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Introduction
Military relevance

Air Warrior is an interservice (Army, Navy, and Marines) long range research and
development project for incrementally developing state-of-the-art rotary-wing flight
uniforms by using an integrated soldier-system design methodology. These new-
generation flight ensembles will be modular, mission configurable, nuclear, biological,
chemical(NBC)-capable, and complemented with advanced life support and ballistic
protection components (ATCOM, ORD, 1995). The primary Air Warrior goal is to
enhance aviator effectiveness and survivability when conducting military operations in
conditions exposing them to a variety of mission-related performance and survivability
risks.

The current encumbered MOPP4 over aircrew battle dress uniform (ABDU) system
utilizes the standard ABDU as well as the battle dress overgarment (BDO). The BDO is
worn over the ABDU to protect against chemical warfare threats. An aviation life
support equipment (ALSE) vest and a thick laminated ballistic plate for chest protection
are worn over the BDO. When worn together, the encumbered MOPP4 over ABDU
flight uniform and accessory components create a bulky ensemble that significantly
encumbers the aviator and would impair thermoregulation and heat dissipation. For this
reason, it was necessary to quantitatively characterize the potential adverse
physiological and psychological effects of an encumbered MOPP4 aviator ensembie in
simulated hot weather conditions so that enhanced components can be designed with
properties that mitigate heat stress and improve endurance, flight performance, and
comfort.

Principal study objectives

The data collection portion of the this study was conducted from 25 March to 2
August 1996 at the U. S. Army Aeromedical Research Laboratory (USAARL). It was
implemented to fulfill the collaborative U.S. Army Aviation and Troop Command
(ATCOM) directed objectives as indicated in the governing Statement of Work
(USAARL, SOW, 1995). The two primary objectives of the study were the following:

1. Develop and test a methodology for evaluating the extent to which current and
future versions of the encumbered MOPP4 over ABDU aviator ensemble contribute to
heat strain and affect flight performance, mission accomplishment, endurance, and
mood states in hot versus temperate UH-60 simulator cockpit conditions.

2. Establish a baseline heat stress effects profile for the current encumbered
MOPP4 over ABDU ensemble against which enhanced versions of the ensembie may
be compared as they are developed.



Background

Environmental and mission related heat stress factors

During NBC threat scenarios, helicopter pilots must fly with doors and windows
closed in order to minimize potential ingress of liquid or vapor chemical warfare agents
into the aircraft cabin. Unfortunately, in areas with hot sunny weather, a closed
unairconditioned aircraft cabin will cause increased pilot heat stress due to heat transfer
from the environment and helicopter systems such as engine component and electronic
modules, direct solar radiation, and the occurrence of greenhouse effects within the
cockpit.

The greenhouse effect involves the increase in heat stress due to absorption of
infrared (IR) energy by the elevated concentrations of carbon dioxide and water vapor
within an enclosed crew compartment (Considine and Considine, 1983). The majority
of the solar energy entering a cockpit lies within the visible electromagnetic (EM) band
and is not well absorbed by the air. Depending on the wavelength dependent
absorptivity and transmissivity of the numerous surfaces within a cockpit, varying
amounts of incident solar radiation can be absorbed by surface materials and personnel
within the cockpit (Wentworth et al., 1995). The absorbed energy causes an increase
in surface temperatures. The heated surfaces then re-emit a portion of the absorbed
solar energy. Because surface temperatures are low (~150°F) compared to the
effective solar temperature (10,160°F), the reradiated energy, according to Wein'
displacement law (Hudson, 1969), has a significantly lower energy density (longer
wavelength) spectrum centered in the IR band (peak at ~8.5 microns). This frequency
shift in the energy density profiles for incident and reradiated EM energy represents a
nonlinear effect of the cockpit and crew surfaces on incident solar radiation.

Because of the greenhouse effect, a closed cockpit in hot weather conditions without
a cockpit cooling system (not currently available for the UH-60) will result in internal dry
bulb temperatures that are significantly greater than when flying with the doors and
windows open. The humidity within a closed, or poorly ventilated, cockpit will be
greater than outside humidity due to an accumulation of water vapor from breathing,
transcutaneous water losses, and evaporation of sweat. The combination of increased
dry bulb temperature and humidity, as well as reduced airflow, results in a significant
increase in cockpit wet bulb globe temperature (WBGT) above the external, or ambient,
WBGT.

Thornton and Guardiani (1992), for example, determined that during summer flights
within a closed hovering UH-60, there was an average 5°C (9°F) increase in cockpit
WBGT relative to the external WBGT device which typically recorded ~30°C (86 °F).
Although outdoor humidities were not measured, within the closed cockpit the humidity
was generally between 40-60 percent. Incident radiation at the level of the pilot's head
averaged 650 watts/meter?.



An earlier study (Breckenridge and Levell, 1970), conducted during the summer at
the Hunter Army Airfield in Georgia, revealed even more serious greenhouse effects
(10-20°F increases in cockpit vs external WBGTs) within the closed cockpit of an AH-
1G helicopter. Internal dry bulb temperatures often were between 130-135°F. Cockpit
humidity was not reliably measured but 45 percent was considered representative.
Also, radiant heat load was not directly measured. One of the conclusions of the study
was that even if pilot metabolic rates are as low as 135 watts, heat accumulation will
occur when cockpit WBGT reaches or exceeds 80°F.

Since the WBGT has been validated as an indicator of physiological heat stress,
elevated WBGTs in closed cockpits are associated with a greater degree of aircrew
heat strain compared to the lower WBGTs that occur when flying with windows and
doors open. Measurable physiologic and psychological strain occurs in individuals
exposed to thermally stressful conditions. Excessively intense or prolonged heat stress
exposure will eventually lead to a spectrum of different heat ilinesses (e.g., Kerstein et
al., 1984) or even sudden collapse with few if any premonitory symptoms (Mitchell,
1991).

Prior to conducting this study, the thickness and occlusiveness of the current
encumbered MOPP4 ensemble was presumed to impose considerable resistance to
transfer of heat energy from the aviator to the environment. It was expected that it
would partially or totally impair the transport and evaporation of sweat through the
uniform, particularly over parts of the body, such as the chest, that would be covered
with the protective ballistic plate. Additionally, the weight and encumbrance of the
BDO, protective mask and hood, ALSE vest, and ballistic protection plates was likely to
hinder certain movements and possibly increase the basal metabolic rate. It was also
expected that the rate that air is pumped through the uniform also would be reduced.
Therefore pilots wearing the encumbered MOPP4 ensemble, were considered likely to
experience reduced convective and evaporative cooling capability as compared to
aviators wearing just the ABDU and ALSE vest without the additional components of
the encumbered MOPP4 ensemble.

Review of thermal stress physiology

Heat stress induces many complex and interrelated compensatory physiological and
biochemical thermoregulatory changes or adaptations which are collectively termed
heat strain (Wyndham, 1973). The overall effect of properly functioning heat strain
responses is dissipation of excess heat energy that accumulates within body
compartments (blood, brain, muscle, abdominal organs. etc).

The efficiency of thermoregulation may be adversely affected by environmental
conditions, uniform, and aviator characteristics. Ambient humidity may also be
sufficiently great that sweat can not completely evaporate before it falls off the skin onto
the ground or into the clothing. Excessive insulation and low permeability of uniform
components to sweat will cause increased resistance to heat transfer from skin to
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ambient air. Individual aviator factors that can impair thermoregulation include health
status, dehydration, medications, and skin condition.

It is a basic biophysical principal that core temperature increases in proportion to the
amount of heat energy stored within body tissues and fluids. The proportionality
constant for this biophysical relationship is the body's average specific heat capacity
which is normally 3.49 kJ/(kg*C). If endogenous or exogenous factors cause heat
storage within the body, core temperature increases and compensatory protective heat
dissipating processes are progressively activated. The primary thermoregulatory
processes include sweating, peripheral vasodilation, increased cardiac output, and
shunting of blood flow from visceral organs to the skin and the working muscles
producing heat. Sweating rate, heart rate, blood pressure, and other physiological
measures comprise the readily measured physiological reactions to heat stress; i.e., the
clinically detectable components of heat strain. Other heat strain effects, such as
elaboration of protective heat shock proteins (Schlesinger and Collier, 1991), occur at
the cellular and biochemical level and require blood tests or other methods for
detection.

In addition to environmental factors, elevated metabolic rate is usually an important,
or sometimes the primary, cause of core temperature elevation. However, even a low
metabolic rate; e.g., associated with sedentary activities in an environmentally
uncompensable heat stress situation, can lead to inexorable elevations in core
temperature and eventually heat illness. If heat accumulation due to storage of thermal
energy from metabolic processes equals or exceeds the body’s maximum heat
dissipating capability, core temperature will not reach a tolerable equilibrium but will rise
continuously in direct proportion to the duration and intensity of the work rate. In other
words, in such circumstances, the slope of the core temperature profile is a function of
the metabolic rate. For these situations, endurance can be extended by using work-
rest cycles, engineering controls to improve work efficiency, microclimate cooling, or
relocation of the activity to a cooler location.

Metabolic rates for routine flight maneuvers in military helicopters are rather low
(100-200 watts) (Thornton et al., 1984). This range of metabolic rates places such
activity in the category of very light to light physical work. Therefore, for most
circumstances, the contribution of metabolic rate to core temperature elevations in
helicopter pilots in hot conditions will be relatively small over a short period of time.
However, if the ambient or cockpit conditions are sufficiently hot, core temperature may
progressively increase anyway, due to high rates of passive heat gain, to levels that
can impair performance and cause heat iliness.

Depending on a variety of factors, thermoregulatory responses to heat stress may
have complete, partial, or no beneficial effect. Thermoregulatory effectiveness is a
function of the balance between external and internal (metabolic rate) heat gain as well
as the capabilities and limitations of the heat strain mechanisms. Completely effective
thermoregulatory responses to heat stress will prevent core temperature from rising
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above normal. Indicators of heat stress in such circumstances will consist of elevated
heart rate, increased skin blood flow, and sweating. When exposed to compensable
heat stress conditions, heat storage occurs initially, but the rate of heat storage is
eventually reduced to zero by negative feedback thermoregulatory mechanisms. This
results in a core temperature profile which asymptotically approaches a tolerable, but
elevated, steady-state level.

Heat stress may be sufficient to overwheim an individual's maximum
thermoregulatory capabilities (which may have been reduced or below average due to
dehydration, illness, or other stressors). This type of situation indicates the presence of
uncompensable heat stress. In such circumstances, core temperature will inexorably
rise beyond tolerable levels. Thermoregulatory mechanisms tasked to their maximum
may delay but not prevent this inevitable outcome. Eventually the individual will be
incapacitated by the adverse effects of increasing heat storage and rising core
temperature. If this type of thermally oppressive environment cannot be avoided by
modifying the mission, an effective strategy for maintaining survivability and sustaining
performance is the use of macroclimate (air conditioning) or microclimate (personal)
cooling devices.

Data from previous heat stress studies indicated that the hot environmental condition
used in this study; i.e., 37.8°C (100°F) dry bulb temperature and 50 percent relative
humidity (RH), would likely impose marginally compensable heat stress for our
volunteers. Thatis, it was very likely that aviator volunteers with lower than average
thermoregulatory capabilities would exceed their physiological and psychological heat
stress tolerance levels. Biophysical coefficients for the encumbered MOPP4 ensemble
with the ALSE survival armor recovery vest, insert and packets (SARVIP), and ballistic
protective components were not available to allow the use of heat strain models to
accurately predict heat stress tolerance times.

In Thornton's heat stress study (1992), the aviators wearing the MOPP4 aircrew
integrated battledress uniform while exposed to environmental conditions of 35.0°C
(95°F) and 50 percent RH reached core temperatures of ~38°C (100.4°F) after 2 hours
into the scenario. At that point, core temperatures diverged. One group of test subjects
had a progressive increase in core temperature to ~39°C (102.2°F) at 4 hours while the
others remained at about ~38°C (100.4°F). Therefore, the heat stress scenario was
compensable for some test subjects, while for others it was not.

Variability in heat stress tolerance for a given scenario is related to individual
differences in factors that affect the efficiency and maximum capabilities of the various
heat dissipating mechanisms. Thermoregulatory efficiency is affected by adaptive (or, if
training is deficient, potentially maladaptive) behavioral responses, body morphology,
condition of skin and sweat glands, cardiovascular conditioning, hydration, fatigue and
sleep loss, nutrition, medications, and illnesses. Factors which improve
thermoregulatory efficiency decrease core and skin temperature thresholds for initiation
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of thermoregulatory responses and increase the sensitivity or rate of change of these
responses with respect to increases in core temperature.

An effective method for increasing thermoregulatory capacity and efficiency is heat
stress acclimatization (Wenger, 1988). For scenarios consisting of comparable
amounts of heat stress, clothing, and metabolic rates, heat stress acclimatization
results in earlier onset and more rapid recruitment of thermoreguiatory responses.
Successful acclimatization results in earlier onset and increased rates of sweating,
decreased heart rate, and decreased core temperature for a specific combination of
environmental condition, work rate, state of hydration, and type of clothing. Heat
acclimatization also results in decreased sweat sodium concentrations (Allan and
Wilson, 1971). The numerous beneficial effects of heat acclimatization may effectively
convert an uncompensable heat stress situation into one that is at least partially
compensable.

The time required to fully acclimate to heat stress when starting from an
unacclimated condition depends on the heaith and fitness of the individual. Those with
high levels of physical fitness can acclimate rapidly (Pandolf et al., 1977). Three to five
days of graded intensity exercise in hot conditions will achieve most of the beneficial
acclimatization effects. Additional residual benefit continues to occur over the ensuing
1 to 2 weeks. For those whose physical fitness is less than average, acclimatization
typically occurs at a more gradual pace over 10 to 14 days. Studies have
demonstrated that artificial acclimatization can be as effective physiologically as
acclimatizing naturally by training or doing one's usual work outdoors. Two 50-minute
training sessions per day in moderately hot conditions (e.g. 100°F, 20 percent RH) for 1
to 2 weeks has been found to be sufficient for acclimatizing healthy soldiers. Activity
level during acclimatization should be sufficient to elicit sweating and moderate
increases in heart rate. If during acclimatization, signs of excessive heat stress occur,
the activity level or environmental conditions should be reduced to be increased again
more gradually over the course of several days.

Various studies have demonstrated that military chemical defense (CD) over-
garments significantly impair thermoregulation in hot environmental conditions.
Chemical defense ensembles invariably have high insulation values and low water
vapor permeability (Gonzalez, 1988). The high thermal resistance lowers the rate of
transfer of heat energy for any given temperature gradient across the thickness of the
material.

Low water vapor permeability values for CD ensembles such as the BDO quantify the
resistance to transport of evaporated sweat through the layers of fabric. In heat stress
conditions, low water vapor permeability causes the air layer between the skin and
inner surface of a CD ensemble to rapidly become saturated with sweat vapor. As the
relative humidity in this air layer increases, its water vapor pressure increases and
begins to approach the vapor pressure of the film of sweat on the surface of the skin.
As this occurs, the net evaporation of sweat decreases and approaches zero. However,
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vigorous sweating typically continues despite its inability to evaporate due to the
saturated microclimate space between the skin and the inner surface of the
overgarment. Unevaporated (retained) sweat accumulates in the dependent parts of
the CD uniform such as boots, gloves, and CD mask. Because the unevaporated
sweat has not been used for cooling, it is in a thermoregulatory sense wasted,
contributing only to dehydration.

Complete evaporation of 1 liter of sweat provides 580 KCal of surface cooling. When
ambient temperatures exceed body temperature, evaporation of sweat is the only
effective method of dissipating body heat (Sawka and Wenger, 1988). Effective sweat
evaporation rates, as determined by the rate of evaporation of sweat through the outer
surface of a uniform, determines the evaporative cooling power available to the
individual. It is apparent, therefore, that actual and effective sweating rates may differ
considerably.

Effects of heat stress and CD protective ensembles on Army aviators

Several studies similar to this one have previously been done at USAARL. In the
early 1980's Knox et al. (1983) evaluated the physiological, psychological, and flight
performance effects of aviators wearing a MOPP4 ensemble while flying USAARL'’s
UH-1 helicopter during hot summer weather. Thornton et al. (1992) completed a heat
stress evaluation of a more recent Army aviator MOPP4 ensemble using USAARL'’s
UH-60 simulator. Further description of these studies, along with enumeration of salient
results and comparisons with findings from this study, are included in the Discussion
section below.

Methods and procedures

Study design

This UH-60 simulator-based heat stress study utilized a 2 by 2 factorial (two main
factors with two levels each), repeated measures, partially counterbalanced, and
unblinded design using military helicopter pilot volunteers. The calculated minimum
sample size to detect flight performance changes across the four test conditions was
eight crews based on an a=0.05, f=0.20 and variance in composite flight scores
obtained from previous USAARL UH-60 simulator studies. The study was designed to
evaluate the direct and interaction effects of two types of aviator uniform (MOPPO
ABDU vs. the current encumbered MOPP4 aviator ensemble) and two cockpit thermal
conditions (cool vs. hot) on flight performance and physiologic responses in the
environmentally controlled USAARL UH-60 simulator.

Four different test conditions were required per test subject (cool and hot while
wearing both the ABDU and encumbered MOPP4 uniforms). If the two different flight

uniforms had only been tested in the hot condition, it would not have been possible to
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determine whether differences in flight performance and physiological parameters were
due entirely to heat stress, entirely to the type of ensemble, or to a combination of these
two factors.

Counterbalancing the order of the conditions within the test subject group was done
to help control for order and carry-over effects. Intrasubject counterbalancing did not
apply for this study because all study volunteers were exposed to each test condition
only once. Counterbalancing can be categorized as complete, incomplete, and
randomized. Since we had fewer volunteer aviators than possible testing sequences, it
was necessary to use incomplete counterbalancing (Christensen, 1985). The volunteer
aviators were assigned to the four different sequences in order of arrival with repetition
of the sequences in a cyclic order until all test subjects had been assigned to a testing
sequence (table 1).

- Environmental conditions

The cool simulator condition consisted of a dry bulb temperature (T,,) of 70°F
(21.1°C) and 50 percent RH. The hot condition utilized a T,, of 100°F(37.8°C) and 50
percent RH. The WBGT values for the two conditions in the simulator included the
effects of radiant energy emitted by three 250 Watt heat lamp bulbs situated in the roof
above each pilot’'s helmet (see last page of appendix H for a graph of the spectral
output). Consistent with the Thorton (1992) study, the rheostats for the overhead bank
of heat lamps in the simulator were set at 50 percent. Conditions in the environmental
chamber during the 20-minute simulated preflights had the same temperature settings
as the simulator but lower relative humidity (20 percent). It was not feasible to install
heat lamps in the environmental chamber. Humidity in the UH-60 simulator was set at
a higher value to emulate the increase in humidity that occurs when doors and windows
are closed in an actual UH-60 operating in hot-dry desert conditions.

Flight uniforms

Table 2, which lists the components of the two aviator ensembles utilized in this
study, is followed by figure 1, which depicts test subjects wearing the encumbered
MOPP4 flight uniform components. Table 3 provides the average total and component
weights for each of the two tested aviator uniforms.



Incomplete Counterbalancing of Test Conditions

Table 1.

Test Session #1

Test Session #2

Test Session #3

Test Session #4

TEST Uniform Uniform Uniform Uniform

SUBJECT # | Environment Environment Environment Environment
1 &2 ABDU-Mod MOPP4-Mod MOPP4-Hot ABDU-Hot
3&4 MOPP4-Mod ABDU-Hot ABDU-Mod MOPP4-Hot
5 ABDU-Hot MOPP4-Hot MOPP4-Mod ABDU-Mod
6&7 ABDU-Mod MOPP4-Mod MOPP4-Hot ABDU-Hot
8&9 MOPP4-Hot ABDU-Mod ABDU-Hot MOPP4-Mod
10 & 11 MOPP4-Mod ABDU-Hot ABDU-Mod MOPP4-Hot
12 & 13 ABDU-Hot MOPP4-Hot MOPP4-Mod ABDU-Mod
14 & 15 MOPP4-Hot ABDU-Mod ABDU-Hot MOPP4-Mod
16 & 17 ABDU-Mod MOPP4-Mod MOPP4-Hot ABDU-Hot




Table 2.
Encumbered MOPP4 heat stress study aviator ensembles.

ITEMS ABDU Encumbered
MOPP4
HGU-56P X X
ABDU X X
Combat boots X X
Flight gloves (summer light) X X
Kneeboard X X
SARVIP vest with mod X X
SARVIP 0.50 cal armor X
SARVIP packs X
M43A1 CB Mask X
BDO X
PRC-112A survival radio X
LPU-21 a/P water wings X
LRU-18P raft X
SRU-37/P container (raft) X
HEED X

The following is a description of the SARVIP:

The SARVIP ... consists of a Rashe! knit NOMEX, fire resistant fabric
vest with 12 pockets, 10 outer pockets and 2 inner pockets. The pockets
hold all survival, signal, and communications components. The vest
includes a rescue lift strap, two leg straps, and a chest strap.
Additionally, the chest strap provides a means for attaching life preserver
units (LPUs). The vest has two small “D” rings attached to the front and
sides for attaching the protective mask and blower.

The .50-caliber armor insert is made of laminated ceramic/fiberglass
and has a foam pad backing. The carrier for the insert is made of
NOMEX and seven layer of KEVLAR, and it has a quick-release strap at
the bottom for emergency release of the plate. The packets have
vacuum-packed, Nylon-Polyethylene pouches and hold all basic
individual and medical survival items (Ryan, 1993).
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Figure 1. Photos of the aviator uniform components.
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Table 3.
Current Flight Uniform Component Weights

MOPP4 FULLY ENCUMBERED AVERAGE WEIGHT

*STANDARD FLIGHT AVERAGE WEIGHT




The M43 CD mask consists of a bromobutyl rubber facepiece with an attached butyl
rubber hood that drapes over the neck and shoulders. The mask is pressurized by a
12-volt non rechargeable lithium battery-powered blower assembly. The blower pushes
ambient air through two standard round CD canister filters and into a single air hose
that inserts into the left frontal aspect of the mask. The slightly pressurized air entering
the mask is partially directed towards the eyepieces to prevent vapor condensation and
also over the forehead to provide some cooling. The mask has an integrated
microphone and drinking tube.

UH-60 simulator flight missions

The two missions used in each test session consisted of a 2-hour air assauit (AA)
scenario followed by a 10 minute simulated hot-refuel break, then a 2-hour medical
evacuation (MEDEVAC) scenario. These mission scenarios were selected because
they were representative of the mission types for the UH-60 helicopter (USAAC, 1989).
There were a total of eight different flight maneuvers or modes: hover (HOV), hover turn
(HOVT), right standard rate turn (RSRT), left descending turn (LDT), straight and level
(SL), left climbing turn (LCT), contour, and nap-of-the-earth (NOE).

The hover maneuver required the pilot to bring the aircraft to a 10-foot hover on a
heading of 360° and hold there for 60 seconds. Upon completion of the hover, the pilot
performed a hover turn which required a 360° turn in 60 seconds while maintaining a
10-foot altitude. There were four HOV and HOVT maneuvers in the first 2-hour sortie
and three in the second 2-hour sortie. After each HOV and HOVT, the pilots flew NOE
or contour to designated control points. During the contour and NOE segments for both
the air assault and MEDEVAC scenarios, the pilot and copilot were allowed to transfer
flight control. Every 30 minutes, at the end of specific contour or NOE flight segments,
inadvertent meteorologic conditions (IMC) were generated by the simulator operator.
The right seat pilot then took the flight controls and ascended to 2000 feet to fly a 10
minute set of standard maneuvers (SL, RSRT, LCT, SL, LDT, SL). While the right seat
pilot was flying the set of standard maneuvers, the left seat pilot was performing a 10-
minute performance test on a laptop computer. At the end of each set of standard
maneuvers, the pilot descended out of IMC conditions to resume contour or NOE flight
between control points. Flight performance and computer-based test results, as well as
greater detail regarding the flight profiles, are presented in a separate technical report.
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Physiological

Measurement of heart rate

Heart rates were recorded using a three lead system with Ver-Med * electrodes. The
electrodes were positioned to maximize the R-wave tracing since the leads were
connected to a battery powered R-wave counter *. When necessary, permission was
requested to shave a small amount of hair over the preferred electrode locations so that
sufficient skin-to-electrode contact was obtained to maintain a reliable signal for heart
rate determination.

We noted that the R-wave amplitude in some volunteers varied considerably with
changes in posture and depth of breathing. Typically, the aviator volunteers were
sitting up straight when the ECG leads were initially applied so that we were usually
able to obtain a tall R-wave. Often, however, after they had been flying the simulator
for variable lengths of time, we would lose R-wave capture and the backup ECG
monitor would indicate that the QRS complex was considerably reduced in amplitude.
We attributed such changes in QRS morphology to hunching over the controls and a
more shallow respiratory pattern while the volunteers were concentrating on flying tasks
in the simulator.

Measurement of body core temperature

Two temperature sensor systems were used in order to compare alternative methods
of obtaining core temperature measurements. The primary core temperature
measurement method was a standard rectal temperature thermistor (figure 2). The
second method utilized an ingestible telemetry pill with harness antennae connected to
an ambulatory data recorder (figure 4). The core temperature pill and rectal
temperature thermistor data were compared with respect to accuracy, stability, and
susceptibility to stray electromagnetic interference within the simulator.

We utilized YSI 401 * rectal thermistors. Prior to use, the temperature sensors were
calibrated in a stirred water bath with a precision calibrating thermometer (figure 3).

As a brief review, thermistors are semiconductor temperature sensors. These
temperature sensing semiconductors typically contain heavy metals such as cobait or
manganese and have a resistance that is an exponential function of
temperature: g-4xexpp/ry - Where A and b are constants and T is in °C (Carter,

1986). Linearization of the resistance with respect to temperature is usually achieved by
making the thermistor part of a Wheatstone Bridge resistance circuit. Since thermistors
can be damaged by excessive heat, they are usually cold rather than heat sterilized.

* See list of manufacturers in Appendix H ia
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The rectal thermistor has proven to be quite safe when used by test subjects who are
healthy and do not have inflammatory bowel or rectosigmoid diseases or strictures.
Prospective volunteers were medically screened to detect criteria precluding use of the
rectal thermistor, such as a history of abdominal surgery, recent rectal bleeding, rectal
fissures, painful hemorrhoids, history of inflammatory bowel disease, or other
rectosigmoid problems. Other exclusionary criteria relating to the use of rectal
thermistors include diagnoses of AIDS, hepatitis B, or recent hazardous infectious
diarrheal diseases. None of the volunteers in this research study had exclusionary
conditions.

Each rectal thermistor was tagged with the test subject's number. Between use they
were maintained in a separate plastic tube of Mint-A-Dish Disinfectant *. Prior to each
study session, the rectal thermistor was removed from the disinfectant soak, washed off
under a water faucet, and dried with a paper towel. Each thermistor was checked for
rough edges or signs of excessive bending and wear. We had one rectal thermistor
that began giving erroneous temperature readings prior to a test session. Inspection
revealed a break in the plastic, so it was discarded and replaced with another pre
calibrated thermistor.

A disposable CorTemp* ingestible core temperature pill was also used to monitor test
subjects’ core temperature. A copy of the product brochure is inciuded in appendix H.
The temperature pill was about the size of a large multivitamin capsule. It had a
smooth, but tough, silicon plastic exterior to facilitate swallowing it. The core
temperature pill emitted a weak radio signal that was received by a flexible antennae
harness that was strapped around the chest. The pill's effective range (about 10-12
inches) was limited by the pickup capability of the antennae and data recorder. The pill
could transmit for up to 200 hours, however, transit time through the gastrointestinal
tract superseded battery life.

The receiver antennae was worn over a t-shirt, and its output attached to a portable
data recorder. The data recorder displayed the transmitted core temperature for real-
time temperature monitoring. Since unfiltered core temperature pill data was
occasionally-quite erratic with unrealistic discontinuities, rectal thermistor readings were
used for assessing compliance with the core temperature limits (Bruckart et al., 1992).

Stephenson et al., (1992) found that core temperature data obtained with the
CorTemp™ pill system was similar in responsivity to esophageal core temperature
readings. That is, the core temperature pill reacted more rapidly to changes in work
intensity than the rectal thermistor. However, since test subject metabolic rates in the
simulator did not vary much, the difference in responsiveness between core profiles
obtained with rectal versus ingested pill was not as apparent as it was in other studies
using intermittent exercise in hot conditions. The core temperature pill data from
Stephenson were generally more variable from measurement to measurement due to

frequent signal transmission and reception problems, electromagnetic interference, and
16



natural differences in temperatures throughout the intestinal tract. For example, hepatic
temperatures can be 1-2°F higher than other intra-abdominal viscera.

Contraindications to use of the core temperature pill included: body weight less than
80 pounds, obstructive diseases of the gastrointestinal (Gl) tract, inflammatory bowel
disease, history of intra-abdominal surgery, impaired gag reflex, esophageal disorders,
or hypomotility of the Gl tract (HTI, 1991). Additionally, while a core temperature
telemetry pill is within the body, the individual should not undergo magnetic resonance
imaging (MRI) because the strong radio frequency pulses used during MRI theoretically
could disrupt and/or overheat the pill's small silver-oxide battery which could cause
irritation and chemical burns of the intestinal tract if it were to rupture. Elemental silver
is also toxic if absorbed in significant quantities.

Measurement of skin temperature

Skin temperature was measured with YSI 400 series * surface thermistors which
were held in position with collodion. These thermistors were placed over the anterior
chest (Tyes), Upper arm (T,,,), outer thigh (Ty,,,), and outer calf (T ). A weighted mean
skin temperature(T,,) was calculated using the following formula (Ramanthan, 1964):

Tk = 0.3 Tepest + 0.3 Ty + 0.2 Ty + 0.2 Tyt

These sensors were applied to the appropriate locations on the skin prior to each
study session. The collodion affixed the sensors securely to the skin to prevent
separation caused by sweating. The skin was inspected daily to avoid placing these
sensors on any lesions and to detect any evidence of sensitization to metallic ions from
the sensors due to immersion in sweat. After each use, the sensors were cleaned and
allowed to air dry.

Measurement of dehydration

Pre- and post-study session, total undressed and dressed weights were obtained in
order to determine the amount of cumulative dehydration and sweating that occurred
during each test session.

At the beginning of each test session, the volunteer aviators first urinated and then
obtained a nude weight. They self-inserted the rectal thermistor. A technician then
applied the skin temperature and ECG sensors. Next, the test subjects donned the
appropriate ensemble, and a dressed weight was obtained. Before and after each test
session, fluids and snack foods were individually weighed. Voided urine was also
collected and weights recorded. At the end of each day’s test session, a fully clothed
weight was again obtained. The ensemble was then removed and a post-session nude
weight obtained. Body weight and fluid data were recorded on a form (appendix F)
which facilitated subsequent analysis.
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Dehydration was calculated by using the term: 100*[(weightsweatioss + weight,,e output =
weight,....) / weight, . nuee)- Sweat loss estimate was obtained from the term: (weight, .
nude ~ WEIGNt oot nuae) + (Weight,... + weight,., - weight,;..). Total sweat loss minus
evaporated sweat permitted assessment of the amount of sweat retained in the
ensemble. For each test session, we were able to determine total amounts of sweat,
sweat rates, amount of sweat evaporated, and amount retained in the uniform.

Psychological

Mood and symptoms

A twelve-question mood and symptoms questionnaire developed for this study was
administered before and approximately every 30 minutes after the volunteer pilots
began the treadmill session in the environmental chamber (appendix E). Using a 0-10
Likert-type scale (0=none, 10=maximum), the volunteers assessed their sensation of:
headache, nausea, stress, anger, depression, energy, heat stress, thirst, workload,
boredom, dizziness, and visual difficulty. Hot spot locations and intensities were also
reported.

Profile of mood states (POMS)

The POMS was also used to measure changes in various components of the
volunteers’ mood. The POMS is a list of 65 questions utilizing a 5-point adjective rating
scale. It provides a statistically derived factor inventory as a method of identifying and
assessing transient and fluctuating affective states (McNair, Lorr, and Droppleman,
1981). The POMS scoring process produces one total mood disturbance score and
subscores for six mood categories (tension-anxiety, depression-dejection, anger-
hostility, vigor-activity, fatigue-inertia, and confusion-bewilderment). The POMS was
administered in the test subject preparation room prior to the simulated preflight (pre-
test) and again in the recovery/cool-down room immediately after completing each
simulator session.

Task load index (TLX)

The NASA TLX, developed by the Human Performance Research Group at the
NASA Ames Research Center (Hart and Staveland, 1988), was administered to the
right-seat pilot at the completion of each set of standard maneuvers and to the left-seat
pilot immediately after completing each 10-minute Multi Attribute Task Battery (MATB)
performance test. Using a 0-20 Likert-type scale, the volunteers provided their
assessment of the following sensations: mental demand, physical demand, temporal
demand, own performance, effort, and frustration.
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Sequence of events in the study

On their first day, volunteers received a detailed briefing regarding the study, read
and signed the informed consent, and were medically screened for any evidence of
illness or excess risk. Female volunteers were negative on a serum pregnancy test
obtained as part of the medical evaluation. The aviator volunteers participated for 2
consecutive weeks. The first week was for uniform and helmet fitting, simulator and
MATB training, and heat stress acclimatization in the environmental chamber. During
the second week (test week), the aviators completed four test sessions, one session
per day for 4 consecutive days (Mon-Thurs).

Ambient conditions in the environmental chamber during acclimatization were 100°F
and 20 percent RH. The test subjects walked on a treadmill at 3 mph and 0 percent
grade for two 30-minute intervals separated by a 10 minute rest break. After most
acclimatization periods in the environmental chamber, the test subjects then entered
the UH-60 flight simulator for a 2-hour training flight with ambient conditions in the cabin
increased daily from 90°F and 50 percent RH to 100°F and 50 percent RH. These
simulator sessions provided additional acclimatization as well as familiarization with the
two flight scenarios, the MATB computerized performance test, and questionnaires.

During their second week, test subjects arrived each day at approximately 0700
hours, were assisted in the application of physiological sensors (rectal thermistor, core
temperature pill, skin temperature sensors, and ECG leads), and donned the
designated flight ensemble for that day (figure 5). The volunteers then entered the
environmental chamber where they walked on treadmills at a 3 mph pace with O
percent grade for 20 minutes to simulate the metabolic expenditure of a preflight
inspection of a UH-60. After completing the 20-minute simulated preflight inspection,
the two volunteer aviators walked a short distance down several short corridors to the
USAARL UH-60 simulator. Pre- and posttest weights and fluid intake and output were
measured and core temperature and heart rate were monitored every 10 minutes with
adherence to physiological limits as approved in the research protocol (core
temperature limit of 102.56°F, or 39.2°C, and heart rate not to exceed 90 percent of
age adjusted predicted maximum).

Each simulator flight session during the test week consisted of two 2-hour scenarios
(air assault and medical evacuation, respectively) with an intervening 10-minute
simulated hot refueling break. Every 30 minutes during the simulator session, the right
seat pilot encountered IMC conditions and flew a 10-minute set of standard flight
maneuvers. During the simulator flights, the data acquisition systems collected flight
performance and physiological data. When subjective or objective indicators suggested
that test subject tolerance limits were about to be reached, the volunteer pilots were
instructed to make a simulated landing and one or both test subject(s) were assisted
out of the simulator.
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Figure 5. Heat stress study process.
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While the right seat pilot was flying the set of standard maneuvers, the left seat pilot
was simultaneously using a stowable laptop computer and joystick to take a 10-minute,
moderate difficulty level, MATB performance test. The mood and symptoms
questionnaire was also administered approximately every 30 minutes during the entire
test session.

Results

This section provides primarily a general overview of main results supported with
graphical presentations of summary statistics. Tables of additional statistics are
included in appendix A, and the extensive results of multivariate hypothesis testing
procedures, such as multiple analysis of variance, analysis of variance, and multiple
correlations are provided in appendix B.

The sample size (or “n”) for the various results differed according to the particular
variables evaluated. For example, core temperature, heart rate, and fluid balance data
were obtained for all test subjects. However, fluid balance data for the first four test
subjects were identified as incorrect due to specific problems which were subsequently
corrected. The defective data, therefore, were excluded from the weight and fluid
balance results. Flight performance and MATB data were obtained only on odd and
even numbered test subjects respectively.

Multivariate analysis of variance (MANOVA) was performed on sets of related
physiological and questionnaire variables and the main factors (environmental
conditions and type of ensemble). MANOVA was used to determine whether there was
an overall effect of its conditions on mean responses. Repeated measures analysis of
variance (ANOVA) was the primary statistical procedure used to determine whether
means for response variables were significantly different across the two levels for each
of the main factors.

For ease of interpretation, all ANOVA results tables list means for each variable
across the test conditions and the resulting F and p statistics for both main effects
(environmental temperature setting and type of flight uniform) and interaction effect
between the levels of the main factors. The customary p<0.05 criteria served as the
decision threshold for rejecting null hypotheses that differences in means were due
exclusively to chance or uncontrolled random effects.

In the following enumeration and discussion of findings, the associated F and p
values, along with corresponding degrees of freedom for MANOVA and ANOVA results,
are not enumerated because they are provided in the appropriate tables of appendix B.

Since there were only two levels within the two main factors, ANOVA post-hoc
testing was not necessary. The means and p-values in the ANOVA results tables are

used in conjunction with each other to determine the magnitude and direction of
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differences in mean responses for variables across the different levels of the two
factors. Significance for only the environmental temperature factor indicates that
differences in means were only associated with differences in environmental
temperature but not the different flight uniforms. Likewise significance for a variable for
only the uniform factor indicates that differences in mean responses were only
associated with type of uniform but not with the different temperature conditions.
Significance for interaction between temperature and uniform indicates that the relative
magnitude of the responses for the temperature conditions were significantly different,
or in some cases, even reversed across the two tested aviator uniforms.

Test subjects

Fourteen aviators between the ages of 27 and 50 (mean 35.6 years) participated in
this study. No volunteer had an exclusionary medical condition. Each of the 14
completed at least 1 week of actual testing. Three test subjects volunteered for an
additional test week. Therefore, there were 14 distinct test subjects, but 17 test subject
numbers. Two of the volunteer aviators (14.2 percent) were female pilots. Four
aviators (28.6 percent) had previously participated in other USAARL studies. There
were 3 officers and 11 warrant officers. Four (28.6 percent) volunteers were from the
Army National Guard, the remainder (77.4 percent) were from various CONUS and
OCONUS active duty Army aviation units.

Ten (71.4 percent) of the aviators were UH-60 rated; the remainder were rated in
various other helicopters. Average total career flight time was 1453 (320-2800) hours
with an average of 452 (0-1800) total hours flying UH-60s and an average of 69 (0-300)
total hours in UH-60 simulators.

Test subject average height and weight was 70 inches and 170 pounds.
Performance results for their most recent PT test included: average score of 261 (209-
300) with an average of 55 pushups, 63 situps, and 17:52 for the 2-mile run. The
average self-rated effort for their most recent PT test was 92 percent of perceived
maximum possible effort. These data indicated that the test subjects, as a group, were
in good physical condition.

Average number of hours of NBC training over the preceding 1 and 5 years was 0.64
(0-3) and 8 (0-52) hours, respectively. They also had an average of 1.28 (0-6) hours of
heat illness prevention training over the preceding 2 years. For illustrated details see
figure 6.

Environmental conditions

Mean simulator cockpit temperatures and humidity across the four test conditions are
displayed in figure 7. Those statistics confirm that there were no significant differences
in measured versus target values for either the temperature or humidity (70°F, 50

percent RH and 100°F, 50 percent RH) across the two different flight uniforms (MOPPO
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ABDU and encumbered MOPP4 over ABDU). Measured cockpit WBGT was 70°F
(21.1°C) for the cool condition and 90°F (32.2°C) for the hot condition. To confirm that
the actual environmental conditions were as specified, ANOVA was performed on mean
(to each test session) cockpit temperatures and humidity. These were the target
values, therefore, providing evidence of close control of the environmental conditions
during the study.

Physiological results
Endurance

None of the volunteer aviators were able to complete even the first of the two 2-hour
sorties while fully encumbered in the 100°F, 50 percent RH condition. However, in the
other three conditions, all the aviators completed the entire two sortie missions. The
average endurance times in the encumbered MOPP4 - hot condition was 107 (152-40)
minutes whereas in the other three conditions it was 309 (347-288) minutes. The
aviators in the MOPPO cool, MOPPO hot, and MOPP4 cool could have continued;
however, the study was not designed to determine maximum possible endurance in
those conditions (figure 8).

Heart rate

With the aviators in the encumbered MOPP4 over ABDU ensemble in the hot
condition, heart rate rose rapidly to an average maximum of 142 (170-119) beats per
minute (bpm) during the simulated preflight on the treadmill and then remained elevated
with an average heart rate of 133 (164-102) bpm and average maximum of 143 (170-
119) bpm during the simulator session. The heart rate in the other hot condition
(MOPPO ABDU) rose to moderately high levels with an average maximum of 100 (122-
73) bpm during the simulated preflight inspection on the treadmill, reduced after the
treadmill session was completed, but then increased again in the simulator to an
average maximum of 111 (135-91) bpm (see figures 9 and 10).

During the ABDU MOPPO0 70°F condition, the average maximum heart rate during
the simulated preflight was 107 (136-91) bpm and during the simulator sorties 88 (105-
73) bpm. Likewise, for the encumbered MOPP4 70°F condition, the average maximum
heart rate during the simulated preflight was 127 (169-84) bpm and during the simulator
sorties 110 (156-78) bpm.

As indicated in appendix B, preflight, simulator flight, and overall average heart rates
showed significant main effects for temperature and type of flight uniform. Mean heart
rates while in the simulator were substantially higher for the hot and encumbered
MOPP4 conditions. There was also an interaction effect between the hot condition and
the encumbered MOPP4 ensemble on heart rate while the volunteer aviators were in
the simulator but not during the simulated preflight. This interaction was due to a much
larger increase in heart rate for the hot versztis cool condition in the encumbered
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MOPP4 ensemble compared to a lesser heart rate increase for the hot versus cool
condition with the aviators wearing ABDUs.

Figure 11 shows average rate of heart rate changes with respect to time for the four
different test conditions. The most rapid increase in heart rate for all the test conditions
occurred during the simulated preflight walk on the treadmill in the environmental
chamber. Heart rate decreased rapidly after getting off the treadmill. Heart rate during
the simulator sessions did not fluctuate much. There was a small amplitude oscillation
about baseline heart rates while the volunteer aviators were in the simulator.
Comparison of the oscillatory pattern with the flight profiles indicates that heart rate
increased above baseline during NOE and contour flight segments and decreased
slightly while flying the set of standard maneuvers or taking the MATB computer
performance test.

Core temperature

Figures 12 and 13 illustrate the rapid core temperature increase (mean increase of
0.73°F/hr) in the hot condition with the pilots wearing the encumbered MOPP4
ensemble. In that condition, none of the pilots were able to complete the first 2-hour
mission (air assault profile) due to voluntary withdrawal (n=1) or one of the crew
reaching the core temperature limit of 102.6°F (n=8). The other pilots in the crews had
elevated core temperatures that were also close to reaching the permissible limit of
102.56°F. It is estimated, based on rate of core temperature increases, that they could
not have continued for more than 10-15 additional minutes before reaching their core
temperature limit.

Core temperature increased, but at a significantly slower rate, in the hot condition
while wearing the lighter weight and more permeable MOPPO ABDU flight uniform
(0.33°F/hr). In the cool (70°F) condition, while the test subjects walked on the treadmill,
the encumbered MOPP4 uniform caused an initial moderate, but tolerable, increase in
core temperature. After transfer to the simulator, where metabolic rates declined to
near baseline, the core temperature gradually returned to normal (appendix A).

Average maximum core temperatures in the simulator were 99.68°F for the MOPPO-
cool condition, 99.56°F for the encumbered MOPP4-cool condition, 99.84°F for the
MOPPO-hot condition, and 102.01°F for the encumbered MOPP4-hot condition.

During the simulated preflight, the average calculated (Epstein et al. 1987) metabolic
rate while wearing the ABDU uniform was 357 watts and 426 watts for the encumbered
MOPP4 ensemble (appendix A). At least partly because of the higher metabolic rate
associated with wearing the encumbered MOPP4 ensemble, core temperatures were
significantly higher for that ensemble when averaged across the two environmental
temperature conditions (statistically significant main effect for type of flight uniform).
Average and maximum core temperatures during simulator sessions showed
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statistically significant effects for both environmental temperature and type of uniform,
along with an interaction effect (appendix B).

Graphical depiction of average rates of core temperature change versus time are
provided in figure 14. The initial rapid rates of core temperature increase occurred
during the first 10 minutes on the treadmill (simulated preflight inspection). After the
20-minute treadmill session was completed, the rate of core temperature increase
diminished but remained positive for a 10-15 minute lag period for all conditions except
the MOPP4-hot condition. Core temperature increases persisted in the latter condition
throughout the test session. The oscillations in the core temperature change rates
exhibit a periodicity of approximately 20-30 minutes which corresponds to the time
period between standard set of maneuvers and MATB performance testing versus
flying NOE and contour.

While taking the 10-minute MATB computer performance test, the left-seat pilot
typically moved his/her seat back all the way. This moved that pilot out from directly
under the bank of overhead heat lamps (see figure 15). It is possible that this partially
accounted for the core, and in similar manner, skin temperature (see below)
oscillations. Core temperature change rates for the worst case test session, MOPP4-
hot, became largely negative after the tenth 10-minute time interval due to an averaging
effect between those volunteers who were removed from the test conditions due to
reaching core temperature limits and were recovering, versus those who were more
heat tolerant and able to continue longer in the heated simulator.

Mean total body heat storage in watts was calculated from the average core
temperature profiles for each of the test conditions, mean test subject weight (78.8 kg),
and a specific heat for average body tissue of 3.49 kd/kg*C. The heat storage profiles
for the cool (70°F) conditions were very similar (figure 16). For the MOPPO and
MOPP4 uniforms, there were 319 and 347 watts, respectively, of heat storage during
the 20-minute walk on the treadmill. After completing the treadmill session, heat
storage declined back to zero (baseline). In the hot conditions, however, heat storage
increased throughout the test sessions. The rate of increase in heat storage in the hot
condition was much higher for the encumbered MOPP4 uniform. Estimated maximum
heat storage in the hot condition for the MOPP0O and MOPP4 aviator ensembles were
627 and 1445 watts, respectively. However, note that since core temperatures were
primarily increasing during those test conditions, and because the calculation used a
rectangular integration formula, these last two heat storage results are probably slightly
overestimated (also see section on Fluid balance and dehydration on page 38).

Core temperature was also measured in eight test subjects with an ingestible
temperature sensing and transmitting pill. As indicated in table 4, the core temperature
pill data were often inaccurate in comparison to the rectai probe. Figure 17 also
provides statistics regarding the relatively numerous instances of obviously spurious
temperatures or transient signal losses. Overall, 24 percent of the downloaded data

from the CorTemp * pill data logger consisted of error messages. Temperatures from
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Table 4.
CorTemp inaccuracy table and graph.

TS1 TS3 TS5 TS7 TS12 TS15 TS17 AVG
e ) [y s i Rt o g
|% Error 39 3 22 35 4 206
% incorrect 57 5 30 486 47.60
%not recarded 41 0 38 56 27.00
% Error 60 1 23 31 32.33
% incorrect 100 6 13 31 34.67
%not recorded 73 0 0 35 34.00
AB O 00 B 2 e e S T i | A O | A e e Iey MR
% Error 10 1 15 15.20
% incorrect 24 4 27 17.00
%not recorded 41 0 0 23.20
MOPF4 100 R R | T | S e | e O e | s s s PV |
% Errar 59 0 46 13 22 28.00
% incorrect 69 22 33 5 49 35.60
%not recorded 26 0 0 0 55 16.20
Pofeontiof data ks [LzABDU,707E2 | EMOPPAT70E : | TABDU002E: | -MOPPAAODIFL | -o AVG i
Error Indicators 20.6 32.33 15.20 28.00 24.03
Incorrect Data Points 47.60 34.67 17.00 35.60 33.72
Time Not Recording 27.00 34.00 23.20 16.20 25.10

PERCENT
of
total data

CORTEMP INACCURACY

ABDUTO°F

MOPP4,100°F

ABDU.100'F

MOPP470'F
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the CorTemp * telemetry pill recorded properly 76 percent of the time, however, of
those data, only 65 percent were considered to be correct (table 4). These findings
indicated that, although more convenient and comfortable for the test subject, the core
temperature pill is probably not an adequate method for monitoring core temperature
when considering test subject safety and data accuracy. This was consistent with
similar conclusions reported by Stephenson et al. (1992).

Skin temperature

Mean and range of core and skin temperatures at four locations are enumerated in
the table below. Chest temperatures rose the most during the test sessions. Compared
to the least thermally stressful condition (ABDU MOPPQ, 70°F), mean chest
temperature was 1.52°F greater in the encumbered MOPP4, 70°F condition, 1.85°F
greater in the ABDU MOPPO, 100°F condition, and 4.68°F in the encumbered MOPP4,
100°F condition. The overall correlation between chest and core temperatures was
0.82. The correlations for the other skin temperatures with core temperature were
smaller in magnitude.

Table 5.

Core and skin temperature means and ranges by condition.
| ABDU MOPPU+70F encumbered MOPP4+70F
g Maxi e Minees| Avg Max Min
Core ; ; : 98.66 g9.99 g7.52
Arm §2.04 92.89 91.22 95.25 99.97 89.42
Chest 96.07 98.04 93.70 97.58 100.13 84.30
Thigh 89.11 50.66 88.30 91.97 98.40 86.13
Ceg g0.43 91.62 89.04 80.27 95.23 85.75
ABDU MOPPO+100F encumbered MOPP4+100F
AV saleMines|  Avg Max Min
ore b ; ; T01.07 | 102.31 99.79
Arm g7.16 59.91 93.51 100.59 | 101.84 99.03
Chest §7.92 100.49 9349 T00.75 | 103.75 98.96
Thigh 96.36 99.57 91.62 100.51 T02.00 98.38
Ceg 85.47 93.82 89.13 99.08 T00.71 g7.56

The graphs in figure 18 provide a visual comparison of core and skin temperature
profiles for the four different test conditions. All the skin temperature profiles (chest,
arm, thigh, and lower leg) in the most thermally stressful condition (MOPP4, 100°F)
were shifted upward by 6-10°F compared to the baseline ABDU, 70°F condition.
Additionally, wearing the encumbered MOPP4 ensemble was associated with a much
reduced core-chest temperature gradient compared to that which occurred when

wearing the MOPPO ABDU flight uniform. Elevated skin temperature can be a
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significant contributor to thermal stress discomfort. It also implies that the various
components of the flight ensembles overlying the sensors had high heat transfer
resistance values. These results also suggest that the thick, heavy ballistic protective
ceramic armor plate essentially blocks heat dissipation from the anterior chest.

As one might have expected, skin temperatures for the volunteer aviators
consistently revealed a proximal to distal gradient. Core and chest skin temperatures
were greater than the lower skin temperatures occurring distally over the extremities.

Figure 19 shows that the weighted mean skin temperature time profiles were shifted
upward from the baseline (MOPPO 70°F) condition for the three other conditions. Mean
skin temperature was most elevated for the encumbered MOPP4, 100°F condition,
followed by the ABDU, 100°F and encumbered MOPP4, 70°F conditions. This was the
same order as for average heat stress ratings calculated from the mood and symptoms
questionnaire.

The average rates of change of mean weighted skin temperature versus time while
the volunteer aviators were in the simulator are depicted in figure 19. The rates must
be interpreted in light of the skin versus time graphs. For example, the relatively large
rate of skin temperature decrease after completing the simulated preflight treadmill
session for the MOPP4-cool condition compared to the ABDU-cool and hot conditions
was due to the more rapid drop in skin temperature from higher levels attained while
walking on the treadmill with the occlusive encumbered MOPP4 uniform.

Fluid balance and dehydration

The sweat and fluid balance charts (figures 20 and 21) indicate that the rate (1430
cc/hr) and cumulative amount of sweat loss (2495 cc) were substantially greater for the
encumbered MOPP4-100°F condition compared to the MOPP4-70°F condition (183
cc/hr and 950 cc). The encumbered MOPP4 uniform was also associated with
significantly greater sweat retention and proportionately less evaporated sweat (73
percent retained and 27 percent evaporated in the hot condition vs. 43 percent retained
and 57 percent evaporated in the cool condition) than the MOPPO ABDU uniform (34
percent retained and 66 percent evaporated in the hot condition vs. 0 percent retained
and 100 percent evaporated in the cool condition).

The sweat retained in the ensemble represented total lost cooling potential of 0 watts
in MOPPO-70°F, 255 watts in MOPPO0-100°F, 430 watts in encumbered MOPP4-70°F,
and 1117 watts in MOPP4-100°F (calculated on the basis of 580 Cal per liter of
retained sweat). This was equivalent to a calculated potential reduction in peak core
temperature of 0°F for the MOPPO-70°F condition, 1.00°F for the MOPP0-100°F
condition, 1.69°F for the MOPPO0-70°F condition, and 4.39°F for the MOPP0-100°F
condition. In the hot conditions, the unutilized cooling effect of the retained sweat
would have been just sufficient to maintain euthermia.
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Although physiological endurance in the encumbered MOPP4-hot condition
approximately one third that for the other three conditions, that condition was
associated with 2.25 percent dehydration vs 0.71 percent in MOPP4-cool, 0.6 percent
during MOPPO-hot, and 0.18 percent during MOPPO-cool (appendix B).

Psychological results

The psychological, or subjective, effects of the test conditions were measured by the
use of three questionnaires. A composite hot spot and mood and symptoms
questionnaire was formulated specifically for this study, whereas the POMS and TLX
questionnaires were developed elsewhere. The data from the questionnaires provided
a quantitative estimate of psychological stress the volunteer incurred while exposed to
the different conditions of flight ensemble and environmental conditions.

Uniform_associated pressure-point (hot spot) discomfort

The volunteer aviators answered a verbally administered questionnaire every 30
minutes that provided locations and severity ratings for hot spot discomfort. Figure 22
graphically depicts the variation in distributions of hot spots ratings across the four test
conditions. The distribution of hot spots varied according to type of flight uniform and
duration of the test sessions. While wearing the encumbered MOPP4 ensemble, hot
spots were primarily located about the head and back (92 percent and 72 percent of
total hot spot complaints in the hot and cool condition, respectively). When wearing the
more comfortable, lighter weight ABDU MOPPO uniform, total hot spot discomfort was
less and the distribution was primarily over the back and buttocks (68 percent and 61
percent of total hot spot complaints in the hot and cool conditions, respectively).

Time weighted hot spot intensity ratings were highest for the encumbered MOPP4-
hot condition (figure 23a). High average hot spot intensity for the encumbered MOPP4
condition were primarily due to high scores for hot spots about the head due to the CB
mask-helmet combination. (Helmet fit with and without the CB mask was performed on
all the volunteer aviators prior to testing.) The sum, or equivalently, the integral of the
hot spot intensity scores provides an indicator of cumulative discomfort, or stress, from
hot spots over the entire mission (figure 23b). These data indicate that total hot spot
discomfort, or stress, was equivalent for both cool and hot encumbered MOPP4
conditions. That is, although mean hot spot intensities were greater in the encumbered
MOPP4-hot condition, those sessions were of shorter duration; therefore, the total hot
spot related stress was similar to that incurred during longer exposure to less intense
hot spot discomfort while in the cool condition.

Mood and symptoms

The mood and symptom questionnaire was administered before and approximately
every 30 minutes after the volunteer pilots began the treadmill session in the

environmental chamber. The average responses with respect to elapsed time across
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the four test conditions are provided in figures 24a and 24b. Progressive increases in
rating with respect to time (or equivalently, core temperature or heart rate, which also
rapidly increased as functions of time in the MOPP4-hot condition) were most
prominent during the MOPP4-hot condition. The repeated measures MANOVA and
ANOVA results (figure 25 and appendix B) indicate that the encumbered MOPP4-hot
condition was associated with significantly higher ratings for workload, composite
stress, and heat stress, as well as for adverse symptoms such as nausea, dizziness,
headache, and thirst. The encumbered MOPP4 ensemble also seemed to elicit a
dysphoric mood response as reflected in higher ratings for depression and anger
compared to the ABDU test conditions. Interestingly, in the encumbered MOPP4-hot
condition, boredom ratings diminished over time in the simulator compared to the other
conditions where it remained relatively constant. Conversely, ratings for other mood and
symptoms increased quite prominently with respect to time in the MOPP4-hot condition.

POMS

The results from the mood and symptoms questionnaire were corroborated with the
results of a standard POMS questionnaire that was completed by all test subjects
immediately prior to and after each test session (appendix B and figure 24). The POMS
results are depicted in figure 26 as average differences (pre-minus posttest session)
across the four test conditions for the seven mood state scores. Positive values indicate
lower values for a mood state after testing, whereas negative values correspond to
larger POMS states values after testing. Pre minus post differences were used primarily
to improve the readability of the graphical representation of the results. Vigor score
changes were slightly less for hot and encumbered MOPP4 conditions. Changes in
anger-hostility, fatigue-inertia, tension-anxiety, depression-dejection, and total mood
disturbance scores were all larger for the encumbered MOPP4-hot condition.

X

The TLX questionnaire was administered every 30 minutes to the right seat pilot
immediately after completion of each set of standard maneuvers, and to the left seat
pilot immediately after completion of each 10-minute MATB. TLX questions were
evaluated individually; composite TLX index values were not calculated. Mean ratings
for the TLX questions across conditions are depicted in figure 24 and appendix B.
These results indicated that flying the simulator and performing the MATB aviation-
related psychomotor tasks were perceived as more physically and mentally demanding,
required more effort, and caused greater frustration for the encumbered MOPP4-hot
condition than during the other three conditions (figure 27).

Correlations and regressions

There were no correlations with a magnitude greater than 0.65 between
characteristics of the volunteer aviators (age, height, weight), training (PT scores, heat

iliness prevention training), and flight hours (total, UH-60, and simulator) with composite
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Figure 26. Profile of mood states: Pre- and posttest results.
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flight scores for the eight maneuvers or flight modes (HOV, HOVT, SL, LCT, LDT,
RSRT, NOE, and Contour). Most of the significant (p<0.05) correlations between these
variables were less than |+ 0.30| (appendix C). Such correlations are considered small
and are not usually of practical importance. The largest significant correlation (| -
0.6389|) between total UH-60 flight hours and composite score for the LCT maneuver
was isolated, and presumably due to chance as a result of performing multiple
exploratory post-hoc correlations.

Similarly, the magnitude of the significant correlations between aviator
characteristics, training, and flight hours with physiological responses ( maximum core
temperature and heart rates, sweating rates, dehydration, and skin temperatures) were
all less than 0.30, implying no meaningful correlations between those sets of variables
(appendix C).

Maximum core and chest temperatures were and highly correlated (0.82). Maximum
heart rate correlated maximally with maximum core temperature (0.66) and weighted
mean skin temperature (0.67). As one would expect, percent dehydration was most
highly correlated with sweating rate (0.69), while the latter was most correiated with
maximum core temperature (0.75) and weighted mean skin temperature (0.73). The
correlations between skin temperatures at the four different sites (chest, arm, thigh, and
lower leg) were in the range 0.5-0.8. All these correlations were statistically significant.

Forward stepwise multiple regression analysis revealed that 57 percent of the
variation in maximum heart rate for the volunteer aviators across all test sessions could
be attributed to maximum weighted mean skin temperature, ambient temperature, and
age, in that order. Height, weight, and PT score were less important, explaining an
additional 8 percent of the variance. Forward muitiple regression also showed that 80
percent of the variance in maximum core temperature could be predicted by weighted
mean skin temperature (or chest temperature) and sweating rate.

Discussion

Aviators wearing the current encumbered MOPP4 aviator uniform in the hot condition
incurred significantly more physiological and psychological strain as reflected in the
dramatically elevated core temperature and heart rate profiles when compared to the
ABDU MOPPO0-cool condition. Responses for mood and symptoms, POMS, and TLX
questionnaires indicated significantly increased discomfort, stress, and increased
perceived workload for the MOPP4-hot condition. During the encumbered MOPP4-hot
condition, physiological and psychological stress and strain became intolerable and
caused endurance time to be reduced by approximately 67 percent, from 309 to 107
minutes. Endurance in the MOPP4-hot condition was, on average, only 33 percent of
endurance times in the other, less severe conditions. Core temperatures rose rapidly
when the study volunteers were in the encumbered MOPP4-hot condition.
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The sweat and fluid balance data indicated that the rapid and sustained increase in
core temperature in the encumbered MOPP4-hot condition was due largely to the
resistance of the multiple layers of the uniform to the effective evaporation of sweat.
Rates of sweating and sweat retained in the uniform while in the encumbered MOPP4-
hot condition were both approximately 1 liter per hour greater than in any of the other
three test sessions. The 1 liter per hour of retained sweat represented a loss of 580
watts per hour of potential evaporative cooling power.

The encumbered MOPP4 uniform caused increased ratings for discomfort and
distraction from pressure points about the head due to the mask and helmet. While
wearing the MOPPO ABDU flight uniform, the majority of pressure points were from the
back and buttocks due to the longer flight endurance with prolonged sitting.

Comparison of results with previous USAARL heat stress studies

Knox et al. (1982) conducted an in-flight evaluation of heat tolerance and CD aviator
ensembles using USAARL'’s UH-1 research helicopter. The U.S. ensemble consisted of
a two-piece Nomex flight suit, two-piece charcoal cloth laminated chemical defense
overgarment, mask, hood, and rubber gloves, SPH-4 flight helmet, and combat boots.
The insulation and permeability values of that ensemble were 2.57 (clo) and 0.29 (i)
respectively. Mean cockpit WBGT during the test flights was 29°C (84.2°F). This was
equivalent to a category Il heat stress level, whereas the hot condition for the present
study (90°F WBGT) represented the lower limit of the highest WBGT heat stress level,
category V. Average in-flight tolerance times in the 1982 UH-1 study were 3.17 hours
for the MOPP4 ensemble versus 3.89 hours for the MOPPO Nomex flight uniform.
Consistent with the higher ambient WBGT used in the present study, mean tolerance
time for the volunteer aviators was only 1.78 hours for the MOPP4-100°F condition.

In the 1982 UH-1 study, mean heat stress tolerance time associated with wearing
their MOPP4 ensemble was disproportionately depressed by a subgroup (cluster) of
aviators who were heavier (90 vs 75.3 kg), older (33.5 vs 23.0 years), and less fit than
the subgroup who were able to complete the missions. Among the heat intolerant
aviators in the UH-1 study, core temperature and heart rate increased more rapidly
compared to those in the tolerant subgroup. The latter established relatively stable
tolerable plateaus for core temperature and heart rate. We did not experience this effect
in our study, none of the correlations between pilots’ age, height, weight, PT score, or
previous flight experience and tolerance time in the MOPP4-100°F condition reached
statistical significance.

Average sweat loss in the 1982 UH-1 heat stress study was 0.95 liters (98 percent
evaporated) for those wearing the MOPPO and 1.29 liters (only 36 percent evaporated)
for those wearing the MOPP4 ensemble. Therefore, the greater water vapor
impermeability and absorptivity of the MOPP4 ensemble prevented the use of 270 kcal
worth of evaporative cooling from sweat that was not evaporated due to absorption

retention in the ensemble. 54



The present study demonstrated that, during the 100°F condition, average sweat
losses in the MOPPO ABDU were 0.2 liters (54 percent evaporated) and in the
encumbered MOPP4 over ABDU 1.48 liters (26 percent evaporated). Comparison
across the two studies is difficult, because in the 1982 UH-1 study, humidity was not
measured and ambient temperature was not a controlled factor. Obviously, lower
values of average cockpit humidity in the UH-1 study versus our study could explain a
considerable portion of the differences in percent of evaporated sweat.

Responses to the mood-state questionnaire administered during the 1982 UH-1 in-
flight heat stress study did not reveal significant correlations with heat stress levels. The
authors also noted a "dissociation between level of cognitive function and reported
mood." Likewise, self-reported mood states were not considered, on average, a
sensitive correlate of the measured physiological indicators of heat strain. In the
present study, mood and symptoms questionnaire ratings, POMS mood category
scores, and TLX scores also correlated poorly (<0.70), or not at all, with physiological
responses such as maximum core temperature, sweating rates, and skin temperatures.

In another, relatively recent study, Thornton et al. (1992) evaluated the effects of
heat stress on aviators wearing the aircrew uniform integrated battlefield (AUIB)
MOPP4 ensemble. Nineteen aviators between 21 and 39 years of age participated in
that study. It was conducted using both cool and hot cockpit conditions. The temperate
condition had a dry bulb temperature of 21°C (70°F) with 50 percent RH resulting in a
WBGT of 16.8°C (62.2°F) - heat stress category 0. The hot condition had a dry buib
temperature of 35°C (95°F) with 50 percent RH resulting in a WBGT of 29.4°C (84.9°F)
-- the upper limit of heat stress category 2. Each 6-hour flight session in the USAARL
UH-60 simulator was preceded by a 20-minute walk on a treadmill in a heated room on
(~ 375 watt metabolic rate). That was done to simulate the exertional thermogenic
effect of a routine UH-60 preflight inspection.

Compared to Thornton’s study, this study used a shorter simulator flight scenario (4
hours) to alleviate the boredom associated with Thornton’s 6-hour scenarios (used in
earlier research). We also performed the same simulated preflight using two treadmills.
However, we used an environmental chamber for the simulated preflight and therefore
had better control over temperature and humidity. The average calculated metabolic
rates for the pilot volunteers in this study (using 3 mph, 0 grade, and average
undressed pilot weight of 78.8 kg) were 357 watts when wearing the unencumbered
MOPPO ABDU flight uniform (8.07 kg load) and 426 watts when wearing the
encumbered MOPP4 ensemble (25.94 kg load).

in Thornton’s 1992 heat stress study, when the volunteer aviators wore the MOPP4
AUIB in their hot condition (two WBGT heat stress categories less than ours), mean
heat stress tolerance time was 298 minutes (almost 5 hours). One test subject
withdrew after only 1 hour. Fifty percent of the test subjects were able to complete the
entire 6-hour flight scenario. The ones with shorter tolerance times tended to be

heavier, older, and had greater rates of sweating and dehydration. The latter suggests
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that those with lower endurance times probably were well acclimated. However,
increased sweating rates while wearing the occlusive AUIB MOPP4 ensemble did not
provide a thermoregulatory advantage since most of the additional sweat did not
evaporate and therefore contributed to dehydration but not cooling. The AUIB study
data also indicated that the increased sweating rate was not matched with
proportionally increased water intake. Dehydration can reduce tolerance time by
causing reduced cardiovascular reserve and fatigue.

In our study, mean tolerance time in the MOPP4-100°F condition was 107 minutes
with no statistically significant correlations between tolerance times and weight or age
even though there was substantial variability in those measures.

In Thornton’s 1992 study, core temperature increased significantly (1.8°C or 3.4°F)
and heart rate rose consistently above 100 beats per minute only during the MOPP4
AUIB-95°F conditions. Mean skin temperature in the MOPP4 AUIB-95°F condition
rose almost 2°C (3.6°F). Lesser elevations in skin temperature were noted for the
MOPP4 AUIB in cool and MOPPQ standard flight uniform in hot conditions, in that
order. Sweating rates varied from 90 cc/hr in the standard-cool condition to 600 cc/hr in
the MOPP4 AUIB-95°F condition. By the end of the MOPP4 AUIB-95°F scenario, the
test subjects had accumulated, on average, a 1 to 1.5 liter fluid intake deficit.

In the present study, core temperature in the encumbered MOPP4-100°F condition
increased by the same amount (due to reaching the core temperature limit), but over a
shorter period of time. Average maximum heart rate during the simulator sorties for the
encumbered MOPP4 and the MOPP0 ABDU uniforms in the hot condition were 143
(range: 170-119) and 100 (range: 122-73) bpm, respectively. Weighted mean skin
temperature for the MOPP4-hot condition rose to 101°F (approximately 11°F greater
than for the baseline MOPPO-cool condition). Sweating rates in this study were aiso
higher than those in the 1992 AUIB study. Our aviators sweated an average of 92 cc/hr
in the baseline MOPPO-70°F condition and increased to 1523 cc/hr in the encumbered
MOPP4-100°F condition. By the end of the MOPP4-100°F condition, the volunteer
aviators had accumulated an average of 1.93 liters fluid intake deficit (2.45 percent
dehydration).

In Thornton’s 1992 study, questionnaire data indicated that the AUIB MOPP4-95°F
condition evoked the greatest temporal progression of fatigue. Post-flight
questionnaires regarding the fit and comfort of the flight ensembles showed that the
aviators had difficulty drinking water and impaired visibility while wearing the M43 CB
protective mask. Other problems reported by the study participants included
bothersome encumbrance and restriction of movements due to the thickness of the
AUIB MOPP4 ensemble in conjunction with the SARVIP and ballistic protection plates.

Results from this study revealed similar findings. POMS questionnaire data showed
significant effects for both temperature and uniform with greater fatigue scores for the
100°F condition and the encumbered MO§6P4 ensemble. Ratings on the mood and



symptoms questionnaire showed only a uniform effect, with higher ratings for visual
difficulty in the encumbered MOPP4 ensemble when the aviators were wearing the
M43A1 CB mask.

Conclusions

In the hot condition (100°F, 50% RH, and overhead bank of heat lamps to partially
simulate solar radiation), the current 2-piece ABDU and SARVIP with BDO and other
MOPP4 components additionally encumbered with ballistic protective chest plate and
overwater survival gear compared to the unencumbered MOPPQO ABDU flight uniform
significantly decreased mission endurance from the fully completed mission time of 309
minutes (range: 347-288) to 107 minutes (range: 154-40). This was due to increases in
core temperature (0.73°F/hour), physical discomfort, psychological stress, and
adversely affected mood. Heavy sweat rates (1523 cc/hour) lead to greater amounts of
dehydration (2.25 percent) which added to the discomfort. The encumbered MOPP4
ensemble was consistently rated as uncomfortable and cumbersome. Mask and helmet
pressure points were prevalent, and the heavy ballistic protective vest caused stress on
the shoulders while ambulating. Many of the aviators had difficulty maintaining the
mask eyepieces properly centered over their eyes. The encumbrance and thickness of
the ensemble, in some cases, also restricted the range of cyclic movements
(particularly aft) while on the controls in the UH-60 simulator.

Based on these results we recommend that the various components of the
encumbered MOPP4 ensemble be modified to be lighter weight and more permeable to
sweat. The ballistic protective plate, in particular, should be lighter weight and reduced
in thickness if at all possible. An alternative would be to modify the ballistic piate in
such a manner as to prevent it from resting directly on the chest. This would help
maintain the chest-clothing air space thereby improving convective heat transfer and
evaporation of sweat from that critical area. Methods should also be sought to improve
fit and comfort for the mask and helmet as well as to prevent discomfort over the back
due to pressure from the life raft. A pilot controllable microclimate cooling system, e.g.,
using forced dry cooled air directed into the encumbered MOPP4 ensemble, should be
considered for reducing heat accumulation and increase endurance when wearing the
MOPP4 ensemble during hot weather operations. See Pandolf, et. al (1995) for a
recent review of general issues and performance capabilities (e.g., nominal cooling
rates) of alternative microclimate cooling systems.
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Table A-1.

Demographics.
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1 MAJ | FEMALE| YES UH-1, UH-60 FW MULTI-ENGINE 1100 500 100 0
2 CwW4 MALE NO UH-60 UH-1, OH-58 2800 40 8 0
3 CW3 MALE NO UH-1, OH-58, TH-55, AH-1, UH-60 N/A 2200 300 40 1
4 ILT MALE NO UH-1, OH-58 N/A 320 0 8 0
5 CW3 MALE NO UH-1H &M, AH-1 N/A 1750 0 2 1
6 WOl MALE NO UH-1, UH-60 N/A 200 17 0
7 CwW2 MALE NO UH-60, UH-1 N/A 695 530 45 1
8 Cw2 MALE NO UH-60, UH-1 N/A 630 540 90 2
9 CW3 MALE NO TH-55, UH-1, OH-58, UH-60 SEL PRIVATE PILOT | 4000 120 40 3
10 MAJ MALE NO AH-1, OH-58, UH-1 IP,NVG IP 1500 0 0 0
11 Cw2 | FEMALE| VYES 153D, UH-60A UH-1H 450 25 20 0
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13 Cw3 MALE YES UH-60, UH-1, OH-58 MTP ALL THREE A/C | 1800 1500 300 0
14 Ccw2 MALE YES UH-1, UH-60 MEDEVAC 600 500 150 1]




Table A-1. (continued)

Demographics.
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Ta -

Heart rate and core temperature maximums.

R B
Core Core Core Core
Test Subject] Heart Rate Temperature Heart Rate Temperature Heart Rate Temperature Heart Rate Temperature

1 119 99.824 104.2 99.59 120 100.346 134.7 102.2

2 99 99.05 86.5 99672 107.2 99.7 138 102.254

3 112 99.32 169 99.86 135 99.86 177 102.56

4 114 98.96 142 99.68 122 99.86 147 101.48

5 108 98.78 129 99.32 120 99.14 154 102.56

6 119 98.96 116 99.5 127.5 100.04 163 101.12

7 130 100.22 103.8 100.76 101.1 102.2 168 100.94

8 92 99.5 127 99.86 111 100.76 120 102.2

9 108 99.14 150 100.04 135.3 101.12 153.5 101.48

10 96 99.32 106 99.68 94 99.5 132 102.56

11 105 98.96 134 100.04 123 99.68 144.5 100.58

12 100 98.42 130 98.96 122 99.5 148 101.12

13 98 100.22 104 98.42 106 99.86 133 102.326

14 136 99.5 125 99.86 114.5 99.68 149 101.966

15 96.1 98.96 112 100.04 107.3 99.5 161.8 102.614

16 91 98.8 114 99.32 108.3 98.96 150 102.56

17 94 99.86 115 100.22 103 99.86 176.3 102.38




Table A-3.
Calculated metabolic rate during preflight simulation (in watts).

| CALCULATED METABOLIC RATE DURING PREFLIGHT SIMULATION (in Watts) I

TEST SUBJECT ABDU, 70 ABDU, 100 MOPP4, 70 MOPP4,100

1 279.1211 282.8556 357.4602 359.7582

2 360.0424 360.0424 429.5401 426.6541

3 314.8527 311.5250 384.7543 387.8989

4 384.4420 376.7238 445.6079 443.0809

5 373.3867 372.3440 439.2004 442.1099

7 403.0147 401.5536 466.7321 465.5529

8 350.4552 349.2050 419.3697 422.6236

9 392.5795 394.4576 463.0000 456.7291

10 409.6948 410.7386 479.3478 477.5697

11 362.1270 368.7917 428.3850 431.0817

12 3568.7917 356.4989 424.9253 423.5822

13 359.0001 357.7494 425.5013 427.8078

14 366.0882 363.3778 435.9092 436.6830

15 303.6246 306.1190 379.6033 375.9467

16 337.7477 336.2900 407.9533 405.8726

17 365.2542 372.7611 434.3628 435.1358
AVERAGE 357.5139 356.9396 426.3533 426.1304
STANDARD DEV 35.0949 34.4931 32.1867 31.3195

STANDARD ERROR 8.5118 8.3658 7.8064 7.5961
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Table A-4.

Maximum and minimum skin temperatures.

ABDU, 70°F MOPP4, 70°F
Test Subject | CHEST THIGH LEG ARM CHEST THIGH LEG
£ MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN
1 3412 | 3304 | 3986 | 3655 | 3152 | 3099 | 3394 | 3174 | 3657 | 3508 | a7.28 36.9 3472 | 3372 | 3452 | 3182
2 3247 | 30.96 353 3379 | 3096 | 2996 | 3332 | 31.81 37.16 | 3679 | 3644 | 3574 | 3485 | 3343 | 3426 | 5253
3 34.32 32.2 36.9 3593 | 3375 | 3225 | 3321 | 3206 | 3643 | 3493 | 3706 | 3686 | 3615 | 3403 | 3402 | 3129
4 3253 | 3144 | 3466 | 3178 | 3266 | 3107 | 32.91 30.9 3748 | 3697 | 3679 | 3477 | 3634 | 3195 | 3417 | 3062
5 3422 | 3266 | 3642 | 3369 | 3261 | 3093 | 3218 | 3013 | 3574 | 3264 | 2682 | 36.24 | 3526 | 3315 | 3411 | 3076
6 3734 | 36.78 | 3247 | 2996 | 3022 | 2996 | 3334 | 3053 | 3776 | 3715 | 2682 | 3631 | 86.06 | 3007 | 3513 | 3074
7 34.3 3244 | 3663 | 3505 31.7 3091 | 3327 | 3178 | 3645 | 3252 | 3785 | 37.08 | 3689 | 3353 | 3465 | 3081
8 374 36.82 352 3416 | 3046 | 2996 | 3242 | 3045 375 36.9 3696 | 3532 | 3477 | 3127 | 3446 | 2986
g 33.73 31.3 36.59 345 3256 | 3131 | 33.06 31.9 3596 | 3377 | 37.36 | 3607 | 3605 | 3394 348 33.13
10 3717 | 36.72 | 3505 | 3322 | 31.89 | 29.96 | 32.85 316 3742 | 3657 | 3679 | 3461 | 3521 | 3156 | 3222 | 2986
11 32.93 | 3146 | 3605 | 3375 | 3099 | 3164 32.7 3208 | 3579 | 3326 | 3667 | 3581 | 3506 | 3328 | 3297 | 3088
12 3683 | 3647 | 3468 | 3262 | 8205 | 2996 | 3165 | 3079 | 3538 319 3598 | 3525 | 3455 | 3215 | 3364 | 8113
13 3331 | 3091 | 3573 | 3373 | 3156 | 29.94 31.4 2987 | 3499 | 3243 36.3 3582 | 3422 | 3009 | 3497 | 3246
14 3743 | 37.04 | 3672 | 3597 | 3156 | 2996 | 8277 | 2986 | 3642 | 8236 | 37.15 36.3 3558 | 31.11 | 3363 | 309
15 33.83 32.9 3669 | 3428 | 3259 | 3128 | 3312 | 3169 | 3608 | 3222 | 3744 | 3666 | 3577 | 3263 341 30.66
16 37.08 | 3681 | 3564 | 3353 | 3224 | 3126 | 3099 | 2986 | 3575 | 3268 | 36.81 35.92 351 3168 | 3292 | 3024
17 3265 | 3169 | 3623 | 3523 | 3167 | 3045 | 3399 | 3205 35 3292 | 37.05 | 3624 | 3316 | 3176 | 3433 | 3287
AVG 3480 | 3363 | 3587 | 33.98 | 3194 | 30.70 | 32.77 | 31.12 | 36.35 | 3418 | 3692 | 36.05 | 3529 [ 3231 | 34.05 | 31.21
SD 1.93 2.47 1,50 161 0.0 0.73 0.83 0.86 0.88 1,99 0.45 0.75 0.90 1.27 0.77 1.00
SE 0.36 0.47 0.28 0.30 0.17 6.4 0.16 0.16 0.17 0.39 0.09 6.15 0.18 0.25 0.15 0.20
ABDU, 100°F MOPP4, 100°F
CHEST THIGH LEG ARM CHEST THIGH LEG
MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN
1 ) 3764 | 3607 | 3698 | 3446 | 3716 | 3525 | 3865 38 3851 | 3779 | 3866 | 37.79 | 38747 | 3692
2 3704 | 3549 | 3679 | 3546 | 3692 | 3569 36.6 3549 | 3875 | 37.73 | 3896 37.8 3889 | 3779 | 3785 | ar.2i
3 37.04 356 374 3644 | 3718 | 3547 | 3692 35 38.8 3797 | 3857 | 3783 | 3876 | 3792 | 3735 | 3665
2 3712 | 3581 | 3687 | 3663 | 37.05 | 3592 | 3623 | 3445 | 3822 | 3746 | 3804 37.2 3823 | 3752 | 3728 | 3682
5 36.27 | 3535 | 3728 | 3646 | 3691 | 3619 | 3594 | 34.13 386 3735 | 3872 | 3766 | 3669 | 3706 | 3785 | 3692
5 37 3502 | 36.71 345 36.41 344 3658 | 3297 | 3818 | 3753 | 3806 | 37.27 | 37.44 | 3688 | 3817 | 37.33
7 36.12 | 3551 | 87.38 36.3 3620 | 3461 | 3623 | 34.75 | 3868 38.1 3896 384 3889 | 3836 | 3765 | 37.37
8 3746 | 36.24 372 35.92 37.1 3443 | 3712 | 3522 384 3792 | 3855 38 383 37.79 378 37.48
3 37.73 | 36.36 | 3805 | 3705 | 3754 | 3618 | 3768 | 3503 383 3773 | 39.86 | 3806 | 3854 | 3805 | 3764 | 37.15
10 36.53 351 3628 | 3416 | 3526 | 33.83 356 3174 | 3859 | 3767 | 3884 | 3767 | 3888 | 37.93 | 3763 372
11 368 3585 | 3749 | 3541 | 3638 | 3481 | 3581 | 3348 37.7 3763 | 3796 | 3782 | 3784 | 3764 | 3673 | 3642
12 37.08 | 3565 | 3665 | 3453 | 36.74 | 3491 | 3616 | 3416 | 3815 | 3732 | 3625 | 37.35 | 38.36 | 3758 374 3667
13 3612 | 3455 | 37.06 358 3479 | 3312 | 3493 | 3357 | 3868 | 37.24 | 3884 | 3763 385 37.13 | 37.86 | 36.71
14 3741 | 3549 | 3735 | 3608 | 3688 | 3531 373 346 3848 | 37.96 | 3658 | 37.95 | 3654 37.9 3754 | 37.13
15 363 3417 | 3743 36.5 3613 | 3457 | 3626 | 3496 | 3868 | 37.92 | 3874 | 38.01 | 3874 38 37.76 | 37.24
16 3571 | 3437 | 3658 | 3504 | 3555 | 3405 | 3489 | 3277 38.7 3732 | 3861 | 3732 | 3872 | 3751 | 3803 | 3646
7 3702 | 3488 | 3756 | 3622 | 3651 | 3484 | 3661 | 3485 | 3624 371 3866 | 3764 | 3745 | 3629 | 3769 36.8
AVG 36.84 | 35.38 | 37.14 | 3572 | 36.51 | 34.87 | 36.35 | 34.26 | 38.46 | 37.64 | 38.63 | 37.73 | 38.44 | 37.60 | 37.61 | 36.97
SD 0.57 0.63 0.45 0.81 0.73 0.84 0.78 1.03 0.32 0.26 0.53 0.34 0.45 0.41 0.39 9.33
SE 0.11 0.12 0.09 0.16 0.14 0.17 0.15 0.20 0.09 0.07 0.15 0.10 0.13 0.12 0.11 0.10
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Table B-2.

Repeated measures ANOVA results for core temperature and heart rate.

MEAN CORE TEMPERATURE AND TIME TO MAX CORE TEMPERATURE BY CONDITION MAIN EFFECTS INTERACTION
TEMPERATURE UNIFORM TEMPERATURE X UNIFORM
EVENT NUM TSs ABDU, T0°F MOPP4, 70°F ABDU, 100°F MOPP4, 100°F F VALUE(1,15) P VALUE F VALUE(1,15) P VALUE | F VALUE(1,15) P VALUE

AVERAGE 7 98.46 98.87 98.51 98.89 0.66 0.4308 2825 0,000 0.06 0.8030

MAX 17 99.25 98.80 99.42 0.60 0.4518 44,31 0.0000 144 0.2488

TIME TO MAX 7 017 018 0.59 04552 0.08 781 2.20 0.1591

TEATOR SN 4 ; : A S

AVERAGE 17 98.63 98.73 99.29 9310

MAX 17 59.68 99.56 99.84 33.05

TIME TO MAX 17 1.05 0:45 2:40

AVERAGE 17 98.58 98.72 99.17 0.0000 52.19

MAX 17 99.67 99.62 59.84 0.0027 3079

MIN 17 97 82 58.13 $8.07 ) X - 0.0799 0.51

MEAN HEART RATES AND TIMES TO MAX HEART RATE BY CONDITION MAIN EFFECTS INTERACTION
TEMPERATURE UNIFORM TEMPERATURE X UNIFORM
EVENT |NUMTSs| ABDU, 70°F MOPP4, 70°F ABDU, 100°F | MOPP4, 100°F | F VALUE(1,16) | P VALUE | F VALUE(1,16) | P VALUE | F VALUE(1,16) P VALUE
T R T R e e e T R 1 N T D

114.41 99.37 127.25 23.56 0.0002 18

MAX 126.59 109.28 14171 11.97 0.0032 49.70 0.0000 3.43

TIMETOMAX | 17 0:16 016 .16 1.00 0.3323 1.00 0.3315 1.00

AVERAGE 17 84.57 92.75 132.55

MAX 17 109 60 110.84 144,51 163.95 0.0000 70.20 0.0000 450 0.0499

TIME TO MAX 17 0:50 315 024 0.98 0.3376 1.05 0.321 0.97 0.3408

AVERAGE 17 76.71 86.48
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Table B-3,

Repeated measures ANOVA results for sweat and fluid balance.

MEAN FOR SWEAT AND FLUID BALANCE BY CONDITION

MAIN EFFECTS

INTERACTION

% DEHYDRATION

TEMPERATURE UNIFORM TEMPERATURE X UNIFORM

EVENT NUM TSs ABDY, 70°F MOPP4, 70°F ABDU, 100°F MOPP4, 100°F F VALUE(1,12)] P VALUE F VALUE(1,12) P VALUE F VALUE(1,12) P VALUE
SWEAT TOTAL 103.85 207.04 435. 1494.29 108.00 1181 51.23
SWEAT EVAPORATED 92.08 11181 279, 39283 7.92 5.32 413
[SWEAT RETAINED 1718 95.22 X 1101.46 63.81 06.87 56.22
WATER INTAKE 18143 183.48 408. 546,80 42.62 203 5.88
URINE OUTPUT 1147 94.80 80.20 175.44 0.79 2.51 9.60
13 0.22 0.83 0.70 2.45 40.72 46.89 14.76
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Table B-5
Repeated measures ANOVA results for mood and symptoms, POMS, and TLX.

MEANS FOR MOOD and SYMPTOMS QUESTIONAIRE BY CONDITION MAIN EFFECTS INTERACTION

TEMPERATURE UNIFORM TEMPERATURE X UNIFORM

QUESTION NUM TSs| ABDU, 70'F MOPP4, 70°F ABDU, 100°F | MOPP4, 100°F | F VALUE(1,16) P VALUE F VALUE(1,16) P VALUE F VALUE(1,16) P VALUE
HEADACHE 07 8 08 ; 0.00 0.9803 74,43 0.0001 0.02 8693
NAUSEA 10 2 12 6.85 90187 7.69 0018 427 0554
STRESS 88 7 25 ¢ 21.46 50008 1667 00008 187 11903
ANGER 13 7 060 4563 50 KX 0. 6946
DEPRESSION 25 374 o711 95 0.0644 4381
ENERGY 26 12.10 0031 82 01127 0177
HEAT STRESS 0 - 46 716.69 5000 1567 90011 86466
[THIRST ] ; - 37 75.38 G001 518 00113 4060
[WORKLOAD 1. ) 33 16.76 5008 1407 01T 84 0008
[BOREDOM 174 68 5 28 164 3190 521 00368 58 1034
DIZZENESS 0.00 03 04 38 602 6182 601 .01 54 0398
VISUAL DIFFICULTY 047 76 64 236 062 a4 1542 0.0012 38 1894

MEANS FOR POMS QUESTIONAIRE BY CONDITION

TEMPERATURE UNIFORM TEMPERATURE X UNIFORM

QUESTION NUM 1Ss] _ABDU, 76°F | MOPP4, T0°F | ABDU, 100°F | MOPP4, 100°F | F VALUE(1,16) P VALUE F VALUE(1,16) P VALUE F VALUE(1,16) P VALUE
VIGOR 79.38 7844 16,91 76.00 503 0181 1335 B.0001 87 70669
ANGER-HOSTILITY 224 3.76 238 209 025 6237 7.05 6.0173 .03 8650
|[FaTiouE 2.82 5 0% 491 738 21.81 0003 40.57 0.5000 .06 8083
TENSION-ANXIETY ~1.0000 05802 04412 7.5568 525 50358 583 0.0064 28 6066
CONFUSION-BEWILDERMENT -i.38 529 065 056 16.69 0008 1019 6.0057 07 7063
DEPRESSION-DEJECTION 7.88 3.03 797 4.06 1.40 253 10.04 6.0060 63 4372
TOTAL MOOD DISTURBANCE 17 1482 420 874 165 714 0008 79,48 50068 00 09658

MEANS OF TLX QUESTIONNAIRE BY CONDITION MAIN EFFECTS INTERACTION

TEMPERATURE UNIFORM TEMPERATURE X UNIFORM

QUESTION NUM TSs| ABDU, 70°F MOPP4, 70°F ABDU, 100°F | MOPP4, 100°F | F VALUE(1,15) P VALUE F VALUE(1,15) P VALUE F VALUE(1,15) P VALUE
MENTAL DEMAND 7 578 68 563 1003 50 X 756 0B1Z9. 32 05779
PHYSICAL DEMAND 524 16 578 75 21.05 0008 12.16 00038 20117
TEMPORAL DEMAND 719 96 7.31 o7 9 0870 9.48 0078, 0 2658
PERFORMANCE 1745 12 144 00 4 5172 417 057 6022
EFFORT 10.16 11.46 10.83 1269 00 0276 1577 0012 3752
FRUSTRATION 359 485 325 557 .68 7710 642 0230 4144
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Table C-1.
Correlations of physiological data.

Shaded Correlations Are Significant At p< .05
L
2 g 3
z w & g
g E ¢ B P z g %‘-‘
@ k F b o o - E i &
7] = =1 =] = A a a
ul e 5 H > w 8 P z o = s ™
y E 2 9§ % = 3 ¥ S & § & £ g &
. & & 6 5 2 % & & § £ &£ & F ¢ £ §F 4
& ¢ § £ Z g g & & x & ® F s 8 & o @9x
i ] ot 3 o 2 & 3 < 2 o i 4 T £ bt
X 2 o L =) = =) £ = D 2 =_ < Q = = §
AGE BTN
HEIGHT l@ﬁm
WEIGHT 01957] 0.6444
PT SCORE -0.0680] -0.3804] -0.4576}4
HEAT STRESS TRAINING o5084) 0.2007] -0.0962| -0.2090) _
TOTAL FIGHT TIME o2644] 0.1484] 01164} -02885] 0.5307}EEAEHN
UHS0 FLIGHT TIME -0.1086] -0.3205] -0.0841] 0.1554] -0.2323] 0.0455}2 4600
TOT SIMULATED FLIGHT | -0.1335] -0.3137] -0.1366| 0.1905] -0.0827} 0.0023] 0.8708
UNIFORM 00000} ©.0000f o0.0000] o0.0000] o0.0000| o0.0000] 0.0000] o
TEMPERATURE 0.0000] 0.0000] 0.0000| 0.0000] 0.0000] o0.0000f o0.0000] 0.
MAX CORE TEMP -0.0886) -0.0082{ -0.1056] 0.0240| -0.0699] -0.1397| 0.0636
SWEAT LOSS PER HOUR 5| 0.0423] 0.0937 QvQQLBﬂA,PQEZ? _0.1117] 0.0573] 00550
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CHEST TEMPERATURE 01673 -0.1509| -0.2342] 0.0599] -0.0679| -0.1332] 0.1563| 0.1408] -
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Table C-2.

Correlations of questionnaire data: Profile of mood states vs. ACS scores.

TEMPERATURE

ACS HOVER

ACS HOVER TURN

ACS RSRT

ACSLCT

ACS SL

ACS LDT

ACS NOE

ACS CONTOUR

PRE VIGOR

PRE ANGER-HOSTILITY

PRE FATIGUE

PRE TENSION-ANXIETY

PRE CONFUSION-BEWILDERMEN
PRE DEPRESSION-DEJECTION
PRE TOTAL MOOD DISTURBANC
POST VIGOR

POST ANGER-HOSTILITY

POST FATIGUE

POST TENSION-ANXIETY ] "-0.0047
POST CONFUSION-BEWILDERME -0.1448

POST DEPRESSION-DEJECTION " o089 £r
POST TOTAL MOOD DISTURBAN | 03187 0.3488 " 0.1588 07535
UNIFORM -0.0294 -0.3175 -o.zesel -0.0038 04550 o‘tsezl

Shaded Correlations Are Significant At p< .05
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Table C-3.
Correlations of questionnaire data: Task load index vs. ACS scores.

Shaded Correlations Are Significant At p< .05
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Table C-4.

Correlations of questionnaire data; Mood symptoms vs. ACS scores.
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Correlations of questionnaire data: Profile of mood states vs. demographics.

Table C-5.

HEIGHT

WEIGHT

PT SCORE

HEAT STRESS TRAINING

TOTAL FIOHT TIME

UH60 FLIGHT TIME

TOTAL SIMULATED FLIGHT
UNIFORM

TEMPERATURE

PRE VIGOR

PRE ANGER-HOSTIUTY

PRE FATIGUE

PRE TENSION-ANXIETY

PRE CONFUSION-BEWILDERMENT
PRE DEPRESSION-DEJECTION
PRE TOTAL MOOD DISTURBANCE
POSTVIGOR

POST ANGER-HOSTILITY

POST FATIGUE

POST TENSION-ANXIETY

POST CONFUSION-BEWILDERMENT |

POST DEPRESSION-DEJECTION
POST TOTAL MOOD DISTURBANCE
AQE

Shaded Correlations Are Significant At p< .05
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Table C-6.

Correlations of questionnaire data: Task load index vs. demographics.

HEIGHT

WEIGHT

PT SCORE

HEAT STRESS TRAINING
TOTAL FIGHT TIME

UH6E0 FLIGHT TIME
TOTAL SIMULATED FLIGHT
UNIFORM
TEMPERATURE
MENTAL DEMAND
PHYSICAL DEMAND
TEMPORAL DEMAND
PERFORMANCE
EFFORT

FRUSTRATION

AGE

Shaded Correlations Are Significant At p< .05
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Table C-7.
Correlations of questionnaire data: Mood and symptoms vs. demographics.

Shaded Correlations Are Significant At p< .05
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Table C-8.

Correlations of questionaire data: Profile of mood states vs. physiological.

MAX CORE TEMP

SWEAT LOSS PER HOUR

% DEHYDRATION

SKIN TEMPERATURE

ARM TEMPERATURE

CHEST TEMPERATURE

THIGH TEMPERATURE

LEG TEMPERATURE

PRE VIGOR

PRE ANGER-HOSTILITY

PRE FATIGUE

PRE TENSION-ANXIETY

PRE CONFUSION-BEWILDERMENT
PRE DEPRESSION-DEJECTION
PRE TOTAL MOOD DISTURBANCE
POSYT VIGOR

POST ANGER-HOSTILITY

POST FATIGUE

POST TENSION-ANXIETY

POST CONFUSION-BEWILDERMENT
POST DEPRESSION-DEJECTION
POST TOTAL MOOD DISTURBANCE
MAX HEART RATE

Shaded Corretations Are Significant At ps .05
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Table C-9.

Correlations of questionaire data: Task load index vs. physiological.

MAX CORE TEMP
SWEAT LOSS PER HOUR
% DEHYDRATION

SKIN TEMPERATURE
ARM TEMPERATURE
CHEST TEMPERATURE
THIGH TEMPERATURE
LEG TEMPERATURE
MENTAL DEMAND
PHYSICAL DEMAND
TEMPORAL DEMAND
PERFORMANCE
EFFORT
FRUSTRATION

MAX HEART RATE

Shaded Correlations Are Significant At p< .05
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Table C-10.
Correlations of questionaire data: Mood symptoms vs. physiological.

MAX CORE TEMP

% DEHYDRATION
SKIN TEMPERATURE
ARM TEMPERATURE
CHEST TEMPERATURE
THIGH TEMPERATURE
LEG TEMPERATURE
HEADACHE

NAUSEA

STRESS

ANGER

DEPRESS

ENERGY

HEAT STRESS
THIRST

WORKLOAD
BOREDOM

DIZZINESS

VISUAL DIFFICULTY
MAX HEART RATE

Shaded Correlations Are Significant At p< .05
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Tabl

-11.

Correlations of time in MOPP4 100°F condition vs. demographics.

AGE
HEIGHT
WEIGHT
PT SCORE

HEAT STRESS TRAINING
TOTAL FLIGHT TIME
UH60 FLIGHT

TOTAL SIM. FLIGHT TIME
TIME IN UNIFORM

Marked correlations are significant at p < .05000
N=17 (Casewise deletion of missing data)
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Appendix D. Test Session Run Identifiers
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Simulator Test Session Run Identifier
Fields 1-2:  The two digit number of the test subject in the right hand pilot seat
Fields 3-4: The two digit number for the day ranging from 01-21
Field 5: The one digit number for the run

Field 6: The one letter designation for the temperature
C= moderate temperature
H= hot temperature
T= training

Field 7: The one letter designation for the uniform
S= standard, ABDU uniform
M= MOPP4, encumbered, current Air Warrior ensemble

Field 8: The one letter designation for the profile
A= air assault
M= medevac

Field 9-10:  The two digit number of the test subject in the left hand pilot seat
99 = no one in this seat

Time Stamps: 0 = pilot is flying
1= copilot is flying
2= pilot mask off
3= pilot mask on
4= copilot mask off
5= copilot mask on
9= crash

(Effective 04-24-96)

The ten-place alphanumeric simulator test session run identifier was entered into the VAX by the
simulator operator for physiological and flight performance data collection. The run identifier
was associated with the Hawk marker files and was used to query and generate segment files for
data analysis. Fields 1 and 2 represent the test subject in the pilot seat. Fields 3 and 4 represent
the day of testing or training. Field 5 is the run number. Field 6 is the one letter designation for
the temperature condition. Field 7 is the one letter representation of the uniform condition. Field
8 is the one letter designation for the flight scenario. Fields 9 and 10 represent the test subject in
the co-pilot’s seat. In addition to the run identifier, time stamps were also entered by the
simulator operator to indicate when controls were changed out during nonstandard maneuvers,
when the pilots removed or replaced their mask, and when crashes occurred.
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AIR WARRIOR TASK LOAD INDEX QUESTIONNAIRE
v 4/26/96

Today's Date: Test Subject No.

Q Instructions: 1. Administer the series of questions as indicated by the flight profiles.
2. Alert test subject “TEST SUBJECT NAME, TLX QUESTIONAIRE".
3. Wait for acknowledgement, then go through the questions using the same pace, wording,
and inflection for each administration.
4. Record results in appropriate locations.

QUESTION SCALE RATINGS*
On a scale of 0 to 10 please assess your Timer
experience related to (appropiate activity) time
of the following conditions:
1 | mental demand (0 =low 10=high)
2_| physical demand (0 =low 10=high)
3 | temporal demand (O=low 10=high)
4 | performance (O=good __ 10=poor)
5 | effort (O=low 10=high)
6 | frustration (O=low 10=high)

Technicians initials--

*data entered on template in correct TLX scale
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AIR WARRIOR MOOD AND SYMPTOMS QUESTIONNAIRE
v 4/26/96
Today's Date: Test Subject No. _____
Q Instructions: 1. Administer the series of questions at the following times: Just prior to simulated pre-flight, 15 minutes into
simulated pre-flight and at times indicated in flight profile.

2. Alert the test subject with the following ;" Test subjects name, Mood and symptoms questionnaire *

3. Go through the questions using the same pace, wording, and inflection for each administration.

4. Record results in appropriate locations.

QUESTION SCALE RATINGS AT 30 MIN INTERVALS
On a scale of 0 to 10 please rate Timer Time
your sensation of: (Hrs:mins)--->
1 headache (0= none 10 = very severe)
2 nausea (0 =none 10 = about to vomit)
3 | stress (0= none 10 = very severe, can't take it) |
4 anger (0 =none 10 = extremely)
5 depréssion (0 =none 10 = extremely)
6 energy (0=none 10=alot)
7 | heatstress (0=none 10 = unbearable)
8 thirst (0=none 10 = severe)
9 | workload (0 = very light 10 = overwhelming)
10 boredom (0 = none 10 = totally boring)
11 | dizziness '(0 =none 10 =very seVere)b
12 | visual difficulty (0 = none 10 = can hard!y see)
13 | ‘hot spots - (0=none 10=alot)
location:; aote b b b b s
Technician initials --->

esq1.frm



Appendix F. Data Collection Forms




AIR WARRIOR TS WEIGHT & FLUID BALANCE WORKSHEET (rev.04-23-96)

Today's Date:
Uniform: @ standard flight

Activity: @ training/acclimatizing

@ Air Warrior
@ testing

Environmental condition: @ moderate (70°F, 50%rh)

Test Subject No.:

® hot (100°F, 50%rh)

=PRETEST: =POSTTEST:
0 Nude weight kg  Clothed & instrumented weight: kg
3 Clothed & instrumented weight: kg 0 Nude weight kg
= URINE OUTPUT: (Formula Number 7)
Formula Time of Empty Specimen Full Specimen Full Wagt -
Number urination Container Wgt Container Wgt Empty Wgt
(kg) (kg) (kg)
10 After pre-
clothed
After post-
nude
= FLUID INTAKE: (Formula Number 5)
Formula Time of Fluid Container Initial Final Initial - Final
Number intake Label Name or # Wat Wagt (kg) (kg)
(kg)
After pre-
nude
8 After pre-
clothed
8
8
After post-
clothed
= FOOD INTAKE: (Formula Number 6 and 9)
Type of Food Initial Final Initial - Final
Wagt Wgt (kg)
(kg) (kg)




AIR WARRIOR TS MONITORING & BACKUP DATA COLLECTION FORM

Today's Date: Test Subject No.:

Uniform: @ standard flight @ Air Warrior

Activity: @ training/acclimatizing @ testing

Environmental condition: @ moderate (70°F, 50%rh) @ hot (100°F, 50%rh)

Estimated max heart rate: 90% max: 80% max:
Cabin Core
Entry | Clock | Timer { temp | RH | Heart | temp Test Subject
# time | time (°F) % rate | (°C) Activity Comments

Enter heart rate & core temp every 10 mins. Limits: core temp =102.5F (39.2C), heart rate not more than 90% of predicted max.
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Appendix G. Checklists and Procedures




Sensor application proceedure

1.Apply Benzion to area of chest where first sensor is to be placed.

2.Make a loop in sensor lead and tape down approx. 2" from where sensor is to be placed.
3.While holding sensor in place with a cotton swab,pour a small amount of Colloidon on and
around the sensor.

4.Using the air pump, air dry the Colloidon. When dry tape down the sensor.

5.Repeat these proceedures for each sensor,placing the 2nd sensor on the upper arm mid way
between the elbow and the shoulder (thread sensor up under T-shirt and out through sleeve),the
3rd on the outside of the thigh mid way between knee and hip,the 4th on the outside of the lower
leg on the calf muscle.

6.Place the EKG sensors on the chest ,one on each side of the upper chest and one on the right
side of the chest just over the last rib.

7.Attach the leads to the sensors,right arm to the right upper chest,left arm to the left upper chest
and right leg tothe right lower chest.

8. Assist the test subject dressing,assuring no leads pull lose.

9. Tape excess wires together leaving ends free to allow for disconnect and reconnect.
10.After placing Squirrel in the carrying case connect leads to the Squirrel.
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Test subject checklist.

1. TEST SUBJECT EQUIPMENT

2. VITALS CHECKLIST

3. PRETEST HOOK-UP

COMPLETE FLIGHT SUIT INITIALS SET-UP EQUIPMENT(squirrel,cables cortemp,"R" wave counter)
NBC BOOTS COMPLETE TEST SUBJECT DATA COLLECTION FORMS TEST SUBJECT EMPTY BLADDER AND NOTE TIME

NBC OVER GARMENT BLOOD PRESSURE ( Supine & Standing) TEST SUBJECT INSERT PROBE

WATER WINGS (snug under arm pits) RESPIRATION TEST SUBJECT NUDE WEIGHT

CHICKEN PLATE PULSE/HEART RATE ADJUST "R" WAVE CABLES

SARVIP (with O2 bottle,survival knife pistol full pouches) ORIENTATION APPLY SENSORS

RAFT ATAXIA CHECK SQUIRREL READINGS

M431A CB MASK ORAL TEMPERATURE AID TEST SUBJECT DRESSING

FLIGHT HELMET CHECK TEST SUBJECT EQUIPMENT BEGIN DATA COLLECTION ( squimels & Questionnaire )

ESCORT TEST SUBJECT TO ENVIRONMENTAL CHAMBER

4. SIMULATOR PREP

5. ENVIRONMENTAL CHAMBER

6. SIMULATOR

CONNECT BLUE HAWK CABLE

SEY UP TREADMILL (0 degrees incline,20 minute interval,3.0mph)

DISCONNECT SQUIRREL CABLE FROM TEST SUBJECT

TURN ON DATA ACQUISITION MONITOR/KEYBOARD

COLLECT DATA AT PRESCRIBED INTERVAL(heart rate,core
temp. relative humidity.chamber temp.)

CONNECT TEST SUBJECT SENSOR CABLE TO VAX

TURN ON CAMERA BOX

OBSERVE TEST SUBJECT FOR HEAT STRESS REACTION

CHECK PATCH CABLE POLARITY

TURN ON T.V. MONITOR

ASK MEDICAL QUESTIONS AT PRESCRIBED INTERVALS

CHECK COMMUNICATIONS HOOK-UP WITH TEST SUBJECT & TECH

TURN ON CPU INSURE CAMERAS SET TO PROPER ORIENTATION
LOAD MATB VOICE FILES PT MONITER
LOAD MATB INSURE TECH IS STRAPPED IN
TEST SOUND COLLECT DATA FROM D.A.B. AT PRESCRIBED INTERVALS
CHECK SCRIPT ADMINISTER QUESTIONAIRES (MOODSYS,TLX,) AT PRESCRIBED INTERVALS
CHECK GAIN CUE START OF MATB AT PRESCRIBED INTERVALS
OBSERVE TEST SUBJECT
UNHOOK TEST SUBJECT

7. SIMULATOR POST FLIGHT

8. RECOVERY ROOM

8. POST-TEST CHECKLIST

PLACE DISKETTE IN "A” DRIVE

CHECK LIFPAK

REMOVE SENSORS

DOWNLOAD MATB DATA FILES OBTAIN POST TEST WEIGHT CLOTHED OBTAIN POST TEST CATECHOLAMINE URINE SAMPLE
REMOVE MATB KEYBOARD/MONTIOR OBTAIN POST TEST CATECHOLAMINE URINE SAMPLE OBTAIN POST TEST NUDE WEIGHT

TURN OFF T.V. REHYDRATE TEST SUBJECT CLEAN PROBES &SENSORS

TURN OFF CAMERA BOX ADMINSTER POMS RESTOCK BATH ROOM CART

MAKE SURE ALL MATERIALS ARE QUT OF SIMULATOR

STORE PROBES IN DISINFECTANT

CLEAN UP & PREPARE LAB FOR NEXT DAY




Appendix H. Manufacturers and Product Information
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Beckman Industrial Corporation
4200 Bonita Place
Fullerton, California 92635

Biosig Instruments, Incorporated
P.O. Box 860
Champlain, New York 12919

Human Technologies, Incorporated
1325 Snell Isle Boulevard, North East
Suite 204

St. Petersburg, Florida 33704

Microsoft Corporation
P.O. Box 72368
Roselle, lllinois 66172-9900

NASA
Langley Research Center
Hampton, Virginia 23665-5225

Precision Sciences Inc
3737 West Courtland Street
Chicago, lllinois 60647

Reuter-Stokes
465 Dobbie Drive

Cambridge, Ontario, Canada N1R 5X9

Science Electronics
P.O. Box 986
Dayton, Ohio 45401

SPSS Inc
444 North Michigan Avenue
Chicago, lllinois 60611

Statsoft
2325 East 13th Street
Tulsa, Oklahoma 74104

RTD Temperature Probe
Calibrator/Indicator

R-wave Counter

CorTemp System

MicroSoft Office Professional

Multi-Attribute Task Battery

Shaking Water Bath

WBGT Logger

Squirrel (Grant) Data Logger

SPSS Statistical Software

Statistica Software



Unisource Worldwide Inc
P.O. Box 958
Valley Forge, Pennsylvania 19482

Vermont Medical Inc
Industrial Park
Bellows Falls, Vermont 05101-3122

Yellow Springs Instrument Company
P.O. Box 279
Yellow Springs, Ohio 45387
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Mint-A-Dish Disinfectant

ECG Pads

Rectal and Skin Thermistors
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The new, ingestible thermometer that monitors, records, and

reports body core temperature. Assures personal comfort, even

during highly-physical activity; guarantees 1/10° C accuracy.

.

NN

Corlemp- Product Specifications

»  CofMemp™ Ambulalory Recorder

Swe: LS (190, Sy
W 4.0° ({05.6inny .
1207 (30.8mm)

Wiight: Whw. S gne

Patoup Coil

{AnKa): Nandulicr styde

Thmer:

8 wolt D e cus e & ma; pak aperating
N ma,
Cominun

Opcating L, Hatteey Wehsgnpe ree dopwendem

>

Coffemp™ Bedside Monitor {Prnding USFDA Cenificaiion)
Sue: L 9.07(22.86mm) apptn,
W 3.25" {20.9nn) approx,
103,67 (9.14mm) appron.
3.61bs. (1710 gens) appan.

Opcrating spevifications age e same as the Ambulitory Revurkt with
the fotlomitig exreptions:

Wight:

Uperating Thne: Unimired
Display:

LED remgretature vaty) and 1CD
1t Banry:

Ky board and hasvode hght wand
Samphig Kate. At prograimma . v o lauly e . N
Colibration: Vset entered B Coflemp™ Disposatile Temperature Scasor
inplay: Twuline tiquid ¢ <t atpba-nunwric e L G812 0nim) appres.
Date Bntry: Kuybourd Dia, 0.4° (Ivm) appro,
Dpeeating Scnsnr Elenm; Crysat .
Tompetators Kainge: e atey Transmission Mabod: — Neat icdd magixtic ik
Daua Storage: 16K RAM Temperature Range: 0° Celsius 10 ¢ 30° Celsivt
DatafUisplay! Actutacy: 4/~ 0.1°Celsiv
Revording: Tomperatere (I« {ffetive Kange: . )
Narms (tighilo Movtive Kange: 10° {25cm} min.
Akett tome fonfi’ Pimct Suuree: Sibws atide mini-batwry
1ats Dutpur Serial RS2 Capsule Matarial: Dinctlyd Blystusan faitwon)
2 To M comp Ble comnpulter with Complics w/2ICTRITY. 200 & 175,300
optional softe  and data tramfer cable; USTDA Regulations
b l;'. o " el Usage: One-lime use vuly
o - Toserialprint -« ith uphional cable. ftcuted: UK. Patcnt #4,844,076
phons: ACIDC aduprer “Mbration: B . |
Anicana sias: Ser, Med., 1. XL g Calibration: Factory catibrated
1ed- pad antenna
Saftware; Corflee v and CotGraph'™
Satial printery
Cables
Tvrsonad vonpe 1y
Custom appliva' -1
REPRESENTED BY: .
- ) mrzize HUMAN TECHNOLOGILS, INC.
CORIEMF
ht s 300 Third Avenne North
. . a
INe ingertible thermumeier thel moniturs, mon!l and apariy

Bondy cwre tempreviver o ith \afety, confort, end uccunr.

St Itershueg, L3301
(813) 823-4600
TAX: (8131 823-2596
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CorTemp.- The thermometer pill that tracks body core temperature safely,
more naturally.... with the highest degree of accuracy.

t%y\\uc:n wack anindividual's

body core lempxralure for up to 72 hours
withoul ¢athelers and probes—even in a
highly-active envirunment. ntroducing the
CofTemp Ingestible thermometer, a
technological breatihrough in medical
trealment and human research, Among its
impartant clinical advantages, Cofemip:
> Reyuires no cutheren, pruhies, o direvt
ovmevting wines

Futees the pastsintestinal et sufely,
wently

Enalidex initisive physivlogicul
excurehin high-octivite situutions
Lnubles comfirtable bodside
wmonitoring

Delivers the highest-ocenruey readings
Prowides compmiee compotibiliy
Fawidex inexpensive, fong-teem serviee
el dispsable comvaicuce

YYyYv v vV

The CorTemp System

The CofTemp system consisty of a pill, and
cither the potlable Ambulatory Recotder of
the Bedside Monitor,

Packed inside the silicone-coated capsule
are 2 telemelry system, a mictobatiery, and 3
quartz crystal emperature sensor. fn the
gataintesingl e, dhe sensur vibrates at o
fiequency that varies according to body
temperdire, producing 2 aagactic M and
tamenit g ssigial laenloaly through ithe
oy,

The CofTemp revorder picks up, displays,
3nd stores the data in solid swate memory. A
clinician can transfer the data to a Noppy of
hatd disk, print a repon, of conduct in-depih
computer analysis,

The capsule monilors continuously ay iy
travels through the digestive sysiem: cliniciany
can exiend monituring by administering
subsequent pills,

New mobility; new
opporlunitics

Accurale bidy cure temperature ravils
vital inforauation fr treatment and sudy.
Yei, uniil now, manitoring in non-Jaburatony
environments prosed difficult, if not
impossible. With CoTemp, the absence of
cathelers, probes, and direct wire connestary
allows clinicians ka munitor the iempetature
of ant-palidnts and field subjects 3t hame,
work, of play; even in highly-active
siations.

CorTemp [acililates tescarch, such ay the
circadian thythm as it relates o skeep
disorders, sports medicine and physiolugy.

metabolism related 10 obesity, radiadon

In 1 ¥ l Y
temperalure analysis, substance abuse,
and more.

And CofMmp brings new comfort to
bedslde monitoring. In surgery, reconery,
{CU, or other resting environments, patients
and research subjects can tleep, move, oz tur
over matunally, without distodging apparatus
of tangling wirs,

The CofTemp systeem provides clinkiang
wlth programmable options 103

Y Record and display a patient’s
temperature In atervols from 30
seconds, up to once an Aour

Y Record and store up 10 4,500
lfemperature readings

P Record data in Fahrenheit or Celsing

- Sound a tone, worning thal the potient's
leimpesolure is obove or below pre-set
limite :

Y Mark up 1o 10 different activitles (for
exomple, stalrclimbing), using the
Ambulatory Recorder's 10 event keys

> Plot the current hour's data on the
Bedslde Monltor for easy trend anoysis

Highly-accurate readings- .
guarnteed

The CofTemp sysiem proddes the highest-
quality body ¢ore lemperalure reading
wailable o medicine and human research
loday, Its quartz crystal sensor vibrates at a
frequency In direct proportion to finite
changes in body core temperature, The
[actory-calibrated CoMmp sensor, and high-
speed microcompuler, guirantee 1/10° C

mbuleiory Recorder and Bediide

.

sccunacy throughout the entire temperature
range. In nos-laboralory cavironments,
ambulatory patients and research subjects~
free from discomfort and confinement—yicld
more reliable data,

Tn contrast, thermistors require frequent
recalibration by clinic personnel. And, the
physiological discomfont of thermiston’
Intruslive probes can distort research findings.

IBM compalibility

CofTemp recorders connect 10 18M and
compatible PCs and printers, via a standard
built-in s¢rial port and optional da transfer
cable. Optional sofltware translates and
translers stored datato an ASCH file ona
floppy of hard disk, cnabling clinicians lo
print basic data reports and graphs, The
ASCl format offers compatidilily to the
broadul range of specistized, sophisticated
applicationt. Sofiware for custom
applications Is available on a development
contract basis.

Inexpensive, disposable

While its potential in human research s
Immeasurable, the CofTemp system provides
200d value 10 a clinic, research lab, hospital,
or physkian's office. Doth recorder unils
serve mulliple patients and research subjects,
going from person to peeson with no need lo
sutoclave. And CofTemp sensor capsules are
inexpensive and disposable.

Codlrmp date may be tioced
on 4 floppy or hard dlik ax
ASCH filex. Custom
1oftwere drvelopment lt
svallable

Monfior plek up, duplap, and store body core trmperature
readings for tranifer 1o your 18M oe competible PG, for
printlag of compuitr analyrlen AMrvu Programmabdle to

caplury & temperaturet rewding every JO seconds, vp te

on¢e an Aour, the CoTrmp sysiem plois dete polnts to

provide s cleor view of rands,

L T

CoTrrmnp pachasafrix romfont, and 1710 C
accurecy intd @ pmeR )/ 4° capsule hat has
revolattonird lrmprrature monlioring,

Presented by ‘
Human Technologics, Inc.

CofTemp's echnology was developed by
the Johas Hoptias Univenity Applied
Physics Laboratory, In collaboration with
NASA's Goddard Space Flight Center, First
Introduced to monitot for hypothermic and
hyperthermic body kemperatures during space
travel, CoMmp recently became mailable for
medical ireatment and research applications
thriough Human Technologies, Inc. of SI.
Feiersburg. Founded in 1986, Human
Technologies, Inc is dedicated 1o the
dewelog \ . ofi .
high-Lechnology products to Improve
di ic and tont o

& g Qp inthe
advancement of health care and research,

The company is proud 1o add CofTemp lo
115 growing product line, For details, please
contact your Human Technologies, Ine.
product representative ditectly, of call
Human Technologies, Tnc. for the name of a
representalive near you,

Frint-ouitreport barle data: Inilent 0¢ cerrarch
tubject name, plil aumber, thme, semperstvre resding,
vent numbes, sad more,
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RADIANT POWER ~MILLIWATTS PER 00 ANGSTROMS PER WATT INPUT'
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Lamp Recommendations for

' & 5 b 3 3 8
nlight Simulation

b\ ] -
The following equlipment

is a way to test the effect of solar . -\“-\-
radiation on equipment for photo-~deqradation and thermal
chanqes. The spectral output of the electric lamps should ~\~““~.\
simulate the ultraviolet, light, and infrared radiation from -
sunshine on the terrestrial surface.
This system consists of a bank of HR400ORDXFL33 mercury lamps

mounted as close as possible to emach other and requiring ocne ' \T\\\\\
lamp per square foot of area to be covered, Since these lamps ‘R\

ZHD-143
[STFR L]

(b ]

are made with a bullt-in reflector, a distance of up to 12
feet will be necessary in order to smooth the beam coming
from the lamas.. The distance should be adjusted until little
or no drop-off Is observed at the edges of the targat.

The spectral distribution for this lamp yields B7 below 400
nm, 4467 between 400 nm and B00 nm, with a total radiated
output of 135 watts. While this distribution does not quite
meet the requirements of MIL-STD-810C, Method 305.%1, {& comes
Quite close, belng about 257 more severe. Jt {s the closest

way we know of to approach the requlirements of MIL-S5TD-810C
at a reasonable cost.

%

The correlated color temperature of the HRAOCORDSFLIY lamp i
3900k, x = ,36808, y = ,384, intttal lumens are 13,500, mean
lumens are 9,950 over 24,000 hours rated life. The spectral
distribution curve for the lamp s enclosed

|

§ ool
ey oD

Wavelength . Lesg than Between Above Totat
380 nm 380780 289 om
HIL-STD-810C

Watts/Sq.Ft. a-7 37.3

SNOHDIN - HLON3TIAVM

’

- [ v

0N Xed aHisod

50-72 104

HRAOORDXFL33

Watts/Sq.Ft. 11 62 62 133
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