulty performing one- and two-handed
valsalva with the visors lowered and locked. The large size of Honeywell and
Kaiser visors set low on the face, covering the valsalva pads on the mask.
Similar complaints were made on the GEC visor; however, one subject was able
to valsalva by pulling down on the the mask. Although no problems were
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experierced when the visors were raised, the Honeywell combiners set close to
the mask and may interfere with the crewmember’s ability to valsalva.

Unaided field of view measurements indicate peripheral vision from the tested

helmets (GEC and Honeywell) is less than that afforded by the HGU-55/P helmet.
The mounting locations of the combiner assemblies had a significant impact on

the field of view, reducing the upward and side peripheral fields by 10-40 deg
and 10-35 deg, respectively.

Problems discovered during the integration tests were related to fit, comfort,
and vision. In the four aircraft (non-ejection and ejection type) tested the
subjects were able to compensate for reduced field of view by looking over,
under, or along the sides of the combiner assemblies. Supporting aircrew
members stated they prefer to look under the combiners to avoid excessive head
movement and lessen neck strain and fatigue. The ability to see under the
combiners was difficult with the Honeywell system. Additionally, the poor fit
of the systems caused the helmets to roll forward. Helmet slippage was
stightly reduced when a mask was worn.

Other comments made included making better, and more functional, nape straps
on the Kaiser helmet as well as standardized placement of the chin strap
release. Placement of the optics cable will be a problem as well as placement
of the battery pack for the Kaiser system. Crewmembers will have to learn to
perform one-handed operation of the Honeywell and Kaiser combiners.
Furthermore, one-handed operation of the Kaiser visor required additional
familiarization with the straps and locking mechanism. The fixed mounting of
the GEC combiners may pose a hazard if the crewmember has to move the
combiners for better vision. Tinted visors are also required to decrease
glare from the combiners during day-to-night operations.
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1-NIGHTS Field of View Measurements (Limited Data)
HGU-55/P vs. I-NIGHTS (Honeywell)

Deg Measurement (Avg)
245 73/ 59
240 74 / 68
225 718/ 1
210 9% / 10
195 106 / 77
180 109 / 99
165 107/ 99
150 9/ 97
138 89/ 87
120 187 1N
108 69/ 63 a HGU-55/P
90 67/ 59
75 69 / 61 ® [-NIGHTS (Honeywell)
60 4/ 67
45 86 / 82
30 97/ 92
15 105 / 101 %0
0 108 / 102
345 102/ 91

330 84/ 70
315 8l / 69
300 13/ 76
285 0/ 68

20 300

24
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I-NIGHTS Field of View Measurements (Limited Data)
HGU-55/P vs. I-NIGHTS (GEC)

Deg Measurement (Avg)
245 73/ 64
240 74 / 67
225 78/ 75
210 9% / 95
195 106 / 112
180 109 / 81
165 167/ 89
150 99 / 85
135 89/ 69
120 78/ 39
105 69/ 28 g HGU-55/P
90 67/ 26
75 69/ 32 ¢ I-NIGHTS (GEC)
60 74 / 40
45 86/ 55
30 97/ 83
15 105 / 86 %0
8
330 94 / 104 120 s
315 81/ 90
300 713/ 80
285 0/ 1

210 :§==?~

20
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DEPARTMENT OF THE AIR FORCE
HEADQUARTERS 3246TH TEST WING (AFSC)
EGLIN AIR FORCE BASE, FLORIDA 32542-5000

CC (Mr Lofquest, TZPM, 882-4257)

Test Directive No. 921AFP0S, Interim-Night Integrated Goggle and
Head Tracking Systems (I-NIGHTS) Qualification Test

HSD/YAH-HMST 3246 TESTW/CCU 3246 TESTW/TZ

3246 TESTW/TZF (5) 3246 TESTW/DORF 3246 TESTW/TZPM
AFDTC/SEU (3) 3246 TESTW/DOT 3246 TESTW/TZPT
AFDTC/WE 3246 EMS/MAEA 3246 TESTW/TZSM
3200 SPTW/DW 3246 EMS/MAEM 3246 TESTW/XP

3200 SPTW/LGXP 3246 TESTW/TF (3) 3247 TESTS/DOUD (2)
3200 SPTW/SGP 3246 TESTW/TFOA 3247 TESTS/DOL
3246 TESTW/CA 3246 TESTW/TFOC 3246 TESTS/DOUH

This test has been accepted by the 3246th Test Wing.
Implementation action will be taken as specified in the
attached test documentation.

IQHARD/L. ENGEL, Co

oRel, USAF 1 Atch
Conmantier TD No. 921AFPOS
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TZPM (Mr Lofquest, 882-4257) . . 28 Aug 90

TEST DIRECTIVE NO. 921AFP0S
NTERIM-NIGHT INTE D _GOGGLE AND HEAD TRACKING SYSTEMS

1. Background Information:
a. Requesting Agency: HSD/YAH-HMST
b. USAF Precedence Rating: 3-06
c¢. Initial AFDTC Priority: 498
d. Authority:
(1) PMD 2129(7)/63213F, 23 Mar 90
(2) FM 56 2129-09-3692, 17 May 90
e. Description:

(1) The Interim-Nights (I-NIGHTS) helmet design
incorporates night vision enhancement capabilities using third
generation light intensifier tubes, a helmet tracking provision,
a targeting reticle, and modular features for upgrade to a
raster/symbology injection capable CRT. The intensified image
and targeting reticle is projected onto a transparent combing
surface (combiner/visor) to superimpose these images with the
real world scene, which is also seen through the combiner/visor.
As a result, the pilot is able to view, simultaneously, both the
intensified image of the scene outside the cockpit and the
aircraft instruments and controls. The system incorporates a
user switchable Auto-Scene Reject (ASR) capability which will
automatically extinguish the image intensifier tubes whenever the
I-NIGHTS forward field of view is within a 4.5 degree arc of a
cockpit IR emitter (typically on the Heads-Up Display (HUD].)
The impact/penetration protection of the I-NIGHTS should be
equivalent or superior to that provided by the HGU-55/P.

(2) This qualification testing will provide data to the
program officer for flight safety certification. The test series
-is a huilding block test starting with developing don/doff
procedures, emergency doff, emergency ground egress, 3 and 12
feet static drop tests, land drags, and land parachute jumps.

The water qualification testing will be accomplished later under
separate test directive during DT&E. This testing was deferred
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(7) Test Design Engineer: Mr L. LeMarchand,
3246 TESTW/TZF, 882-9171

(8) Flight Surgeon: Dr Don Grey, USAF Regn Hosp, Eglin,
3200 SPTW/SGP, 882-5743

b. Test Requester (HSD/YAH):

(1) Acting Program Manager: Lt Karen Cooper, YAH-HMST,
AV 785-8416

(2) Test Manager: Mr Ron Gunderman, Ball System
Engineering Division, (513) 429-5005/ AV 785-8416

c. Other Key Personnel:
SAM: 1st Lt John Crist, VNL, AV 240-2256
5. es es jes:

a. The 3246th Test Wing, as the participating test
organization, will design and conduct the test, analyze the data,
and prepare the final report. The 3246 TESTW/TZF Test
Engineer will submit mission requests. (Note: Mission requests
will not be submitted until all test hardware/resources are
available and allocated to the test or realistic
availability/delivery dates have been established.)

b. All AFDTC organizations will support this test according
to assigned functional responsibilities. The specific support
requirements are outlined in the special planning guidance and
attached annexes.

c. The Eglin Radar Control Facility (ERCF) will make
available airspace, provide range clearance at the request of the

Range Operations Control Center (3246 TESTW/DORS), and provide
radar control for test aircraft operations.

d. The HSD/YAH-HMST, as the test requester, will:
(1) Provide funding for all reimbursable direct costs.

(2) Provide sufficient test items of each I-NIGHTS
system to conduct the requested testing.

e. The 3246 TESTW/DOL, Life Support Division, will provide:
(1) Test subjects for Qualification Testing.
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h. Any organization scheduling VIP visits to observe tests
will notify the Test Engineer at least 30 days before the
expected visit. The name, rank, organization, and security
clearance of each VIP visitor must be furnished not later than
5 working days before the scheduled visit to obtain necessary
approvals and site access.

7. Completion/Termination: The procedures for test completion/
termination will be accomplished as outlined in 3246 TESTWR 80-5.

8. Reports: An AFDTC letter report is required 60 working days
after completion of active testing. Raw data will be given to
the test requester for forwarding to the contractor 5 days after
test completion.

9. Securjty:
a. HAVE HEMP procedures do not apply to this test.

b. Operations Security (OPSEC) has been considered according
to AFR '55-30/AFSC Sup 1 and AFDTC Sup 1. The overall
classification of this test is unclassified and, although no

special OPSEC precautions have been identified by the test
- requester, all participating organizations are cautioned to
exercise stringent OPSEC precautions on all aspects of the
conduct of their tasks.

¢. No special communications security (COMSEC) precautions
- have been identified or deemed necessary in the planning and
conduct of this test.

e. Security Classification Guidance is not identified for
this laboratory program.

CHARLES AigzDFQUEST 4 Atch
Programming Engineer 1. Method of Test Annex
, 2. Technical Support Annex
3. Logistics Annex
4. Safety Annex
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TZF (Mr LeMarchand/882-9171) 6 Aug 90
TD ANNEX A
METHOD OF TEST
TEST DIRECTIVE 921AFP05

Interim-Night Integrated Goggle and Head Tracking System
(I-NIGHTS) Qualification Test

1. INTRODUCTION.

1.1 Background.

1.1.1 The Interim-Night Integrated Goggle and Head Tracking System (I-NIGHTS)
is being developed as part of PE 63231F, Crew Systems and Personnel Protection
Technology, Project 3257, Virtual Image Cockpit. Command requirements being
supported are SAC SON 309-087 and TAC SORD 312-88-1-A, HSO/YAH is the Test
Requester and AFDTC/3246th Test Wing is the PTO0.

1.1iz Qualification testing will be used to produce safety of flight certifi-
cation. - _

1.2 Test Obgectiﬁes.

1.2.1 Oemonstrate each candidate system with regard to aircrew survivability
during emergency ground egress, parachute deployment, parachute descent, land
,inpac:. and during the situation when the test subject is dragged by the
. parachute. :

~ 1.2.2 Collect data on electromagnetic interference/electromagnetic
compatibility (EMI/EMC).

1.2.3 Evaluate the ability of the I-NIGHTS disconnect to pass the explosive
atmospheric environmental tests in accordance with MIL-STD-810D.

- 2. TEST ITEM DESCRIPTION. The I-NIGHTS helmet design incorporates night vision
enhancement capabilities using third generation 1ight intensifier tubes, a
helmet tracking provision, a targeting reticle, and modular features for upgrade
to a raster/symbology injection capable CRT. The intensified image and

- targeting reticle is projected onto a transparent combining surface
(combiner/visor) to superimpose these images with the real world scene, which {s
also seen through the combiner/visor. As a result, the pilot is able to view,
simultaneously, both the intensified image of the scene outside the cockpit and

~ the aircraft instruments and controls. The system incorporates a user

_ switchable Auto-Scene Reject (ASR) capability which will automaticaily
extinguish the image intensifier tubes whenever the I-NIGHTS forward field of
view is within a 4.5 degree arc of a cockpit IR cmitter (typically on the
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Test Testing Organization
1. Wind Blast Tests Dayton T. Brown
(Required prior to jumps)
2. Vision Testing USAFSAM/(NGOP ),
Brooks AFB TX
3. Ejection Tower NADC

Warminster PA

4,1.2.4 Procedure 1. Emergency ground egress must be achievable in a
reasonable period of time IAW applicable T7.0.'s from selected crew stations

of representative aircraft to be evaluated during the flight DT&E. Tne test
subjects will be trained life support/survival personnel who will be wearing
each of the candidate systems along with representative gear to be worn during
the flight DT&E. The ground emergency procedures, as defined in the -1 tech
order for each aircraft, will be followed. This portion of the test may be
performed in conjunction with USAFSAM/VNL (Brooks AFB) at various 1ocations

as the class II mods are installed in the various aircraft.

4,1.2.4.1 Data Required.

4.1,2.4.1.1 A record of all procedures which could/could not be accomplished
during ground emergency egress trials or any changes in procedures which would
permit a safe emergency egress.

4.%.%.4.1.2 A record of time to accomplish ground emergency egress during each
trial.

4.1.2.4.1.3 Video coverage of all ground emergency egress'trials, when
possible.

4.1.2.4.2 Data Analysis. 3¢46th Test Wing personnel will review the video - -
tapes, the record of procedures accomplished, and trial times to assess the
effect of each system on emergency ground egress.

4.1.2.5 Procedure 2. Test subjects will don each candidate system with repre-
sentative 1ife support and flight gear for each aircraft to be flown during the
flight DT&. Each person will be suspended above the ground by the parachute
risers and will complete post egress procedures according to T.0. 14D1-2-1,
change 13, page 3-25. Static drops from distances of 3 and 12 feet will also be
accomplished to evaluate the possibility of any part of the system making con-
tact with the test subject's face.

4.1.2.5.1 Data Required.

4.1.2,5.1.1 A record of all post egress procedures (T.0. 14D1-2-1, change 13,
page 3-25) which could/could not be accomplished and any changas in procedures

4.1,2.5.1.2 A record of time to accomplish the post egress procedures.
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4.1.2.7.3 Data Required.

4.1.2.7.3.1 Video coverage of jumps using a second jumper wearing a helmet-
mounted video camera.

4.1.2.7.3.2 Ground video or 16mm/35mm coverage of landings.

4.1.2.7.3.3 A record of all problems encountered during the jumps, such as

visual obstructions and difficulty in completing post-egress procedures.

4.1.2.7.4 Data Analysis. 3246th Test Wing personnel, test parachutists, and
parachute technicians will analyze the data to assess the effects of each
candidate system on post egress. If problems are encountered during the test
trials, more jumps may be required.

4.1.2.8 Potential Hazards. The potential hazards are those normally associated
with the flight testing of experimental helmets with the added weight and test
hardware as described in paragraph 2.

4.1.3 Criteria. If the candidate I-NIGHTS system causes no_interference with
the abiTity of the test subject to conduct existing Technical Order procedures,
or interference with the proper operation of the existing aircrew equipment, it
will pass. If the system interferes with the proper operation of any existing
equipment or the test subjects ability to perform egress or post-egress
Technical Order procedure, the system will fail.

4.2 (Qbjective 1.2.2. Collect data on electromagnetic
interference/electromagnetic compatibility (EMI/EMC).

4.2.1 Purpose. The purpose of this objective is to report any EMI/EMC
interference caused by the system.

4,2.2 Method. A limited EMI/EMC check with the aircraft avionics system will
be conducted. All aircraft avionics systems will be sequentially operated
while the system is on. Standard aircraft checklist will be used to operate the
systems .

4.2.3 Criteria If there is no interference while the [-NIGHTS system is on,
the system will pass. If there is interference while the system is on and the
interference remains after the system is turned off¥, it will be a no test. If
there is interference with the avionics system only when the I[-NIGHTS system f{s
on, it will be a failure.

4.2.4 Resources Required.

4.2.4.1 [-NIGHT System.
4.2.4.2 EMI/EMC checklist.
4.2.5 Data Required.

4.2.5.1 Crewmembers comments.
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PREPARED BY: COORDINATED WITH:

%ucxeu LeMARCHAND {~ EPH F. BRIGANED, Lt Col, USAF

Test Design Engineer/TZF ef, Munitions Test Division

COORDINATED W Tﬂ‘/ COORDINATED WITH:
« SWANK

WILLIAP RONALD H. ALLEN
Chief, Chem Def & Munitions Support Technical Advisor

13

4 COORDINATED WITH: APPROVED BY:
OHN D. DAVIS, Capt, USAF H. DOUGLAS NATION, Technical Advisor
3246 TESTW/DOSP Deputate for Test Engineering
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3246 TESTW/TZPT (Mr Sodoma, 882-4851) 21 August 1990
TECHNICAL SUPPORT ANNEX

TEST DIRECTIVE NO. 921AFP05

INTERIM - NIGHT INTEGRATED GOGGLE AND HEAD TRACKING SYSTEM (I-NIGHTS)
QUALIFICATiON TEST SUPPORT

1. General. The I-NIGHTS helmet design incorporates night vision enhancement
capabiTities, a helmet target tracking provision, a targeting reticle and other"
enhancement features. Up to three candidate systems will undergo qualification
testing to demonstrate each system with regard to aircrew survivability, collect
data on EMI/EMC and to evaluate the ability of the I-NIGHTS disconnect to pass
the explosive atmosphere environmental test. To support the survivability
egress testing, the I-NIGHTS, Class II modification will be installed in a
number of different aircraft. Testing will be accomplished at Eglin and at
various other Tocations where the Class II modifications have been installed.
This will require TDY by support elements from Eglin. Support is required from
the Range Q&M Contractor, and the Photographic Laboratory Contractor.

2. Support Requirements and Responsibilities.

a. Range Contractor. The Range 0&M Contractor will:

(1) Provide and operate the Test Area A-24 Fuze Test Facility to conduct
an explosive atmosphere test of the I-NIGHTS disconnect in accordance with
Method 611.2, Procedure I of MIL-STD-8100. A suitable fixture and the necessary
techniques must be developed for remote operation of the disconnect. The power
required through the disconnect and the pin connections are yet to be defined,
however, the power is believed to be standard aircraft power, Where possible,
provide time correlated 16mm color motion picture coverage (96 frames per second)
of the disconnect test.

(2) Provide central timing facility operation in support of high speed
camera operations.

b. Photographic Support. The Photographic Laboratory Contractor will provide
photographic isfili ané motion picture) and video documentary support for all
phases of the aircrew survivability testing which includes emergency ground
- egress, parachute deployment and descent, land impact and ground drag testing.

The aircrew survivability testing will be conducted at Egliin and at up to three
" off<Eglin locations which will require TOY support by as many as two people.
Separate tasking will be provided through TFOA when the TDY details are known.
Support required is as follows:

(1) Vvideo coverage of all ground emergency egress trials

(2)  Video coverage of 1ive static drops

332




LGXP (Ms Daniels, 882-3535) 20 August 19980

LOGISTICS ANNEX

TEST DIRECTIVE JON 921AFPOS

INTERIM-NIGHT INTEGRATED GOGGLE AND HEAD TRACKING SYSTEMS

1. G@General: This annex identifies the logistics support required
to conduct subject test and tasks resvonsible organizations for
their support. The estimated test start date is 23 Aug 90.

2. Ajircraft:
QWNING COMMAND TYPE/SERIAL NO. SORTIES FLYING HOURS

Tegt Bed:
AFSC/AFDTC UH-1N/Any 10 15

3. MAEMFE, Parachute Shop will provide space to repack/repair
parachute recovery system as required. POC is in Bldg 32, 882-
2640.

4. Medical:
a. The AFSC Regional Hospital (SGA) will furnish
emerjency hospital and ambulance support as provided for in
AFR 168-6. The phone number for emergency ambulance service
ig 882-2333. On sits standby medical support (ambulance and
medical technician} will also be required at Sites C-61 and B-6.
'b. The test engineer, Lt Nagel, 882-4322, will:

(1) Provide hosvital personnel with the dates and the
location at least 24 hours prior to when their support is reguired.

(2) Submit RESOMS Part A to request this support.

B/;ENDZA T)%N"’f:ﬁf%) : avfﬁjﬁéusn ’ é"

Logistics Management Specialist Chief. Logistices Plans QOffice
Logistics Plans Office Deputy Commander for Resources




SAFETY ANNEX
TEST DIRECTIVE NO. 921AFP0O5 -
INTERIM-NIGHT INTEGRATED GOGGLE AND HEAD TRACKING SYSTEMS

1. The following safety criteria have been established for the
conduct of the Interim-Night Integrated Goggle and Head
Tracking Systems (I-NIGHTS) test.

2. Test Item and Test Areas.

a. The test item is a helmet mounted night vision device.
Three separate designs will be tested.

b. Static drops will be conducted at the life support
facility. Drag tests will be conducted behind the Eglin
hospital. Live jumps will be conducted on C-61 or TAB 6.
Explosive atmosphere tests will be conducted at the Fuze
Facility.

3. Danger Area. There are no danger areas associated with
this test. During EMI/EMC testing a RF hazard area may be
established for operation of onboard aircraft equipment. The
hazard area for this equipment is established in the dash -1
T.O.

4. Potential Hazards. A Hazard Review Board (HRB) was
conducted for this test to identify the potential hazards and
high interest areas. Results of this meeting are contained in
the Hazard Analysis Summary (HAS) which is filed in the project
folder at 3246 TESTW/TZFC, 3247 TESTS/DOUH and AFDTC/SE. No
unacceptable hazards were identified.

- 5. Safety Requirements.

a. Parachute tests with live personnel will not be
conducted until AMRL mannequin tests have been completed and
analysis indicates that an adequate degree of safety exists.

b. Parachute tesﬁs and drag tests will not be conducted
until mannequin tests have established that the helmet mounted
test items will not hang up on the parachute.

Prepared by: Approved by:

Jefll K M Sin
Gt

RAL H., REED LL . COLLINS

Directorate of Range Safety Associate Deputy for Safety
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INTERIM-NIGHT INTEGRATED
GOGGLE AND HEAD TRACKING
SYSTEM (I-NIGHTS)

DATA PACKAGE 91-56

6 JANUARY 1992

MARY WARD
3246 TEST WING/EAFG
EGLIN AIR FORCE BASE, FLORIDA
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INTRODUCTION

BACKGRQUND

Human Systems Division, Crew Systems and Personnel
Protection Technology (HSD/YAH), requested the Munitions Test
Division (3246TW/EAFG) to conduct qualification tests to certify
that the Interim Night Integrated Goggle Head Tracking System
(I-NIGHTS), is safe to fly. Testing began July 1990 and ended
May 91. As the Participating Test Organization (PTO), personnel
responsible for planning, testing, and report preparation were:
Lt Bob Fox (Test Engineer), Mr Bill Beier (Test Support Manager,
ISN Corporation), Mr Kelly Oliver (Program Engineer), and Mr
Lucien LeMarchand (Test Designer).

TEST OBJECTIVES

1. Collect data on the demonstration of each I-NIGHTS
candidate system with regard to aircrew survivability during
emergency ground egress, parachute deployment, parachute descent,
landing impact, and when the test subject is dragged by the
parachute.

2. Collect data on electromagnetic
interference/electromagnetic compatibility (EMI/EMC).

3. Evaluate the ability of the I-NIGHTS power connector
to pass explosive atmosphere testing in accordance with
 MIL-STD-810C.

Only one objective, Objective 2, was completed. The
_ necessity for testing Objective 3 was deleted by the test
reguester since the vendors were already on contract to perform
this test. Emergency ground egress, aircraft compatibility,
and parachute hanging harness testing were completed as part of
Objective 1; however, the remaining tests in Objective 1 were not
accomplished due to safety considerations.




TEST ITEM DESCRIPTION

The I-NIGHTS design incorporates night vision enhancement
capabilities using third generation light intensifier tubes, a
helmet tracking provision, a targeting reticle, and modular
features for upgrade to a raster symbology injection capable
cathode ray tube (CRT). The intensified image and targeting are
projected into a transparent combining surface (combiner). 2as a
result, the pilot is able to simultaneously view both the
intensified image of the scene outside the cockpit and the
aircraft instruments and controls. The I-NIGHTS incorporates a
user controlled Auto-Scene Reject capability which deactivates
the image intensifier tubes when. the forward field-of-view of the
I-NIGHTS is within a 4.5 degree arc of a cockpit Infrared (IR)
emitter. This emitter is typically located on the Heads-Up
Display (HUD). ' '

There are three vendors for the I-NIGHTS helmets: GEC
Avionics, Honeywell, and Kaiser Electronics. The basic elements
in each of the systems are the same.
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INSTRUMENTATION

The only instrumentation used for this testing consisted of
videotape and still photo coverage.
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TEST PROCEDURES

AIRCRAFT COMPATIBILITY (OBJECTIVE 1)

Tests were conducted in the A-10 and F-16 simulators and the
following aircraft: B-52G, HC-130H, MH-53J and MH-60G to
determine if the aircrew could perform their assigned duties
while wearing the I-NIGHTS. Test subjects wearing the I-NIGHTS
were seated in the assigned position while evaluations were made
to determine restrictions in the range of motion and line of
sight caused by the I-NIGHTS. These tests were conducted
concurrently with emergency egress; therefore, mock-up helmets
were used.

EMERGENCY GROUND EGRESS (OBJECTIVE 1)

Tests were performed to determine if an aircrew member
wearing the I-NIGHTS could safely egress from the aircraft during
a ground emergency using the aircraft dash one emergency
procedures. Test subjects wearing the I-NIGHTS in the Helmet
Mounted Display (HMD) configuration and the standard aircrew
equipment (i.e. survival vest, parachute harness, oxygen mask)
were strapped into position and performed emergency ground egress
from the simulator/aircraft. Tests were conducted in the HMD
configuration since this was deemed the worse case scenario. Due
to the destructive nature of the emergency ground egress tests,
weight and space mock-up helmets were used for these tests also.
Emergency ground egress was performed in the following
aircraft/simulators: HC-130, B-52, MH-53, MH~-60, and F-16.
Typical pass/fail criteria for egress times of fielded equipment
is 18 seconds or less for fighter aircraft and 60 seconds or less
for non-fighter aircraft.

HANGING HARNESS (OBJECTIVE 1)

Demonstrations were conducted to ensure test subjects could
perform post parachute opening procedures as described in T.O.
14D1-2-1 while wearing the I-NIGHTS helmets. Fifth and 50th
percentile test subjects, wearing mock-up I-NIGHTS helmets, were
suspended from the hanging harness apparatus and performed the
following procedures for over land descent to ensure no
obstructions existed:

a. Check canopy
b. Visor up and locked
¢. Discard oxygen mask

d. Deploy survival kit
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e. Pull four-line jettison lanyards

After the above procedures were verified, the following
conditions were demonstrated and checked: landing position for
going into trees, landing position for going into power lines,
and correcting certain malfunctions with the parachute.
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ELECTROMAGNETIC COMPATIBILITY/INTERFERENCE (OBJECTIVE 2)

Each test aircraft was towed to an isolated area and aimed
away from all field lighting. An initial check was performed on
the aircraft electrical system with the I-NIGHTS helmet turned
off to ensure no interferences wer. present. The I-NIGHTS was
then turned on and the test subjects monitored both the
performance of the I-NIGHTS and the aircraft electrical system to
determine if any interference was present. For each specific
aircraft, many different aircraft systems were tested to ensure
that they were functioning properly. The following aircraft were
tested: B-52G, HC-130H, MH-53J, and MH-60G.
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TEST RESULTS AND DISCUSSION

AIRCRAFT COMPATIBILITY (OBJECTIVE 1)
A-10 SIMULATOR (BROOKS AFB, TX)

A 50th percentile test subject wore both the GEC and Kaiser
candidate I-NIGHTS helmets in the A-10 simulator. Although there
was no serious range of motion degradation with either helmet,
"checking six" with both helmets required an increased amount of
effort. While wearing either the GEC or the Kaiser system, the
test subject was able to see all the aircraft controls with a
minimal amount of extra head movement. The Honeywell system was
not tested due to non-availability.

B-52G (EAKER AFB, AR)

There was no serious range of motion degradation while the 50th
percentile test subject wore the GEC, Honeywell, and Kaiser
systems. While wearing each of the three systems, the test
subject was able to see all aircraft controls with minimal
additional head movement.

F-16 SIMULATOR (BROOKS AFB, TX)

There was no serious range of motion degradation when
"~ the 50th percentile test subject wore any of the three systems.
However, additional effort was required by the test subject to
.check the six o'clock position. The test subject was abie to see
all the aircraft controls with minimal extra head movement while

- wearing each of the three systems.

HC-130B (BGLIN AFB, FL)

There was no serious range of motion degradation when
the 50th percentile test subject wore any of the three systems.
The test subject was able to se® all the aircraft controls with
minimal extra head movement while wearing each of the threx
systems.

 MH-53J (PENSACOLA NAS, FL)

~ There was no serious range of motion degradation when the
50th percentile test subject wore any of the three systems. The
test subject was able to see all the aircraft controls with
minimal extra head movement while wearing each of the three
‘yatm .
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MH-60G (PENSACOLA NAS, FL)

There was no serious range of motion degradation when the
50th percentile test subject wore any of the three systems. The
test subject was able to see all the aircraft controls with
minimal extra head movement while wearing each of the three
systems.

EMERGENCY GROUND EGRESS (OBJECTIVE 1)
B-52G (EAKER AFB, AR)

There were no interferences noted during the emergency
egress testing in the B~52. The egress times are noted below.

POSITION HELMET PERCENTILE EGRESS TIME PASS/FAIL

PILOT GEC 95 (§§?% PASS
HONEYWELL 50 34.9 PASS
KAISER 95 21.1 PASS

CO~-PILOT GEC 95 22.7 PASS
HONEYWELL 50 27.17 PASS
KAISER 95 23.1 PASS

F-16 SIMULATOR (BROOKS AFB, TX)

The egress time for the 50th percentile test subject wearing
the GEC system was 20.5 seconds. There were two minor
entanglements noted during this egress: one with the CRT cable
and the seat straps and one involving the CRT cable and the
oxygen hose. Neither of these entanglements caused any real
problems since in both cases the CRT cable pulled loose during
normal egress procedures without requiring any additional effort.

The 50th percentile subject was not able to egress from the
simulator while wearing the Honeywell system. The connector for
one of the CRT cables had slipped down and was caught between the
seat and the right-hand console. This probably would not have
occurred if the cable had actually been connected to the
aircraft.

While wearing the Kaiser system, the 50th percentile test
subject exited the simulator in 21.4 seconds. The two CRY cables
became entangled with the oxygen hose during egress. This was
not a major problem as the cables became untangled during egress
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without any additional effort.

The emergency egress times noted during this testing were a
few seconds longer than the common 18 seconds maximum due to CRT
cable entanglements. 1In order to rectify this entanglement
problem, the program office has since designed a protective
.shroud which covers the power cable, connector, and
_associated quick release lanyard. This design change, in
addition to egress training, should reduce the egress time of the
the crew member wearing I-NIGHTS so that it is within the 18
seconC3 maximum. However, during flight testing, ground egress
should be monitored to ensure that the pilot can egress in a
timely manner.
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HC-130H (EGLIN AFB, FL)

There were no interferences noted during the emergency
egress testing in the HC-130H and the egress times are noted

below.
POSITION
PILOT

CO-~-PILOT

HELMET
GEC
HONEYWELL
KAISER
GEC
HONEYWELL
KAISER
GEC
HONEYWELL
KAISER
GEC
HONEYWELL
KAISER
GEC
HONEYWELL
KAISER
GEC
HONEYWELL
KAISER

PERCENTILE
5th
S5th
5th
50th
50th
50th
95th
95th
95th
5th
5th
5th
50th
50th
50th
95th
95th
95th
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EGRESS TIME
(sec)
12.2
11.2
7.1
7.0
7.0
7.0
9.6
9.0
8.0
15.4
15.7
11.6
12.0
11.2
11.0
13.5
13.0

12.5

PASS/FAIL
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS




MH~-53J (PENSACOLA NAS, FL)

An area of concern was found during egress with the GEC
system where the visor housing made contact with the overhead
rails during window exits. The test subjects were able to
compensate for this problem and exit in a timely manner. There
were no interferences noted during the emergency egress testing
in the MH~53J with the HONEYWELL and KAISER systems. The egress
times are noted below.

POSITION HELMET PERCENTILE EGRESS TIME PASS/FAIL

PILOT GEC 5th et PASS
HONEYWELL 5th 7.9 PASS
KAISER Sth 7.2 PASS
GEC 50th 7.2 PASS
HONEYWELL 5Uth 7.9 PASS
KAISER 50th 7.5 PASS
GEC ~ 95%th . T4 PASS
aonzrwkap»i"¢; 95th - 5.9 " PASS
KAISER ©  95th. 6.2 PASS

co-pmor  GEC . . Sth 1.2 PASS
HONEYWELL - Sth - 10.5 PASS
KAISER - S0th ..  12.5 PASS
GEC ~ 50th 9.3 PASS
HONEYWELL  50th 9.6 PASS
'KAISER 50th 10.0 PASS
'GEC  95th 11.2 PASS
HONEYWELL = 95th 11.3 PASS
KAISER 95th 11.3 PASS
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MH-60G (PENSACOLA NAS, FL)

The SPO requested that we demonstrate egress times on a
Night Vision Systems (NVS) helmet, the MERLIN, during this series
of testing. WNo additional reporting (other than egress times)
was requested on the MERLIN system. An area of goncern was found
during egress with the GEC system where the visor housing made
contact with the overhead rails during window exits. The test
subjects were able to compensate for this problem and exit in a
timely manner. There were no interferences noted during the
emergency egress testing in the MH-60G with the HONEYWELL,
MERLIN, and KAISER systems. The egress times are noted below.

POSITION HELMET PERCENTILE EGRESS TIME PASS/FAIL
PILOT GEC - 5th (gfg) PASS
HONEYWELL S5th 7.1 PASS

KAISER 5th 7.3 PASS

GEC 50th 4.2 PASS

HONEYWELL 50th 4.3 PASS

KAISER 50th 5.0 PASS

MERLIN 50th 5.0 PASS

GEC 95th 5.3 PASS

HONEYWELL 95th 5.4 PASS

KAISER 95th 6.2 PASS

NERLIN 95th 6.3 PASS

CO-PILOT GEC 5th 6.2 PASS
| HONEYWELL 5th 8.3 PASS
KAISER S5th 6.3 PASS

GEC 50th 6.0 PASS

HONEYWELL 50th 5.3 PASS

KAISER 50th 5.2 PASS

MERLIN 50th 6.1 PASS
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GEC 95th 5.1 PASS

HONEYWELL 95th 5.4 PASS
KAISER 95th 6.0 PASS
MERLIN 95th 6.2 PASS

HANGING HARNESS (OBJECTIVE 1)

The primary concern discovered while demonstrating this part
of the objective was parachute riser interference during the
initial snatch force of the deploying parachute. This was noted
when the test subjects (5th and 50th percentile) were suspended
from the hanging harness apparatus and it was apparent that the
risers were making contact with the CRTs. This interference
could result in a violent head twist and/or neck snap. Another
concern was identified with the 5th percentile test subject. Due
to the narrow torso of this size of subject, the risers were
inset to an extreme such that the subject was forced to separate
them manually to view above. This is a concern for two reasons.
First, if riser twisting occurs during opening shock of the
parachute, the aircrew member may not be able to correct this
condition prior to ground impact. This twisting could cause
spinning of the parachute and result in an unstable,
uncontrollable condition. 8econd, having to manually separate
the risers while wearing the I-NIGHTS to view above would become
exhaustive for the aircrew member.

PARACHUTE DESCENT/PARACHUTE LANDING/PARACHUTE DRAGS (OBJECTIVE 1)
These tests were not accomplished due to the potential for
~injury that could be caused by unknown loadings on the head/neck
during parachute opening shock.
ELECTROMAGNETIC INTERFERENCE/COMPATIBILITY (OBJECTIVE 2)
B-52G (ERKER AFB, AR)

There were not any compatibility or interference problems

a identified when aircraft No. 0499 was tested in accordance with

the test procedures. The following aircraft systems were checked
to ensure that they operated properly:

AIC-10 Interphone

ARC~50 HF radio (2 to 30 MH2z)

ARC~164 UHF communication radio (225 to 399.975 MHz)
ARN-«14 VHF nav radio (108.0 to 111.8 MHz)

ARN-31 glide path radio (331 to 334.7 MHz)

ARN-32 marker beacon (75 MHz)
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ARN-118 TACAN (1 GHz)

ASC-19 AFSATCOM (173.045, 243.045 MHz)
APX-64 AIMS (1 GHz)

APN-69 radio beacon (10 GHz)

ALR-20 ECM receiver

ALQ-155 ECM systems 1 through 8, 13, 14
ALQ-153 TWS

ALQ-122 ECM systems ‘9 and 12

ALQ-117 ECM systems 15 and 16

ASG-15 FCS

ASG-21 FCS

ASQ-151. EVS

Master Expendables Control Panel (MECP)
A/A42G-1) autopilot

Stability Augmentation System (SAS)
AC voltmeter

AC ammeters

Engine oil pressure indicators

Engine oil temperature indicators
Bngine pressure ratio indicators
Engine speed indicators

HC-130H (EGLIN AFB, FL)

There were not any compatibility or interference problems
identified when aircraft No.2639 was tested in accordance with
the test procedures, The following aircraft systems were checked
to ensure that they operated properly:

AN/AIC-18A intercom
HF-102 liaison radio
VHF-FM-AN/ARC~186 VRF/FM radio
VHF-AM-AN/ARC-186 VHF command radio

. AN/ARC-164 UHF 1 command radio
AN/ARC-164 UHF 2 command system
AN/ARC-164 UHF 3 SATCOM system
AN/ARA-50 direction findex
AN/ARN=-118 TACAN
AN/ARN=-147 VOR receiver
AN/ARN-6 redio compass
Collins 512-4A marker beacon receiver
Collins 51V-4 glide slope receiver
AN/APN-171 radar altimeter
Flight director system

_ AN/APX-G4, 72 AIMS IFF
AN/APN-147 Doppler radar navigation system
AN/ASN-35 Doppler computer system
AN/APN-S59E search radar
C-12 compass system
A24G-1A gyro attitude reference system
AN/ASN-90 inertial measuring system
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ARN-131 Omega Nav
B-6A Driftmeter

MH-53J (PENSACOLA NAS, FL)

There were not any compatibility or interference problems
identified when aircraft #0241 was tested in accordance with the
test procedures. The following aircraft systems were checked to
ensure that they operated properly:

AN/AIC-133 intercom system
AN/AIC-13 public add. system
AN/UIB-5 loudhailer system
AN/ARC-34, -133 UHF comm. 8ys.
HF-186/VHF-101 VHF comm. system
HF-103 HF comm system
VHF-AN/ARC-186 FM radio set
AN/ARA-25A UHF D.F.

AN/ARA‘SQ LF auto DoFo
AN/ARN-65 TACAN 118

VOR-101 omni nav. system
AN/ARN-58 ILS marker beacon
AN/APN-175 radar nav. set
AN/APX-64 IFF

ALR-69 RHAW, RWR

AN/ARD-21 ELF

QRC 83-05 IRCM 157

AN/APN-171 radar altimeter
ISN ENS

J-10 compass system

MH-60G (Pensacola NAS, FL)

There were not any compatibility or interference problems
1dentified when aircraft No. 4472 was tested in accordance with
the test procedures. The following aircraft systems were checked
to ensure that they operated properly:

AN/AIC-133 intercom system
AN/AIC=-13 public add. system
AN/UIH-5 loudhailer system
VAN/ARC“34) “133' “16‘ UHF comm. Sys.
URC-108 SATCOM

VHF-186/101 VHF comm. system
ARC-~199 HF comm. system
VHF-AN/ARC-186 FM radio set
VHF-AN/ARC-117

AN/ARA-25A UHF D.F.
AN/ARA-59 LF auto D.F.
AN/ARN-65 TACAN 118
AN/APN-175 radar nav. set
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AN/APX-64 IFF

AN/APN-171 radar altimeter
ALR-69 RHAW, RWR

ASN-128 INS GPS/Doppler
ASN-43, J-10 Compass Sys/Gyro
FLIR

KG-10 Map display

Bendix 1400 Wx radar
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APPENDIX E
ACOUSTICAL PROPERTIES
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APPENDIX E: ACOUSTICAL PROPERTIES:
SOUND ATTENUATI® ° AND SPEECH INTELLIGIBILITY

1. INTRODUCTION

The high levels of noise present in the cockpits of military
aircraft may threaten voice communications effectivennss and pose
a risk to the hearing of the aircrews. Conventional flight
helmets typically provide adequates sound protection to ensure
aircrew safety and performance, However, these acoustic
characteristics of helmets may be altered by the addition and
integration of external systeins such as night vision goggles
(NVG). This report describes a.laboratory evaluation of the
noise exclusion properties and the voice communications
performance of three integrated NVG helmets which were
manufactured by GEC, Honeywell, and Kaiser. These evaluations
were accomplished by the Bioacoustics and Biocommunications
Branch, Biodynamics and Biocommunications Division, Armstrong
Laboratory, located at Wright-Patterson AFB, Ohio.

2. APPROACH

The sound attenuation of the NVG helmets worn by trained subjects
-was measured in the Sound Protection Measurement Laboratory in
accordance with an established American National Standards
Institute (ANSI) procedure. The criterion measure was sound
attenuation in decibels (dB). %he voice communications of
volunteer subjects waaring the NVG helmets were measured in
relative quiet and in three levels of emulated operational
aircraft noise. Volunteers performed as talkers and as listeners
under the same noise conditions using standardized speech
intelligibility materials. Criterion measures were percent
correct responses of the intelligibility measures.
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3. OBJECTIVE

The objectives of the study were to define the sound attenuation
and to quantify the voice communications performance
characteristics of the individual integrated NVG helmets in
emulated operational aircraft cockpit noise environs.
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I-NIGHTS NVG SOUND ATTENUATION AND SPEECH INTELLIGIBILITY

1. Experimental Test Planning Documentation.

a, Test Objective and Purpose.

The objectives of these tests are to measure the hearing protection
and voice communication performance of night vision goggles (NVG)
headsets from three competing manufacturers. The purposes of the tests
are to (a) determine if tlie headsets meet the hearing protection
requirements of MIL-P-38268C and (b) quantitatively measure the

intelligibility to estimate the operational performance of the headsets.

b. Experimental Design.

1. Sound Attenuation.

Hearing protectnr attenuation is measured in accordance with the
specific guidelines established by ANSI staundard $12.6-1984, Method for
the Measurement of Real-Ear Attenuation of Hearing Protectors. The
study design of this method is a repeated measures design with each of
10 subjects participating three times imn the control condition (open or
unoccluded ears) and three times in the test condition (occluded ears,
vhile the device is being worn) at each of nine test gignals, for each
of the three manufacturers' NVG helmets. The test signals cunsist of

third octave bands of noise with center frequencies at the octave band
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center frequencies from 125 Hz to 8000 Hz. The experimental design 1is

displayed in Appendix A,

A trial includes measurement of the subject's hearing threshold
levels at the nine test signals for an occluded ear condition (subjects
wearing the NVG) and an unoccluded ear condition. Each session consists

of three trials or three sets of data for each test signal,

Data for each of the three NVG helmets are tabulated and processed
to provide means and standard deviations of the attenuation for each
test sigual. The attenuation or the amount of hearing protection
measured is defined as the asrithmetic difference between the unoccluded
and occluded hearing threshold levels. The Air Force reduces the mean
attenuvation values by two standard deviations to include 97.72% of the
wearers to compensate for variability associated with such factors as
fit and head size. Thereby, the actual hearing protector performance in
operational noise environs is estimated. The octave band attenuation
values (x - 2 S.D.) of a device are subtracted from the octave band
levels of the noise in which it will be used to determine the octave
band noise level under the device. The octave band atienuation data are
also used to develop a single number attenuation vaiue that is
subtracted from the A-weighted sound leval of the noise in which the
device may be used to determine the level at the ear. Both the octave
band and single number methods are described in AFR 161-35, Hazardous

Noise Exposure.
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2. Speech Intelligibility.

The speech intelligibility testing employs a balanced, round robin
design. Each subject participates as both talker and listener at each
of the four noise levels with each of the three NVG being assessed.
Experimental conditions are randomized to minimize any possible order
effect. The criterion measure is speech intelligibility as measured by
the Modified Rhyme Test (MRT) (ANSI S3.2, 1989). The experimental
design of all trials is shown in appendix B based on two panels of six
subjects each, four noise levels (75, 95, 105 and 115 dB) and three
different models of night vision goggles. A total of 144 trials, 48 for

each contractor, will be conducted.

¢c. Experimental Procedures.

1. Sound Attenuation.

The threshold of hearing is measured using the Bekesy tracking
method, where the subject continuously changes the level of each test
sound from audibility to inaudibility over a period of about 30 seconds.
The average of the levels recorded during this period is the hearing
threshold. Two subjects alternately participate (one rests while the
other tests) in three trials per session with one test session in the
morning and one in the afternoon. Ten subjects are scheduled to
participate providing a total of 30 measurements to complete the
evaluation. Each subject evaluates only one helmet system from each

manufacturer per day.
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Measurement of the hearing thresholds is fully automated under the
coatrol of a personal computer (PC). Once the trial begins, the stimulil
are presented sequent{ally to the subjects, whose responses are stored
by the PC for later amalysis. Calibration of the total wmeasurement
systen is also accomplished through the PC prior to the initiation of

data collection.

2. Speech Intelligibility.

The speech intelligibility measure is the Modified Rhyme Test, as
described in ANSI $3.2-1989, which is simultaneously administered to six
subjects over individual listening stations. Each station contains
visual displaye of the appropriate stimuli and various buttons for
recording the responses of the subjects, which are also stored for later
analysis. The experimenter monitors subject performance and the
experimental conditions during data collection. Speech intelligibility
is measured in the presence of four different levels of ambient noise.
The spectra and levels of this noise will be calibrated before each test
session. The noise exposure conditions experienced by the subjects are
well within the allowable limits specified in AFR-161-35 and are
non-hazardous. All procedures used throughout this operation are in

accordance with AFR 169-3, Use of Human Subjects in RDT&E.

Each intelligibility test session lasts approximately 45 minutes
followed by a 10 to 5 minute break. No more than four test sessions
are completed per day. At the end of the day, all intelligibility

trials for that day are printed out and a backup disc copy is made.
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3. Subject Selection.

Volunteer, paid subjects Qith normal hearing sensitivity and
function will be recruited from SRL's subject panel. Subjects are
trained to a stable performence plateau on both the sound attenuation
and speech intelligibility tasks. Individual subjects may participate
in either the attenuation, the intelligibility phases or both. All
subjects shall meet the the criteria listed in ANSI S$12.6-1984 under

section 3.2 - "Listeners" and ANSY $3.2-1989.

d. Test System Requirements,

The Hearing Protection Measurement System (HPMS) and Voice
Communications Research Evaluation System (VOCRES) facilities will be

utilized to conduct the attenuation and intelligibility tests.

e. Data Processing Techniques.

1. Sound attenuation.

Treatment of the data will be conducted using conventional data
processing techuniques for calculating means and standard deviations for
each test signal, in accordance with those requirements specified in
section 7 "Reporting the Data" of ANSI S$12,6-1984, Additionally, single

nunber reduction values as defined in AFR 161-35 will be calculated.

2. Speech Intelligibility,
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Mean intelligibility scores for each test condition will be
computed by averaging data from all talkers. Graphical plots for each
NVG test device (3) will display intelligibility versus noise level.

Numerical tables of the same data will be printed.

f. Documentation Requircments.

Initlal fiandings will be reported to the program manager within one
week of test completion. A final technical report will be delivered to

the program manager within 30 days of test completion.

g. Responsibilities of Branch Personnel,

Biological Acoustics Branch personnel are respousible for planning
the experiments, obtaining required approval, providing ﬁocumentation.
and monitoring the tests. Branch personnel viil also be responsible for
interpretation of sound attenuation and speech'intelligibility data.
Preparation of the test plan and fimal report are the responsibility of
Mr. Mark Ericson. Sgt Don Yeager will assist Lt Denise Wast with the
hearing threshold measurements. Lt West will interpret the attenuation
data and assess the amount of allowable noise exposure with each of the
night vision goggles. Nr. Ericson will monitor the speech
intelligibility testing conducted by SRL. Mr. Richard McKinley will

assigt Mr. Ericson in the interpretation of the speech intelligibilicy

data.,

h. Responsibilities of Technical Services Contractors.
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Volunteer subjects are provided through the Systems Research
Laboratories, the current BB engineering services contractor. The
contractor will be responsible for providing the required subjects
for each test session. A contract esectronic technician will be
available to assist with any equipment problems and will be responsible

for maintaining the test systems.

Each manufacturer will be responsible for the molding of custom
helwet liners for each of the participating subjects. Each manufacturer
will send a representative to AAMRL to form the custom liners during

May, 1990,

i. Responsibilities of WPAFB Support Organizations.

None.

J. Buman Use Protocol.

# 83-58-06 "Human Exposure to Acoustic Energy."

k. Instrumentation Calibration Procedures.

The Hearling Protection Measuring System calibrating procedures are
described in Appendix C. VOCRES calibrating procedures are contained in

Apperdix D,

1. Instrumentation Calibration Records.
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For both the sound attenuation and speech intelligibility testing,
calibrations will be recorded at the beginning and end of each test
session. Records of calibration for each test will be kept in separate

calibration notebooks with the test data.

m. Facility Operational Procedures.

See appendixes C and D,

u. Facility Operational Checklist.

Not applicable.

0. Description of Data Collection Svstems.

1. Sound Attenuation.

Hearing threshold level data will be collected and stored by weans
of a personal computer (PC) and a hard copy output will be retained.
Hearing threshold data using the Bekesy tracking method will be
collected for each test signal, stored in the PC, and analyzed in
accordance with ANSI standard S12,6-1984, Rearing threshold level
responses that do not meet the test criteria will be retested, i.e., too
wide a range, lack of responses, etc. Attesuation values will be

calculated after a complete set of valid data is collected.

2, Speech Intelligibilicy,
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Computer software was developed to facilitate data collection using
the Modified Rhyme Test. The system controller generates the test
matrix based on inputs from the experimenter. Presentation of the test
phrases (individual lists of 50 words) and collection of the subject
responses are managed by the system controller. Individual test
segments are stored on the system's 20 Mega Byte hard disc and a paper
copy backup is generated at the end of each 50 word test. The data may
be analyzed at any time, using a variety of standard statistical methods
and plotting techniques. This method of data storage and an: ysis can

give preliminary results in near real time.

p. Test Schedule.

1. Sound Attenuation.

Sound attenuation testing will be conducted from 7 JUN through 16

JUN 90.

2, Speech Intelligibility,

Speech intellipibility testing will be conducted from 18 JUN

through 16 JUL 90.

q. Safety and Emergency Procedures.

1. 1In case of a fire alarm, the test conductor will immediately

stop the test and instruct/assist the subjects to evacuate the facility.
366




Emergency evacuation procedures are prominently posted on the wall of

the test control room.

2. In case of power failure, emergency lighting will automatically
switeh on in the tesc oreas. In case of fallure of emergency lights,
flashlights are avallable and the test conductor will evacuate the

subjects to a safe area.

3. In the event of a malfunction in the sound system, the
experiment conductor can immediately turn off all power to the system

with an emergency stop button.

4, The subjects are continuously monitored during testing by the

experiment controller via video camera/cameras.
2. N/A

73. Principle Investigator: Mr. Mark Erieson
4. On-site Operating Officials:

Sound Attenuation: Primary: Lt Denise West

Alternate: Sgt Donald Yeager

Speech Intelligibility: Primary: MNMr. Michael Ward

Alternate: Ms. Emma Grove
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APPENDIX A

Sound Attenuation Testing Schedule for I-Night Visions Goggles

Sub # Trials
A B C
T X/* /¥ Z/* Day l-am
2 2/8 X/t /%
3 Y/¢ 2/* X/* Day 2-am
4 z/d  Y/x X/
S X/* Z/* Y/# Day 3-am
6 Y/* X/# 2/¢ Day l-pm
7 X/* 2/  y/#
8 z2/¢ X/# Y/* Day 2-pm
9 Y/#  Z/*x  X/*
10 /¢ 2/ Y/t Day 3-pm
A B C
1 Y/* 2/¢ X/# Day 3-am
2 ;¢ 2/%  Y/¢ Day i-am
3 ¢ X/ x/x
4 Y/¥ X/* Z/* Day S-am
5 et Y/ X/t
6 I/* Y/ Z/* Day 3-pm
7 2/¢# Yt/ X/§¥ Day 4-pu
8 Y/8 X[k 2/
9 /¢  Y/* 2/¢¥ Day S-pm
10 Z/*  X/* /¢
A B C
Y 2/* X/* Y/¢ Day 6-am
2 Y/ X/t 2/t
3 I/ Y/4 Z/* Day 7-am
4 X/4 2/ Y/
S Y/¢ X/%x Z/* Day 8-am
6 /¢ X/¢ Y/* Day 6-pm
7 Y/¢ 2/% X[+ VZ:
) X/¥ Y/%  Z[f Day T-pm
9 L2/t X/* /¢
10 T/t X/ Z/¢ Day B-pm

Kev to Symbols
* - ynoccluded then occluded

# - occluded then unoccluded

X - Manufacturer {1}
Y - Manufacturer #2
Z - Manufacturer #3




Trial

1.
2.
3.
4,
S.
6.
Te
8.
L
18.
11.
‘2.
13,
14,
15,
16,
1?7.
168.
19,
208.
21.
22,
23,
24,
2%,
26,
7.
28,
29.
30,
31,
2.
33.
34,
33,
36,
37,
30.
39.
40,
41,
a2,
43,
44,
43,
46,
47,
408.
49,
se.
81.
s2.
83.
4,
8.
86.
3?7,
se.
39,

S/N

1135
ees
185
188
eoe
1135
095
113
115
ese
@9s
000
115
95
e9s
895
185
@95
115
185
11
185
089
185
103
098
108
ope
000
103
893
183
oo0
goe
118
168
118
895
103
113
895
115
89%
113
995
118
908
11
105
eed
139
11
185
108
Qoe
115

115
115

Pouwer Ratio
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APPENDIX B: SUBJECT PANEL 1
The following Vocres Directory is HTB140.

Janmer

PGWWWWDWWWWRRDRWNOMRNANRNRRNANRRNRRA R RSRRIASRIRI A R R A o= o 0 0 ot 5e 00 0t 60 00 50 50 =0 50 22 50 00 55 04 64 02 0% 02 02

Talker

2-S.Subject2
-5.5ubjectS
.Subject4
+Subjecté
Subjectl
+Subject3
.Subject3
+Subject4
+Subjects
.Subject2
+Subjectl
.Subjectd
.Subject$
.Subjectd
.Subject3
.Subject2
.Subjectl
«Subject d
+Subjectd
+Subjectd
Subjectd
JSubject
.Subjecté
sSubject3
Subject$
Subjeetd
Subjectt
+Subject2

-

-

Subjecté
+Subject2
+Subject}
+Subjectd
$=5.5ubjerr 8
3-8.5ubjecsd
3-5.5ubjecs3
2-S.5ubject2
4=5,5ubjectd
1-8.5ubjecs!
$-5,Subjecr$
6-5.Subjecté
3-S.5udbjectsd
‘-SQ SUbJOC!‘
1-8.5ubject !
2~S,8ubject
5’5. subj" \6
S.Subjfecr$

Subjectd
JSubject?
+Subject3
. Subjt( t6

S
4
6~
i~
3-
5-
4~
6-
2-
i-
3-
S~
6-
3-
2-
1=
é-
1
S5-
4=
2-
é
3=
S-
4
1
2-
3
6
6~
2
t
4

S.
$
5
-3
S.Subjectd
S.Subject
S.Subject
S.Subjecr2
-§.Subject b
S.Subjecr 4
S.

$-
4~
2«
3-
6
S
-
3-
-
6-
4-
$-8.Subjecrd




The following Vocres Directory is HTB140,

Trial

63.
61,
62,
63.
64.
€S,
66.
67.
68,
69,
?a.
71,
?e.

S/N

11
89S
185
ess
895
095
895
1135
115
185
e8ee
2080
105

Pouer Ratio

o e e e Pt St Pl Pt et Sk pe e pa
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Janmer
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Talker

1-S,Subjecty
3-8.Subject3
6-S.Subjects

~S.Subject4




APPENDIX B: SUBJECT PANEL 2

The follouwing Vocres Directory is HTE140,

Trial & $7N Pouer Ratio Janmer Talker $8id
1. 115 dB 1 1 2-S.Subject2 ¢C
2. 880 dB 1 1 5-8.Subjects 91
3. 185 dB 1 b 4-S.8ubjectd o
4, 185 dB 1 1 6-S.Subject6 6F
S, eee di b 1 1-S.Subjectl D
6. 115 dB 1 i 3~-S.Subject3 61
7. 295 dB 1 1 5-8,SubjectS 4E
8. 115 dB 1 1 4-S.Subject4 4G
9. 115 dB 1 1 6-S.Subjecté ?D
10, e0e dB 1 1 2-S,8ubject? 6B
1. 895 dB 1 1 1-S,Subjectl ?2G
12, 800 db 1 1 3-S.Subject3 5B
13, 115 dB 1 by 5-S.8ubjectS SE
14, 89S dB 1 1 6-5.Subject6 8B

15. 895 dB 1 1 3-S.Subject3 6J
16, 855 dB 1 1 2-S,Subject2 8D
17. 1835 d3 1 1 1-S,Subjectl SH
18. 89% dB 1 t 4-S.Subjectd 51
19. 118 dB 1 1 -8, Subjecty 8G
20, 105 dB 1 1 S5-8.SubjectS ?F
-3 18 200 dB 1 1 4-S,Subjectd 81
22, 105 db 1 1 2-S.8ubject2 6E
23, 000 dB 1 1 6-5,8ubject6 66
24, 105 dB H 1 3-S.Subject3 $C
2s. 185 dB 1 2 5-§.8ubjectd 8C
6. 095 dp 1 2 4-S,Subjectd 9D
27, 105 dB 1} 2 1-S.Subject! PR
28, 008 db 1 2 2-8.Subject2 ?C
29. 0eod di 1 2 3-5.Subjecr3 9F
30. 183 dB 1 2 6-S.Subjecté BF
31, 895 dB 1 2 6-8.S5ubject6 9G
32. 108 d3 1 2 2-5.Subject2 7E
33, 009 ds 1 -] 1=§,S5ubjectl ?H
34, 208 db 1 2 4-5.Subjectd 4B
33, 115 d8 1 2 S~5,Subjects 8J
36, 185 dB 1 2 3-5.Subject3 4D
37, 115 d3 1 2 3-8.8ubjecrd 7J
30. 095 dd 1 2 2-8.8ubjecr2 71
39. 163 d} H 2 4-5.Subjectd «F
40, 115 d3 1 2 1-§.8ubjectt 9H
41, 89% dd 1 2 3-S.Sudbject 3 4!
42, 118 d» 1 2 6-5.5ubject6 BH
43, 8935 dsb 1 2 3-8.8ubject3d BE
44, 118 dB 1 -4 4-S.Subjectd '4)
48, 095 d2 i 2 1-5.5ubjecty «C
48, 118 a3 1 2 2-S.Subject2 SF
47, 000 dB | 2 6-5.Subjecr6 9B
48, 008 dB 1 2 8-5.5ubjectS 9E
58. 008 dB b 3 2-5.8ubject2 4N
Si. 113 dB 1 3 3-5.Subjectd 9J
82, 008 dB ] 3 6-5.Subjectt 6N
$3. 1% o8 1 3 $-S.Subjecs5 6D
84, 105 doB 1 3 t"SusUbJ.C\l 11
s, 000 d» 1 3 3-8.Subject3 SE
86, 115 d3 1 3 2-5.8ubjecr2 61
S?. 895 db L} 3 6-S.Subject 6 «F
LR 115 d3 1 3 4-8.5ubjectd 4G
89, 115 dB ) 3 3-5.SubjectS D

kY




The following VYocres Directory is HT@1480,

Trial

60,
61.
62,
63.
64,
65.
66,
67,
€8.
69.
ve.
1.
72,

4

S7N

oee dB
895 dB
185 dB
895 dB
8385 dB
095 dB
8995 dB
115 dB
115 dB
185 dB
@06 dB
eee dB
165 dB

Sl el b d A Peh s s fl s s

Power Ratio

Janmer

WWOWWWWWWWEWW

Talker

1-S.8ubjecti
3-S.Subject3
6-S.5ubjacté6
4-S.Subject 4
5-8.Subjects
2-S.Subject?2
1-§.Subject 1
t~S,Subject!
6-S.8ubject6
2-8.Subject2
5-S.Subjects
4-S.Subjectd
3-S.Subject3
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1.

2,

3.

4.

APPENDIX C

PROCEDURE FOR RUNNING HEARING PROTECTOR ATTENUATION TESTING

Turn on the following equipment:

a.
b.
C.
d.
e.
f.
g
h.

GR 1310 noise generator

1/3 octave band filter

Wilsonics programmable attenuators
Crown pre-amplifier

HP 3456A digital voltmeter

B&K 2807 wicrophone power supply
Compag 386 PC

HP Laserjet printer

To run the hearing protector evaluation program:

a.

b.
c.
d.
e.

£.

Make sure the equipment has warmed up for at least 30 uinutes before

When "c:" prompt appears on screen type CD \HP_BASIC then
press [ENTER],

Type BASIC then press [ENTER].

Type LOAD “HPE" then press (ENTER].

Press {F3] to run the program.

When welcome message appears press [ENTER] to contfnue.
Main menu should appear, if not, then press [CTRL] and (F10}

simultaneously and repeat steps 2a through 2e.

proceeding.

To calibrate the microphone aund systea:

a.

b.

At the omain wenu of the cosputer program type 1 theu press

[ENTER].

At the calibrate/edit/display weuu cype 5 Lhen press [ENTER).
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e.

k.

n.

0.

When asked if you want to proceed with microphone calibration
type Y then press [ENTER].

When asked if you want to uge the same microphone type Y

then press [ENTER].

When asked if the information on the frequency correction values
of the microphone are correct type Y then press [ENTER].

When the message "PLEASE PUT ON 94 dB CALIBRATOR" appears have
someone place the calibrator on the microphone inside of the
tegt chamber.

When the calibrator is in place, press the button on the side of
the calibrator to turn on the lkHz, 94dB pure tone.

Have the person exit the test chamber and close the inner and
outer door.

Press [ENTER] on the keyboard to proceed with calibration.

When asked if you want to recalibrate the microphone type N
then press [ENTER].

Have gomeone remove the calibrator from the microphone then exit
the test chamber and close the iuner and outer door.

When asked 1if you want to proceed with system calibration tvpe Y
then press [ENTER).

When the SPL table is displayed press [ENTER] four timas to sce
the entire table.

Hheﬁ asked if you want a hard copy of the SPL table:

1. Type Y then press [ENTER] if you want a printout.

2. Type N then press {ENTER] 1f you do not vant a printout.
When asked {f you want to see the graphs of the SPL table:

1. 1f you want to see the graphs then:
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5.

a. Type Y then press [ENTER].
b. Press [ENTER] 9 times to see all 9 graphs.

2. 1If you do not want to see the graphs then type N and press
[ENTER] to continue.

If the SPL table is not linear:

1. A list of attenuator and frequency settings that are not
linear will be displaved.

2. When asked if you want a hardcopy of the nonlinear
settings:
a. Type Y then press [ENTER] to get a printout.
b. Type N then press (ENTER] to continue,

1f the SPL table is linear:

1. The message "SPL TABLE IS LINEAR WITHIN THE .5 dB MARGIN"
will appear.

2. Press [ENTER] to continue.

When asked if you waot to recalibrate the system type N then

press [ENTER].

At the calibrate/edit/display menu type 6 then press (ENTER} to

return to main menu.

To collect data:

a.
b.
c.

d.

e.

At the main menu type 2 then press [ENTER].

At the data collectfon menu type 2 then press {ENTER].

At the experiment wmeau tvpe 2 then press [ENTER].

Press [ENTER] until the message DO YOU WANT TO CONTINUE WITR
CURRENT EXPERIMENTY appears.

Type Y then press [ENTER].

When asked to enter the subject nusber to be tested type the
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k.
1.
n.
n.

0.

subiect number and press [ENTER].

When asked which model will be used type in the model number

from the displayed list and press [ENTER].

A message will appear displaying the trial number. When asked

if you want to continue with this trisl type Y then press

{ENTER].

If subject is on the first trial:

1, When asked which threshold of audibility you want to test
first:
a. Type 1 then press [ENTER] to test occluded threshold.
b. Type 2 then press [ENTER] to test unoccluded threshold.

A pessage will appear indicating which threshold of audibility

the subject is due to be tested for first., When asked if vou

want to continue with this test type Y then press [ENTER].

Position the subject in the chuir inside of the test chamber.

Instruct the subject on the emergency procedures.

JTustruct the subject op the use of the head positioning device.

Instruct the subject on the task to be performed.

If occluded threshold of audibility is being tested:

1. Ioatruct the subject on fitting of the hearing protector
device.

2. Have the subject put on the hearing protector device.

3. Leave both doors of the test chasber open.

4. Press [ENTER] on the keyboard to generate a test signal.

5. Have the subject adjust hearing protector device so
sinieal nolse {s heard.

6. When asked 1f you need the test signal again:
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a., If hearing protector has not been adjusted properly
type Y then press [ENTER] and go to step 5.0.5.
b. If hearing protector is properly adjusted type N
then press [ENTER].
p. Close the inner and outer door of the test chamber.
q. NOTE: 1In case of an ewergency, press the emergency stop button.
r. Press [ENTER] to proceed with testing.
8. When data collection is complete data will be displayed on the
CRT. When asked if you want a hardcopy:
1. Type Y then press [ENTER] to get a printout.
2. Type N then press [ENTER] to comtinue.
t. Let subject out of the test chamber,
u. When asked if you want to test another subject:
1. Type Y then press [ENTER] to test another subject and
repeat step 5.

2. Type N then press [ENTER] to contiaue.

When finished, turn off all the following equipmeunt:
a. GR 1310 noise generator

b. 1/3 octave band fi{lter

c. Wilsonics programmable sttenuators

d. Crown pre-amplifier

e. HP J456A digital voltrpeter

£. B&R 2807 wicrophone power supply

g, Coopag 386 PC

h. HP Laserjet printer
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APPENDIX D

PROCEDURE FOR RUNNING SPEECH INTELLIGIBILITY TESTING

As soon as you arrive in the morning...

1,

3.

Turn on the DC Generator in room 0-24,

To start - press START.
press FIELD CLOSING (reading between 25-30 dc
volts).

In room 0-1, turn on the URF Signal Generator (the switch is
on the front panel from off to on).

Also turn on the radios {turn the rotary switch on the front
panels from off to main, and turn the switch on front panel
above the radios from off to on).

Thirty (30) minutes before the subjects arrive...

1,

2.

3.
4.
5.

In the reverberation chamber, turn on the power supply to the
desks.

In room 0-2, turn on the intercom power (28V dc) (the switch
is above tha computer).

Turn on the Programmable Signal Source,
Turn on the Spectrum Analyzer,

Turn on the Digital Frequency Analyzer.
a. Turn on.

b. Press 1/3 oct filter bandwidth selector.
Press the preamp input.

C.
-d. Set the cursor to a frequency of 1.0 kHz., Using the

channel selector,

e. Check the noise level at the microphone (to do this have
someone hold the calibrator to the microphone and press
the button} and adjust the Gain Control on the analyzer
until 93.6 dB appears on the readout.

f. Change to 1/1 oct filter bandwidth,

g. Using the channel selector, move the tursor all the way
to the right,

h. Press the input attenuator switch until the highest
scale number on the y axis is 130 dB.

Turn on the Stromberg-Carlson.

a. First make sure that the chamber is empty due to the
potentially hazardous noise transient.

b. Check that all the dials (Line Attenuators and all Input
Attenuators) are set at maximum CCW,

‘c. Check to see that the power range selector is set to LOW,

d. Press the red power button.

e. The pilot light should be lit.
To increase the noise levels, turn the Input Attenuator
(channel 4), Line Attenuator, H.F., and Line Attenuator,
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L.F., clock-wise in that order. (Por 115-dB-set IA-~7,
HF-3, LF-15, for 105 dB-set IA-18, HP-3, LF-15, and for
95 dB-set IA-28, HF-3, LF-15, all values are
approximate) .

7. Turn ok the Precision Ncise Generator (select 124.3 dB, SO
and pink noise input).

8. Turn on the computer.

To start-first turn on the disc drive.

a, Turn on the line power switch on the back of the cabinet.

b, Wait for the light message on the front panel (DOOR
UNLOCKED} .

¢. Turn the switch on the front of the cabinet from off to
run,

d. Wait for the light message (DRIVE READY),

To Turn the Computer on...
a. Turn the switch on the side from 0 to 1.
b, Wait for the ready signal i.e. the cursor appears on
the CRT.
¢. Type MASS STORAGE IS “Cl2"
press Execute.
type LOAD “rSEER"
press Execute
press Run

" TRIAL RUN

Answer the following questions that appear on the CRT,
1. Change month, day, hour t0-23), minutes and seconds to
present moment, (MMiDD:HH:MM:SS)
-2, 8Start of rSeek; What is your name? (Name)
3, Specify file name for the Seek Talk director. (EWC164)
4. ls this the correct Seek Talk directory? (Yes/No -

press k or K.},
8. 1Is the éaper pe*?orated for top of pege form feeds? (Y/N)
6. Would vou like sowme practice runs? (Y/N} .
IF YES '
7. Number of Subjects? (1-10)
‘8. Would you like defaults on the station numbers? (¥Y/N)
9. Enter subject number of the talker. (1-10)
10, BEnter the score sheet 1ID.
11. Are these trial conditions correct? (Y/N)
12, When ready to begin press CONT,
AFTER THE RUN
13, Do you want to give them a break? (Y/N}
14. Is hardcopy desired for the rest of the output? (Y/N)
15. Do you have any comments, if so enter them now.
16. Would you like another practice run? (Y/N)

IF NO PRACTICE RUNS ARE DESIRED

7. The last trial was trial number Xx.
8. The comments for the last trial are.....
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9. The time of the last trial was.....The time of today's
trial is......
10. Do you want the next trial after x? (Y/N)

IF TRIAL AFTER TRIAL X IS DESIRED.,..
11. This is the selected trial number.
12, Do you want to run this trial? (Y/N)
13. When ready to begin press CONT,

AFTER THE TRIAL
14. Do you want to store the results? (Y/N)
15. Do you want to give them a break? (Y/N)
16, 1Is the hardcopy desired for the rest of the output?(¥/N)

IF TRIAL AFTER TRIAL NUMBER X IS NOT DESIRED THEN...
11. Then specify the desired trial number. (Trial number is
greater than or equal to 1 but less than or equal to 409)

To restart the program frow the beginning.
Hold Down CONTROL

Press STOP

Press RUN  (resets)

9. In the Reverberation Chamber (room 0-3), turn on the air
supply. START-UP (refer to diagram)
a. Turn at least one mask to safety.
b, Making certain that R4 is closed, open {(CCW) L1, L2,

and L4,
¢. Adjust L3 to desired pressure (150psi)
d., Close L4,

e, Open Rl, R2, and R4.
f. Adjust R3 to desired pressure. (140psi)
g. Return mask to normal.

{If the right system is the system 1n use, substitute L's for
R's and visa versa).

150 psi - system in use.
- 140 psi - stand-by system,
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DESK RESET - If it is necessary to reset the desks, look
underneath the desk top for the 3 LED status lights. The reset
button is next to the LED's. Piess the reset button a few tires,

To SHUT-DOWN the system...

1. Turn off the computer
a. Turn the switch on the side from 1 to- 0.
2. Turn the disc drive off.
a. PFPirst turn the switch on the front dooxr of the
cabinet from run to off.
b, Wait for the light message (DOOR UNLOCKED) to appear.
c. Turn off the line power switch on the back of tha
cabinet,
CAUTION == AILWAYS MAKE CERTAIN THE FRONT PANEL SWITCH IS
IN THE STOP POSITION BEFORE TURNING OFF THE LINE
POWER OR DAMAGE TO THE STORAGE DISC HMAY RESULT.

3. Turn off the Precision Ncise Generator,
4. Turn off the Stromherg~Carison
~a. Turn all Line Attenuators to maximum CCW,
b, Turn all Input Ats{enuators to maximam CCOW.
¢. Depress the red power button.
d. The power light should go out,
S. Turn off the Rigital Frequency Analyzer,
6. Turn off the Spectrum Analyzer.
7. Turn off the Frogrammablo Signal Source.
'-81 Turn off the intercom power.
9, Turn off the UHRF Signa. Generator.
10. Turh off the radios {turn rotary switches from main to
off and turn the switch on the panel above the radios
' off). - -
11. In the reverberatxon chamber. turn off the gawer snpply
T to the desks.
- 12.,_Aisolin the revérberatios chamber, turn off the axr
.8 4
a.pp?%zn at least one mask to safety,
b, Close Ll and RY.
.. - Monitor prossuraes at L3 and R3.  Whan the tank gide
' “and the putside pressure at L3 and R} = 0, then c¢lose
L2, L4, R2, and R4,
. : . (There is no need to close or adjust L3 or R3).
Finellv in roomn 0-14
13, Turn off the DC Generator.
a, presa ST0P,




2.
3.

VOCRES SOUND SYSTEM SOP

Check current system log for notices. If system is not
operational contact one of the tollowing personnel: Doug
Sauer (SRL) or Dave Ovenshire (SRL).

Remove interlock key from system panel.

Open chamber doors and remove all personnel from room.

Ensure that the B&K 4145 microphone and BK-2619 preamplifier
is in the chamber (serial

‘numbers & , respectively.

Connect the BK-~2131 analyzer to the microphone via the pream
input. .

Set the control of the BK-2131 Digital Spectrum Analyzer as
follows:

AC POWER ON

PRESS RESET SWITCH

1/3 OB MODE SELECT

PREAMP INPUT SELECT

A WEIGHT SWITCH OFF

1.0 SECOND TIME AVERAGE SELECTED

SET THE CHANNEL SELECTOR (HIGH LIGHTED BAND ON THE SCREEN) ON

8.
9.

10.

11.

12,

THE FULL RIGHT PART OF THE SCREEN-(THE OVERALL SPL LEVEL)
VOCRES "INPUT 1" FULLY CCW TO " ", (CCW = COUNTER CLOCK WISE

VOCRES "“INPUT 2" FULLY CCW TO " ",

"Ensure that the BAND ATTENUATION Selectors are set to the

correct values. (As listed in the operations log book. IF
NOT contact personnel listed in step 1.,

Ensure that the spectrum shaper Spectra Sonics Model 1500 is
adjusted to correct levels as listed in the operations log
book. If not correct contact the personnel listed in step 1.

Set the General Radio 1382 Random Noise Generator to "“PINK"
noise input.

Adjust the General Radio (GR) 1382 to minimum output.
Fully CCW
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13.

14.
15,

16.
17.

18,

19.

20.

21.

22,

23,

Connect the Noise Generator output (top two banna jacks) to
the Sound System "Input 1" Note: The lower banna jack must
be strapped to the ground of the Noise Generator.

POWER UP THE PFOLLOWING: (All items are 117 VAC unless
stated otherwise)

Left rear of the control rack MASTER switch ON, (AC Power
Strip)

GR-1382 Noise Generator
EV XEQ~2 Crossover networks (ALL THREE UNITS)
Spectrum Shaper, Spectra Sound Model #1500

Place the "INPUT 1" control to "O"; fully CW (CW=CLOCK WISE)

Increase the output level of the Noise Generator until the VU
Meter on the system panel reads "O" VU % 0.8 VU units (record
this value for later use).

Turn “INPUT 1" down fully CCW to * ",

Insert the key and rotate the key switch to on. Fully CW
position.

NOTE: A signal POP sound should have been heard from the
chamber, 1If not check that all items are on-- IF NOT TURN
KEY SWITCH TC THE OFF POSITION BEFORE TURNING ON ADDITIONAL
ITEMS. 1IF THIS IS NOT THE PROBLEM CONTACT PERSONNEL LISTED
IN STEP 1. -

Place "INPUT 1" level to the OVU point obtained in step #15.
Note a slight increase in room Sound Pressure Level (SPL).
Enter the test chamber and listen for any excessive 60 cycle
AC HUM or any tones from the speakers. IF SYSTEM IS NOT
NORMAL CONTACT PERSONNEL IN STEP il,

Increase the SPL in the room to 85 dB by monitoring the 2131
analyzer and increasing the “OUTPUT" level control until this
level is obtained.

Check the quality of the sound by checking the spectrum on
the 2131 analyzer. Should be flat within ¢ 3 dB from 300 Hz
to 10.0 kHz. 1If not contact personnel listed in step {l.

Turn down the "OUTPUT LEVEL" to "O".
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24.
25.

26,

27.

28.

29,
30.

Clear the test chamber of all personnel and shut both doors.

Increase the OUTPUT level until 95 dB SPL overall is reached.
RECORD OUTPUT LEVEL VALUE.

Increase the OUTPUT level until 105 dB SPL is reached.
RECORD OUTPUT LEVEL VALUE,

INCREASE the OUTPUT level until 115 4B SPL overall is
reached. RECORD THE OUTPUT LEVEL VALUE.

BRING DOWN THE SOUND LEVEL__

- FIRST TURN THE OUTPUT to " "
‘THEN TURN THE INPUT lto" "

KEY SWITCH TO OFF fully CCW.
POWER DOWN ALL AC SYSTEMS LISTED IN STEP #6,
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2.
3.
4.

1,

2.

3.
4.

5.

6.

SOP ICS
SET UP FOR STANDARD OPERATION

Turn all volume controls on the desks and the operators
station to minimum level output. (fully CCW)

Connect all headsets, ten desks and one operator. (EG H-157)
Turn on intercom power supply. (ON WALL)

Select talker by desk number and push in this switch on the
intercom control station panel.

Have talker press his push to talk button and speak into the
microphone at a normal speaking voice.

Have all listeners verify that they are receiving the talker
via the intercom link. (They will need to adjust the volume
controls on their desk).

Have the talker and all listeners verify that they can
receive the operator at all times.

Repeat this procedure for each talker station to be used.
(Steps 4 thru 6)

SET UP FOR CALIBRATION OF SOUND PRESSURE LEVELS

Connect all headsets that will be used. (Operator and ten
desks sets).

Connect a pink noise source to the intercom input. (Set
noise generator to a 1.5 vp~p level output).

Ensure that the intercom power supply is on.

Calibrate the General Radio 1933 Sound Level Meter by using
BK 4330 microphone level calibrator. (84,0 dB ¢ 0.5 dB) on
the 1 kHz scale SLOW time constant. NOTE: CHECK TEST
BATTERIES IN THE SOUND LEVEL METER AND CALIBRATOR by built in
test of meter. For the calibrator it is operational if the
tone does not turn off once started in less than 20.0
seconds,

Measure and record in the calibration folder the output of
each desk (right earphone). Use the SLOW overall reading of
the meter.

If the output of any desk or operator headset is greater than
dB maximum sound pressure level or more than ¢
dB variance for any other desk. DO NOT OPERATE
SYSTEM AND NOTIFY PROPER PERSONNEL,

386




SOP ICS
SET UP FOR STANDARD OPERATION

1. Turn all volume controls on the desks and the operators
station to minimum level output, (fully CCW)

2. Connect all headsets, ten desks and one operator. (EG H-157)
3. Turn on intercom power supply. (ON WALL)

4. Select talker by desk number and push in this switch on the
intercom control station panel.

5. Have talker press his push to talk button and speak into the
microphone at a normal speaking voice.

6. Have all listeners verify that they are receiving the talker
via the intercom link. (They will need to adjust the volume
controls on their desk).

7. Have the talker and all listeners verify that they can
receive the operator at all times.

8. Repeat this procedure for each talker station to be used.
(Steps 4 thru 6)

SET UP FOR CALIBRATION OF SOUND PRESSURE LEVELS

1, Connect all headsets that will be used. (Operator and ten
desks sets).

2. Connect a pink noise source to the intercom input. (Set
noise generator to a 1.5 vp-p level output).

3. Ensure that the intercom power supply is on.

4. Calibrate the General Radio 1933 Sound Level Meter by using
BK 4330 microphone level calibrator. (84.0 dB t 0.5 dB) on
the 1 kHz scale SLOW time constant, NOTE: CHECK TEST
BATTERIES IN THE SOUND LEVEL METER AND CALIBRATOR by built in
test of meter. For the calibrator it is operational if the
tone does not turn off once started in less than 20.0
seconds.

5. Measure and record in the calibration folder the output of
each desk (right earphone). Use the SLOW overall reading of
the meter.

6. If the output of any desk or operator headset is greater than
dB maximum sound pressure level or more than ¢

dB variance for any other desk. DO NOT OPERATE
SYSTEM AND NOTIFY PROPER PERSONNEL,
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DATA REPORT

SOUND ATTENUATION AND VOICE COMMUNICATIONS PERFORMANCE OF INTBGRATED
NIGHT VISION GOGGLES HELMET SYSTEMS

tark Ericson Denise VWest
Voice Communications Sound Attenuation

Bioacoustics and Biocommunications Branch

Biodynamics and Bioengineering Division
Armstrong Aerospace Medical Research laboratory
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SOUND ATTENUATION AND VOICE COMMUNICATIONS PERFORMANCE OF INTEGRATED NIGHT
VISION GOGGLES HEIMET SYSTEMS

INTRCDUCTION

The high levels of noise present in the cockpits of military aircraft
may threaten voice commnications effectiveness and pose a risk to the
hearing of the aircrews. Conventional f£light helmets typically provide
adequate sound protection to ensure aircrew safety and performance,
However, these acoustic characteristics of helmets may be altered by the
addition and integration of externmal systems such as night vision goggles
(NVG) . This report describes a laboratory evaluation of the noise
exclusion properties and the voice comunications performance of three
integrated NVG helmets which were manufactured by GEC, Honeywell, and
Kaiser, These evaluations were accomplished in the Biocomunications
Laboratory by personnel in the Biocacoustics and Biocaommunications Branch,
Biodynamics and Bioengineering Division, Armstrong Aerospace Medical
Research Laboratory.

APPRORCH

The sound attenuation of the NVG helmets worn by trained subjects was
- maasured in the Souni Protection Measurement Laboratory in accordance with
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an established American National Standards Institute (ANSI) procedure. The
criterion measure was sound attenuation in decibels (dB). The voice
comunications of volunteer subjects wearing the NVG helmets were measured
in relative quiet and in three levels of emilated operational aircraft
noise. Volunteers performed as talkers and as listeners under the same
noise conditions using standardized speech intelligibility materials.
Criterion measures were percent correct responses of the intelligibility

measures.

The dbjectives of the study were to define the sound attenuation and
to quantify the voice comunications performance characteristics of the
individual integrated NVG helmets in emulated operational aircraft cockpit
noise environs,

SOUND ATTENUATION

EXPERIMENTAL DESIGN

The sound attenuation provided by the NVG helmets was measured in
cavpliance with the national standard, Method for the Measurement of
Real-Ear Attenuation of Hearing Protectors, ANSI S12,6-1984, The
experimental design in this standard is a repeated measures design with
each of 10 subjects participating three times in the control condition
(ears open or unoccluded) and three times in the test condition (ears
covered or occluded) at each of nine test signals. The attenuation or
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amount of sound protection measured is defined as the arithmetic difference

between the unoccluded ard the occluded hearing threshold levels.,

SUBJECTS

Ten subjects, 3 female and 7 male, with a mean age of 26.1 years
participated in the evalvation of each of the helmets. Subjects who
participated in the sound attenuation evaluations were volunteer government
enployees. Only government employees participated in the sound attenuation
experiment because the issue of contract personnel working with proprietary
information had not been resolved at the time of testing.

FACILITY

This experiment was accowplished in the sound protection measurement
facility, a reverberant chanber with physical characteristics designed to
meet the specifications of ANSI S12.6-1984. The test sounds were pulsed
third-octave bands of noise and were produced by a sound system that
consisted of a noise generator, third-octave band filter set, calibrated
attenuator, power amplifiers, and loudspeakers. Equipment located inside
the subject chamber included a video camera (to monitor the subject),
subject chair, response button, and a plunb bob used as a reference to
position the head of the subject in the sound field, The instrumentation
was controlled by a menu driven software program on a Canpaq 386 personal
conputer located outside the chamber. This software program greatly
facilitated execution of the study as well as the collection, analysis, and

storage of all attenuation data.
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PROCEDURES

The general purpose of the experiment and the test procedures were
explained to each subject on his/her initial visit. Subjects practiced the
hearing threshold measurement procedure until the experimenter determined
that their performance qualified them as "trained" subjects. learing
threshold levels were determined for third-octave bards of noise centered
at 125, 250, 500, 1000, 2000, 3150, 4000, 6309, and 8000 Hz using the
Bekesy tracking method in which the subject controls the level of the test
signals using a response button. The level of the signal is always
changing; while the response button is depressed the level is decreasing
and while the button is not depressed the level is increasing (signal grows
louder) .

The subject receives the initial test signal at a clearly auwdible
level (suprathreshold). ‘The response button is depressed and held down for
as long as the test signal is audible. It is released when the signal is
no longer audible and not depressed again until the signal reappears. ‘The
response button controls the attenuators which increase or decrease the
level of the test signal based on the information (position) from the
subject response button. After the hearing threshold level for a test
signal is crossed six timas the next text signal is preserited to the
subject. The arithmetic average of the levels at which the response button
is activated (on-off) is defined as the hearing threshold level for that
test signal and that subject.
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In all occluded conditions a noise was presented in the test chanber
to assist the subject in the final fitting of the helmet/ear enclosures,
The helmet/ear enclosures were adjusted to a position where the noise was
minimal. The unoccluded hearing thresholds were measured immediately
before or after each set of occluded thresholds. The difference between
the open ear threshold and the closed ear threshold for each test signal
was vored as the attenuation of the helmet for that individual,

Sound attenuation data for each of the three NVG helmets were
tabulated and processed to provide mean, standard deviation, and mean minus
two standard deviation attenuation for each test signal. The mean minus
two standard deviation values (data) are required by current Air Force

regulations on noise exposure and hearing loss. These values represent the
sound attenuation estimated for about 98% of the wearers in operational

noise environments when the helmets are worn as they were by the laboratory
subjects. The mean values are adjusted by two standard deviations to
carpensate for variability associated with such factors as fit and head
size,

The means, standard deviations, and mean minus two standard deviations
sound attenuation data for the helmets are presented in Figures 1, 2, and
" 3. Table 1 contains the military specification for sound attenuation of
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helmets and the measured sound attenuation values for each of the NVG
helmets in this study.

VOICE COMMUNTCATTONS

EXPERTMENTAL DESIGN

The NVG helmet systems were investigated for voice communications
effectiveness in three levels of emilated operational tactical aircraft
cockpit noise environments. The noise conditions were ambient roam noise
(about 78 dB), 95 dB, 105 dB, and 115 GB sound pressure level (SPL re 20
uPa) of the cockpit noise. The speech intelligibility obtained by the
subjects wearing the helmets was measured using a standard intelligibility
test, the Modified Rhyme Test (MRT). This metric is considered the measure
of choice for evalnating the performance of military voice commnications

“equipment. The test consists of several lists of one-syllable words, 50
words in each list, which are essentially equivalent in intelligibility to
one another. These standard materials are transmitted and received over
the candidate comminications equipments and the metxic is the percent of
the words correctly recognized by the listeners. The criterion measure is

| percent correct, adjusted for correct responses obtained by gquessing.

Ten normal hearing subjects, 5 female and 5 male, participated in
these speech communications evaluations. They were menmbers of a panel of
trained subjects who were highly experienced with the research facility and
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in the evaluation of voice communications systems. All were recruited from

the general population and were paid an hourly rate for their

participation.

These experiments were accamplished in the voice communications
research and evaluation (VOCRES) facility in the Biocormunications
Laboratory. This research facility includes the total audio camunications
link from talker to listener and contains the primary system, operator, and
environmental variables that influence voice commnications effectiveness.
An experimenter station contruls ten individual communications stations and
a programmable high intensity sound system. All stations are integrated
with a Camputer Display-Response System in which the central processor is a
Hewlett Packard 98458B. Each station contains an LED display which presents
information to the subject anl a set of keypad response buttons which
collect subject response data for input to the processor. Presentation of
the speech materials and collection of the response data were automatically
-controlled by this system.

Only two of the NVG helmet systems from each manufacturer were
available for these evaluations. Consequently, six of the ten subjects
were fitted with the manufacturer's NVG helmets and the remaining four
subjects wore t.he standard HGU-55/P flight helmat., A test paradigm was

used in which each of the subjects wearing the VG helmets participated as
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talker and as listener (while the others were talkers), while those wearing
the HGU-55/P participated only as listeners. This procedure provided .
speech intelligibility information among the various carbinations of these
talker and listener conditions.

The individual subjects were fit with the helmets in the manner
described in the sound attenuation section of this report except that a
noise was not presented to assist in the final fitting. Each of the
_ helmeted subjects occupied one of the ten communication stations in VOCRES
" for the measurement sessions. Each session involved presentation of a woxd
Alist on the LED-display at the talker's station. The list was presented
one word at a time and the talker spoke that word into the mask/microphone.
The listeners heard the word and immediately a six-word multiple choice
response set appeared on the LED displays in front of the listeners. The
listener depressed the response button that corresponded to the word that
wasrecogxﬁzedasspdmbymetalker. Each measure consisted of a list
of £fifty words. This procedure was repeated until all talkers wearing NVG
 helnets had campleted their commnications in all of the naise conditions.

The speech intelligibility scores measured for the various NVG helmet
systems in th noise environments are presented in both tabular and graphic
form in Fiqures 4, 5, and 6. The intelligibility scores are the average
percent correct responses for the helmet and noise cualitions shown., The
soores were adjusted for correct answers obtained by quessing.
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DISCUSSION
Helmet Fit

Effective sound attenuation and voice cawmnications in noise require
a "good" acoustic fit (no leaks or breaks in the earcup seal against the
side of the head) of the helmet which translates to good acoustic
pexformance in noise. In helmet systems, the sound protection features for
these purposes are determined primarily by the ear enclosures. The helmet
systens in this study were fit by government personnel experienced in
fitting such personal equipwent items, The procedures and materials
employed in fitting the helmets varied somewhat from one helmet to another.

Govennént personnel placed strong emphasis on obtaining a good fit of
the ear enclosures and this was successfully acconplished almost without
exception. In some instances the helmet fit was considered not fully
acceptable, even though the ear enclosures were adjusted to provide a good
acoustic seal. The data from the situations where the acoustic fit was
questionable were analyzed and shown to not affect the mean performance
data for the particular helmet fof either sound attenuation o