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Introduction

U.S. Army's involvement with simulator sickness

Prior to the actual fielding of the AH-64 Apache combat
mission simulator (CMS) at U.S. Army installations, training of
Apache pilots was conducted in the Singer Link facility at
Binghamton, New York. Anecdotal information indicated some of
the pilots and instructor operators (I0) were experiencing
symptoms of simulator sickness resembling those repcrted in U.S.
Navy and U.S. Coast Guard systems. Some students took Dramamine™
to alleviate their symptoms. In May 1986, documentation of the
problem reached the U.S. Army Aeromedical Research Laboratory
(USAARL) at Fort Rucker, Alabama. In July 1986, the Aviation
Training Brigade at Fort Rucker formed a study group to exanine
the Apache training program. One of the issues studied was
simulator sickness.

A survey of existing training records and a literature search
were conducted by USAARL in August 1986. Training records of 115
students from the CMS showed that 7 percent of the students had
sufficient symptoms to warrant a comment on their grade slips.
The literature search led USAARL investigators to visit the Navil
Training Systems Center (NTSC) in Orlando, Florida. From that
association has grown a working relationship geared to capitalize
on lessons learrned from past research and expand the database of
simulator sickness studies. As part of that search, it also was
discovered that a U.S. Army flight surgeon had conducted an
independent survey of the incidence of simulator sickness in the
AH-1 Cobra flight weapons simulator (FWS) located in Germany
(Crowley, 1987).

In the report to the Army study group, it was recommended a
problem definition study be conducted to ascertain more accurate-
ly the scope and nature of the problem of simulator sickness in
the Apache CMS. The request for that study was rcceived from the
Directorate of Training and Doctrine, Fort Rucker, Alabkama, in
February 1987. The protocol for the study was approved by the
USAARL Scientific Review Committee on 4 May 1987. USAARL repor:
88-1 documents the results of that first study.

As reported in baltzley et al. (1989, in press), 25 percent
of those reporting aftereffects indicated their symptoms per-
sisted longer than 4 hours while 8 percent lasted 6 hours or
longer. The Army data presented in that report was contaminated
with effects experienccd by Apache pilots who had previous
experience with the Cobra FWS. Problems with other Arwy simula-
tor systems also have been documented since the first study.
Most notable, aviators training in the new AH-1 Cobra simulatos
were complaining of postsimulator exposure aftereffects which
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outlasted the training peried by several hours. The need for
further studies was apparent.

In September 1988, USAARL received a request from the Direc-
torate of Training ana Doctrine at the U.S. Army Aviatior Center
at Fort Rucker, Alabama, requesting further field studies to
assess the incidence of simnulator sickness in the remaining
visually-coupled flight simulators. The proteccol was approved 19
October 1988 and collection cof data began in January 1989. This
report documents the results of the data collected at the UH-60
simulator site at Fort Rucker.

The nature of simulator sickness

Simulator sickness is considered to ke a form of motion
sickness. Motion sickness is a general term for the constella-
tion of symptoms which result from exposure tc motion or certain
aspects of a noving environment (Casali, 1986), although changing
visual motions (Crampton and Young, 1953; Teixeira and Lackner,
1979) may induce the malady. Pathognomonic signs are vomiting
and retching; overt signs are pallor, sweating, and salivation;
symptoms are drowsiness and nausea (Kennedy and Frank, 1586).
Postural changes occur caring and after exposure. Other signs
(Colehour and Graybiel, 1966; McClure and Fregly, 1972; Money,
1970; Stern et al., 1937) include changes in cardiovascular,
respiratory, gastrointestinal, biomedical, and temperature
regulation functions. Other symptoms include general discenmfort,
apathy, dejection, headache, stomach awareness, disorientation,
lack of appetite, desire for fresh air, weakness, fatigue,
confusion, and incapacitation. Other behavioral manifestaticns
influencing operational efficiency include carelessness and
incoordination, particularly in manual control. Differences
beti’een the symptoms of simulator sickness and more common forms
of motion sickness are that in simulator sickness, visual syap-
toms tend to predominate and vomiting is rare.

Advancing engineering technologies permit a range of capabil-
ities to simulate the real world through very compelling kinemat-
ics and computer-generated visual scenes. Aviators demand
realistic simulators. Howev2r, *this synthetic environment can,
on occasion, be so compelling that conflict is established
between visual and vestibular information specifying orientation
(Kennedy, 1975; Oman, 1980; Reason and Brand, 1°75). It has been
hypothesized that in sinmulators, this discrepancy occasiuns
discontort, or "simulator sickness" as it has been labeled, and
the cue conflict theory has been offered as a working model fcr
the phenomenon (Kennedy, Berbaum, and Frank, 19384). In brief,
the model postulates the referencing of motion information
signaled by the retina, vestibular apparatus, or sources of
somatosensory information to "expected" values based on a neural
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store which reflects past experience. A conflict between ex-
pected and experienced flight dynamics of sufficient magnitu!l»
can exceed a pilot's ability to adapt, inducing in scme cacse:
sinulator sickness.

The U.S. Navy conducted a survey of simulator sickness in 10
flight trainers wher2 motion sickness experience qucstionnaires
and performance tests were administered to pilots tefore and
after some 1,200 separate exposures (Kennedy et al., 1987b).
From these measures on pilots, severai findings emergcd: (a)
Specific histories of mection sickness were predictive of simula-
tor sickness symptomatology; (b) postural equilibriunm was
degraded after flights in some simulators; (c) self-reports of
motion sickness symptomatology revealed three major sympton
clusters: Gastrointestinal, visual, and vestibular; (d) certain
nDilot experiences in sinmulators and aircraft were related to
severity of sympteoms experienced: (e) simulator sickness in-
cidence varied from 10 to 60 percent; (f) substantial perceptual
adaptation occurs over a series of flights; and (g) there was
almost no voniting or retching, but some severe nausea and
drowsiness.

Another recent study suggests thai. inertial enerqgy spectra in
moving base simulators may contribute to simulator sickness
(Allgood et al., 1987). The results showed the incidence of
sickness was greater in a simuiator with energy spectra in the
region described as nauseogenic by the 1981 Military Standard
1472C (MIL-STD-1472C) and high sickness rates were experienced as
a function of time exceeding these very low frequency (VLF)
limits. Therefore, the U.S. Navy has recommended, for any
moving-base simulator which is repcried to have high incidences
of sickness, frequency times acceleration recordings of pilot/
simulator interactions should be rmade and compaied with VLF
guidelines from MIL-STD-1472C. However, in those cases where
illness has occurred in a fixed-base simulator, other explana-
tions and fixes are being sought.

Of particular concern in the area of safety are simulator
induced posteffects. Gowver et al. (1987) showed that as syrptoms
decreased over flights for pilots trairing in the AH-64 CMS,
suggesting that pilots were adapting to the discordant cues in
the simulator, postfliaht 2+axia increased suggesting that pilots
were having to readapt to the normal environmeni. 3uch Feadupta-
tion phencmena parallel findings from other motion environments
including long-term exposure onbnard ships (Fregly and Graybiel,
1965), centrifuges (Fregly and Kennedy, 1255) and space flight
(Homick and Reschke, 1977). For exanple, Graybiel and Lackner
(1983) found 54 percent of the postetfects of parabolic flight
lasted longer than 6 hours and 14 percent lasted 12 hours cor
more. In their repcrt, the primary symptoms reported were
dizziness and postural disequilibrium. The similarity of
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symptonatolecyy between these experiences leads us to believe
sianulator sickness poses safety of flight issues which cannct be
ignored.
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Materials

Descripbtion of the aircraft systen

The UH~-60A (Black Hawk) 1s a tvin turbine =ngine, single
rotor, senmnimonoccque fuselage, rotary-wing helilcoHpter rmanufac-
tured by the Sikorsky Alrcraft Company (Figares ', 2, and 3)

(TM 55-1520-237-10). The ailrcraft is designed to operate with a
crew of three: Pilot, copilot, and crew chrief. n that con-
figuration, it can carry 11 cecmbat cquipped soldiers. Alternaze
seating arrangements can be made to seat 1i. In a.iition, the
aircraft also can carry internal and external cargn. The primary
mission of the aircraft is the transport cf troops, suppl? - s, and
equipment. Other missions include training, mobilization,
concept development as well as medical evacuacion and disister
relief. The EH-60A aircraft is cpecially-outfittad aircrats
used for electronic surveillance and electronics countermeasure
functicns. When operating with the redical evacuation litter
cirnusel installed, the aircraft operates with a crew of four,
the additional crewnember being a medical aidman. The EH-50 uses
a crew of four with the additional crewuember to cperate the
electronic warfare devices.

The main rotor system has four blades which are constructed
of titanium and fiberglass. Preopulsicn is supplied by two T700-
GE-700 engines operating in parallel. As cpposed to th: UH-21,
which the Black Hawk is revlacing in the inventory, the U!i-60 has
a landing gear system consisting of two main landing gear which
are nonretractable and a tailwheel assenmbly, also ncnretrac:zatle.
Design of the UH-60 is closely equated with thal speciried in the
Crashworthy Design Gulde making the Black Hawk the first rotary-
wing aircraft designed with crashworthiness included from the
outset of the design procesc.

Armament ccnsists of two 7.62 mm machine guns, one on each
side cof the helicopter, mounted inside th2 forward cabin (Figure
4). The weapons are mounted on 2 rotating arm assenbly which
allows the weapon to be locked outboard in the firing positicn or
stowed insid: the aircraft when the weipon i1s not needed. The
weapons can e renoved from the ailrcratt and used in ground
defense with the bipod extendaed. Medical evacuaticn aircraft do
not have that arrmament installed and the crew is protected by
personal side arms only.

The gross weicght of the aircraft is 20,259 pounds. Addition-
al kit installations include ewtend~d range taniiz, both intarna:l
and external, internal reccue hoizts, the litter carcusel for
medical evacuation, infrar-i cuppressicn, klaide anti-icin~t do-
icing capability, blackout < :vices, winterization kits, ord
static/rappelling kit.
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Both pilot and copilot have crntrols for flying the aircraft.
The aircraft 1s fully instrurment rated and can be tlown without
refeircnce to the cutside environment equally wel! frem either
pilot's station. Tne aircraft is equipped with an autcmatic
flight control system (MFCS)] which enhances the stability and
handling qualities of the heliccpter. This systen is cecrmprised
of five subsystens. The stabilator subsystem positions the
stabilator, which is located at the rear of the aircratt, by
; means of electromechanical actuators in response to ccllective,
airspeed, pitch rate, and lateral acceleration inputs. A pitch
bias actuator enhances the static stability in the longitudinal
axis. The stability augmentation system (SAS) provides short
term rate damping in the pitch, roll, and yaw axes. The
trim/flight path stabilization systens serve as a hasic autepilct
providing control pocitioning and rocce gradient functions.

[T v Ar——y

Currently, there are several systems under consideration fov
addition to the airframe for special missions. Cne of these is a
forward looking infrared senscr (FLIR). In certain aiicraft,
this has been installed by means of a turret on the nose of the
aircraft displaying information on a CRT-type screen cn th:
instrument panel. Cther devices which display the same informa-
tion to the pilot by means of a full heads up display on the
helmet visor also have been tested but not yet approved for
acquisition. In conjunction with the Doprler navigation system
installed in the aircraft, there arve map sheet displays which
gain information from the Dcppler svstem and display the ap-
propriate map sheet to *he pileot on a kneeboard-type apparatus.
These systems reflect the scphistication to which the Army has
gene in the war-fighting capabilities of the avition fleet.

i Description of the simnulation systen

The UH-60 flight simulator is a motion-base device designed
for training aviatcors in the use of the UH-60 Black Hawk heliccp-
ter (Figqures 5 and 6). The device consists of a simulator
compartment containing a cockpit with pilot and copilot staticns,
instructeor operator (I0) station and an observer station, and a
{ six-degree-of-frecedom motion system. The sinulator 1s equipped
with a visual system that simulates natural environmental sur- :
roundings. A central conmputer system controls the operation of ‘
the simulator complex. The simulator ic used to provide training |
in aircratt control, cecckpit preflight procedures, instrurent
flight operations, visual tlight operations, sling load opera-

\ tions, external stores sutsystess, night vision gogirles training,
as well as those tactical ckills ioceossary to condluct nap-of-the-

’ earvh (MNOE) flight, low~-level fliaht, and conteour flight. A

; partial listing of training tisks that can o pertorsed in the

simu.ator is5 shown i1n Table 1.
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{REF DES) ICENTIFICATION (REF 0ES) ICENTIFIfATICH
! PILOT COCKPIT 46 2 -CHAMNEL LINE PRINTER
2 GUNMNER COCKPIT 47 (NOT UL 0}
3 ‘907 USED) 48 #{SCELLANECUS CABIMNET O, 2
4-1 PILOT YOTION PLATFCRM 49 (NGT USED}
4-2 GUNNER FOTICN PLATFORM S0 vISUAL INTERFACE CUMPUTER (VYIC)
S (NOT USED) S VISUAL INTERFACE COMPUTER (VIC)
6 PILOT PERIPHERAL _ABINET 52 vi{C CAT
. ! [0 } S3 viC CRY
8 SELF-TEST LINKAGE CABINET S4 vIC 0isSK
3 BIGITAL LINKAGE CABINE! . b3 INTERPHONE JACK (NOT “HOMN)
10 AMALOG LINKAGE CABINET 56 INTERFHONE JACK (NOT SHOWM)
K SELF-TEST LINKAGE CABINET s7 TERMINAL (CPU D)
12 POMER CABINET <8 TERMIRAL (CPU E) p
13 MISCELLANEOUS CABINET NO. ) 9 RAGNETIC "APE (NIT
14 Py C 60 V-CRANNEL VIDEQ CCNTROL CCNSOLE
15 GUNNERS PERIPMERAL CABINET 81 1-CHANNEL POWER CABINET
‘6 cPUB 62 TCHAMNEL 1/0 EXPAMSION CABINET
i1 PRIMTER/PLOTTER (CPU 8) 63 1-CHANNEL DiSK CRIVE
8 DISKX ORIVE 64 | -CHARNEL DISK CRIVE
19 DISK DRIVE 65 . 1-CHANWEL VIDED DISPLAY UNIT
20-1 PILOT MOTION CABINET 66 V-CHAMMEL VIDEO DISPLAY UNIT
20-2 GLMMER MOTION CABINET 67 1 -CHANNEL HARDCOPY UNIT
21 1-CHANNEL PRIORITY SECTCR PROCESSOR 68 J-CHAMNEL VIDEO COMTROL CONSOLE
CABINEY (3] 3-CHANNEL POMER CABINET
P> )-CHANMEL FRAME CALCULATOR CABINET 10 3-CHamEL I
23 1-CHAMNEL SCANLINE COMPUTER CABINET 1 JCHAMKEL [/0 EXPANSION CABINET
24 1-CHAMNEL VIDEO GENERATOR CABINET 12 J-CHANNEL MAGNETIC TAPE LMIT
25 TERMIMAL 3 J-CHAMNEL OISK ORIVE
26 J-CHAMMEL PRIORITY SECTOR PROCESSOR 14 J-CHANNEL VIDEO DISPLAY UNIT
CABINET 15 J-CHAMNEL YIOEQ OfSPLAY UNIT
21 JLHANMEL FAARE CALCULATOR CABINET 16 JCHANGEL WARDCOPY UNTT
28 J-CHANNEL SCANLINE COMPUTER CABINET 11 J-CHANNEL VIOEO GENERATOR CABINET
29 PILOT INSTRUCTOR CONSOLE 18 OIGITAL YOICE DISK DRIVE
30 GUMMER INSTRUCTOR CONSOLE 19-1 PILOT HYCRAULIC PUMPING UNIT
RN 1 -CHANNEL CPU 79-2  GUNNER NYDRAULIC PUMPING UNIT
32 PILOT BOARDING RAMP 80 VISUAL INTERFACE CABINET
BX] GUMNER BQARDING oaMP a PILOT COCXPIT DISPLAY INSTALLATION
14 PILOY DISPLAY CONSOLE 82 GUNNER COCKPIT DISPLAY [NSTALLATIONW
35 GUNNER DISPLAY COMSOLE 8] (NOT USED)
36 PILOT ENCLOSURE THRUY
n GUNNER ENCLOSUSE 89
8 Py 0 90 TERMINAL (CPU A)
39 CPu E 9} TERMINAL {CPU B)
0 PILOT ENCLOSURE CABINET ASSEMBLY 92 TERMINAL (CPU C)
(NOT SHOMN) 93 {NOT USED)
41 GUNNER EMCLOSURE CABINET ASSEMELY THRU
(NOT SHOMWM) 102
a2 PILOY AIR CONOITIONER 103 Y-CHANMEL TEXTURE CABINET
43 GLIRMER AIR CONDITICNEN 104 Y.CRANNEL TEXTURE CABIwtT
. 44 (NOT USED) 105 FLCHANNEL MAGNETIC TAPE UNIT
45 J-CHAMMEL 015k CRIVE 106 V-CHANNEL LINE PRINTER

Figure 6. Typical UH-60 flight simulator (continued).

17




Table 1.

Basic, advanced, instrument maneuvers, and emergency
procedures that can be performed in the simulator

Ground taxi

Hover power check

Hovering flight

Normal takecff

Maximum performance takeoff

Traffic pattern flight

Fuel consumption checks

Navigation by pilotage and
dead reckoning

Doppler navigation

Before~-landing checks

Instrument meteorological
condition (IMC) approach

Roll-on landing

Confined area operations

€lr~2o operations

Terrain flight takeoff

Terrain flight

Hover out-of-ground-effect (OGE)

Nap-~of-earth (NOE) deceleration

Terrain flight approach

Standard autorotation

Simulated engine failure at a
hover

Simulated engine failure at
altitude

Simulated hydraulic system
malfunction

Hover, cruise, and landing with
degraded automatic flight
control system (AFCS)

Technigues of movement

Aircraft survivability eguipment
operation

Wire obstacles negotiation

Electrical control unit
(ECU) lcckout operations

Stabilator malfun ‘'tion

Emergency procedures (50
active of 341 malfunctions
available can be inserted
by the IC)

Instrunent takeoff (ITD)

Radio navigation

Holding instructions

Unusual attitude recovery

Radio communication
procedures

Two-way radio failure
procedures

Nonprecision approach

Precision approach

Vertical helicopter instru-
ment recovery procedures
(VHTRP)

Masking and unmasxing

Tactical communication
nrocedures

Electronic counter-counter-
measures (ECCM)

Transmit spot report

Visual meteorological condi-
tions (VMC) approach

Pinnacle ridgeline operation

FM homing

Aerial observation

External load operation

Internal lcoad operation

Route reconnaissance

After-landing tasks
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The simulator conmrartment houses the cockrit and IO staticen
(Figure 7). Within the cockpit are all the controls, jindicators,
and panels located in the aircraft. Control.ls which are not
functional are physically present to preserve the appearance of a
100 percent configuaration. Loudspeakers are located in the
simulator compartment to sim-late aural cues.

Each of the pilot's seats are vibrated iIndividually to
simuiate both continuocus and periodic oscillations and vibrations
experienced by the crew during normal and emergency flight
conditions and maneuvers. However, these vibrations are isolated
from the IO and observer stations.

Cooling cf the compartment is provided by a single air
conditioner ocutside of the compartment enclosure on the simulator
rcom floor. A thermostat niounted on the right bulkhead in the
aft portion of the compactment and a two-speed fan provide
control of the inside environment.

The simuiator compartment is mcunted on a 60-inch six-degree-
of-freeaom motion system consisting of a moving platform assembly
driven and supported from below by six identical hydraulic
actuators. The motion system provides pitch, roll, and yaw,
lateral, longitudinal, and vertical movement, including combina-
tions of them. Motion of the sinulator compartment can be con-
trolled to simulate motion due tc pilot inputs as well as those
resulting from rotor operation, rough air and wind, and changes
in aircraft center-of-gravity, as well as emergency conditions
and system malfunctions. All .actions except pitch are washed cut
to the neutral position after the computed accelerations have
reached zero. Pitch attitude is maintained as necessary to
simulate sustained longitudinal acceleration cues.

The motion systenm simulates the complex and repeated cues
occurring during all the maneuvers associated with the airwork.
Turbulence, when used by the instructor-operator, 1s superimposed
on the maneuver being performed with the apprcpriate effect on
yaw and roll, climb and descent, and variations in airspeed. The
motion system superimposes all normal periodic oscillations of
the aircraft, lateral instability, and aircraft vibration up tc 5
cycles per second. The electrohydraulic seat shaker is used to
simulate continucus high frequency vibrations while isolating
vibration effects from other cockpit-mounted hardware.

Motion can be frozen at any instant and the simulator has the

ability to enter a crash override mode where motion can continue
despite impact with the ground or other obstacles.

19




\
L 0
J L

CENTER
CCNSOLE
J
COPILOT D 1
. SEAT - [

INSTRUCTOR SHELF
SCAT

800X
STCWAGE

Figure 7.

Simulator cockpit and instructor/operator
corpartment.
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The pilot and copilct stations ave provided with forward,
left, and right side window displays. The vicual generation
syst~m consists of two separate functional areas. The first is
the visual display system (VDS) which presents the wide-angle-
collimating video image to the crew. The digital image generator
{DIG) system is a full-color visual display that provides inagery
for day, night, and dusk scenes as well as replicating the
effects of the searchlight/landing light on the visual displays.
The instructor-operator must set the eye point in the jinitial
condition setup. This function selects the viewpoint (either
pilot's station or copilot's statici) to be dispiayed on the
forward displays. This is necessary because they both will
display the same image.

The database is a generic European scere of an area 100 by 80
kilometers. The displays are either full color or monochromatic.
The mcnochrcmatic scene display is designed specifically to ke
compatible with the use of night vision geoggles (NVG). During
selection of this mode, the leadship lights are blanked and an
exhaust trail is generated from the leadship. The sinmulator does
not input directly to the NVGs except for ti.e out-the-window
(OTW) imagery.

The computer system ccnsists of a central processing unit and
five auxiliary processing units. The CPU has memory that can be
accessed by both itself and the auxiliary processing units.
Visual displays are controlled by DIG inputs that are modified by
inputs from nther units such as the sinulator navigation/cecmmuni-
cation identification subsystem, instructional subsystem, and air
vehicle subsystems. The navigation/comnunication identification
subsystem provides position data for the aircraft the simulator
is replicating (ownship). The instructional subsystem forwards
information that details the visual envirormenrt, scene lighting,
target paths throuqh the database, target status, anrnd landing
light status. The air vehicle subsystem sends information
relevant to the ownship pcsition rates, altitude, and attitude.
All of these inputs are stcred in the shared memory of the main
simulator control computer.

The collimating optics used in this simulator are shown in
Figure 8. The alignment of the optics in this systenm produces
parallel light rays giving the appearance that the image is at
optical infinity. As shown in the diagram at Figure 9, our eyes
provide distance measuring information to the brain based partly
on the angle between the eyes, or ocular convergence. As objects
move closer *n the viewer, the eyes nust converge in order for
both eyes to remain focused on the object. As the object nroves
further away tho2 anqgle increases giving the brain data on the
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distance. Beyond a point approximately 50 feet away from the
viewer, the eyes point in virtually parallel directions.

CRT

BEAMSPLITTER

VIEWER
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Figure 8. Collimating optics representation.
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Figure 9. Ocular converqgence representation.
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In the visual system of the simulator, a spherical mirror is
used to effect the collimation of the light rays. VWhen the noint
source of light is place at a distance equal to orne-half the
radius of the mirror, rays will enter the mirror and reflect in
parallel. fTaereiore, when the viewer looks at the rellected
image, it has the illusion of being quite far away.

There are three main conmponents of the collimating optics in
this simulator: The CRT, the spherical concave mirror, and a
beam splitter. The beam splitter is necessary to ensure the CRT
is out of the line of sight of the pilot. The bean splitter is
partially reflective and allows only 50 percent of the light to
pass through, the rest is reflected to the mirror. After
reflecting off the mirror, *the light rays exit thrcugh the bearn
splitter, again lose intensity, ana are viewed by the pilct. Aas
a result, the CRT is driven to near its maximun brightness
capabilities to conmpensate for the resulting 82 percert lcss of
light.

As shown in Figure 10, at any given point on the CRT, the
distance from the CRT to the beam splitter to the mirrcr is one-
half the mirror's radius. At the design eyepoirt, the rays cf
light are virtually parallel.

The simulator can operave in three categories: Training,
autoflight, and demonstration. In the training mode, the flight
is under the control of the instructor-operator who can use
numerous capabilities of the simulator to effect the training
required. These capabilities include automatic performance
recording, automatic demonstrations, numerous malfunctions, as
well as cther automatirc or semiautomatic instructor aids.

In the autoflight mode, a previously recn:ided demconstraticn
is played back for the trainee. During this re-creation, tre
simulator flies throujh an established mission. All motion and
aural cues as well as instrument indications, and visual scenes
are re-created.

In the demonstration mode, the simulator is used t» set up or
to edit a demonstration. This includes recording and storing tho
particular flight in memory, adding commertary, and synchronizing
the two in order to effect the demonstration. Fifteen 15-minczo
demos can be programmed. During this playback of the denonstra-
tion, the primary fiight controls are positiored and driven by
the computer.
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Method

This field study was designed to assess incidence of simula-
tor sickress in visually coupled Army flight simulatorz. The
survey measures wer2 chosen to be comparable to those utilized in
Navy and Coast Guard surveys. This way, data obtained would
complement and expand the Navy's database of 10 sinmulators
(Kennedy et al., 1987b, Van Hoy et al., 1987), the Coast Guard
data (Ungs, 1987) and previous Army research ccnducted in the
Apache Combat Mission Sinulator (Gower et al., 1987). As enploy-
ed in previous surveys, this study consisted of an onsite survey
of pilots and IOs using a motion history questionnaire (MHQ), a
motion sickness questionnaire (MSQ), and a postural eguilibriun
test (PET) (Appendix A).

Aviators

The 87 Army aviators surveyed ranged from 21 to 48 years

(mean 30.3, SD 6.67). Their ranks ranged from warrant officer 1
(WO1l) to chief warrant officer 4 (CW4) and first lieutenant (1LT)
to lieutenant colonel (LTC). Flight experience was in the range

150 to 8400 flight hours (mean 1583.48).

Measures

The MHQ, originally develeopced by Kennedy and Graybiel (1965),
is a self-report fornm designed to evaluate the subject's past
experience with different nodes of moticn and the subject's
reported history of susceptibility to motion sickness. The MHQ
was administered conce and was scored according t- procedures
described in Lenel et al. (1987).

The MSQ is designed to assess the symptomatology experienced
as a result cf training in the simulator. The MSQ is divided
into four sections. The tirst section obtains preflight back-
ground information to place subjects in the proper category
according to flight positicn, duties, total flight time in the
aircraft and in the sirulator, and history of recent flight tine
in beth the aircratt and the simulator.

The second secticn is the preflight physiological status
section. This section is administered at the simulator site, and
gathers benchrark data as to the subject's recent exposure to
prescription medicaticns, illness, use of alcohol ard/or tobacco
products, and amount of sleep the nrevious night.

The third scection 15 the sirulator sichness questionnaire
(SSQ) (Lane and Kennedy, 1928). The $6Q 1s a selt-report forn
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consisting of 28 symptoms that arc rated by the participant as
either being present or absent or in terns of degrece of severity
on a 4-point Likert-type scale. A diagnostic scoring technique
is applied to the checklist resulting in scores on three sub-
scales (nausea, visucmotor, and disorientation) in addition to a
total severity score. Scores on the nhusea (H) subscale are
based on the report of symptorms which relate to gastrointestina!l
distress such as nausea, stomach awareness, salivation, and
burping. Scores on the visuonotor (V) subscale reflect the
report of eyestrain-related symptors such as eyestrain, diffi-
culty focusing, blurred vision, and headache, while those on the
disorientation (D) subscale are related to vestibular distur-
bances such as dizziness and vertigo. Sccres on the total
severity (TS) scale are an indication of overall disconfcrt. Feor
all scales, a score of 100 indicates absence cf sickness. The
average scores for all sinmulators irn the NTSC data base are
107.7, 110.6, 106.4, and 109.8 on the N, V, D, and TS scales,
respectively. The S$SSQ is administered prior to the flight and
then immediately after the simulator flight, and provides data
regarding any increase or decrease in saverity of the sympters
that the subiject is experiencing. If the subject was exyrerienc-
ing an increase in any of the symptoms, an attermpt was made to
conduct a structured interview with him in order %o previde some
information regarding recovery rfrom the experienced symptoms. A
new question added to the postflijht S5Q asked the pilots about
the symptoms experienced in the simulator and whether or not they
were the same as or worse than the same symptems experienced in
the aircraft conducting the same mancuvers.

The fourth secticn is the postflight information secticn
which provides data on the tlight conditions the pilot experi-
enced while in the simulator and infeormation concerning the
status of the various systenms within the sinulator.

Postural equilibrium tests (thomley, Kennedy, and Bittner,
1986) were administered concurrently with the MHQ and MSQ. These
tests consist of three subtests, cach designed to measure an
aspect of postural equilibrium, as follows:

a. Walk-on-floor-with-eyes-cloued (WCOFLC).  The subject iy
instructed to walk 12 hecl-to-toe steps with his eyes closed and
arms folded across his chest.  The subject 135 given a score
(0-12) based on the nurker of steps he 15 ahle to corplate
without sidestepping or tallina. The subject 15 tested tive
times, bcth pre- and posttlight. Subjects are scored on the
average number of steps taken usiimg the rest throe of the five
tests.

b. Standing-on-preferrel-leog-with-oyes-claonel (G0PIEC) . The
subject cdesignates his proterred log (the 1eg b o wonld une to
kick a football) and this 1s nnetated on the ferm.  Ine csub)ocet
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then is asked to stand on his preferred leg for 30 seconds with
his eyes clcsed and arms folded across his chest. Thz experi-
menter records the number of seconds the sukject is able to stand
without losing balance or tilting to greator than a 5 degree list
from the vertical. The subject is scored oun the nunmber of
seconds he is able to stand. The test is administered five times
with the best three of the five being used for analysis.

c¢. Standirng-on-nonpreferred-leg-with-eyes-closed (SCNLEC).
The SONLEC is adnministered and scored in the same manner as the
SOPLEC. The SONLEC will use the opposite leg from the 3O0PLEC and
is administered five times. The subject's score is the average
number of seconds he is able to stand, using the best three of
the five tests for the analysis.

Procedure

In order to gather the most cormprehensive data in the least
intrusive manner, the surveys were admninistered to al: aviators
who presented themselves at the sinulator site for flight
periods. No attempt was made to randomize the population, but
rather to study the problem in the operaiional setting in which
it is fourd and using flight scecnarios normally found during
training.

The site used wee Fort Rucker, Alabama. A target sample size
of 100 was the object e, but due to time constraiints and the
nuances of opcrational usage of the simulator, only 95 observa-
tions were obtained from 87 subjects. They performed the normal
progran o4 instruction as prescribed in the UH-60 aircraft
qualificetion course, onc of several operations orders (OPORD)
designed to maintain proficiency, or other aircrew training
manual (ATM) tasks necessary to rmaintain their proficiency. The
investigator did not perfora any intervention or exercise any
control over the flights in the conduct of this survey. All
aviators scheduled for flight were surveyed. FEach was guaranteed
anonynity and each was permitted nonpairticipation. Data cbtained
from the questionnaires and the PET were entered into e generic
dataltase using the progrars in use at the KTEC, and data reduc-
tior and anilyses were performed as in previous studies. The
dati in this report now are incorporated into the Navy's sinula-
tor sickness databa: e, which also 1ncludes Coast Guard data in
order to dete:rmine conronility of syrptorns and sinmulator usage
and design (Gewer ot al., 1937).
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Results

Synmptomatology

Table 2 shows the number of pilots reporting key postflight
symptomatolegy. To counter the pcssibie inflationary efrects of
preflight symptomatology reported on postflight symptomatology,
percentages for each particular symptom are based only on the
pilots who did not report the symptom prior to training. This
procedure is likely to underestimate the severity of the problen
in that pilots who reported a symptom prior to the flight that
was worse after the flight are not included. Synptoms have becer
categorized into those traditionally associated with motion
sickness versus those which are associated with asthencopia
(eyestrain).

Eyestrain was the most commonly reported asthenopic synptor
followed by headache. Difficultv focusing and concentrating alsc
were reported by a substantial number of pilots. An eyestrain
component is present to some degree in other forms of rction
sickness (Lane and Kennedy, 1988), but is a prominent facet of
simulator sickness implicating visual and visual-vestibular
interactions as causal mechanisms. Improper cclibration of
virtual image displays may lead to excessive accommodation and
convergence demands (i.e., beyond optical infinity), uneqgual
accommodative demands betwean the two cyes, and conflicts between
accommodation and vergence systems (Ebenholtz, 1988), all of
which may produce asthenopia. It should be noted that symptoms
associated with asthenopia per se include vertigo, indigestion,
nausea and vomiting (Ebenholtz, 1988) and thus may be similar to
motion sickness in terms of cause (Morrissey and Bittner, 1986).

Fatigque and sweating were the most commonly reported sy=iptons
associated with motion sickness, followed by reports of nausea
and stomach awareness. The relative prominence of asthenopic and
motion sickness symptomatoleogy is coasistent with previous
surveys of simulator sickness (Gowew et al., 1287; Kennedy et
al., 1987b).

In Table 3, the informition in Table 2 has been preosentod
along with comparable data available for other helicepter sinula-
tors. Incidence of eyestrain in the UH-60 simulator .approached
that found in the 2F64C (SH-3H) sinulator, the Navy's simulator
associated with the highest incidence of simulator sickness.
Moreover, incidence of difticulty focusing, headachr, and nausoa
in the UH-60 sinmulator is the secend highest in the sanple while
incidence of stomach awareness is the highest in the sample.
Therefore, it is clear that seoverity of sinulator siclneas
experienced by pilots training in the Uli-60 135 well above the
average for helicopter sinulators.

A Al R PSP
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Table 2.

Percentage* (frequencies) of aircrew 4
reporting postflight symptomatology
in the UH-60 simulator.

(95 total possible cases)

Asthenopja Percentage Motion sickness Percentage

Eye:..train 34.5 Fatigue 34.9
(30/87) (22/63)
Blurre1 5.6 Sweating 20.5
vision (9/94) (17/83)
Difficulty 19.1 Nausea 10.7
focusing (17/89) (10/93)
Difficulty 14.9 Dizziness (eyes closed) 5.3
concentrating (13/87) (5/94)
Headache 22.2 Dizziness (eyes open) 3.2
(20/90) (3/95)
Vertigo 3.2
(3/95)
Salivation increase 4.5
(4/89)

Stomach awareness 15.7 1
(14/89)
Fullness of the head 7.6
(7/92)

* Percentages for each symptom are based on aircrew who did not
repcrt the symptonm prior to training.

29




Table 3.

Percentage* of aircrews reporting key synptomatolegy
in seven helicopter simulators.

2

Army Navy
Simulator: 2B38 2B40 2B42 SH3H CH4a6E CHS3D CHS3L
Alrcraft: UH-60 AH-64 T1i-57C 2F64C 2F117 2F121 2F120
Asthenopia
Eyestrain 35 24 27 37 16 21 23
Difficulty focus 19 6 7 24 6 6 10
Headache 22 14 7 31 12 9 17
Motion sickness
Nausea 11 6 5 15 g9 8 11
Dizzy, eyes open 3 1 4 9 3 1 -
Stomach awareness 16 5 1 14 7 2 4
Vertigo 3 1 3 10 3 1 4
Observations: 95 434 111 223 2861 159 230

* Data sources--Army 2B40: Gower et al., 1987; Navy 2R42: Fowlkes
et al., 1989; Navy 2F64C, 2F117, 2F121, and 2F120: Kennedy et al.,
1987b.

The simulator sickness guestionnaire (SSQ) scoring technique
(Lane and Kennedy, 1988) was applied to the pre- and postflight
symptom checklist. Deccriptive statistics and values for paired
measures t-tests for these data are shown in Table 4. These data
show aviators who train in the UH-60 simulator expericnce a
marked change .n symptomatology over the course of a training
session,
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Table 4.

Pre~ and post SSQ means (standard deviations) and
paired t-test values (95 observaticns).

SSQ scale

Nausea

Visuomotor

Disorientation

Total severity

Pre

105.0
(8.7)

10€.1
(40.1)

101.9
(6.3)

105.5
(8.7)

Post

113.
(18.

127.
(17.

109.
W17,

116.
(17.

0
0)
1)

2
1)

1
3)

Difference
Mean t
7.93 4.20
11.01 6.77
7.77 4.75
10.63 6.44

.000

.000

.000

.000

Figures 11 through 14 show the severity of postflight SsSQ
scores along with data available for other flight simulators

(both fixed- and rotary-wing).

Following Lane and Kennedy's

(1988) suggestion for examining postflight data, only pilots who
reported they were in their usual state of rfitness were includ:-.
in the calculation of postflight SSQ scores presented in Fig''>es

11 through 14.

It can be seen that the severity of postflic-t

symptomatology on each of the SSQ scales for the UH-60 simul-tor
is the second highest in the sample, substantiating the dat-: for

individual symptoms shcwn in Tables 2 and 3.

Lane and Ker.zdy

(1988) suggest if means fall within the range of the upper three

to four simulatcrs,

closer examination of the simulator

15

warranted. Simulator sickness ir the UH-60 clearly r-2ts this
criterion on each subscale and on thne total severity scale,

implicating perhaps both the visual and mction base systems in
contributing to symptomatology.
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Sickness Severity Scale
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Postural stability

Postural equilibrirm test (PET) means and standard devia-
tions, minimum and maximum scores, along with the results of
paired measures t-tests are reported in Table 5. There were no
statistically reliable changes on ary of the PET tests. These
results appear to suggest pilots who train in the UH-60 simulator
are not at risk for postural disturbances. However, this may be
an erroneous conclusion in light of (1) the severe symptomatology
experienced by aircrew training in the UH-60 simulator, anrnd (2)
evidence presented in Table 6 which suggests pilots who experi-
ence symptomatology are likely to experience disruption con the
SONLEC test. Furthermore, due to time constraints placed upon
the researchers on site, none of the pilots had sufficient
practice on any o’ the tests to reach proficiency. Therefore,
learning may be taking place during the testing, thus giving a
false picture of the pilot's true postural stability.

Table 5.
Means, standard deviations, minimum/maximun scores,

t-test values, and cobservations for pre- and
post-WOFLEC, SONLEC, and SOPLEC measures.

WOFEC SONLEC SOPLEC
Pre Post ° Pre Post re Post
Mean 11.59 11.72 26.56 26.38 26.74 26.66
SD 1.09 .92 5.98 6.55 6.21 7.31
Min-max 4.7-12 6.3-12 5.0~-30 7.6-30 4.3-30
4.3-30
t(df), £(90)= p=.31 +(90)= p=.707 t(90)= p=.879
p value -1.01 .38 .15
Obser- 91 91 91 91 91 91
vations
Correlations

Table 6 shows correlations of pilot, simulator, and training
variables with SSQ scores. Correlations were run against all
variables which (1) could rationally be expected to bo related to
the criterion scores, and (2) were repreosented by adecquate fre-
quency distributions. Descripticns and codiig of these variables
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appear as Appendix A. Only correlations that r~2ched the .05
level of statistical significance were presented in the table. J
Table 6.

Intercorrelations among variables.
(95 total possible observations)

SSQ scores

Pilot variables N v D TS
Rotary-wing hours .23 .24
Recent flight hours .24
Days since last

simulator flight .29
Sleep -.21 -.18 -.25 -.24
Enough sleep .31 .36 .25 .37
MHQ .33 .28 .24 .34
Simulator sickness .23 .19 .20 .24
SONLEC .26 .20 .21
Simulator variables '
Seat . 1"ker on/off ~.24 -.28 -.19 -.29
Collective .19
Pitch .27
Roll .30 .21 .22
Torque .36 .22
Farcent NOE -.19
Percent upper air .21
Night .25
Landings attempted .21
Visual traits -.27
Motion disruptions -.17
Training_variables
Difterent from aircraft .33 .40 .38 .43
Discomfort hamper training .43 .43 .44

Pilot variables

Greater total and recent tlight hours were asnsociated with
higher 55Q scores, a finding reperted in previous curveys
(McGuinness, Bouwman, and Forbes, 1931) that sugaents pilots with
more tlight experience are at more risk for simulator sickness. J
The qgreater number of days since the last flight ia the UH-60

.




simulator, the more severe the symptomatology expericnced. This
finding would be expected: that is, if an aircrew ar- adapting to
the provocative aspects of the sinula<ticn, then nany days between
simulation flights would tend to disrupt the le»rning prozess.
Inadequate sleep was asscciated with higher sywptomatoloay
scores, in keeping with the view that pilots who are not in their
usual state of fitness may be nore susceptible to simulator
sickness. Sixteen percent of the sample rated their nrevicus
night's sleep ac "not enough." Pilots' ratings of wrether they
got enough sleep was related to symptomatolegy, sucggesting this
may be an easily obtained and useful prezdictor variable. Two
other predictor variables also were identified: MH" scores and
whether simulator sickness has occurred in the past were both
predictive of SS) scores.

Finally, SONLEC scores positively were related to sinulator
sickness severity sugces*ing that aviatsrs who 2xperierse the
worst symptomatology are wc=e at risk for postural disturbances.

Simulator variables

Correlations between "seat shcoker" and SSQ scores suggests
the seat shaker may contribute to sywmptomatolecgy. In postfiight
interviews, aircrews noted symptomatology was more saevere with
the seat shaker on. Some referred to the seat shaker as a
"vibrator that rattled their teeth."

Variables related to aircraft control ("collective, pitch,
roll, and torque") suggest the worse the aircrew rated the
controls, the more severe the syrmptoma*olcay. 1Implicated from
this finding are throughput delays and visual-motion lags in the
simulator as possibly ceontributing tc symptomatoleogy.

Interestingly, the grecater the percentage of NOE flight, the
lower the synmptomatolegy, while the opposite was true for por-
centage of upper air worl:. 0On cther scenario content variebles,
training under the night flying condition was associated with in-
creased symptonmatoloqgy, probably because it was associated with
NVG training. In addition, grexter number of landings was
associated with increaced severity of sickness, which may be due
to the increase ir near ground interaction which is thought te be
nauseogeric (Kennedy et al., 1987a). Finally, rocved visual
traits that need correcting and nected disruptions in the motion
system were associated with rore severe syrptomatolcgy.

There was an inadeqguiite Jdistributicn of the “motion svyaten
on/off" variable to calculate a correlation (only one flicht was
: i 1 . ;
conducted with the motion systen off). However, Jt wi: the

general ccnsensuc armsng piloss anl instructor operaters that
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flying the sinulator with the notion systen off was far more
provocative.

Training variables

It can be seen that pilcts who experienced greater symptema-
tology were more likely to rate their syrptoms as belng worse
than those they had experienced in the actual aircraft. This 1:
evidence simulator sickness symptomatology is more severe than
symptomatology experienced in the actual aircraft.

Also, it can be seen that greater symptomatology is asscci-
ated with a less favorable rating on whether simulator-induced
discomfort disrupts training. A fuller appreciaticn of this
relaticnship can ve seen in Table 7 which shows the frequenrcios
for this variable. The majority of pilots felt simulator-inducaed
discomfort does not hampar traininy. However, as the correlation
indicates, those who experienced symptomatolcegy tended to give a
less favoralkle rating.

Table 7.

Frequencies for variable
"Discomfort hampers training."

Simulator-induced discomfort hampers training

Response f Percent
Strongly disagree 57 66.3
Tend to disagree 1t 17.4
Neutral 13 15.1
Tend to agree 1 1.2
Strongly agree 0 0.0
Observations 86
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Symptomatolegy by missicn and seat

Mission

Table 8 shows SSQ scores broken out by mission type: Profi-
ciency, instrurents, and NVG. Overall, UH-60 aircrews undergoing
proficiency training reported the most severe symptomatology.
Proficiency training represents a variety of training scenarios.
It can be seen in Table 9, showing key scenario content variables
for the missicn types, there tended to be greater variability
within this mission category.

Table §&.

SSQ scores by mission (means and standard deviations).

SSQ scale Proficiency Instrument NVG

Nausea 117.1 109.65 107.2
(20.3) (13.6) (7.4)

Visuomotor 116.5 114.9 125.0
(15.4) (18.9) (17.6)

Disorientation 112.0 106.1 107.8
(17.7) (14.5) (17.6)

Total severity 118.1 112.9 117.1
(17.1) (16.€) (14.6)

Observations 44 25 i6
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Table 9.

Scenario content data (means and standard deviations)
for different missions flown in the UH-60 sinulator.

Mission
Proficiercy Instrurent NVG
Percent NOE 2.5 0.6 1.6
(7.4) (3.1) (5.1)
Percent upper air 31.5 3.4 24.9
(34.2) (7.0) (27.6)
Landings attempted 3.5 4.5 4.4
(2.6) (6.9) (4.5)
Observations 44 25 16

NVG training resulted in extremely high scores on the SSQ
visuomotor subscale. Comments from the aviators revealed many of
them felt marked disdain for training with NVGs in the UH-60
sinulator. In addition, 9 of the 16 aviators who flew NVG
missions rated their symptoms as worse than those they experi-
enced when using NVGs in the actual aircraft. Use of NVGs per se
may result in eyestrain, and, when coupled with use in a sinmula-
tor that originally was not designed for KVG training, can be
expected to cause severe asthenopic symptoms.

Seat

5SQ scores are broken out by seat in Table 10. Comparisons
of severity of simulator sickness for pilots, copilot:e, and for
aircrew training in both secats show that aircrew training in the
copilot's seat and in both seats are at most risk tor simulator
sickness. A comparison of missions flown for the scat categories
(Table 11) shows although they are comrarable in terms of number
of NVG missions flown, there were more proficiency missicns tlown
by pilots in the copilot's and in both seats. In additicn, other
key scenario variables (from Table 6) could contrikbute to tho
difference; aircrew training in the copilot and in both seat:
spent, on average, a qreater percentaqge of the time in upper ir
work, shown in Table 6 to be provocative.
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Table 10.

5SQ scores by seat (means and standard deviations).

Seac

SSQ scale CP Pilot CP I0
Nausea 115.9 107.2 114.6 113.9
(17.0) (13.9) (17.5) (26.3)
Visuomotor 119.6 113.9 117.6 116.9
(16.0) (17.1) (18.0) (18.1)
Disorientation 111.6 108.1 107.8 113.9
(20.0) (16.9) (15.0) (18.0)
Total severity 119.0 111.8 116.5 117.6
(17.5) (17.5) (15.7) (21.1)

Observations 24 24 34 13
There were 13 observations of instructor operatcrs. These

data suggest, under the conditions of the simulation flights

flown by these individuals,
simulator sickness.

In addition,

after several periods in the simulator may be particularly

severe.
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Table 11.

Mission and scenario content data for copilot and pilots

Seat
CcP Pilot cp/P
Percent aircrew flying
 ; key missions:
1 Proficiency 54.2 37.5 58.8
Instruments 20.8 25.0 20.6
NVG 20.8 20.8 17.6
Means (standard deviations) for
key scenario variables:
: Percent NOE 1.25 5.00 3.53
(5.16) (12.3) (15.1)
Percent upper air 23.96 10.70 30.76
3 (30.9) (17.7) (35.1)
Landings attempted 3.63 4.42 3.88
(3.4) (5.6) (3.0)
Cbservaticns 24 24 34
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Discussion

The principal goal in this field study was to ascsess the
incidence of sinulator sickness in the UH-60 flight simulator.
The results show training in this simulator produces a higher
incidence of simulatsr sickness than the three other Army visual-
ly coupled flight simulators, the AH-1, the CH-47, and the AH-€4.
As in other systems, eyestrain and heacdache were leading symptons
of asthencpia, while fatigue and sweating were leading symntoms
associated with motion sickness. Thne high scores on the N, V, D,
and TS SSQ scales ranks the UH-60 as one of the two worst simula-
tors for simulator sickness studied ky the Army and the Navy.

The high scores are cause for concern and raise questions
about the visual and motion base representation of flight experi-
enced by the aviators in the UH-60 flight simulator. The tasks
accomplished in this simulator require close coordination between
the pilot and the copilot that should not be degraded because of
the general discomfort of the aircrew due to simulator effects.
The fact that copilots showed higher scores than pilots raises
concern for the design of the visual representation of informa-
tion from the other aviators viewpoint as is done in the UH-60.
Of further concern to us is the relatively high scores on the SSQ
scales seen for aircrews flying instrument flight which are
relatively benign scenarios. This time spent with no scene
content should produce lower SSQ scores. If, in fact, the
aviators are having problems with the simulator flying under
instrument conditions, then there is cause for concern.

The use of HVGs in the UH-60 sinulator is associated with
higher scores on the SSQ, as seen in Table 8. The NVGs in actual
flight tend to cause proklems due to their added weight, limited
field-of-view, and degraded visual qualities. Moreover, because
they restrict the fiecld-of-view, NVGs may cause recalibration of
the vestibulo-ocular reflex. When corbined with the artificial
envi_onment of the simulator, it is not surprising to see a
relatively higher incidence of visucmotor symptoms.

As stated in the methods section, the researchers did not
exercise any control over the flights in the simulator. In the
absence of detailed proarams of i-struction (POIs) or standard-
ized flight scenarios, it is ver difficult to accurately de-
scribe provocative flight conditions. Further, the amount of
adaptation during the flight and on subsequent flights is not
assessed.  The time course of the syrptoms experienced also was

not possible to assess in the study. Therefore, symptematoloay

may be underestiratcd for corme earlier flights and overcstimated

for later fligh-a. In jenoral, the nmanner in which the gquoestion-
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naires were scored tends to be conservative. These topics should
be studied under controlled conditiors.

The method of testing postural stability used in this study
was successful in demonstrating postexposure ataxia in a pravious
study (Gower et al., 1937). However, due to the operational
considerations of the current study, none of the aviaters
received sufficient practice to reach a level of proficiency on
the tests prior to simulator exposure. In fact, tinme was very

limited during this study to the point that some had little or no

practice whatsoever. 1t is possible the lack of significant
decrements on any of the three te=ts is due in part to the
masking of simulator effects by practice effects. Experimenter
records indicated that sonme aircrews felt unsteady after their
simulator exposure but, nevertheless, performed well on the
tests. Further controlled studies with more sensitive standing-
and walking-based tests or stabilimeter measurement should be
considered.

Recent anecdotal infcrmation received at USAARL from fielded
UH-60 flight simulator sites has indicated aviators flying
regular missions in the Ull-60 flight simulator have experienced
deiayed effects beyoind the simvlator flight itself. Some were
reported to have occurred over 24 hours postexposure. This
report was not able to assess the time course of the postflight
synmptomatology; however, the relative degree of severity and
reports of other delayed symptoms is cause for a further look at

1e issue.

Recommendaticns

In view of the rzsults cf this study and other studies

conducted in A:m; visually-coupled flight simulators, it is our
recommencation tihat:

a. Continued cattion ke exercised with those aviators flying
in this simulator. This also should include adhereance to the 6-
hour waiting period adincated in USAARL 88-1.

b. Commanders shoul.i, in conjunction with their flight
surgeons, implement monit~ring of their aviators to assess those
who have demonstrated pro.lems with the simulator environment.
Those who do experience pooblems should restrict £light in the
actual aircraft for at lez-t one night's rest to allew them to
dissipate. Strict adherence to the guidelines published in
Kennedy et al. (1987a) shcu il be followed for aviators expericnc-
ing problems until they adipt to the simulator.
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c. Calibration and alignment of the visuals be accomplished
regularly and as a part of routine maintenance. Ccnsideration
should be given to having the visual system of this and other
Army simulators checked for excessive flicker, accommodation and
veraence demands, unequal accommodative demands, and acconmneda-
tion/vergence contlicrt,

d. Further controlled studies be conducted to ascertain thne
role of aviator susceptibility and its part in the phenomenon of
simulator sickness. These studies also may involve the use of
psychophysiological measurements in order to objectively deter-
mine the time course of the aviator's simulator sickness ex-
perience. One question still not answered is the actual time
crurse nf the symptoms experienced bv the aviators in the simula-
tor and the recurrence o( delayed effects. Anecdotal data
continues to be received indicating there is a part of the
aviation population that expecriences delayed problems beyond the
simulatovr exposure and for periods that exceed 6 to 8 hours for
approximately 8 percent of the population and 1-to-2 days for an
even smaller population.

e. Studies be conducted to determine which scenarios are
linked with simulator sickness and methods to prepare aviators to
deal with those scenarios. A correlation of simulator sickness
with actual flight experience under similar conditions should be
determined in side-by-side studies conducted in the simulator ard
in the aircraft.

f. Studies be conducted to ascertain the period of time that
an aviator should wait postflight before piloting an actual
aircraft or even driving a car.

g. Ccmmanders and supervisors should review the POIs being
flown in their particular simulator device against the required
missions that should be flown in the device. If aviators are
avoiding the simulator for reasons of simulator sickness, then a
larger problem exists than is indicated in this report. The use
of a visually-coupied fligh%t sinulator for instrument training
should be a cause for concern (f it reaches proportions above tine
requirements.
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SIMULATCR SICHNESS SURVEY

This i{s a survey of simulator aftereffects being conduczed for
Aroy Aercme-ical Research Laboratory, Fort Rucker, Alabama, in cooperazion
ev

with the Naval Training Systems Center. The purpose of the surveyvy is to
determine the incidence of simulator aftereffects such as nausea or imbalance
occurring in visually coupled flight simulators (UH-60, AH-1 CH-I7)
We appreciate your cooperation in obtaining information about this
teristi-

problem. The results of the study will be used ro improve the charac
of future simulators. Your respcnses will be held in confidance
statistically. Although we ask for vour name on this page. n¢ infy
will be reported by name. This cover page will be removed and all
be identified by the coded serial number above.

Your MName _ Rank
Date Unit
Instructor (if in Qualificazion trainine:
training Stage : Qualification ____ Continuation
Refresher AAPART (Check Ride)
Mission

All rights reserved
Es53ex Corporaticn

1040 Wouodcock Rnad, =227
Orlando,FL 32803

(USED BY PERMIS3ICH)

Qct 19722 Pevision
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1. Approxirmately, how many fotal flighc hours as pil
haver (in all aircraft, civilian and milicary time i
a. Fixed Wirg

b. Rotary %ing

tHow nfZen would wou say vou get airsicx?
iways _ frequently = Sometimes ___ Rarely _  lNever
3. a. How many total. flight sizulacor hours? {(all except SFTS)
b. How many flight hours do you have in
4. How much experience have you had at se¢i aboard ships sr Boazs”
Much __ Some Very little  Nerne
5. How often would you say vou get
Alwavys _ Frequently = Someci=zes _ Ruarely _ Never
5 Have wvou ever been notion sicx undar any condizions ozher than oo <o
lis-ed 5o far? Yo __ Yes
If "Yes,” under what condizizns? )
7. In general, how susceptible ¢o motion sickness o loel vl e’
Extremelvy __ Very _ _ #oderatelv _ Mininall o NeToaToall
3. Kave wvou been nauseazed 72 ANV TAT0N goeia. o 1T 7 weee
No _Yes __ If “"Yes,"” explain o B




e ey e R 145 ANVl —
F 4
1
late
9. fiu. alcchel sz
did you vomit?
Only witch Retch and finally
i Easily difficuley vomited with greas fifficulcy
10, 1f yecu vemited while experiencing motion sickness, did vi:
a. TFeel betzer and remain s¢?
b. Feel batter temporarilv, then vemit again?
c. Feel no better, but rot wvemiz again?
d. Other - specify
11. If you wvere in an experiuent where 50% of the subjects a:c sick, whao do
you think your chances of getting sick would be?
Almost Almost
certainly Probably Probably certainly
would would would rot could not
12. Would you volunteer for an experiment where you knew thuat:
(Please answer all threa)
a. 350% of the subjects did get motion sick? Yes to
75% of the subjects did get motion sick? Yes Na
c. 3% of the subjects did get moticn sick? Yes to
13, Most people experience slight dizziness (not a result of =mozizn: 2 o
5 times a year. The past year you have been dizzy:
more than this the same as less than neves drzzv
! l4. Have you ever had an ear {llress or ini Wweoaccomranies Uobe
¥ .
} dizziness and/or nacsea?  Yes o
!
!
f
!

—~ o~ -

o
At

i
\ed




e - g o e e g T g e e < o

o -

P

o
-

Serial lo Zacte
! Listed below are a nutpoer ol s.cuaticons in wnich some cecp.e nave re-
ported morion sickness svmpfoms. In Che space provided, cneck (&) ycur
PREFERENCE for each activity (that is, how much you like o engage in
that activicy:. and (b) any STMPTCM(S) you may have experienced at any
tize, past or present. You may list more than one symgten for each
accivicy.
SITUATIANS POETCRENCT SMPTIME '
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16.

If you have ever experienced simulator
other aftereffect;:

a. What siznulator was {¢?

sickness ovr

b. What were the symptoms?

. 1 ne awa the ame back
c If chey went away and then ¢ back,

thei{r return.

describe

what

T

3

o
u

"
1B}

DUl

d. How long did they last immediately posc-flighe?

e. How long did they last i{f they went away and then came hack?

d. What do you think caused the problem?

END OF MOTICN HISTORY
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PPE-FLICHT RBACKCROUND INFOPMATICN

F{ll in the blanks or circle the appropriate item.

1. Start time for your flight: Expected length of flight

(]

Seat you will be in for the simulazor flight (Circle only one;

Copilot Gunrer (CPG) (AH-1 only)

Copiloc (CP)

Pilot (P)

Instructor/Cperator (I10)

CPG seat for first parct of flight, then P seat

P seat for first part of flight, thep CPC seat

3. Type of mission: Proficiency / Instrument [/ Tactics / GCther
4a. Aircraft flight hours last 2 months

4b.  How many days has it been since your last flight IN THE AIRCIRAFT?
5a. Simulator flights last 3 months Simulator hours last 1 davs
6c. How ma- days has it been since your last flight IN THIS SIMULATCR?

Instructions: Please fill this page out BEFORE you go into the simulacor.




Serial No. Date

PRE-FLIGHT PHYSIOLOGICAL STATUS INEQORMATION

Instructions: Tlease fill this out BEFCRE you go into the sirulator.

1. Are you in your usual state of flitness: YES NO

If not, what {s the nature of your illness (flu, cold, etc.)?

2. Please indicate all medi{cations you have used in the past 24 hours:

a) NONE

b) Sedatives or tranquilizers

¢) Aspirin, Tyvlenol, other analgesics

d) Antihistamines

o) Decongestants

f) Other (specify):

3. Have you used any tobacco products:

In the past 24 hours? YEs NO

In t. e past 48 hcurs? YES NO

4. Have you had any beverage containing alcohol:

In the past 24 hours? TES Rio]
In che past 48 hours? YES <19}

5. How many hours sleep did you ger last nizhe? _ (Haurs
wWas this amou-t sifficienc? YES No

A
E
1
<4
3
-3
1
3
L
1

Ao ke iR
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PRE-FLICKT SYMPTrM CHECKLIST

Instruccions: Please £ill this ouz BEFORE ycu go into the sirmulator. Circle
below if the symptoms apply to you pjght now. (after your
simulator fligat you will be asked these quz<tions again.)

1. General discomfort None Slight Moderate Severe

2. Fatigue Nore Slight Moderate Severe

3. Boredem None Slight Moderate Severe

4. Drowsiness None Slight Moderate Severe

S. Headache Yone Slight Moderate Severe

6. FLye strain None Slight Moderate Severe

7. Difficulty focusing ___ None Slight Moderate Severe R
8. a. Salivation increased Mone Slight Moderate Severe !

b. Salivation decreased tlone Slight Moderate Severe

9. Sweating None Slight Moderate Severe

10. Nausea None Slight Moderate Severe

11. Difflculty concentrating _ None Slight Moderate Severe i3
L2, Meonmzal Zegprezsionm No Yes .
13. "Fullness of the Head" No Yes :
14. Blurred vision No Yes ]
15. a. Dizz{ness with eyes open___ No Yos

b, Dizziness with eyes closad__ No Yes

16. Vertigo YNo Yes

17. +Visual flashbacks No Yes

18. Faintness No Yes

19. Awvare of breathing No Yes

20. *¥5tomach awareness No Yes
21. Loss of appetite _ No ‘fes
22. 1Increased appetite No Yes .
23. Desire to move bowels_ No Yes ]
24, Confusion _ Yo Yes
25. Burping to Yes No. of times
26, Vomiting No Yes No. of times
27. Other -

* Y{sual {llusion of movement or false sensations similar %o aircraf:
dvrianics, when not in the sizmulator or the aircrafc.

** Stormach awareress is usually used to indicate a feellrg of discanfore
which {s just sherz cf nausea

s}
[#)
3
o
r

e3t aivector #ill tell you when o>
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Serial No.

POST-FLICHT SWMPTOM CHECHLICST

Instructions: Circle below if any symptoms apply to vou right now.

1. General discomfort None Slight Moderate Severe
2. Fatigue None Slight Moderate Severe
3. Boredom None Slight Moderate Severe
4. Drowsiress None Slight Moderate Severe
S. Headache None Slight Moderate Severe
5. Eye strain Nore Slight Moderate Severe
7. Difficulcy focusing None Slight Moderate Severe
8. a. Salivation increased___ None Slight Moderate Severe
b. Salivation decreased None Slight Moderate Seveie
9. Sweating None Slight Moderate Severe
10. Nausea Nore Slight Moderate Severe
11. Difficulcy concentrating None Slight Moderate Severe
12. Mental depressicn Ne¢ Yes
13. "Fullness of the Head” No Yes
1l4. Blurred vision No Yes
15 a. Dizziness with eyes open No Yes
b. Dizziness with eyes closed__ No Yes
16. Vertigo No Yes
17. #Visual flashbacks No Yes
18. Faintness No Yes
19. .»ve of breathing No Yes
20. **Stomach awareness No Yes
21. Loss of appetice No Yes
22. Increased appetite No Yes
23. Desire to move bowels No Yes
24. Confusion No Yes
25. Burping No Yes No. of times
26. Vomiting No Yes No. of times
-27. Other T
28. Would you describe the symptoms above as SAME AS

WORSE THAN

NO DIFFERENCE
from flight in the actual aircraft under the same corditions vou
experienced in the flight just completed.

* Visual i{llusicn of movement or false sensations similar to aircrafc
dynamics, when not in the simulator or the alrcrafc.
** Stomach awareness is u.aallv used to indicate a feelir. of discemfors

which {s just short cf nausea.

GO TO THE NEXT PaGE

60
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Serial YNo. Tate

POST-FLIQUT INFroMATTI N

Instructicns: Please fill out this page AFTER ycu have completed your

flight.

The simulator was flown wjth the following systems ON/CFF:

Visual Systen cH OFE DEGRADED
Motion Systen CN OFF DEGRADED
Seat Shaker CXN OFF DEGRADED
Sound CcH OFF DEGRADED

Were any other systeas turned off for a part of the flight? YIS O

1f YES, which systea(s)

Were all che {nstcunents that you needed for this flighc operational?
YES NO

The collective control was: EXCELLENT/ GCOD/ FAIR/ BAD

The cyclic pitch control was: EXCELLENT/ GCCD/ FAIR/ BAD

The cyclic roll control was: EXCELLENT/ GCCD/ FAIR/ BAD

The anti-torque countreol was: EXCELLENT/ GGOD/ FAIR/  BAD

Were any of the "windows” not on for the flight? YES 40

If YES, which one? (Circle i{noperable windows on diagraa below)

ol

How long did your flighe pericd last? Hours
Propor=icn ({n prrcent) of the tiza spent. lLow-Lovel
Map-of-the-Earch (L0E) Upper Alr Worx: InnTrument

GO TC EXT PAsSE
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17.

18.

20.

Serial No. Date

Type of flight conditions: Night / Dusk / Instrument / JAY VFR

Percentage of time looking out of windows

Percentage of time operating TSU heads cown

Number of times the siculator was put on freeze

Number of times any scene was replaved _

dumber of impacts/ near hits frcm enemy

Number of impacts with ground:

Number of landings attespced:

The time now

Did you have to wait long periods while in the simulator for any reason?

YES NO _ _  If YES, how leng?
In terms of training effectiveness, this simulator accomplishes itcs
purpose of training me to be move proficient at f£lighct skills?

Please circle the number which most closely corresponds to your f:elings
about the statement above.

P Govooonann K e PR R l
Strongly Tend Neutral Tend Strongly
Agree to agree to agree Disagree

If you experienced discomfort of some degree in the simulator (enough ¢
mark one or more of the Post-Flight Symptous), did their severity hampe
your training during the flight? Cilrcle the number which most closely

describes your experience in today’'s {light.

Q
T

S Gocennenns R 2ot 1
Complecte Moderate Yo
Distuption Disruption Disruption

Scene Disturbances:

Describe any disruptive wisual systea probleas that vea observea:

11

62




Describe any botherscne

Serial No. Date

visual traits you would like to see corrected:

Describe any disruptive

motion system problems that you observed:

Describe any bothersome

motion system tralts you would like correcred:

12
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Variable

Pilot variables

Rot..ry-wing hours

Recear flight heours

Days since last flight

Sleep

Enough sleep

MHQ

Simulator sicrxness

SCHLEC/S0OPLEC

limultor variables

PRI R r) 1rla

o]

|

Seat shaker on/off

Collective cecntrol

Pltch control

Roll Control

Appendix B.

Variable

descripticns

Cescripticn

Total flight ho
wing aircraft

Flight hours in

humber »>f days
in the zircraftt

Hours sleep fre

Was the amount
previous night

Motion history
susceptibility
Have you ever e

simulator sickn

Pre- minus pcs

Seat shaker on
flight

how was the ccl

How was the pit

How was th - rol

65

urs in rotary-

List 2 renths

since last {light

viocus night

of sleep
sufficient?

yuestionnaire
score
xperienced
€552

SCore

or off during

lective control?

ch centrol?

LY

1 contraol

)
o]
Q
D

Number of hours

Number of hcours

Nurmper 21 days

Fours sleep

l1=Yes, 2=No

Range: 0 to 5
0 = low
susceptibility

l=Yes, O=¥No

f/Ceqradad

Sy
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Sinulatecr variables

Torque Control

Percent nap-of-the-
earth flight

Percent ugper air

Night

Lanaings attenpted

Vistval traits

Motion disruptions

Training variables

Different fron
alrcraft

Dicconfort harpers
training

Descriptison

How was the torque cocntrol?

Percent of flight spent in
NCE flight

Percent of flight spent in
upper air work

Night flieb% conditions
tiumber of landings attenpted
Are there botherscrme visual
“raits that need correcting?

Notice any disruptive motion
system prcoblems?

Are symptonms experienced the
same or worse than those
experienced in the actual
aircraft.

Disconfort experienced b .mpered

training

66
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1=Excellent
2="nod
3=tair, 4=tad

Percentage

Percentago

Number of
landings

1=Same, 2=Worse

1=5trengly
disagree

2=Tend to
disagree

3=Neutral

4=Tend to agre
5=strongly agroe
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Commander

U.S. Army Natick Research
and Development Center

ATTN: Documents Lib.arian

Natick, MA 01760

Naval Submarine Medica.
Research Laboratory

Medical Library, Naval Sub Base

Box 3500

Groton, CT 05340

Commander/Director

U.S. Army Combat Surveillance
& Target Acquisition Lakb

ATTN: DELCS-D

Fort Monmouth, NJ 07703-5304

Commander

10th Medical Laboratory

ATTN: Audiologist

APO NEW YORK (09180

C-ommander

Naval Air Development Center
Biophysics Lab
ATTN: G. Kydd
Code 60B1
Warminster, PA 18974

Naval Air Developnent Center
Tecnnical Information Division
Technical Suppecrt Detachment
Warminster, PA 18974

Commanding Officer
Naval Medical Rescarch

National Naval Medical Center
BRethesda, MD 20014

Under Secretary of Cefense
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ATTH: Military Assistanc

for Medical and Life Scinnce:s

Washington, CC 20201

67

Commander

U.S. Arnmy Research Institute
of Environmental Medicire

Natick, MA 017€0

U.S. Army Avionics Resenarch
and Development Activity
ATTN: SAVAA-P-TP

Fort Monmouth, NJ 07703-5401

U.S. Arny Research and Develcpment

Support Activity
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Chief, Beonet Weapons Laboratory
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Warminster, A 13374
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Naval Air Development Cunter
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Director
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Director

walter Reed Army Institute
of Research

Washington, DT 20307-5100

HQ DA (DASG-PSP-0)
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Fal.s Church, VA 22041-3258

Naval Research
Laboratory Library
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Harry Diamond Laboratories

ATTN: Technical Infor-
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MD 21005-5017

U.S. Army Ordnance ‘.onter
and School Library

Building 3071

Aberdeen Proving Ground,
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MD 21010

Technical Library
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MD 21010-5423
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of Dental Rescarch
Walter Reed Arny Medical Center
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Department cf the Navy
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Naval Research Laboratory Library
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Washington, DC 20375

Director
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Aberdeen Proving Ground,

MD 21005-5001

Commander
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and Evaluation Command
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MD 21005-5055

Director
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Research Labkoratory
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Aberdeen Proving Ground,
MD 21005-5066
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Institute of Chenical Defense
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Aberdeen Proving Grournd,

MD 21010-5425
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U.S. Arny Modical Recearch
and Develeymont Command
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MD 21701
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Institute of Infectious Diseases

Fort Detrick, Frederick,
MD 21701

Director, Biological
Sciences Division
Office of Naval Research
600 North Quincy Street

Arlington, VA 22217

Ccemmander

U.S. Army Materiel Command
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5001 Eisenhower Avenue
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Commandant
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Naval Aerospace Medical
Institute Library
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U.S. Central Command
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FL 33608

Air University Library
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Fort Detrick, Fredericlk,
MD 21701

Defense Technical
Information Center

Cameron Station
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U.S. Arny Foreign Science
and Technolcgy Center
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Director,
Applied Technoclcqgy Labcratory
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ATTN: Library,
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Building 401
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U.S. Arny Training

and Doctrine Zemmand
ATTN: Surgcon
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Aviation Medicine Clinic
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Fort Bragg, NC
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23305

U.S. Alr Force Armament
Develcepmnonat and Test Cento
Eglin Air Force Base, FI. 324
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Redstone Scienti€ic
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Redstone Arsenal, AL
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AFAMRL/HEX

Wright-Patterson AFB, OH 45433

University of Michigan
NASA Center of Excellence

in Man-Systems Research
ATTN: R. G. Snyder, Director
Ann Arbor, MI 48109

John A. Dellinger,

Southwest Research Institute
P. O. Box 28510

San Antonio, TX 78284

Product Manager

Aviation Life Support Ecuiprent
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Commander
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Systems Command
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U.S. Army Health Services Comnand
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