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1.0. INTRODUCTION

This final report has been prepared by INVOTEC, Saugus,
California, for the U. S. Army Tank-Automotive Command under
Contract DAAE07-86-C-R070.

Phase I of the work consisted of a study and
conceptualization of items for combat vehicle crew (CVC)
resting and sleeping while enclosed in their vehicles for
extended periods up to 72 hours as may occur during
operations contaminated by nuclear, biological or chemical
(NBC) agents, or in waiting times under the immediate threat
of use of such agents.

The sleep-rest problem was addressed assuming the
"worst-case" confinement situation of the crew in full
protective chemical-biological (CB) gear, the Mission
Oriented Protective Posture (MOPP)4 ensemble with gas mask,
hood, outergarment, gloves and boots. Additionally, the
crewman will have his armored vest under the CB gear.

The M1, M2 and M3 armored vehicles were used as models of
seating and space available for the individual and in common
shared interior volume.

2.0. OBJECTIVES

The technical objective was to define the problem of sleeping
and resting while confined in the seats and common space
available within enclosed combat vehicles. The result of the
work was to prepare conceptual designs and to fabricate
prototype hardware facilitating resting/sleeping of enclosed
combat vehicle crews.

The primary goal was to develop lightweight, rest/relief
equipment for combat vehicle crews which can be used in
existing vehicles without modification and minimal training
of personnel.

The CVC sleep/rest study scope is outlined in Figure 2-1.
Specific objectives of the work were:

® Perform a literature search on the confined
CVC sleep/rest problem

® Design concepts for techniques and equipment
for CVC sleeping/resting in closed vehicles
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® Conduct trade studies and analyses to optimize designs
as related to three vehicles of interest: M1Al Tank,
M2 Infantry Fighting Vehicle (IFV), and M3 Cavalry
Fighting Vehicle (CFV)

e Standardize the equipment for universal use within
the three types of vehicles

® Stress the sleep/resting situation of the CVC
primarily, rather than the dismount squad of the M2 IFV

® Develop concepts of techniques to facilitate
sleeping by the enclosed CVC

® Fabricate prototypes of the concepts for tests and
demonstrations

® Perform testing and design analyses to evaluate
effectiveness of the concepts in use

® Conduct trials in simulated vehicle compartments
with mannequin and human subjects

3.0. CONCLUSIONS

3.1. Accomplishments

Sleep deprivation tests performed by the Army on combat crews
were reviewed. The need for sleep planning and provision of
certain amenities, including special equipment for sleeping
inside "buttoned-up vehicles" by CVC's, were established.

The crew and individual factors and problems involved in
obtaining restorative sleep while confined within combat
vehicles for long periods under combat stress were
identified. Figure 3-1 illustrates the scope of the Phase I
program.

During Phase I INVOTEC conceptual designs, fabricated and
demonstrated the following items of CVC sleep/rest hardware:

e Sling-Harness (sleeping/resting support net),
see Figure 3-2

~ ® Modular Pad (individual-issue cushion capable
of assembly into a variety of interconnecting
multiple configurations with other pads and
with the Sling Harness for body comfort),
see Figure 3-3
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e Extendable Bar (strong back for Sling Harness
and hanger for commander's head-out seat),
see Figure 3-4

® Exercise device (elastic cord assembly
combined with Adjustable Bar),
see Figure 3-4

® Massage Device (used alone or with rolled
’ modular pad), Figure 3-5

® Relaxation/Sleep Conditioning Program Tapes
(used with an audio-cassette player)

As a follow-on to the Phase I effort, INVOTEC recommends
specific Phase II tasks which will result in service-grade
hardware kits of sleep/rest gear and U. S. Army field
evaluations of the hardware and techniques of use. After
correction of any faults found in the Army evaluations, the
sleep/rest hardware items can be defined in technical data
packages and procured competitively without further
development.

3.2 Findings

Interior spaces of the M-1 and M-2 combat vehicles were
replicated in full-size wooden mockups. These mockups were
used in installation trials of the conceptual hardware. The
mockups are available for further fidelity enhancement as
part of Phase II tasks. Table 3-1 summarizes the existing
space conditions by crew position for each vehicle of
interest in the study.

The study produced the following information relating to the
CVC sleeping/resting while confined within a buttoned-up
vehicle:

e Army doctrine envisions the future battle will
' consist of continuous operations, day and night
until a decision is reached

® Troops in continuous operations, will decrease
in effectiveness as a combat force with time

® Degradation of the individual soldiers from the

multiple stresses of unrelieved combat is variable
depending on both individual and group factors

15
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Combat Vehicle Crew Position Sleep/Rest Issues

Table 3-1.
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e Restorative resting/sleeping is vital to
" decision of the battle in the continuous, day-night
operations now envisioned

® The degrading effects of sleep deprivation are
cunulative and inexorable in the need to be "paid
back" if military effectiveness is to be restored

® Leaders and others with cognitive functions
(identifying, evaluating, deciding) degrade
faster than those with physical duties

® lLeaders need sleep priority, both as to quantity
and quality

® Sleep planning and discipline are necessary
in continuous operations envisioned

® Coping techniques help in relieving the effects of
stress

Sleep planning has become an important factor in continuous
operations to assure sufficient sleep according to the
military need, cognitive character of the individual's
responsibilities and each person's own requirements (rather
than equality for all). Training and actual experience has
to prove this so that men accept the inequality as militarily
essential.

Restorative sleep is achieved in a complex interaction
of individual, group (crew), environmental, situational,
psychological, physiological conditions in which
pre-planning, actual experience, leadership and teamwork
combine as elements in the solution.

Army-issue equipment for sleeping in the field consists of
sleeping bags, foam pads and inflatable air mattresses. No
special equipment for sleeping while enclosed within vehicles
exists in the inventory.

Current combat vehicles are not equipped for long-term
habitability:

® Water reservoir capacity is not sufficient for the
entire crew for three days of confined occupancy

e Air filtration is for particulates only; carbon
monoxide and carbon dioxide are not removed

19




e Crew station seats and common space inside the
current combat vehicles were not designed for long
periods of occupancy under buttoned-up conditions

® Interior space is limited and cramped; storage
space is minimal, distributed in random
locations and volumes

Except for the M1Al Tank, at the time of the study, no combat
vehicles are equipped with microclimatizer equipment to cool
the CVC in hot weather.

Troops have not been trained for, nor have they practiced,
long-term confinement in buttoned-up vehicles.

The combination of high temperature and heavy workload makes
the NBC ensemble unbearable in a few hours unless the
microclimatization cooling is provided to each man.

The quality of sleep can be improved by : body support,
cushioning, exercise for aerobic fitness, massage for
relaxation and psychological conditioning for stress control,
relaxation and sleep.

Although space is at a premium in all vehicles, stowage of
the proposed sleep/rest equipment is feasible.

Interior layouts of vehicles are different; great differences
exist even between models of the same type.

Seats are not standardized and differ from vehicle to vehicle
and within vehicles by crew position.

Additional gear introduced into the vehicle should be
compact, lightweight, safe, durable, easy to use, storable in

odd shapes, and have multiple applications, preferably, in
addition to their use as sleep aids.

Table 3-2 rates the sleep/rest hardware equipment factors as
to functional merit.

4.0 RECOMMENDATIONS

4.1. Sleep Equipment

Specialized equipment for CVC relaxation and comfort, to the
degree possible in the confined space available, should be
provided. Such items are as follows:

20




Sleep/Rest Equipment Factors

Table 3-2a.
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Sleep/Rest Equipment Factors

Table 3-2b.
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e Sling-Harness for individual use in place at
the station seat or on a time-shared basis in
the common space

® Modular pads for use as cushions singly or
in assemblies with other pads and/or into the
Sling~-Harness

e Exercise device for muscle relaxation and
aerobic fitness

@ Massage device to stimulate blood circulation and
‘muscle relaxation

® Cassette tape player with audio programs for
psychological conditioning for relaxation,
to induce sleep onset, provide entertainment,
present training subjects and relieve boredom

4.2. Troop Training in Enclosed Operations

Special training of combat vehicle crews should be developed
for extended confinement inside closed vehicles including:

® Screening tests to eliminate individuals unable to
cope with confinement for long periods

e Psychological training in relaxation, stress control,
sleep techniques, and individual coping procedures
(tailored to individual needs)

® Minimum-space exercising techniques for aerobic fitness
® Graduated exposure to long-term confinement

® Use of specialized sleep equipment

4.3. Psychological Conditioning of CVC's

The study identified the need for audio cassette programs
that can be adapted into a crewman's headset or networked
into the vehicle's intercom system. The cassette tape can be
used by the individuvual crewman or, at the discretion of the
commander, for full crew relaxation programming, training,
morale messages and off-duty entertainment.

Future vehicles might have a flat-screen video at one or more

locations within the vehicle. The video equipment will used
for training in military subjects, motivational exhortations,
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psychological conditioning, and recreational purposes,
providing a wider range of stimuli than audio-alone
programs.

A source of micro-video screens which are intended for
airline passenger seatback installation has been identified.

This hardware could be adapted for existing and/or future
combat vehicle use.

4.4. Habitability of Vehicles

Existing vehicles need to be retrofitted to provide:
® Pure air supply
e Microclimatization for each crew member

® Increased quantity of water with convenient
dispensing spigot and chilling provisions

® Water heating device (24-volt access inside
vehicle) for warming meal packets

® Connector provision for cassette tape player
at each CVC headset (to play individual
relaxation/sleep conditioning tapes) and
also at commander's station control box
for all-station conditioning messages

@ Additional hardpoint attachments (footman's
loops) convenient and specially located for
sleep/rest gear suspension within the vehicle

4.5. Militarization and Detail Desian
Further work is needed to:

@ Militarize and standardize the sleep/rest devices

® Ruggedize the items, proving structural and
environmental qualification

® Prepare psychological conditioning programs
tailored to the enclosed and operational CVC

® Prepare training materials for use of the sleep/rest
equipment by the CVC
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4.6. _Field Testing

Field testing of prototype sleep hardware is proposed for the
Phase II effort. Here, kits of equlpment for various

vehicles will be assembled and delivered to the Army Boards

(Armor, Infantry) and other agencies (Human Engineering Laboratory,
and 7th D1v151on) for service use and evaluation. Findings

from troop experience would be used to finalize the prototype
designs.

4.7. Further Recommendations

The Phase I effort has indicated that the sleep problem has
ramifications beyond the scope of the original Phase I and
proposed Phase II work. Additional factors beyond sleep/rest
aids affect the achievement of restorative sleep for combat
vehicle crews These factors include:

® Provision of crew cooling for high-temperature
environments (climatization for all combat
vehicles or crew stations)

@ Provision of fresh air (removal of carbon dioxide and
carbon monoxide as well as particulates), with odor
control desirable

® Provision of an adequate supply of chilled potable
water (sufficient quantity for 3-5 days)

® Design of crew seats for standardization and
inclusion of resting gear as part of the primary
cushioning

e Establishment of CVC sleeping/resting criteria as a
prime requirement in the spec1f1catlons of future
vehlcles

® Recommend concepts for CVC seating systems appropriate
for future vehicles

In connection with the last recommendation, the future seat
systems would not only provide all the functional
requirements for operational use but would be adjustable,
stowable, and contain extended habitability equipment and
provisions.
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5.0. DISCUSSION
5.1. General

Historically, until the development of night vision
equipment, crews of armored vehicles fought in daylight only,
and dismounted to rest and relieve themselves, operating when
buttoned-up only in direct contact with the enemy, and then
only when counterfire made open-hatch maneuver hazardous.

Current armored tactics envision continuous operations, with
the battle persisting at an intense level around the clock
without 1let up until the battle is decided. Harsh, savage
engagements with great losses of material, personnel and
logistics assets will characterize the battle. Such
continuous land combat operations are possible due to:

® Almost complete mechanization of forces
e Saturation of the battlefield with armor

e Ability to move/fight effectively at night,
thus denying armored forces the dark period
for withdrawal from battle and rest

® Probable use of chemical and nuclear weapons
to contaminate the environment of battle

In the extended region of battle, the forward edge is
indistinct and the battle zone deep sectored so there are no
fresh troops at hand for relief of those heavily engaged; all
are engaged. Sleeping on a regular basis is vital.

5.2. VYVehicle Habitability

It is apparent from examining the interior of several armored
vehicles that the seating and space within them were never
intended for prolonged confinement. The existing vehicle
seats are functional only for upright body support. They fold
down or rotate away to maximize floor space when not used as
seating.

Three stages of habitability improvement are needed:
e Establishment of stowage methods and utilization

of available random space for sleep
equipment within existing vehicles
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® Incorporation of stowage of the sleep/rest kit
into existing seat hardware and/or seat locations

® Preparation of concepts of a seat system appropriate
for long-term enclosed operations by future vehicles

The ultimate approach is to design a standard CVC seat system
which combines the sleep/rest functions and habitability
features within the seat. Such as seat would be a generic
type used in all combat vehicles. The design would follow
the philosophy of aircraft-crew seats where the seats can be
easily changed out depending on the desired configuration.

For future vehicles, INVOTEC envisions armored vehicle seats,
designed and furnished similarly to aircraft crew-escape
seats, a system within itself, provided as Government
furnished materiel (GFM) to the vehicle manufacturer. Future
vehicle specifications would contain envelope and interface
requirements which are compatible with the generic seat
design.

The seat would include the features of microclimate
cooling/heating, modular pad stowage, ration stowage,
‘personal gear stowage, exercise capability, sanitation, waste
management, head-out/buttoned-up sitting options, and
reclining postures for resting modes.

5.3. Performance Dedqradation from Sleep Deprivation

Sleep deprivation causes progressive performance degradation.
Intense combat provides high stress and accelerated
performance degradation. Performance on a duty position where
there is a heavier load of mental tasks (determining,
calculating, thinking, decision making) degrades more rapidly
under sleep deprivation than the duty performance of physical
tasks (e.g., firing weapons, running, lifting, digging).

Tank loaders, occupied with physical service of the main gun
will function better longer than the rest of the crew.

Thus, command and control, erodes under conditions of sleep
deprivation, and when leaders begin to fail, the organization
disintegrates. To keep an adequate level of command/control
during continuous operations over extended periods of days,
it is essential that the unit have sleep plans and the crews
have discipline to follow the plan so that sleep opportunity
is given to every man, but with priority to those involved in
mental tasks to preserve the quality of leadership decisions
and judgemental/evaluating actions.
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In the past, the military tradition has tended to project the
image of the leaders as "iron men" able to withstand battle
rigors without sleep over many hours. This performance is no
longer realistic in the 24-hour-per-day battle scenario.
Sleep deprivation is no longer a personal inconvenience. In
continuous operations the effect on leaders and persons
making judgemental decisions is devastating to the military
mission.

Restorative sleep is essential to tactical success in a
battle involving continuous operations. Against an enemy
equipped with equal technology, equally motivated, the
outcome can be decided by the force which is most fit
physiologically and psychologically as time elapses.
Figure 5-1 quantifies the projected performance degradation
of tank crews in continuous operations when deprived of
sleep.
The effects of sleep deprivation on human performance are:

® Decreased vigilance

® Reduced attention

® Slowed perception and comprehension

e Diminished ability to concentrate

® More faulty memory

® Slowed responding

® Increased omissions
The individual exhibits fuzzy reasoning, has difficulty in
communicating, experiences mood changes, is quick to anger

and sometimes is unaware of the changes in behavior which
have occurred.

Men will sleep if they are tired enough in spite of danger
and/or physical discomforts of their location. For continued
military effectiveness in sustained operations, such random
ad hoc arrangements for sleeping is inadequate for the
long-term.
Restorative sleep depends on:

® Opportunity and permission

® A measure of comfort
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Projected Performance Degradation
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Pure air
Moderate temperature (warmth/coolness as appropriate)

Isolation from distracting environmental stimuli
(sights, sounds, smells, shock/vibration)

Opportunity for undisturbed solitude and knowledge that
the period will not be violated except in an emergency

Allowance of space ("territory") which will not
be violated casually by others

Psychological conditioning to accept the existing
condition through training and experience

Self-control (stress management) to relax in spite of
the threats of the situation

Provision of exercise to maintain aerobic fitness,
muscle tone, strength and blood circulation (to prevent
blood pooling in the lower body)

Provision of mental stimuli, distraction,
self-hypnosis, imagery, entertainment,
etc.,conditioning the individual for sleep

Provision of physical stimuli (massage) for
relaxation of muscle tension and a degree of comfort

Creation of physical and mental conditions to
facilitate the onset of sleep

Existence of a sleep plan for the unit and crew
giving priority sleep (opportunity and quality)
to those with cognitive responsibilities: leaders,
commanders, gunners

Awareness of the sleep plan by all crewmen and
acceptance of the inequalities in its priorities

Disciplined enforcement of the sleep plan to assure
CVC combat effectiveness

Designation of certain areas as sleep zones
for exclusive use of designated sleepers
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In this perspective, sleep inside the tank has tactical
implications equal to marksmanship in the decisive
engagement. Actions to obtain restorative sleep become a
combat skill.

5.4. Countering Degradation from Sleep Deprivation

The strategies and tactics of developing resistance to
personnel degradation under continuous combat operations
include:

) Strategies: Building endurance of effective
performance by:

- Leadership

- Training

- Physical conditioning

- Commitment

- Talent selection

- Resources management
) Tactics: Application of countermeasures to slow
degradation by

- Task restructuring
- Rotation

- Work/rest cycles

- Performance support
- Stress management

- Sleep discipline

The objective in sleep discipline is to provide a capability
in the CVC to operate in battle continuously without mental
degradation. The important aspects are:

® Counteracting sleep-loss effects

® Setting priorities for sleeping/resting

e Develop unit work/rest/sleep plans/schedules

® Enforcing discipline.
Sleep has to be managed; everyone has to get a fair share.

For leaders, a fair share is more and/or better quality
sleep.
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Work/rest/sleep cycle are driven by the tactical situation
but the grind of continuing battle cannot be allowed to
deprive the combat crews of needed sleep. Sleep deprivation
degrades performance of friendly forces drastically after 24
hours.

Techniques for counteracting sleep-loss effects include:
e Fréquent naps where sleep periods are uncertain

® Periodic breaks, to include mild physical exercise
and recreation

® Task rotation among cross-trained men in routine jobs

® Task rotation on complex tasks only when members are
highly trained and fully qualified

® Design of military systems to compensate for types
of errors likely to occur

® Hot food or beverages/stimulants

5.5. Sleeping Techniques

The provision of special equipment to facilitate CvVC
resting/sleeping is essential to the achievement of sleep for
psychological and physiological reasons. First, the cramped,
crowded and public situation of sleeping inside the vehicle
is not conducive to sleep in any way. The equipment, if
perceived as beneficial, helps the crewman in achieving the
relaxation and mental acceptance that sleep is possible and
allows the onset of sleep as a physiological event.

Three kinds of equipment for sleeping/resting were
considered:

® _Individual items--These are items which apply to
individual crewmen, regardless of the vehicle type,
crew station or function. They are provided to the
crewman during vehicle qualification training and can
be personalized to suit the individual. Such items
are:

= Ear plugs to isolate the individual from sounds
- Eye shades to shut out light

-~ Cassette tapes with individualized
sleep-conditioning programs
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- Cassette tape player with connector to attach to
the CVC helmet earphones

- Training for sleep conditioning and use of
sleep/rest equipment

® _Crew-shared items--These are items used by more than
- one crewman in turn, on a shared basis. In the combat
situation, it is expected that no more than 50
percent of the crew would be off alert at a given
time. Therefore, a vehicle kit of sleep/rest
hardware would be provided to support half the CVC.

An equipment kit for each type vehicle might be as follows:

VEHICLE COMMUNICATIONS MASSAGE MODULAR EXERCISE SLING-

TYPE ADAPTER DEVICE PADS DEVICE HARNESS
M1l 4 1 8 1l 2
M2 3 1 12 1 3
M3 3 1 8 1l 2

® Vehicle generic items -- These are equipment items
which are vehicle integral systems. Examples
- include: auxiliary cooling equipment, machinery,
water supply, environmental controls, lighting,
subsistence provisions, seating, and so forth.

5.6. Sleep/Rest Equipment

5.6.1. Sling-Harness. INVOTEC sent inquiries to six
manufacturers of commercial hammocks; no response was
received which would be suitable for the CVC application. A
requirements document was generated and concepts solicited
for hardware to be fabricated in accordance with Figure 5-2.

An initial prototype was received which incorporated a novel
open-weave synthetic netting of very light weight and
excellent strength. Trials with this initial prototype in
the vehicle interior mockup resulted in changes and
modifications providing the following features:

e Diagonal load distribution. The netting stretches
and the load is taken entirely by the re1nforc1ng
webbing. A method of distributing the load into the
netting was required
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e The Sling-Harness should have provisions for body
retention/restraint. A trapezoidal shape provides
raised side panels for the upper torso.

® Means of attaching the Modular Pads to the Sling-
Harness

Three additional concepts incorporating the above features
were obtained: The four prototype designs are shown in
Figure 5-3.

Items to be considered for further capability enhancement
include:

® Additional and wider diagonal support
webbing to increase the load distribution
into the netting

® Velcro strips to attach Modular Pads to the
harness

® Use of an INVOTEC-designed one-piece attachment
instead of D-rings

Table 5-2 is a matrix of the various Sling-Harness design
considerations.

The Sling-Harness concept is useful in the vehicle
confinement sleep/rest scenario. A Sling-Harness permits an
off-watch crewman to assume a nonseated position to rest and
sleep. Although the internal space is severely limited
inside the armored vehicles, several installation options
have been identified.

Space in the turrets of both vehicles (M1 and M2/M3) allows
horizontal deployment of the Sling-Harness and near
full-length stretchout of a crewman. The passageway to the
left of the turret in the M2/M3 vehicles can be vacated,
allowing full-length horizontal use of the Sllng-Harness.

In the cases where the soldier must use the Sling-Harness in
‘his seat, the suspension of his weight off the buttocks
provides skeletal and muscle relief. Any degree of
inclination off vertical also helps.

The INVOTEC concept of the Sling-Harness is that it be a
net/fabric appliance, adaptable/adjustable/suspendable in a
variety of ways within the combat vehicle compartment to
support the crewman's body in more comfort than normal
seating. The Sling-Harness can be suspended from the
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Sling-Harness Design Considerations

Table 5-2.
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