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FOREWORD

This report + as prepared by Systems Research Laboratories, Inc.. San Antomo, Tex.,
under contract No. AF 41(609).2897 and tasz No, 793003, The work was acoom-
plished between January 1967 and May 19€8. The paper v as submitted for publication
on 9 July 1u68

W. E Rothe of Systems Rescarch Laboratories was project manager Dr. John G.
Fletcher was principal investigator Dr. Samuel T Lim wsas resident physioclogist
until 24 November 1967, and Dr I. Lipana was n residence in the period from March
through Apri! 1268. Dr. Sidney D. Leverett, Jr, Biodynamics Branch, USAF School of
Aerospace Mediane, was monitor.

On-site execution was conducted by E. Pope and R, Williams. W. Bowije was
medical techn'eian i charge of oh-man instrumentation and records. The USAF
Biodynam,cs Branch team, under J. Jaggars, collaborated in both the engineering
and operational phases.

The author eapresses thanks to J Protrowski, Dr. J. Lipans, ard W. E. Rothe for
their help in the reporting sequence. Special thanks are due to the medical monitors
under Major Willlam Brown for their willing co'laboration and continuous support.
The names of the subject panel are histed :n the appendix.

The combination of the employees of Systems Researcl, Laboratories and the
staff of the USAF School of Aero:pace Medicine formed a2 very effective working
team that developed unique competence in handhag the new facility. The team was
succes:ful 1n extending knowledge about the hazards of tumbling and the capawvility
of traired men to withstand the stress mvolved.

This report has been reviewed and is approved.

GEORG.L E. SCHAFER %
Colonel, USAF, MC
Commander
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ABSTRACT

Twelve tumbling prodlems, ranging from impaired performance to water ;mmeision
deconditionirg, were investigated by using an important training and rhysiologic
research tocl—the All-Attitude Air-Bearing Research and Trammg Simulater (ARTS).
The ARTS can move up to 60 rom in mall piteh wvon oee Yoo
random axis rotation.

VA.\\,UA

In 280 test runs or a subject panel of 24 experienced and b inexperienced men, it
was shown that among healthy persons there is a wide spectrum in their tolerance
to tumbling. Evidence was obteined that men may be disoriented by tumbling, yet
show no symptoms of motion sickness, and vice versa. In tests of numeric_processing
capability, random rotation, reliance un auditory input, and slow tumbling at 3 to
6 rpm (or absve 30 rpm) gave the most difficulty, Experiments with occlusion of the
blood circulation by using thigh cuffs suggested the importance of volume redistribu-
tion :in controlling heart rate. The characteristic pattern of rhythmic cardie-
acceleratior and sardio-deceleration due to slow tumbling was abolished in 1 subject
at 30 rpm, pitch forward. Combined stresses of tumbling and cold are tolerated bLetter
than combined stresses of tumbling and heat.

Other investigations which are described include: complex patterns of rotation
and tumbling, reapiratory effects, phase shifts at differert rpm’s, subject capability
to perform a simulated flying movement during turning, body position effects, and
the ability of some subjects to withstand continuous tumbling for at least 1 hour.

Persons resistant to disorientation and able to perform well under multiple stress
may be selected (snd perhaps trained) by use >f the ARTS and the experimental
technic described.
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FURTHER PHYSIOLOGIC RESEARCH ON HUMAN TUMBLING

1. INTRODUCTION

The All-Attitude Air-Bearing Research and
Training Sim. ator (ARTS) is a physiologic
test vehicle with numerous applications. Cir-
culatory, temperature, and respiratory studies,
performance tests, subject screening and train-
ing, and simulation of space tumbling are some
of the activities selected for study because of
their current imporiance and interest. Other
studies on posture, dynamic body movements,
and multiple body stresses have been begun or
are anticipated. The ARTS has dramatic po-
tential for totallv new investigation of man’s
performance and capability of being trained
for space operations.

In order to understand the structure, func-
tion, and performance of the ARTS, it is help-
ful to draw comparisons and outline features.
The engineer can perhaps best visualize the
control cabin of a crane, road vehicle, or ship,
and imagine what capabilities would exist if
it could be (a) air-conditioned and lighted, (b)
supplied with two-way intercommunication in-
cluding TV monitoring, and {(¢) converted to an
air-cushion vehicle. By contrast, the psycholo-
gist might visualize the ARTS as a well-
designed, moving test laboratory capable of
tilting and rotation for experiments on percep-
tion of direction, posture, and movement. To
the physiologist, the ARTS can effectively be
described as an a.r-conditioned tilt table oper-
ating in all axes with unrestricted movement
and built-on instrumentation and power. Fi-
nally, to those concerned with aercspace opera-
tions, the ARTS is perhaps best described as a
safe-to-use trainer-simulator suitable for per-
sonnel selection, training, and reindoctrination
in a variety of 1 to 2 G movement patterns. It
is less costly and operationally le<s difficult to
flv than aircraft and space vehicles. Features

of the ARTS include its additional capabflity
for disorientation and controlled function
studies, including vestibular disorientation, and
its high-speed rotation and maneuverability.

In fact, the ARTS is a highly versatile
turning and tumbling siraulator with a physio-
logically wide range of angular velocities. It
is possible, very simply, to place the man sit-
ting inside it into any relationship with regard
to earth’s gravity, from a comfortable reclining
position to the highiy unusual face-downward
position, or from a head-down position to any
of a number of special positions such as those
used for resuscitation. With any one of these
positions used at the start, it is then possible
to turn the ARTS in roll, pitch, yaw, or any
combination of these, or to let it turn in
random fashion. Any sequence of such ruta-
tions is possible, because the mode can be
changed remctely while motion continues.
Motion may be preprogramed, but if desirable,
the vehicle may be brought quickly to a halt
and the man examined, interviewed, or evacu-
ated. Movement is slow or fast and reversible.

With such operational versatility a wide
variety of indoctrinatiun, training, selection, or
testing runs can be programed for sensitive,
tolerant, or insensitive subjects. Untraired
men, on entering the research and training
simulator, respond in different ways. Some
cshow trepidation and are hest exposed to short,
slow demonstrations of inversion and other
positions, Others require only to see the ARTS
in motion and quickly respond to the different
modes of slow rotation which they often at-
tempt to describe in terms of their own back-
ground knowledge of motion and position. Men
with experience in motion simulators, centri-
fuges, and airceraft flight perceive tne ARTS

1

v dedumibedhio kil

T RSy




as a sophisticated vehicle and are interested in
its performance and handling characteristics.

Experienced and inexperienced men appear
to classify in three groups according to their
performance in vehicles: the sensitive, the
tolerant, and the insensitive to motion. Per-
formance and motion sensitivity can be tested
in the ARTS. Moreover, sensitivity or toler-
ance for one mode of rotion does not neces-
garily carry over to all other types, and this
can be demonstrated. There are profound
subject-to-subject differences. Screening and
selection are possible either for motion sickness
or for disorientation. From the first run, such
characteristics are often apparent. Initial ex-
posure, thereiore, is usually one of exploration
and tolerance assessment, leading to acceptance
or rejection of subjects for such reasons as
physiologic responses, personal willingness, or
medical advisability.

Subsequent re-exposure to tumbling and ro-
tation makes it possible to compare responses,
sensations, and performance with the findings
on earlier occasions. Re-exposure may be of
three kinds. First, subjects may be exposed
again to the same patterns of rotation or “flight
envelope” as before, and responses and per-
formances can be quantitated and compared.
Second, exposure may be to longer or faster
“flights” with the same initial position, the
samme axis, and the zame direction of rotation
as before. Longer flights than those previously
tolerated may become possible, Faster flights
of the same duration may also be tried out and
accepted. Third, exposure may be at the same
rate and duration but in new or different
stacting positions. The number of possible
sequences is very large, and experimental pro-
grams have g0 far been restricted to perhaps
40 different sequences. (See table XX.)

The following list outlines the experimeats
which are described in this report: (1) studies
on disorientation; (2) effects of different tum-
bling rates and axes; (3) effects of heat and
cold; (4) circulatory occlusion tests; (5) studies
on control capability and pe:formance decre-
ments; (6) orthostatic decorditioning by water
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urmersion: (7) studies or eitended rotation;
and (8) instrumentation ard demonstration
runs,

Table 1 sets out the timetable. Work was
in two segments. Phase 1. A was carried out
in early 1967 before the ARTS was moved from
its preliminary site. Phase II-B ran from
November 1967 to May 1968, after the ARTS
was noved te its present site.

Concise description of the available patterns
of rotation in the ARTS is difficult because
there are so many. Pesman (27) gives a simple
introduction to the different modes of body
rotation, using a pictorial representation. The
present rotational modes of the ARTS are
given in table XX, and future possibilities are
given in table XXI, Ilixson et al. (27) have
developed a sophisticated, rigorous kinematic
scheme for all forms of body motion, including
those typical of the ARTS.

In selecting representative patterns to be used
in test runs and in predicting the effects on men
riding inside the ARTS, both engineering and
physiologic considerations exist. The problem
has been reduced tc manageable proportions by
using short runs of fixed duration at predeter-
mined rpm’s. It has been found in cardio-
vascular experiments at 3, 6, 12, and 24 rpm

TABLE 1
Phase II timetable, 1967-1968

Schedule Date
Test plan submitted and accepted 18 Jan. 1967
Equipment construction 1 Feb. 1967
First test run of phase II-A 2 Mar. 1967
Last test run of phase II-A 6 Apr. 1967
New building handover Sept. 1967
Refurbishing, troubleshooting, and
sriety engineering 16 Oct to
9 Nov. 1867
First test run of phase II.B 10 Nav. 1967
l.ast test run of phase 11-B 29 Apr. 1968
Impedance device proved out 15 May 1968
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(and intermediate rpm’'s) that the largest
changes occur at 3 and 6 rpm. Rotation at
48 rpm is beyond the level acceptable to our
subjects aud opersting tearmn, although the
ARTS is capable of at least 60 rpm. Forward
and backward pitch, leit and right roll, and
feft and right yaw are examples of simple
rotational modes. In our experience thus far,
no major differences have bezn found because
left was selected in preference to right, or vice
ver:a. Piteh and rol, pitch and yaw, and yaw and
roll are other rotational modes which we have
studied extensively. They are achieved by pre-
positioning the sphere or the external drive
at an angle of 457, midway between the principal
axes of rotation. Tre only two other modes of
rotation which we have used extensively are

(a) random and (b) roll and pitch and vaw.

The former is achieved by continuously vary-
ing random input to the direction of the ex-
ternal drive motor while holding constant the
rrm. The latter is preduced by prepositioning
the sphere orthogonally at a 45° angle to all
three priacipal axes before commencing rota-
tion, (Example: Step 1: Tuirm sittiny subject
half right. Step 2: Tilt subject to half reclin-
ing position. Step 3: Rotate ARTS in what
would be pure pitch if no prepositioning had
occurred.)

A description of the ~ RTS is given in the
next section and is fsiiowe! by an account of
the experiments performed.

II. DESCRIPTION OF ARTS

The All-Attitude Air-Bearing Resea»ch and
Training Simulator (ARTS) is a hollow air-
borne sphere (10 ft. in diameter) designed for
tumbling experiments on man. It is con-
structed of fiber glass with two access hatches:
one for the passenger or pilot and one leading
into the hydraulic system compartment. It
may be classified as a self-powered, closed-
environment, one-man vehicle capable of ran-
dom rotation in all three axes cr controlled
rotation in the pitch roll, yaw, or any combina-
tion of these axes.

In its original configuration, the instrument
was known as the Rotational Flight Simulator

(RFS) and was at that time capable of 2 to
16 rpm for up to 30 minutes with somewhat
shorter duration for Figh rpm random tum-
bling. In its present configuration, polar and
equatorial external drive assemblies permit un-
limited duration of flights at up to 60 rpm in
any axis.

Physiologic experiments are carried out in
the moving vehicle by two-way voice communi-
cation, closed-circuit TV monitoring, remote
control of ARTS rotation, remote triggering of
occlusion blood pressure cuffs, and continuous
mu'tichanpel telemetry from on-man trans-
ducer to the experimenters’ console. Figure 1
shows the outside of the vehicle with an open
access hatch and the equatorial driving motor
assembly. Access to the polar drive is through
a port in the pedestal shown in the bottom right
of the phatograph. For ease of orientation to
the viewer, the three principal axes of the
vehicie are denoted by colored bands, and the
positicn of tha subject within the vehicle is
indicated by six black profiles of body position.
In the standard reference position obtained in
the configuration sbhown in the photograph, the
subject is sitting facing the camera with his
body axis in the vertical position.

The inside of the vehicle is furnished with
a comfortable supporting seat having head,
reck, shoulder, trunk, arm, leg, and feet sup-
ports and two independent restraining har-
nesses. Subjects wear safet; helmets, a
breathing mask, and goggles. They have
access to a quick-acting harness release, 2
warning button, an auxiliary light, breathing
equipment, and a sick bag. Figure 2 shows
the interior furnishing c¢f the subject’s com-
partment of the vehicle.

All control and monitoring equipment is
concentrated in a nearby operating area shown
in figure 3. It consists of: (1) vehicle control
equipment; (2) communications equipment in-
cluding intercom and TV monitoring camera;
(3) medical monitor’s display equipment; and
(4) multichannel strip-chart recording 2quip-
ment including patch panels and calibration
gear.

e he da
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FIGURE 1
Qutside view of ARTS.,

Physiologic signals under rou‘ine study in-
clude heart rate, ECG, blood pressure by cuff
inflation, respiration by heated thermistor, and
recta! and skin temperatures. In addition, it
is possible to monitor eye movements and blood
pooling by using electro-oculography and im-
pedance plethysmography., Equipment exists
inside the ARTS for simple psychomotor tests
including a number of displays and an all-
attitude indicator. The subject has access to a
control stick and can drive the ARTS using
internal inertial drive rings situated in the prin-
cipal axes of the ARTS. None of the last ilems
are in regular use.

4

The history of the ARTS dates back to
approximately 1665 when it was supplied in a
single air-bearing configuration. At that time
the vehicle was badly unbalanced and did not
float freelv on the air cushion. Its interior
furnishings were removed and replaced. and the
hydraulic controls and electrical equipment
were rendered fireproof. Continuous research
experience and concurrent engingering im-
provements have converted the vehicle to its
present reliabie research status. Engineering
details of this work are given in section X and
in an earlier status report (i1).




FIGURE 2
Insrde view of AKTS.

The ARTS is currently in use for cardio-
vascular experiments. [t alsc may be uzed for
a wide variety of other physiclogic experiments
requiring electrical power, compressed gases,
breathing gases, and such simple equipment as
muscie dyna:nemeters. An important addition.
al area iz its use for personnel monitoring and
testing under stress. Tests on habituation,
training, and performance are also to be re-

garded as routine procedures with the vehicle.

II1. EXPERIMENTS ON OCCLUSION

The effects of posture on blood circulation
are profound. When a man moves from the
horizontai position to the vertical position,
blood pools gravitationally into the dependent
parts of his hody and wonld accumulate there
if it were not for reflex peripheral circulatory
adjustments and an increase in heart rate and
cardiac output. Under dynamic conditions, ob-
served changes (11, 41) appear o be a function

of both instantaneous posture and the speed
and nature of body movement. Understanding
the cardiovascular consequences af rotation
and tumbling is essential in any attempt to
explain and prepare for the eventuality of
accidental tumbling in space and abolish vn-
desirabie circulatory effects due to change in
posture or activity. Events encountered dur-
ing tumbling in 1 G ronditions have already
been compared with the events believed to
occur in 0 G ambient conditions (29).

The principal and most obvious cardiovascu-
lar consequence of tumbling is cyclical cardio-
acceleraticn and cardio-dzceleration which
occur during pitch, roll, or any combination of
these types of rotation with some other axis
rotation. Cardiac slowing i3 often very dia-
matic, being both profound and fast to develop.
It has justifiably been related to the brady-
cardia of inversion and indeed may be called
the bradycardia of tumbling. By contrast, the

5




FIGURE 3

Contro! end display console.

cardio-acceleration, which may also be pro-
found, is slow to develop. At fast rpm’s full
development of the high heart rates may not
be achieved; at slow rpm’s tachycardia may be
profound. Consequently, the rate difference
between bradycardia and tachycardia of tum-
bling is rpm-dependent.

The precise mechanism by which these
changes are produced is not clearly understood
yvet. Pharmacoiogic evidence on dogs during
tilting suggests that the vagus reflex is re-
sponsible for the onset of bradycardia. A ccn-
sistent finding in man is the extremely rapid
development of bradycardin during tumbiing.
Lim and Fletcher (30) have described the sig-
nificant features of sinusoidal atimulation im-
posed by tumbiing in a 1 G field and were able
to construct a hydrostatic pressure modei for
both arterial and venous components of the cir-
culatory events. This model must be tested,
and an explanation must be found for the large

€

amplitude of the QRS complex which con-
sistently develops at or near the head-up posi-
tion and then diminishes cyclically. The
influence of posture on the ECG is well-known
(°2, 33. 47), but its phase relationship in
tumbling is not clearly explained.

Influence of blood distribution

To test the importance of an intact column
of blood in the arterial and venous circuiations,
two 9-inch thigh occlusion cuffs were fitted to
the legs of subjects prior to tumbling. Equip-
ment included remotely controlled inflation and
deflation switches and a pressure reservoir
which produces s 4- to 5-secend rise to 180 to
200 mm. Hg in the thigh cuffs. This increase
in pressure bleeds off rapidly on deflation.

Twe series of experiments were performed.
First, 32 experiments were performed on 5
subjects to determine whether or not bilateral




thigh occlusion abolished the alternating brady-
cardia-tachycardia of tumblingz. Second, 18 ex-
periments were run on 4 subjects to determine
what effects were produced when the blocd
was pooled in or drained from the legs by in-
flating the cuffs in different body positions
before tumbling. Table II lists the experiments
performed and shows that 45 successful ex-
periments were achieved after 5 preliminary
demonstrations of successful occlusion.

In the first series of tests, occlusion pres-
sures were applied and released approximately
ten times per subject at predetermined posi-
tions throughout the tumbling cycle. Runs
were at 6 rpm, pitch forward, which is known
‘o produce clearly defined bradycardia and
tachycardia in most subjects. It was confirmed
in additional runs at 6 rpm that pitch-back-
ward tumbling produced similar results. In
no case was the aiternating fast-slow heart
rate oscillation abolished. Bilaterally occlusive
inflation of the thigh cuffs during rotation
altered only the maximum heart rate, which
increased for 5 to 6 seconds and then declined
to a value somewhat less than the values be-
fore occlusion. Upon release of cuff pressure,
there was again a transient change and the
subsequent blood pressure level increased 5 to
20 mm. Hg above levels observed during the

TABLE 11

Erperiments on bilateral thigh occlusion

Subjects: N.C,DE.,JL,LM.,JS, TS, BW,DW.

Number of development runs: 5§

Number of test runs: 45
Modes tested: Pitch forward
Pitch backward
Yaw
Pitch and roll
Range: 3-6 rpm

Method: Remotely ~ontrolled inflation or deflation of
9-inch thigh ccclusion cuffs preplaced on both legs.

Typicel results: Inflation or deflation during tum.
bling caused small transient effects only. Inflation
prior to tumbling caused marked and prolonged ef-
fects which were strongly posture-dependent.

occlugion runs. No profound or consistent
changes in electrocardiogram, heart rate, or
respiration were observed on deflation; often
there were no detectable changes whatever.
Figures 4A and 4B show typical results of cuff
inflation and deflation.

In the second series of experiments thigh-
cuff occlusion was applied before the start of
tumbling. The effects on heart rate and blood
pressure depended upon the posture and the
*ime of occlusion. In occlusion ayplied in the
head-up position, subsequent heart rates in
both bradycardia and tachycardia were lowered
by 20 to 30 beats per minute and remained
consistently at the new level (fig. 5A). On the
other hand, in occlusion applied in the head-
down position, subsequen* rotation produced
heart rates which showed a very large peak-
to-peak difference between bradycardia and
tachycardia (fig. 5B). Experiments in which
occlusion was applied in the horizontal posi-
tion were intermediate in their effect. It was
concluded that the amount of blood redistrib-
uted to ihe central circulation or withdrawn
from the central circulation governed the heart
rates throughout tumbling and that the blood
pressure effects of cuff inflation are transient
in nature and small in magrnitude whether
applied in the steady state or during rotation.

Figures 6A and 6B show both inflation and
deflation effects on the resting man, when the
cuff was applied in the head-up position. In-
flation caused a transient rise in heart rate;
deflation caused a transient fall and was ex-
tremely small. No modifications were seen in
respiration or in the electrocardiogram wave-
form. Blood pressure changes were also small.

Interpretation and significance

Consistent maintenance of heart rates 25
to 35 beats per minute above or below the
normal resting value characterizes experiments
with prior bilateral thigh occlusion. By con-
trast, when occlusion is applied during tumbling
or rotation, the changes are small. There was no
possibility that artifacts due to cuffs or to
respiratory movements caused the results de-
scribed. A relatively large volume of blood

7
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FIGURE 4B

Subjcct and conditions same as

cuff deflation during rotation.
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FIGURE 6A
Small transicnt ffects of cuff inflation at rest. Subject T.S.; 22 Nov. 1967.

which is normally present in the lezs is capa-
ble of being drained into the central circulation
and modifies the level about which heart rate
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is controlled. Conversely, blood may be with-
drawn from the central circulation and con-
fined in the legs if cuffs are inflated while the
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subject is in the sitting posture before tum-
bling begins.

The first part of these investigations ex-
terds earlier findings with the ARTS and im-
plicates volume or stretch receptors in the
central blood and circulating system. At the
same time, it reaffirms the impor{ant and very
rapid regulating contribution ¢f barorecep-
tors in the arteriai circulation and perhaps also
in the vencus circulation during tumbling. The
results extend our knowledge of circulation
regulation and blood redistribution mechanisms
in different postures (1. 17, 22, 33, 48, 54,
55, 59). They relate to our increasing knowl-
edge of the function of stretch and volume
receptors in the splanchnic areas (46), the
pancreas (43), the central veins (16), and the
heart (15, 26, pp. 227-229). Other workers
have used extremity cuffs, ieotards, and
tourniquets (52, 53) and have worked on meth-
ods to reduce the gravitational effects on blood
distribution (28). The importance of hydro-
static pressures in the vascular tree and the
height of the venous coiumn is recognized (5,
7). Mechanisms for storing blood in the
capacitarnce vessels and for explaining the role
of the stretch receptors in the arterial tree
have also been described (4, 45). The im-
portance of neurogenic control of the peripheral
blood vessels is also known (40).

It was concluded that indirect blood pres-
sure measurements during tumbling show only
transient changes due to the application of
occlusion, and the observed readings are well
within the normal range of values seen in
aviators (36). Circulating blood volume should
be measured in different body postures and
hopefully during tumbling. Only when addi-
tiona! data are available to show (a) continuous
direct blood pressure records, and (b) central
biood volumes, shall we be able to interpret the
relative importance of blood pressure over
volume receptor regulating mechanisms.

From the practical viewpoint, any situation
which changes circulating bSlood volume (for
example, ambient temperature, water depriva-
tion, feeding dehydrated foods, orthostatic
hypotension) may produce dramatic changes in
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heart rate. If a call to perform hard physical
work occurs at the same time other forms of
stress are applied, the cumulative effects may
be additive and cause serious combined stress.
In such cases, mission effectiveness and subject
safety may well be prejudiced.

IV. EXPERIMENTS ON IMPEDANC.
AND BLCOD POOLING

The conventional method for study of blood
distribution involves a lengthy series of tests
in different pcstures during which the total
volume of blood is measured and partitioned in
such body parts as the limbs and trunk, thoray
and even the fingers, hands, and forearms.
Most methods are inappropriate to the dynamir
situation and studies in vehicies; therefore, it
will be difficult to procure reliable estimates of
the volume of blood being redistributed during
tumbling at different rates and in different
axes of rotation. The conventional water-filled
plethysmograph, which is often used for volume
determinations of forearm, hands, or fingers,
is of course gravity-sensitive and would have
to be replaced in the ARTS by an air-filled
plethysmograph. An additional problem would
arise in positioning the instrument which must
be positively and tightly located on the arm in
such a way as to eliminate mevement artifacts.

More realistically, methods of estimating
change might involve the use of rigid displace-
ment or pressure chambers bolted inside the
ARTS. Alternatively, the linear dimensions of
a limb or trunk might be determined either
with elastic air-filled tubes or with & mercury-
‘n-rubber strain gage of the Whitney type,
Most of such methods involve on-the-spot
measurements by an observer and are unsuit-
able for use in the present single-man configur-
ation of the ARTS. A technic is required that
will give continuous readout which is insensi-
tive to the earth’s gravitational force, to vehicle
vibration and inversion, and to the passive body
movements imparted by the tumbling vehicle.

Impedance measurements in a rotating
environment

Perhaps the most practical current method
for use on a tumbling or rotating person is that
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of impedance plethysmography. Fijsure 7 gives
a schematic diagram of the instrumentation
required for experiments of this kind. An
osc’llator with a frequency of 500 ke. or higher
is used to provide an sa.c. signal which is
applied o two skin electrodes on the chest,
«rm, or leg. Reference electrodes, which usu-
ally include a large foil isolator for limb
measurements and a chest band for trunk
determinations, are used to pick up the radio-
frequency signal transmitted through the
tissue. The sig.aal is modulated and amplified
to give a d.c. level output and is fed to a pen
writer or other signal recorder. Although the
technic has been in use for 10 to 20 years, the
relative impedances of blood flow and tissue
movement are not vet known. However,
chanees in limb velume and in the volume of
bivod passing through tissue are detccted as
changes in impedance, and both slow changes
(for example, blood filling or emptying) and
more rapid changes (for example, respiratcry
movements) can be monitored. The technies
and theory of impedance work are reviewed
and discussed critically in comparison with
other methods by Petersen in Methods in Medi-
cal Research (42).

Figure 8A shows the effects of tilting from
the head-up to the head-down position on limb
impedance, as recorded in the ARTS. Slow
inversion (12 to 13 seconds) produced a rise in
negative impedance, which developed to its
full extent in approximately 26 seconds. Thus,
the technic is of value in recording slow

changes telemetricaliy in places where direct
measurement is impossible. Figure 8B shows
the application of this technic to the tumbling
situation. Accelerometer output in the upper
part of the record indicates instantaneous posi-
tion during piteh-forward tumbling at approxi-
mately 8 or 9 rpm. The measured limb
immpedance is given in the lower tracing, a
decreased volume indicated by an apward de-
flection. With such fast rotation it is not
possible to develop the fuil impedance change
of inversion. The rate of change of impedance
may be realistic, Lowever, in that it takes siy-
nificant time for blood to redistribute. The
phase lag in the impedance reccrd indicates a
time lapse ¢f 1 or 2 seconds after the accelerom-
eter output. The timc taken for blood to
redistribut., may exceed the time available with
all but very slow rpm'’s; therefore, the imped-
ance record may be a true record of blood re.
distribution. This would be in accord with
the findings of Allwood and Farncombe (1),
who compared forearm impedance readings
with forearm volume plethysmography meas-
urements, using occlusion technic in 14 sub-
jects. Pottier et al. (38) have recently shown
that volume measurements in the feet are
exquisitely temperature-sensitive,

Importance of further work

In view of the strong suggestion in thyg
previous section about the importance of voi-
ume in blood redistribution under gravity, it
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Schemaiie diagram of itmpedance instrumentation.

15

e el




’

pitch; 9 rpm.

Y137 V1.7 BT T ST LV W1 A
X
Y
fosgul
Braardene:

! i

org s1me as n figure 84,

pown$

HEAD DOWN §

up$

up$ HEAD
rect and condsts

VIR

Subject EM.; 15 Moy 1968

HEAD

FIGURE 8A

'JE" Y.

1LIMB IMPEDANCE
sy
FIG™'RE 8T
Sub;

S et i
B

.
I

ACCELERATICH

ACCELERATION HEAD

Limb impedance changes due to inversion.

Limb impedance changes due to tumbling

16




is importznt that some method be devised of
recor:ling the {ime of onset, the rate of change,
and the magnitude of blood redistribution dur-
ing tumbling. A number of new technics are
available for studying tissue dimensiona (for
exampie, ultrasonic scanning), and such meth-
ods may ultimately prove suitable for use in
the ARTS.

For the present, clean impedance records
(a) are obtainable withcut noise under moving
conditions in the ARTS, and (b) give an indi-
cation of change due to gravitational recrienta-
tion. It is recommended that further studies
be undertaken to explore such effects as limb
occiusion, immersion and rotation in vaw vs,
rotation in pitch, and =0 forth.

V. PHASE SHIFTS AND EFFECTS OF
TUMBLING RATE

Past experience with tumbling

Useller and Algranti (51} and Weiss et al.
(58) provided the basic irn.formation on toler-
ance to tumbling when they studied rotation
up to 70 and 129 rpm. respectively, in normal
men.  Most physiologic experience is confined
to much slower rotation and can be regarded
as an extension of findings cn the tilt table.
Routine experiments must be performed at
somewhat higher rates of rotation and tum-
bling, and different axis rotations must be
compared.

For this purpose. the ARTS is an ideal
vehicle. It ean move up to 60 rpm in roil,
pitch, Jaw, any combination of these or in
random movement. Moreover, the vehicle may
quickly be transferred from one type of motion
to another. and both fazt acceleration and fast
deceleration are- »:adily reproduced. In con-
trast to the == -vents described in connection
with blood pooling, events during rapid rota-
tion require special analysis and careful ex-
perimental recording.

The potennial flight patterns using ARTS
are very large in number and can only be
sampled. The first step was to explore gradu-
ally increasing rates in the principal axis of

rotation. The second step was to compare
rotation involving body inversion (e.g., pitch
and roil) with rotation not involving such in-
version (e.g., vaw and spit). This section rep-
resents totally new experience in the ex-
posure of men to differe.t varieties of dynamic
stimulation.

Patterns and responses

Table III sets out details of subjects, test
runs, flight durations, and rotational velocities.
Eleven subjects wer’ studied in 51 different
test runs. Ten diffe. 1t rotational modes are
listed, of which the last two require description,
The term *“turnt-tle” is used to describe that
form of rotation in which the subject was first
rotated until he lay horizontally on his back
and was then rotated about a vertical axis
passing through his pelvis at right angles to
the principal body axis. The motion resembles

TABLE III

Experiments on phase shift and effects of
tumbling rate

Subjects: D.B, G.C.. NC, ED, DE, JF, FH, 5H,
JN,IJS, TS

Number of test runs: 51
Modes tested: Roll
Pitch
Yaw
Random
Roll + pitch
Roli + yaw
Pitch + yaw
Roll + pitch + yaw
Turntable
Spit
Duration: 30 sec. to 12 min. 13 sec
Rate: 2, 4,6, 10, 12, 14, 18, 20, 24, 30 rpm

Findings: Highly significant differences  -twasi i
tational modes {e.g., rotation -1 ¢ A
turntable positions vs. tumbling .- * <% or
roll) and between rates, for » .~ . le, of 6
and 24 rpm
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that obtaincd when a man lies on a revolving
turntable. The term *‘spit™ is used to describe
R rotation obtained by first tilting a man onto
his back, with subsequent rotation about an
axis coinciding with his princpal body axis.
It resembles the rotation of an animal on a spit.

Rotational velocities ranged from 2 rpm to
above 30 rpm. Beginning subjects cannot tol-
erate high rpm’s and rapidly become disoriented
and sick above 6 rpm unless carefully exposed
to a graduated program of runs. By contrast,
experienced men easily tolerate much higher
rotations and commonly report that disorien-
tation is more serious between 6 and 12 rpm
than at higher rpm’s. lHowever, even fully
experienced men do not tolerate rpm’s in the
high 20's and low 230's for prolonged periods
without special training.

Physiologic events are clearly rpm-depend-
ent. Comparison of the onset of circulatory
and other charges with the rate and position
of rotation allows analyses of phase shift.
These are potentially very valuable in explor-
ing new physiologic parameters. Figures 9A
and 9B show typical records at 6 rpm in two
subjects. Figure 9A shows the effects of pitch
and figure 9B, the effects of roll. Both forms
confer sinusoidal gravitational stimuli and
cause cyclical vuriations in heart rate. Varia-
tions obtained in pitch and roll are virtuslly
indistinguishable so far as heart rate is con-
cerned, but there is a sirong suggestion that
the ECG waveform may differ. It is not known
whether or not the respiratory pattern changes,
but there is the possibility of a pitch-roll differ-
ence in the records of respiration in figures 9A
and 9B.

Forms of rotation in which there is no
sinusoidal or other gravitational changes due
to inversion produce much smaller heart rate
oscillations. Figure 10 shows records obtained
in 2 subjects in spit and yaw rotation at 6 rpm.
Heart ro‘ changes are tiny. ECG waveforms
may not be significantly different, but there
is a prospect for further useful analysis. Res-
piratory waveforms appear similar. The find-
ings that steady heart rates are continuously
maintained suggests that no major respiratory
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influences are in operation: deep breathing
and breath-holding patterns are known to cause
bradycardia and tachycardia.

Figures 11A and 118 show the differences
between moederate (15 rpm) and high (30 rpm)
rotation in pitch recorded in the same subject.
Figure 11A shows 15 rpm with a slow paper
speed. Heart rates moved in the range 81 to
104 beats per minute 1n synchrony with the
vehicle movement. The higher rotation shown
in figure 11B, having a much faster paper
speed, shows that the cyclical oscillation in
heart rate is almost abalished. It is difficult
at this rpm to show that any synchronous
bradyeardia-tachycardia is in operation during
the tumbling cycle. At rotations above 30 rpm
even smaller rate differences are sometimes
observed. Some subjects occasicnally find it
convenient or comfortabie to breathe synchro
nously with rotation and inversion with the
ARTS. Figures 12A to 12D show an experi-
ment at 18 rpm in which the breathing pattern
was almost precisely in synchrony with the
inversion cycle. In contrast, the other run
shows the same man breathing at a higher rate
in a later test. Whether or not the respiratory
pattern adds to the heart rate change is seen
in figure 12B. Low excursion respiratory
movements do not significantly change the
heart rate. There is no visible difference in
the records between synchronous and asyn-
chronous breathing.

In strong contrast, both heart rate and
respiratory waveforms are altered during
rapid acceleration and deceieration. QObserved
changes are iilustrated in figures 13A and 13B.
Figure 13A, from right to left, shows that as
the ARTS rotational velocity builds up from
0 to 30 rpm, the heart rate oscillations progres-
sively diminished; whereas they were synchro-
nous with ARTS oscillation at low speeds, they
become asynchronous at higher speeds. Figure
13B shows dramatically the effects of sudden
stopping of the ARTS. This record was made at
two chart speeds in order to condense protracted
events in a single diagram. Thus, the record on
the exireme right of the diagram was taken at
fast paper speed and shows the conciuiding
events at 30 rpm. As the ARTS slows (shown
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toward the left of the diagram), paper speed
slows and accelerometer output shows progres-
sively slower rotation. Tachycardia-brady-
cardia cycling, which had been virtually
abolished at 30 rpm, gradually is restored.
Respiratory waveforms show that rather rapid
shallow respirations converted to deep slower
respirations as the ARTS slowed. Phase shifts
may be analyzed in such diagrams. There iz a
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clear case of heart rate changes taking place
in anticipation of top dead center and bottom
dead center in the ARTS rotation pattern.

These and other experiments at 2, 4, 6, 10,
12, 14, 13, 20, 24, and 30 rpm show clearly that
(a) highly significant differences exict between
the different rotational modes and (b) the
rotational velocity exerts critical influence on
heart rate.
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tolerated by most subjects, meaning that the
vehicle is capable of operating sufficiently fast
to stress human circulatory mechanisms either
alone or in combination with control tempera-

ACCELEROMETER
FIGURE 11B

ELECTROCARDIOGRAM

Effects of high (30} rpm in pitch on ECC and heart rate. Subject E.O.; £ Apr. 1968.

Interpretation and importance

TIME 1 min. 47 sec.

a] tool for physiologic research,

the ARTS is prcbably unique.

As an analyvtic

It is possible to

The potential for further ex-

ture changes.
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eliminating spurious temperature effects on
heart rate and breathing, and to control the

rotational

The human electrocardiogram during tum-

blin
tions.

in meaningful physiologic

rate

shows at least two waveform modifica-
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Currently

ranges in all forms of rotation.

First, the height of QRS complex

obtainable rates of rotation exceed the limit
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RESPIRATION IN PHASE

FIGURE 12A

Breathing in-phase with 18-rpm rotation. Subject T.S.; 9 Apr. 1968; pitch.

increases before or at bottom dead center
(head-up), and these events require critical
vectorcardiographic interpretation (32, 33, 47,
57). The relationship between the axis of
rotation and the position of the body differs
in ani:nals and erect man, and this has signifi-
cant physiologic consequences (6j. A review
of the central control of cardiac function has
been given by Schaefer (44), and the different
cardiovascular effects observed in various axes
of rotation have been anticipated but not yet
described in papers such as that by Urschel and
Hood (50). The importance of the height of
the blood column on heart rate has been antic-
ipated (30), but complete analytical treatment
requires careful experimentation on the ARTS
and perhaps the centrifuge. Pousibilities are
exciting for increased understanding of cardiac
anu peripheral vascular controi.

24

V1. EFFECTS OF HEAT AND COLD

Thermal and biodynamic stress combinations

Peripheral blood circulation is highly sensi-
tive to air temperature. In conditions where
body heat is being lost to the ambient air,
skin vessels constrict and the cooled blood there-
in is returned to the central circulaticn. By
contrast, when body heat production exceeds
heat dissipation to the atmosphere, blood is
diverted to the skin vessels and skin tempera-
ture rises. Under more extreme temperature
conditions, shivering occurs in the cold and
sweating occurs in the heat. Relatively small
changes in air temperature are sufficient to
produce large volumes of blond redistribution,
and this is potentially important in designing
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RESPIRATION OUT OF PHASE

FIGURE i2B

Breathing out-of-phase with 18-rpm rotation. Subject and cowditions same as in figure 12A.

temperature controls for vehicles. It is for-
tunate that, except for persons whose thermal
acclimatization status differs from the norm,
there is much uniformity in the upper and
iower limits of the comfort zone. Marked dif-
ferences from the usiial comfort zone commonly
occur »uly with changes in metabolic activity
and thermal insulation of clothing.

By unintentionally changing the ambient
teniperature in such a wayv as to bring about
vasaconstriction or vasodilation, it is possible
to change the heart rate and to impose un-
wanted stress on the cardiovascular system.
The combined stresses of heat and tumbling
are potentiaily important in space, where extra-
vehicular activity in a radiant heat environ-
ment might produce cither excessively high
heart rates or dangerously extreme vasodila-
tion. It is important to know whether cooling

provides any protection in this eventuality and
whether there is an optimal environmental
temperature so far as tumbhing stress is
concerned.

Equipment and procedures

Two sets of experiments, each with its con-
trol series, were performed. In the first series
the ARTS was preheated to a selected tempera-
ture in the range 100" to 113 F. before allow-
ing the subjects to enter, and the temperature
was maintained while subjects were rotated,
pitch forward, at 6 rom for 3 to 5 minutes. In
the second series the ARTS was precooled for
2 to 3 hours to 55 to 58 F. before allowing
the subject to enter. Seven men took part in
the series involving heat, and 5 men took part
in the series involving cold. Subjects wore
short-sleeved, loose surgical suits with low
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Heart rate changes due 0 ARTS acceleration. Subject E.Q.; 2 Apr. 1968; pitch; 30 rpm.

insulation values and were resting-sitting with
low metabolic heat output before each test run.
At least 2 hours had elapsed since their last
meal, and the immediate response to eating
had presumably subsided. Table IV summar-
izes the experiments carried out and the
rotational pa:iterns used.

Findings and conclusions

Genera)] results of the hot and cold runs
are given at tne bottom of table IV. During
the hot experiments, only subject D.E. sweated
significantly, but all subjects were vasodilated.

E 28

During the cold experiments the subjects felt
chilly bui were not shivering. Four of the
subjects felt the onset of nausea in the hot
environment, but they tolerated the cold en-
vironment much better. In the heat. the
average skin temperature increase was 3° F.,
and the skin was flushed warm and dry or
just moist with perspiration. Skin temperature
decreased by 2° F. (average) in the cold with
evidence of dermal vasoconstriction. Rectal
temperatures remained stable.

Resting heart rates increased approximately
12% in the heat and decreased about 8% in
the cold. During rotaticn the heart rate




PIRATION

[ L v I

s d SR P iy .
. N ) < -«
: 4 T -
. . . “
M . . ...,. -
S ¢ SRS SRR S . cens Fg
; B 3
: : &
A . T LR u
i : Ao : Q
SOURS S S S - s
o E
1 M' e -> b
B S il 6
[ A : ) £
sdi gt I IR Z
A o _ : : <
SR D S S BN JOO =
[ I L e
SO T A foonedenes -
: : § ; N . £
- b R T S, o
' m , 1 T
S SO U . 4
m m % POt oo b - RS
< Ol m R S s L ki & N

: o=} S U S S S eres coen U IOUN o
(&) e w ’ . . &) M
: m ! T8
T PRE B LR M YUY - 9
b [ .g..an:.“ BT Mt MW P B e b .w.
PO I T . - ULV b
) 3 [ R 2 - T ! =
b s FSUE TR S PSSR T HE B 0044 sope v
o Yo I ; 4 : 2 POV O ~
W JUUR SRS SN 5 20004 JUYN SORPSANE SO EIUNUL IR INOEE RN 5
’ ot RN Y e m Ld
M I
. 4 3
X ©
*
s S
. < S
: -~
- &
. &
. g I
: b
S T
Lo S
: M =




TABLE IV

Exrperiments on heat and cold

Hot

7 subjects

26 hot runs (96° to 113° F.)
11 control runs (80° to 85 F }
5 warm runs (90° to 92° F.)
Pitch, random, yaw

6 rpm

Large bradycardia-tachycardia difference
in heat; slower onset of bradycardia.

b subjects

4 cola runs (56” to 58° F )

b control runs (70° to 72° F.)
1 cool run (56° F.)

Pitch, random, yaw

6 rpm

Small bradycardia-tachycardia difference
in cold Rapid cnset of bradycardia
with brief phase lag

tracked the body position as previously de-
scribed (11, 29, 30) and displayed the charac-
teristic sine wave pattern. Figure 14 shows
the characteristic heart rate responses during
typical hot and cold experiments and in a con-
trol experiment st a comfortable intermediate
temperature. Blocd pressures did not change
gignificantly in any of these conditions, al-
though the diastolic pressure tended to be
elevated in the cold experiment. The respira-
tory changes were not correlated with either
temperature or rotational stress. ECG's re-
mained normal, and there were no extrasystoles
or conduction abnormalities.

Figure 15A shows tracings of the cardio-
tachogram, electrocardiogram, blood pressure
record, and accelerometer in a control experi-
ment at 84° F. ambient temperature in com-
parison with a similar record (fig. 15B) made
at 102° F. 1t is clear that the heart rate fluc-
tuations were similar in range and average
value in the two cases, although blood pressure
was elevated in the heat as compared with
control temperature,

Figures 16A and 16B show similar runs in
a cold experiment. The range of heart rates
was considerably smaller in the cold at 577 F.
than in the controlled temperaiure of 70 F.
The relative stability of heart rate in the cold
is in contrast to that previously shown in the
heat.

3¢

Cowfort and thermal sensations have re-
cently been reviewed again by Gagge et al. (14),
and the assouated physiologic responses at
varioti~ ambient temperatures have been de-
scribed At temperatures which fall below or
above the cemfort zone, normal men in a rest-
ing state will only tolerate the combinea stress
adequateiy for a short period of time.! Any
increase in the thermal stress or in other forms
of cardiovascular stress such as exertion may
seriotisly jeopardize compensatory mechanisms
controlling peripheral circulation. On the basis
of these experimental findings, further studies
are suggested to define the limits of tolerance
for heat and tumbling, and cold and tumbling.

VI PERFORMANCE STUDIES DURING
TUMBLING

Performance studies and mission requirements

Although astronauts, military aviators, and
airline pilots are commonly allecated to opera-
tional tasks on the basis of their proved per-
formance in occupational tests, it is seldom
possible to expo<e them to disorienting situa-
tions with anyv degree of safety. Accordingly,
the allocaticn of men for particular missions is
usually based on the comparizon of one man
against another and not on any objective test

The Inlerance *o Dow fae Borelera? or g amc temsevaf oe.
dependent.  For an acccant of tha remt onsbup wex Harge~s B B
Acriepmce Med 3 LET ST 4,082
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Eticet of hot and cold ambunt tempirature on the responae of the heart to rotanion. Subjeet D.E., 25 Mar.

796 (hot), 11 Apr 1967 (cold) pich, 6 rpm,

administered immediately prior to a critical
mission.  Dayv-to-dav changes in health status
or well-being are sometimes the basis for the
individual’s seeking replucement if he feels
that a mission may be prejudiced by the possi-
bility of inferior performance. A real require-
ment exists for short-objective testz apphed for
day-to-day comparison and person-to-person
comparison in teams of men standing by fer
critical operations.

In the absence of any standard method for
assesaing effects of tumbling on marn or for pre-
dicting pertormance, two possibilities exist.
First, 1t might ve considered worthwhile to
adapt one of the accepted tests or batteries of
test methods nsed by experimental psvihol-
egists for as<essime such items as wakeiulness,
agility, vigiance, and hand-eve coordination.
Second, a specific simuictor micht be used to
test the capability for handling controls under
situations which resemble those likely to be

experienced on mission work. Problems asso-
ziated with the first approach include the diffi-
cuiliexs 11 interpreting particular scores and in
relating capability in tests to capability on
operational tasks. The problem with the sec-
ond approach is that simulators are usually
built for a specific mission purpose and are
restricted in their capability to tasks involved
in that mission.

The absence of any satisfactory theory for
performance buildup or decrement and for the
effects of disorientation on performance sug-
gests the neea for a totally new approach to
tumbling perforrmance.  Mosi aircraft and
space vehicle per~onnei are common'y presented
witi commands by intercommunication system
and with navigational information Ly visual
displays. Because they hove to manually oper-
ate or adjust contrels. simple tacks involving
hearing. vision, and manipulation with the
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hands might serve the dual purpose of (a) pro-  because many ARTS flichts are sk~rt A
viding insight into deterioration of the special variety of experimental conditi.ns was en-
senses during disorientation, and (b) leading visaged-—for example, light or darhi.c:z, noise
to a possible theory of performance decrement. or (iRl acteieration or  stationary The
Tests should be very brief and simple to master  cX: reiating wause and effect urnder

ralleea
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such conditions seem much better with simple  testing procedures. The possibility that such
basic communication and response tasks than  tests would have to be applied under conditions
with those with more complex psychomotor  of motion sickness was also kept in mind.
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Quantitation of performance

Four closely similar tasks were devised for
use in the ARTS. Each involved the use of tho
intercommunication system, the imposition of
a standard task, and stop-watch timing of seg-
ments of the overall program. A summary of

test conditions and results is given in table V:

Packs of sirrple flasheards were procured and
arranged in subpacks of 10. On each card were
two single digits between 0 and 9 with a 4 or
— sign to indicate addition or subtraction. The
purpose of each segment of the test was to run
quickly through 10 cards and report direcily
the sums or differences to the observer, whose
responsibility it was to measure the time taken.
Information was presented to the subjects in
one of four ways.

A mode (auditory): Intercommunication system.

V mode (viswal): A remote figure display system
in the field of vision of the subject and remotely
controlled by him to move quickly from one
operation to the next.

M mode (manipulating): A display involving ma-
nipulation and reading of cards held in the hands
of the subjects.

F mode (flying): The same hand-held display used
with instructions fnr the subject to look up be-
tween every addition or subtraction and focus

TABLE V

Performance experiments

Number of subjects: 17
Number of test runs: 78
Modes tested: Pitch

Pitch forward

koll

Yaw

Pitch + roll

Roll + yaw

Pitch = yaw

Pitch 4 roll + yaw
Random

Range: 3-24 rpm

Typical results: A 219 performance decrement in
4 men exr-sed to 6-rpm rotation in
random ax ‘ while performing visual,
suditory, £.ad manipulating tasks.
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his gaze on a point representing a distant object
such as might be seen through the forward
wind(w of an aircraft.

One of the main causes of disorientation
experienced by the pilots of high-performance
aircraft is the need to alternate between visual
and instraument flight rules when operating in
scattered clouds. The four tasks, each occupy-
ing 15 tec 25 seconds for 10 cards, were applied
repeatedly at 0 rpm i.. order to establish a
training curve and reach a steady state. They
were later applied in precisely the same fashion
in representative patterns of low-, moderate-,
and high-speed rotation in various axes. The
plan called for subjective sensations to be re-
ported to the observer at will by the subject
and for questions to be asked by the monitor
as to perception of motion or stillness, vertical
pesition, and the like.

Table VI outlines those experiments on per-
formance which were successfully completed
without onset of disorientation or motion sick-
ness and those in which either disorientation
or motion sickness, or both, were encountered.
Results in the former case were evaluated in
terms of the time taken to complete the series
of digital manipulations in four modes. Find-
ings on 4 subjects showed that a task which
required Z0 seconds when applied at 0 rpm in
the ARTS required 2.5 to 4.3 seconds longer
when rotating at 3 rpm. Ranking orders for
the eight axes of rotation, the four modes of
presentation, and the 4 subjects are given in
table VII. Random rotation caused the test
to take consicerably longer than all other types
of rotation. The auditory mode proved to take
longer than the other three modes of data
presentation.

In another series, 950 operations by subject
E.D. were carried out in similar fashion in eight
axes of rotation using the same four modes of
presen‘ation. Tests were run at 3, 6, and
12 rpm in order to estimate the effects of rota-
tionsal velocity. Although the results are for
1 man only and could not therefore be fuliy
balanced in the statistical sense, they showed
consistently that this subject preferred random
axis rotation, and that rotation in pure roll
caused the normal Z0-second task to require




TABLE VI
Performance studies during tumbhling

Completed tests

Tests incomplete due to
disorientation, motion
sickness, or other cause®

A. Subjects: FH., SK.
JS,DZ.
Rotatiens:
Roll
Pitch
Yaw
Random
Roll 4 pitch
Roll - yaw
Pitch 4+ yaw
Roll + pitch 4 yaw
(Order changed for
each subject)
3 rpm
Modes:
Avuditory
Visual
Mampulating
“Flying”
1,440 operations;
36 test runs

C. Subjects reporting
disorientation prior
to test completion:
JF.NC,ED.,
GC,EC,DS.

Rotations>
Piteh
Roll
Yaw
Random
Pitch + roll
Roll = yaw
Pitch 4+ roll +

Yaw

Spit

3 to 30 rpm

22 test runs

B. Subject E.O.
Rotutions:
Roll
Pitch
Yaw
Random
Roll + pitch
Roll + yaw
Pitch + vaw
Roll +~ pitch 4 yaw

3 rpm in each: 3,6, 12
Mecdes:
Auditory
Visual
Manipulrting
“Flying"”
960 operations; B test
runs

D. Subjects reporting

motion sickness
prior to test com-
pletion: J.F., ED,
F.H,DS, SX,
N.C, E.O.

Rotationss
Pitch
Roll
Yaw
Pitch 4+ yaw
Yaw + roll
Pitch + roli +

vaw

Spit

3 to 30 rpm

31 test runs

®In the final anabyms,

combination with C and D

subjects report:ng disonientation or
motion sickness in other senes of expeniments were conmdered in

5 secondds longer for completion. In this sub-
ject the unaccustomed rotation in vaw also
presented difficulty and the standard tasks
took an average of 3.75 seconds longer to com-
plete in pure vaw and 2.25 seconds longer in
pitch plus vaw  Among other instances of
perscnal difference for this subject was the
ditfi~ulty experienced accepting data by the
“F” (ilying) mode of presentation. The stand-
ard task took 3.1 seconds longer than optimum
when presented in the “F” mode. but only
1.6 seconds longer in the “A’” mode. It was
concluded that sunject E.O. worked better with
audio communication and had no difficulty
with hearing, as was observed in 2 of the
4 subjects in the previous group. A final im-
portant finding for subject E.0. was that speed
of rotation had little effect at this range of

TABLE VI1

Performance decrements in four simple
numeric processing tasks

Rank order for four tasks at 3 rpm (pitch)
1. Auditory input
2  Simulated visual flying task.
3. Visual input
4 Simulated manipulation flying task.
Notes:
Largest increase in time taken (auditory): 3.9 sec.
Smallest increase in time taken (manipulation):
2.5 sec
Optimum time for test (0 rpm):
Change: 12 to 19'¢

20.6 sec.

Rank order of e'ght rotational modes at 3 rpm
(all tag’.a)

1. Random

2  Roll + yaw
3 Pitch

4 Roll + pitch
5. Yaw

5 Roll

T Roll + pitch + yaw.
8  Pitch + yaw.
Notes.
Largest increase in time taken (random): 4.3 sec.
Smallest increase in time taken (pitch apd yaw):
26 sec
Optimum time for test (0 rpm):
Change - 127, to 217

20.6 sec.

37
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rpm’s. Thus, the incremint for 12 rpm was
+2 seconds or 10%, whereas at 3 rpm it was
2.6 seconds or 13% —hoth considerably smaller
than the effscts when axis of rotation and
mode of presentation were changed. An extra
experiment was therefore carried out with the
subject in the yaw axis, during which he was
asked to perform the same tests at 0, 6, 12, 18,
24, and 30 rpm. The subject found it difficult
to concentrate at 24 rpm and impossible to
continue the test at 30 rpm.

Disorientation and motion sickness

In the rest of the experiments subjective
gensations of disorientation, observer-noted
signs of disorientation, and subjective sensa-
tions of sickness were listed in an analysis
using a logarithmic scale reported recently by
Graybiel and his colleagues (21). Six subjects
reported disorientation in 23 test runs carried
out at 3 to 30 rpm in eight modes of rotation,
including spit. Seven subjects reported symp-
toms of motion sickness in 31 test runs carried
out at 3 to 30 rpm in seven modes of rotation,
including spit. These data were combined with
observations in other series of experiments to
produce the severity ratings for all subjects.
Symptoms considered in scoring motion sick-
ness are given in tabl- VIII. A scoring system
designed alcong sgimuiar lines was appliad to
ranking of disorientation (table IX). Subject-
to-subject differences for disorientation and
motion sickness are given in table X. Table XI
shows how the point scores are added in order
to assess the level of severity under the terms
slight, moderate, severe, or frank. Table XII
is & complete analysis of the symptoms of
motion sickness observed, ranging from flush-
ing and headache through marked nausea and
retching. There was no frank vomiting. Dis-
orientation ranged from sensations of slight
dizziness and difficulty in judging motion
through inability tc tolerate further motion
(table XIII).

When the scores for disorientation and
motion sickness are plotted on the same dimen-
sional axes (figs. 17A and 17B), it is seen
that: (a) disorientation occurred with equally
high frequency in pitch, roll, and pitch plus
roil, and there was also disorientation in yvaw

38

TABLE VIl

Symptoms considered in gcoring motion
sickness*

Suggested
Symptom score
(points)

Epigastric awareness
Flushing

Headache
Dizziness—eves closed

P bt b b b

Dizziness—eyes open

Epigastric discomfort
Slight paller

Cold sweating (shght)
Slightly increased salivation
Shght drowsiness

NN NN

Nsuusea (slight)

Moderate pallor

Cold sweating (moderat~)
Moderately increased salivation

L -

Moderate drowsiness

Moderate to marked nausea
Marked pallor

Cold sweating (severe)

Markedly increased salivation

W w o ® @

Marked drowsiness

Vomiting 16
Retching 16

*Modified from Graybiel et al (21)

and random axis rotation; (b) motion sickness
occurred prmarily in pitch rotation and only
to a minor o~tnt in other axes of rotation; and
(c) slight symptoms were seen with far greater
frequency in disorientation than in motion
sickness,

These observations confirrn observer re-
ports that rotation patterns which produce
strong disorientation do not necessarily pro-
duce motion sickness, and vice versa. They
suggest that the mechanisms that cause motion
sickness differ from those which cause
disorientation.




TABLE IX

Symptoms considered tn disorientation

Suggested
Symptom score
{points)

Dizziness—aeyes closed 1
Dizziness—eyes open 1
Headache 1
Simple misjudgments of motion vectors 1
Delay in perceiving start or stop 1
Slight drowsiness 2
Difficulty in vizual fixation 2
Perceptible spatial disorientation 2
Perceptible aftereffects of changed motion 2
Difficulty in perceiving vertical 2
Moderate drowsiness 4
Inability ‘o distinguish whether stationary

or moving 4
Illusions of motion; sensory inputs confused 4
Bizarre sensations of movement patterns 4
Occasional misjudgments in simple tasks 4
Marked drowsiness 8
Motor tasks disturbed 8
Inability to perceive rotation, tumbling 8
Errors in mental tasks, 25% 8
Prolonged delay in executing movements

and commands 8
Inability to tolerate further motion 16
Inabiiity to continue gensorimotor tasks 16
Inability to stand or walk 16

Significance for mission planning

Perhaps the most important conclusion
from the above experiments is that subject to-
subject performance differences exist for spe-
cific reasons. For example, one man was
unable to handle incoming information by
auditery means, while another had particular
difficulty with the “F” mode. If properly used,
tests of this sort might be administered to
available candidates for a particular mission
and preliminary selection based on the highest
performance in a desired or critical operational
mode. A candidate who did not score well in
some essential task or maneuver might then

TABLE X

Subject groupings by sensitivily or resistance
to digsorientation and motion sickness

Present disorjentation Present motion sickness
Sensitive
G.H.* J.P. T.S. ED.
G.C.* E.O. E.O. RK.
J.L. N.C. D.E. S.K.
D.S. W.R. D.S. D.B.
S.L. E.D. J.F. VK.
J.N.* N.C. R.P.
F.H. J.T.
Resintant
VK. T.5. D.W. J.S.
L.M. D.W. LM. G.H.*
B.W. ¥ H. EW. J.L.
S.H. DE. S.H. S.L.
D.Z. R.K. D.Z. J.N.*
P.P. S.K. P.P. W.R.
EM. D.B. EM. G.C*
M.D. R.P. M.D.
J.8. J.T.

Groupings are bmsed on reported sevr~ity of <ymptoms and
corrected for number of runs.

*Subjects regarded as extremely insensiti.  to sickness, yet
capadle of recognining disorientation and adapting to it. They
would be ded for prior to critical space or flying
operztions.

TABLE XI

Classification and scoring of disorientation
ard motion sickness

Level of severity Points Abbreviation
Slight 1-2 St Dl
Moderate 3-4 SIA DIIA
Moderate 5-7 SIIB DIIB
Severe 8-15 SH1 DIl
Frank sickness or

disorientation 16 SIvV biv

Note 1 Note 2 Note 3

Note 1-~Numeric scores used to sum the severity of effects and
to comparc the scnaitivity, tolerance, or insenutivity of individusl
subjects

Note 2— Modified from Graybiel et al (210,

Mote > Hased on the anulogous weoring descnibed in table IX,

39
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TABLE XII
Reported motion sickness and its cansation
. Rate Total Total
Category |Sub ect and date Symptom (rpm) Mode of rotation scors cases
Seore 1 TS. Heudache 8 Pitch 1
*967 2
«.K. Flushing [ Pitch 1
o Apr. 1968 —
2
3
Score 2 T.S. Slight cold sweating 6 Pitch ] 2
22 Nov. 1967
N.C. Stomach discomfort 18 Roll 4+ yaw 4 pitch 2
11 Jan. 1968
N.C. Stomach discomfort | 9 Pitch 2
11 Jan. 1968 7
SK. Stomach discomfort 12 Yew 2
28 Feb. 1968
S.K. Slight cold sweating 12 Yaw 2
28 Feb. 1968
N JF Slight cold sweating 30 Spit 2
19 Feb. 1968 ;
N.C. Slight cold sweating Y Pitch 2
6 Mar. 1968 i
:
| | 14
H i
Score 4 D.E. {Slight nausea R ¢ Pitch i
21 Mar. 1967 ; ' 1
J.F. Siight navisea b2 | Yaw -4+ roli 4
b Jan. 1968 | i |
N.C. Siight nausea S ¢ Roll + ya~ + pitch | 4
11 Jan. 1968 X
FH Slight nausea BERY: Pitch ¢
16 Jan 1968 i 8
Ds. Slight nauses Co3 Roll ;
17 Jan. 1968 i
1
S.K. Slight nausea ;12 Pitch + v w 4
28 Feb. 1968 ;
E.O. Slight nausea S ¢ Pitch + yaw s
7 Mar. 1928 i
V.X. Shght nausea 6 Pitch 4
9 . pr. 1968 ]
1 32




TABLE XII (contd.)

Rate . Total Total
Category | Subject and date Symptom (rpm) Mode of rotation score cases
Score 8 F.H. Marked nausea 6 Pitch 8
16 Jan. 1968
SK. Marked nausea 12 Pitch 8
28 Feb. 1968 4
RK. Marked nausea 6 Pitch 8
15 Apr. 1968
J.T Marked nauseca 6 Pitch 8
17 Apr. 1968 -
Score 16 E.D. Retching 12 Roll 16
11 Jan. 1968
R.P. Retching 6 Pitch 16 3
15 Apr. 1968
D.B. Retching 6 Pitch 16
24 Apr. 1968 —_ —_
48 24

work for improv- ent along specific, well-
directed lines on the task which gave Lim diffi-
culty. A further possibility is that standard
performances, as measured with zpecific tests,
be required for all men allocated t2 a particular
mission inve'~ing tumbling or similar risks.

There is no doubt that considerable person-
to-person diffeconces exist in such items as
postural equilibrium. In a recent study of
1,060 aviators (13), considerab:» person-to-
person differences were seen in nonvestibular
and circulatory response. Benefits of training
are apparent in such items as perception of
the upright position (36). The use of training
tasks and standard tests of perception of body
position has been described in space operations
by Gravbiel et al. (20), while Guedry (24) has
compared vestibular effects by applving stand-
ard tests iv. several rotating environments.

It is com: .on knuwledge that some persons
are particularly sensitive to motion and are
liable to become motion sick under conditions
which do not affect others. Precise mechanisms

for this kind of difference are not known. al-
though ‘he subject has been reviewed
extensiveiy by Tyler and Bard (49).

Our observed performance decrements,
ranging up tc 25 in magnitude, are of the
same order of magtitude as shown by Uselier
and Algrant1 (51) in tests of pilots exposed to
high-speed rotation. In the latter series 6%
to 187 loss of performance occurred in per-
forming complex tasks up to 70 rpm. It is
perhaps new to record that performances at
low rpm’s (3 to 6 rpm) may be particularly
disorienting and that random rotation, whiie
causing a performance decrement, may not
necessarily produce m-tion sickness as effec-
tivelv as roll or pitch. A word of caution is
required here because the nature and extent
of subject-to-subject differences are not fuily
established. The quantitative effects described
were obtained on 5 subjects. Nn difficulty is
exvected in extending this te a larger number,
and it would seem desirable to appiy standard
lexts t representative rotation and rpm’s to a
larger number of subjects in order to deter-
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TABLE XIII

Reported disorientation and its causaticn

A Rate . Total Total
Category | Subject and date Symptom (rpm) Mode of rotation score
Score 1 E.D. Slightly dizzy 3 Pitch 1
17 Jan. 1968
E.D. Slightly dizzy 3 Pitch + roll 1
17 Jan. 1968
E.D. Slightly dizzy 5 Roll 4 pitch + yaw 1
17 Jan. 1968 6
G.C. Delay (20-sec.) to report 3 Rolt 1
18 Jan. 1968 stop
D.S. Early (15-sec.) report of -— Random 1
6 Mar. 1968 stopping
G.H. Difficulty judging direc- 12 Pit:h 1
7 Mar. 19658 ticn of motion —
§
Score 2 J.F. Slight drowsiness 6 Pitch + rolt 2
5 Jan. 1968
E.Q. Difficulty in perceiving 12 Roll 2
27 Feb. 1968 vertical
S.L. Felt pitch backward at 6 Pitch 2
31 Mar. 1967 end of run
DS. Reverse motion at end of 18 Yaw 2 7
6 Mar. 1968 run
J.F. Raverse motion at end of 30 Spit 2
20 Mar. 1968 run
J.N. Turning to right at end 20 Pitch 2
3 Apr. 1967 of run
J.L. Rocking from side to 6 Roll 2
29 Apr. 1968 side 2t end of run —
14
Score 4 S.L. Rolling backwaras i2 Pitch 4
31 Mar. 1967
J.F. Masipulation problems 6 Yaw <+ roll 4
§ Jan. 1968
N.C. Lying on back pitching 24 Roll 1
11 Jan. 1968 from side to side
J.E. Movmug side to side 3 Spit 4
19 Mar. 1968
E.C. On head most of time i2 Yaw 4
27 Feb. 1968
£0. On head meoest of time — Random 4 9
27 Feb. 1968
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TABLE XIH (contd.)

Rate Tota) Total
Category | Subject and date Symptom (rpm) Mode of rotation scoore ;‘“
E.O. On head most of time 12 Pitch +4- roll 4
27 Feb. 1968
N.C. Flat on back 8 Pitch 4 roll 4
27 Feb. 1968
N.C. inability to distinguish 3 Piteh + roll 4
27 Feb. 1968 stationary or motion -_—
36
Score 8 E.O. Inability to perceive 12 Yaw 8
27 Feb. 1968 tumbling
N.C. Inability to perceive 12 Yaw 8 8
27 Feb. 1968 tumbling
N.C. Inability to perceive 12 Random 8
27 Feb. 1968 tumbling -
24
Score 16 W.R. Inability to tolerate 3 Roll 16 1
19 Mar. 1968 further motior —
26

mine: (a) whether even larger subject-to-
subject differences may exist: and (b) whether
training cannot effectively produce improve-
ment in men exposed to repeated tumbling.

VIII. EXTENDED ROTATION
Long-term exposure, training, and adaptation

Early experiments on tumbling have shown
that repeated exposure confers an increase in
tolerance, as judged by the delayed onset of
symtoms of nausea. Three interesting ques-
tions arise: (1) Is the reduced sensitivity on
subsequent exposures due to physiologic adap-
tation analogous to heat acclimatization, or is
it due to subject readiness to tolerate a known
stress more willingly? (2) Is a man’s increased
tolerance dependent on the time of exposure to
tumbling or upon the number of occasions on
which he experiences it? (3) In cases of long
exposure to tumbling, either experimentally or
accidentally in space, does any evidence exist
for a greater tolerance at the end of such expo-
sure as compared to the beginning?

Procedure and findings

Six subjects were asked to submit tc 6-rpm,
pitch-forward tumbling for a period of 1 hour,
or until the limit of tolerance was reached. Of
the 6 subjects, 3 achieved £4 to 60 minutes,
1 achieved 22.5 minutes, and the remaining
2 achieved only 5 minutes. Three runs were
aborted because of incipient nausea and faint-
ness. Respiratory maneuvers including Val-
satva and Mueller tests were applied during
runs to test carotid sinus function during
tumbling (31). It is interesting that those
subjects who tolerated tumtling well had prior
experience in the ARTS, whereas the subjects
unable to tolerate the tumbling had no experi-
ence with the ARTS in two cases and only two
runs in the third case. In those subjects who
were able to tolerate long runs, there was a
gradual decrease in the amplitude of the heart
rate fluctuation caused by a lowering of the
tachycardia without modification to the brady-
cardia level. It was not possible to determine
when or how these changes occurred. Blood
pressures at the start of the experiment were
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Fregucncy versus sevenity of motion sickness

higher than those at the end of the run. In
those subjects who did not tolerate runs well,
the onset of thie heart rzie change appeared to
be within a few minutes of the time at which
they reported incipient nausea. Table XIV
gives subjects, test runs, and modes {ested for
extended rotation experimenta.

Typical records taken from the beginning
and end of an extended rotation experiment are
given in figures 18A and 18B. Figure 18A
shows & record taken 2.b minutes after com-
mencement of tumbling. Heart rate ranged
between G2 and 110 beats per minute, and
systolic blood pressure was approximately
135 mm. Hg. After 57 minutes of tumbling
{see figure 18B) the range of heart rate had
decreased to 62 to 98 beats per minute, and
systolic blood pressure was only 85 mm. Hg.
This dramatic decrease in blood pressure oc-
curred when the body was in the process of
being tilted into the head-up position. Despite
the very low blood prensisra, no subjective sen-
sations or faintness symptoms were reported;
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no doubt further rotation restored the normal
blood preseaure level hefuie such  effects
de eloped.

Table XV shows the average heart rate for
subject T.S., obtained from four measurements
in a 2-year period from October 1966 to April
1968 during 6-rpm, pitch-forward tumbling
Measurements made before tumbling on each
of the four occasions show a progreacive d-y
ward trend in heart rate, and the gsame trend
i seen in the average heart rates during tum-
bling Within each experimental day there w.3
a further downward trend, as seen 1 the data
for the second, fourth, and sixth runs shown
in columns 4 to 6

Conclusions and interpre{ations

The heart rate findings in the above series
are reminiscent of changes seen in the progres-
sive adaptation to hard physical work in young
men and of the reduced heart rate obtained in
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TABLE XIV response to a series of standard exposures to

Ezxperiments on erxtended rotation

Successful

Unr« 2ocessful

Target time of 1 hour
reached, 6 rpm, pitch
forward.

N.C. 59 min. 50 sec.
F.H 58 min. 49 sec.
R.K. 54 min. 30 sec.

Prior experience of
tumbling:

N.C. 21 runs

F.H. 17 runs

RK. 2runs

Incipient nausea terminated

R.K. s run.

Subjects terminated runs
before 1 hour, 6§ rpm,
pitch forward.

R.P. 22 min. 27 sec.
M.D. b min. 16 sec.
J.T. 5 min. 15 sec.

Prior experience of
tumbling:

R.P. 2 runs
M.D. 0 runs
J.T. O runs

Incipient nausea termi-
nated run in two-thirds
of the cases. (Faint-
ness terminated M.D.’s
run.)

work in the heat. In both situations, adaptia-
tion of the cardiovascular system to stress is
associated with peripheral vascular adaptations
in the muscle and skin. The present findings
show that subjects who are physically fit and
have a past history of exposure to tumbling
stress have also acquired physiologic means to
compensate the cardiovascular embarrassment.
The important consequence ia that they tolerate
the stress better. Exact mechanisms are not
known. The study shows that tolerance can
be acquired and suggests that a planned se-
quenrce of training runs ¢n the ARTS might
possibly increase resistauce to other forms of
dvnamic stress.

The tendency of the heart rate to decrease
inn the prolonged run suggests that the cir-
culatory response to the body's demand is being
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FIGURE 18A

Typical records after 2.5 minutes (beginning) of extended rotation. Subject
N.C.; 2 Apr. 1988; pitch; 6 rpm.

46




- §

\
}
'
i

MRETPIAE NS, ULTTHRL S

Ml

INDIRFCT HLOOD PRESSURE
FIGURE 18B
Typical vecords after 57 wminutes (end) of extended rotation. Subject and
conditions same as in figure 13A.

47




[P ————

Slaost i

TABLE XV

Tumbling heart raote response over o two-year experimental period

heart
rate Oct. 1966 Mar. 1967 Nov. 1967 Apr. 1988
I ist run 24 run | 4th run | 6th run {1st run |2d run
Before 802 693 64.7 517 4356 b5 54
During 69.1 0.7 64 58 49.3 60.3 556.3
After 69.6 673 63.3 §9.2 48 67 50.2

Bubject T.B., ¢ rpin, pitch forward.

met by changes to stroke volume and cardiac
output rather than by a simple rate increase.
It may be that the initiz] response to the body’'s
increased circulatory needs was an increase
in the rate of cardiac pumping, but that there
was a gradual shift to other more effective
mechanisms with the passage of time. The
ECG changes and the instability of blood pres-
sure appear to be early indications of deteriora-
tion of the cardiovascular compensatory mecha-
nism. Rotational stress applied from time to
time induces or maintains a pathway for effi-
cient cardiovascular compensation during
tumbling.

Implications for men who are operationally
exposed to biodynamic stress are considerable.
The effects of long-duration exposure to gravi-
tational stress have been studied by Franken-
haeuser (12) and by Graybiel and his colleagues
(19), who exposed 4 men for 12 days in a room
rotating at 10 rpm. Vestibular capability im-
proves with practice in such moving gituations
(25), but it is common to see marked dis-
orientation when an adapted man leaves a
moving room in which he has been confined
for a long period of time. Newson and Brady
(34) also reported a prolonged run in a space
station simalator; their study was carried out
to explore the operational requirements for
rotating space vehicles.

IX. DECONDITIONING BY WATER
IMMERSION

Orthostatic deconditioning has recently
bezn used as a means of simulating the effects
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of proionged weightlessness in space. There is
no question that water immersion to neck level
for 6 hours produces orthostatic decondition-
ing (18, 41). Unless the level of immersion is
tightly controlled, however, the transthoracic
pressure difference may vary considerably
from minute to mirute and experiment to ex-
periment. There is a high degree of variability
in the methods described in the literature.
Additional complications arise when the water
temperature is either too hot or too cold. Tur-
ther, if the skin becomes excessively I .~ted
by long immersion, there may be intert¢ - ze
with normal peripheral blood flow.

A single case of water immersion was
described by Graveline (18). The subject was
enclosed in an impermeable suit, which highly
resfricted body movement, for 6 hours of con-
tinuous reclining., This deconditioning pro-
duced a dramatic change in tumbling heart
rates. In particular, the tachycardia produced
when moviitg from the head-down to the head-
up pusition was extremely marked. This ex-
citing observation suggested the need for
future experiments on a larger number of sub-
jects and the need for studying how quickly
the deconditioning process can occur.

Methods and findings

Table XVI sets out the experimental pro-
cedure used in this extension of the work. Two
series of experiments were carried out. In the
first series 3 men were exposed to 6-rpm, pitch-
forward tumbling for 3 to 5 minutes immedi-
ately before entering a large water tank. After




TABLE XVI
Ezperiments on deconditicning by water immersion

Subjects: RX, SK.,LM,RP,DW.
Mode: Pitch forward before and after orthostatic decon.. g by
water immersion
Rate: 6 rpm
Number of test runs:
Control Series I Sevries 11 Scries i Series 1V
All 1 hr. (D.W)) 2 hr. (LM.) 4 hr. (SK.) 6 hr. (all)
5 1 1 4

Typical analysis:

Respiration rates, systolic, diastolic, and pulse pressures, and resting heart rates
all showed some evidence of orthostatic deconditioning. The dramatic tachycardia
which was previously reported in a suited subject, confined in a restricted water
bath, does not occur when subjects have skin-water contact and are free to move in a

larger tank.

6 hours’ immersion the experiment was re-
peated; in addition, each man left the tank for
an interim test run some time during the
6-hour period. In one case the intermediate
run was taken 1 hour after immersion; in the
second case, after 2 hours; and in the third
case, after 4 hours. In the second series, 2 men
were inverted for a full 6-hour period with a
control run before immersion and a test run
on leaving the tank.

Water temperature was maintained in the
comfort range between 89° and 93°F. The
subjects either reclined on a horizontal board
held approximately 18 inches below water level
or moved into deeper water where they could
stand upright with the water level at approxi-
mately neck height. Alternatively, there was
room for one or two swimming strokes, and the
men were allowed to move freely if they wished.

Results were dramatically different from
the findings in the previously cited instance.
Figures 19A and 19B show electrocardiograms,
cardiotachograms, and respiratory waveforms
before and after 2 hours’ water immersion.
ECG waveforms were identical, but the heart
rate after 2 hours rose to 104 tc 108 beats
per minute when the subject entered the ARTS,
as compared with a value of 65 to 72 beats per
minute before immersion. Figure 20 shows

tumbling effects on a subject before and after
4 hours of water immersion. No marked
changes in ECG were noted. Bradycardia-
tachycardia before immersion was 96 to 132
beats per minute, and this changed oxly slightly
after immersion to 95 to 138 beats per minute.
Table XVII shows the heart rate changes be-
fore tumbling, during tumbling, and after
tumbling, before and after immersion. No
regular changes in heart rate pattern were
cbserved and nc¢ profound differences were
noted. Table XVIII presents changes in blood
pressure and respiratory rate in the 5 subjects
before and after water immersion. Respira-
tory rates remained the same or increased.
Both systolic and diastolic blood pressure
changed during the run; the former became
high and variable, while the latter became low
and variable,

Interpretation and conclusion

The observations are taken to confirm that
a degree of orthostatic deconditioning occurred
under the experimental conditions. Peripheral
circulatory impairment? took place and was

*No marked diuresis took place under the water temperature
conditions used. It is therefore unlikely that 4 k h
reduction occurred. Body v righings confirmed there waa »o large-
scale loss in gross weight during {mmersion.
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Effects of water tmmersion on tumbling responses. A. Tumbling befores immerason. B, Tum-
bling after 4 hours’ immersion. Subject S.K.; 3 Apr. 1968; pitch; 8 rpm.

indicated by the partial loss of cardiovascular
stability when the men entered the ARTS for
tumbling.

Of much more operational importance is
the fact that pctentially hazardous tachy-
cardias did not take place.

Two important differences in experimontal
procedure help to explain this unexpected ob-
servation. In the first place, considerable skin
hydration was observed on the 6§ subjects in
strong contrast to the excellent skin condition
of the suited man iu the previous pilot experi-
ment. This might have caused emptying of
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TABLE XVI1

Keart rate changes in 5 subjects (unsuited) before and after
water tmmersion

Heart rate
Subject and . .
conditions Bradycardia Tachycardia
Before run{During run |After run §Before run{During run | After run
SK.
Baseline il 65-68 83 104 97-100 103
After 4 hr.
immersion 79 66-68 90 107 85-100 97
Test run II 83 62-67 86 97 88 94 97
D.W.
Baseline % 61-02 m 88 97-100 92
Test run I 89 52-54 88 100 87- 87 97
Test run 1I 88 54-55 70 1090 §5- 88 86
LM.
Baseline 59 53-56 75 94 92-965 82
Test run 1 83 53-56 85 107 97 107
RK.
Baseline 60 52-56 64 83 77-83 74
Test run II 68 53-568 63 103 81-88 94
R.P.
Baseline 62 82 &0 94 91-92 80
Test run IT H 5 §8-61 68 115 89-91 97

blood fromn skin vessels to central circulation.
The second difference was that prolonged
water immersion in a horizontal position
araounts ic bed rest in s supporting medium
without the pessibility of exercise and blood
redistribution. In the present series the larger
water tank did not require total rest and there
was ample opportunity for blood redistribution
to take place during postural chenges and dur-
ing occasional exercising movements. Thus,
water immersion alone may not produce the
tumbling impairment. A third difference
(namely, the lack of effective control of trans-
thoracic pressure difference) has already been
noted; it is inherent if subjects are to be al-
lowed freedom to move according to protocol.
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Further experip.ents are needed to deter-
mine which, if a7y, of these factors so effec-
tively produced tumbling deconditioning in the
earlier trial. It is suggesied that carefully
centrolled experiments be conducted including:
(a) horizontal and vertical posture during im-
meregion; (b) two or more levels of immersion;
and (c) resiraint versus freedom to move in
the water.

An additional possibility is that tilt-table
trials, with scoring of the response before and
after immersion, be used as a means for
measuring the dewrioration due to immersion
and developing a tumbling test with the ARTS.
The former technic was recently used on sev-




TABLE XVIII

Blood pressure and respiration rate changes in § subjects (unsuited)
before and after water immersion

Blood pressure, systolic Blood pressure, diastolic Respiration (breaths/min.)
Subject and - -
conditions Before | During | After | Before | During | After | Before 1| During | After
run run un nn run run run run rnun
SK
Baseline 115-120 1 140-145 110 75-80 65-75 90 18 26 24
After 4 hr. immersion | 125-130 | 120-150 |100-110 | 70-85 60-60 35-75 18 28 25
Test run II 115-120 — 1156 80-80 —_ 85 24 29 23
D.W.
Baseline 125-135 115 — 85-86 80 — 24 10 18
Test run I 115.120 — 125-125 | 35-86 — 80-95 21 —_ 20
Tost run J1 116-120 — 115-130 | £0.85 —_ 90-95 24 11 19
| LM.
g Baseline 145-160 | 135-165 136 85 65-70 75 20 22 22
i Test run I 125 —  [125-130 | 95-105 | — 95 23 23 25
g REK.
; Baseline 105-120 o— 110-126 86 —_ 80 10 13 11
| Test run I 105 -- 110 85 — 80 13 19 16
R.P.
Baseline 120-125 | 100-140 1356 80-85 55-76 85-80 23 11 16
Test run 11 125 — 116-13¢ |} 90-85 — 105.80 21 i6 19
eral astronauts (3). The possibility exists that 2. Construction and fitting of three new air bear-

deconditioning and reconditioning experiments  ings capable of supporting the weight of the loaded
might be carried out on USAF or NASA can- vehicle with reduced noise ani higher rpm capability.
didates for space operations and that the can- 3. Construction and fitting of a remotely controlled
didates might indoctrinate themselves on the  Sdustorial drive, operative with fine discrimination at
hazards of prolonged weightlessness by using sny angle of incidence.

the ARTS and the associated immersion
facility.

4. Construction and fitting of a new polar drive
underneath the ARTS, capable of operating th2 vehicle
in pure yaw and of supplementing the equatorial drive
when fast scceleration is required.

X. ENGINEERING STATUS AND 5. Design, fabrication, and installation of & com-
letely new operating console, including communica-
ARTS PERFORMANCE :)ions yequipmexf: in t.l;‘:e new control roo; adjacent to

the ARTS.

Work carried out since completion of
phase 1 (41) includes the following: Successful trials with the new equipment
have demonstrated vastly increased reliability

1. Relocation of the ARTS to a specially con- and better performance of the ARTS.
structed area adjacent to other biodynamic equipment
including the centrifuge and water imamersion tank. Additional changes include the following:

53




ey

1. Installation of a safety valve to prevent loss of
air pressure in the event of compressor cut-out. The
new valve allows the ARTS to be positioned correctly
and the subjects evzcuated in the eventaality of total
power loss or pressure-line fracture.

2. Pitting of safety glarms to alert cperating ver-

sonnel to & subject requirement or iosz of opersting
air pressure.

_;3. Fitting of a new and highly effective inter-
communication system with speakers, sliowing the
operating team to work without emrphones.

4. Installation of two new antennss to minimirve
signal loss during certain critica! ARXTS positions.

5. labeling and marking the exterior surface of
the ARTS to show xnxis rotationr and subject positivn.

6. Imprevementz tc the electrical sterage battery
installation and location of s canvas screen ingide the
suhject eabin

Cerifer of Rotaltiarr

E7uo/or

7. Installation of a special circuit patch panel for
rapid modifications in signal-processing circuitry.

8. Installation of new di'zcriminator channels.

9. Installatior inside the s:bject cabin of a special
digital counting device for performance testing.

The combined effect of these improvements
is such as to permit up to 8 experiments to be
carried out within a single day. Utilization
factors of the ARTS are vastly superior to their
originul values.

Figure 21 shows the sitting position of the
subject and his geomstrical relationship to the
ARTS, including its equator, south pole, and
reference axes. It permits visualization of the
position of the new external drive motors and
demonstrates the initial reference position of
the subject at the beginning of vach experiment.

SUBIECT COORDINATE
SYSTEM K.Y 3,
VARIES RELATIVE 70
EARTH FIXED COORD.
SYSTEM XY, Z.

Sowth Pole

g

FIGURE 21
Initial reference position.
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Figure 22 shows the arrangement of the
new drive systems. Control is from the open
conaele. Each system consists of two motora:
(a) thye larger motor drives a friction wheel
which rideg on the ARTS surface, accompanied
by a trailing or directional wheel; (b) a smaller
motor is used to change direction of the drive
train. Alsc shown.in the diagram are the posi-
tions ¢f the three new air bearings and their
relationship to the center of rotation of the
ARTS and subject.

Performance tests and safety trials confirm
that the ARTS now meets all performance
specifications, including the capability to oper-
ate in all three axes of rotation. Available
power is more than sufficient to achieve
60 rpm, as proved by unmanned trials. At the
present time, the effective limit for random
tumbling is about 40 rpm because most subjects
rapidly become nauseated and cannot m.intain
flights at such high speeds. The_maximum
rpm for pure axis rotation is around 30 to
35 rpm, which is more than sufficient for all
but maximum stress tests. Higher rpm’s will
undoubtedly be obtainable after careful bal-
ancing. The upper limit of tolerance for most
subjects is akout 25 rpm. A spectrum of tum-
bling and rotation speeds available with the
ARTS is shown in table XIX. Further engi-
neering details are given elsewhere (41).

XJ. FUTURE WORK

A formal study of research and non-research
possibilities in the future operation of the
_ARTS is recommended. The versatility of this
vehicle and its capability for critical research
studies can be regarded as well established, but
require documentation. Its potential for use
in personnel selection, training, ard. special
indoctrinadon needs to be established and
might well show unexpected and valuable uses.

It ic recommended that such a study be
related to (a) existing and future space pro-
grams including the USAF Manned Orbiting
Laboratory program; (b) existing USAF mis-
gsions (including support ior operation and
combat flying personnel by investigation of the

disorientation hazard); (c) research targets
(including greater understanding of the stress-
strain relationships in man imposed by bio-
dynamic stimulation).

Four specific steps are recommended: Step 1
would be a study of the potential of the ARTS
for training and selection of flying personnel
and re-esposure of aircrew to motion stimuli
after a period of layoff. Step 2 would be a sur-
vey of the equipment necessary for installation
within the ARTS to increase its trxining capa-
bility and to allow real-life situations to be
simulated during tumbling and rotation. Of
specific interest here is a U. S, Navy develop-
ment involving overhead projection of real-life
flying situations on movie film, together with
biodynamic fvedback of position change such
as would actually be experienced in flying. A
second possibility is the installation of devices
for producing vibration, noige, and movement
instabilitv. These have importance 28 a means
of simulating reai-life events in aircraft and
space vehicles; all three factors are known to
cause serious disorientation in space vehicles
and aircraft. Step 8 would be detailed analysis
and testing of selected motions not yet ex-
plored. Table XX lists a number of starting
positions and ARTS movement patterns which
are carrently available. Many of these have
not yet been investigated. Table XXI lists an
additional series of tumbling and rotation
modes which deserve study. Until such in-
vestigation is performed, the full potential of
the vehicle will not be realized. Step 4 involves
further research use of the ARTS. Extensions
of the present program might well be made to
the areas of (a) respiratory events during
tumbling; (b) direct blood pressure recording;
(¢) peripheral vascular investigations, includ-
ing measurements of neurcgenic respense; and
(d) further study of impedance methods for
recording bloed redistribution.

In summery, future uses of the ARTS
should not be confined to basic physiologic
research. There is a potential for applied
research which deserves investigation, docu-
mentation, cost effectiveness studies. and
discussion.
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Arrangement of drive system.
TABLE XIX
Spectrum of tumbling and rotation epeeds available using ARTS
Rata .
Dynamic performance (vpm) Physiologic performance
Vehicle capability (unmanrad) exceeds thislevel. <+ _1 60 |-

ARTS commences to gyroscope and moves
progressively to rotation in its preferred -
dynamie pattern.

Effective limit for rendom tumbling. =

Pure axis votation still possible in selected -+
axes—e.K., turntable position.
Maximum rpm for pure axis rotation. - -

Fastert manned rotation (phase I). -

Runs for 3-mnin. at 8 rpm for routine screening -+
tosts.

50 |-

~ «Maximum manned flight maintainable for few

seconde orn', because of vigorous vestibular

40 |- and nsuseagng stimuli.

+Minor oscillations and departures from pure ax's
rotation became disorienting and naaseating.

«Upper limit of tolerance for all but trained, re-

- sistant personnel.

20 (-

30 -

10 |-

«Upper limit of tolerance fcr senvitive subjects.
«Most subjects tolerate for 3 min. in any axis or
- in rondom rotation.
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TABLE XX

Modes of tumbling and votation currently available

Starting position
(all sitting)

Vehicle pattern

g .

14 Roll Pitch

Yaw Random

W g X

5-8 Roll and pitch
Roll and yaw
Pitch anc yaw

- ]
8-16 Roll and pitch and yaw
11-12¢ 9 Single revolutions
\
i I 10 Quarter revolutions
13-14°* 11  Alternating fast-slow runs*
(e.g., sinusoidal)
15-16*

12 Intermittent runs®
(e.g., square wave)

Left-hard column illustrates body posture at start of rotetion.

Rigtt hand column indicates mode

of vchicle movement. Any combination of initial posture ana vehicle movement can be produced at will

®Not iavestigated so far.
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TABLE XXI
Modes of tumbling end rotation for future consideration

Starting position .
(lying/squatting, etc.) Vehicle pattern

Ultra slow rpm’s

?—o!}o—-

O Rotation with vibration added

"N

“Ladder” and “staircase” patterns

_sOlg)OY

Associated positions with arms stretched Sudject controlled runs

Trunk fixation with head movements Subject canceiilng obse~ver inpu.s

Off-center positions
Runs simuiating aircraft maneuvers

Two-men riding positions




TABLFE ¥XII

Principel experimental t.nics and conclusions

Topic Conclusions

Clear patterny of discrientation and of motion sickness weze
Disorientation studies recorded durin tumbling. Men who veport disorientation
do not necessam'y become motion sick, or vice versa.

Acceleration to 30 rpm, vitch virtually abolished heart rate
Effects cf tumbling rate and axis oscillations due to tunbling in 1 aubject. The usual
pattern returned immedia‘ely the vehicle was slowed.

Subjecta tolerate combined stres'+s of tumbiing an® cold
Effects of heat and cold (55° to 68° F.) better than comb:~+4 stresses of tumbling
and heat (100° to 113° F.).

Reduction of hydrostatic volume of blood d-es not greatly
modify the dramatic pattern of tumbling bradycsrdia-
tachycardia. Importance of blood redistribul.on and vol-
ume receptora is suggested.

Thigh-cuff occlusions

Random rotation, reliance on auditory input, and tumbling
Control capability and performance tests &t 3 to 6 rpm (or above 30 rpm) gave greatest dift:cuity
to men doing performance tests.

-

In 6 out of 45 experimental days, unexpected irstru.

menti:tion and equipment difficuities prevented full te«.
Instrument checkout and demonst-ation runs programing. Repairs, engineering development, part
replacement, and preventive maintenance effectively rem-
edied all difficulties.

Six-hour water immersion with skin-water contact and
freedcm to move in a large tank did not reproduce the
effect (extreme deconditioning) previcusly observed in
1 immobile, suited subject.

Orthostatic deconditioning

Three out of 4 men werc able to tolerate continued tumbling
Extended rotation (6 rpm, pitch forward) for i hour. Subjects Jevelop
increasing tolerance with repeated exposure.
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TABLE XXIII

Summary of experiments performed

Experiments Test runs Sabjects

Studies on disorient=tion 54 12
Effects of tumbling rate and axis 61 11
Effects of heat and cold 46 10
Thigh-cuff occlusion tests 45 8
Studies on control capability and performance tests 44 5
Instrument checkout and demonstration runs 24 10
Orthostatic deconditioning 12 6
Extended rotation 4 4

280 29

XII. CONCLUSIONS

Table XXII lists the prime conclusions
reached during phase II of research work on
the ARTS. These conclusions range from the
establishment of 25% performance decrements
during certain kinds of tumbling to proof that
redistributed blood volume plays a major part
in the control of blood circulation. They affirm
that weightlessness can be partially simulated
by water immersion, and that thcre are sig-
nificant person-to-person differences in toler-
ance tc tumbling. Table XXIII summarizes
the number of experiments performed.

It is suggested that ARTS performance
characteristics are now sufficiently compre-
hensive to justify use of the facility for pur-
poses other than research. The research field
is not limited, but a unique facility now exists
for several biodynamic purposes. Its future
use may also range from ground-based train-
ing of the scientist-astronauts, who must bio-
dynamically supplement their limited pilot
experience before safe space missions can be
undertaken, to applied research on combined
etresses such as motion plus noise, inversion
plus heat, and orthostatic conditioning plus
muscular work.
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Personal data on experimental subjects
Scheme of experiments

Test run schedule

Test runs and duration for individual subjects

Phase II 2ubjact register
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A. Personal date on erperimental subjects

Subject Age (yr.) Height (in.) . Weight (It.)

Regular
D.B. 24 68 150
W.B. 85 6% 146
G.C. 1o 70 175
N.C. 3a 71 185
E.D. 33 65.5 165
M.D. 23 70 185
D.E. 31 70 159
F.H. 38 73. 180
SH 35 71.5 185
REK. 33 71.5 131
SXK. 34 71 175
VK 36 68 170
E.M. 39 68 160
LM, 26 72 180
J.N. 31 715 194
E.O. 32 61.5 184
R.P. 24 61 160
P.P. 20 87 154
bs. — — —
J.S. 20 71 158
T.S. 25 75 195
J.T. 34 66.5 165
B.W. S8 69 165
D.W. 33 83 195
D.Z. 21 72 198

Others
J.F. 42 68 150
G.H. —_ — —_
JL. — — —
S.L. — —_ —_
WR 51 65 145

Note: Al subjicts are male.
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1I.

1L

Iv.

VIL

VIIL

B. Scheme of experiments

Subject D.B.
Phase shifts
Effects of heat
Pitch-forward axis
Yaw axis

Random axis

Subjéet G.C.
Phase shifts
Performance
Pitch-forward axis
Roll-left axis
Pitch and roll axis

Subject N.C.
QOcclusion

Phase shifts
Performance
Extended rotation
Pitch-forward axis
Fitch-hackward axis
Roll axis

Yaw axis

Pitch and roll axis
Pitch, roll, and yaw axia
Random axis

Subject E.D.

Phase shifts

Effects of heat
Performance
Pitch-forward axis
Roll-left axis

Yaw axis

Pitch and roll axis
Pitch, roll, and yaw axis
Random axis

Subject M.D.
Demonstration
Pitch axis

Subject D.E.
Occlusion

Phase shifts
Effects of heat
Effects of cold
Pitch-forward axis
Yaw axis

Random axis
Subject S.H.
Phase shifts
Performance
Pitch-forward axis

Subject F.H.
Phase shifts
Performance
Extended rotation
Pitch-ferward axis
Roll-left axis

1X.

XI.

X1I.

XIII.

XVI.

XVIL

Yaw axis

Pitch and roll axis
Pitch and yaw axis

Roll and yaw axis
Pitch, roli, and yaw axis
Random axis

Subject R.K.

Effects of heat

Extended rotation

Deccnditioning and water
immersion

Pitch axis

Yaw axis

Random axis

Subject S.K.

Performance

Deconditioning and water
immersion

Pitch axis

Roll axis

Yaw-left axis

Pitch and roll axis

Pitch and yaw axis

Ro'l and yaw axis

Pitch, roll, and yaw axis

Random axis

Subject V.K.
Effects of cold
Pitch-forward axis

Subject EM.
Impedance
Pitch axis
Roll-right axis
Yaw-left axis

Subject LM.

Occlusion

Pitch-forward axis

Deconditioning and water
immersion

Subjest J.N.
Phase shifts

Subject E.O.
Performance
Pitch and roll axis
Random axis

Subject R.P.

Extended rotation

Deconditioning and water
immersion

Pitch axis

Subject P.P.

Effects of heat

Pit. h-forward axis

Yuw axis

P.andom axis




xix.

B. Scheme of experiments (contd.)

Subject D.S.
Performance
Pitch-forward axis
Roll-left axis

Yaw axis
Yaw-right axis
Pitch and rol! axis
Pitch and yaw axis
Roll and yaw axis
Pitch, roll, and yaw axis
Random axis

Subject J.S.

Phase shifts
Performance
Demonstration
Cuff experimsnt
Pitch-forward axis
Roll-left axis

Yaw axis

Pitch and roll axia
Pitch and yaw axis
Roll and yaw axis
Piteh, roll, and yaw axis
Ranuom saxis

Subject T.S.
OGcclasion

Phase shifts
Effects of cold
Pitch-forward axis
Pitch-backward axis

Subject J.T.
Extended rotation
Pitch

Subject B.W.
Pitch axis

Yaw axis

Pitch and roll axis

Subject D.W.

Occlusion

Effects of heat

Effects of cold

Deconditioning and water
immersion

Pitch axis

Pitch-forward axia

XX1V.

Pitch-backward axis
Yaw axis
Randem axis

Subject D.Z.
Effects of heat
Effects of cold
Performance
Pitch-forward axis
Roll axis

Yaw axis

Pitch and roll axis
Piteh and yaw axis
Roll and yaw axis
Pitch, roll, and yaw axis
Random axis

Additional subjects

XXV.

XXVI.

XXVIL

XXVIIL.

Subject J.F.

Phase shifty
Performance
Pitch-forward exis
Spit

Turntable

Pitch and roil axis
Pitch and yaw axis
Yaw and roll axis

Subject G.H.
Demonstration
Pitch-forward axis
Pitch-backward axis
Roll-left axix
Roll-right axis
Yaw-left axis

Yaw and roll axis
Random axis

Subject J.L.
Demonstration
Pitch axis
Roll-left 2xis

Subdject S.L.
Demonstration
Pitch axis

Subject W.R.
Phase shifts
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D. Test runs and duration for indiv:iual subjects

Subject Test runs Total time
D.B. 8 41°298"
G.C. 3 16°31"
NC. 22 17¢4°04”
ED. 17 9'03”
M.D. 4 2139”
D.E. 12 34277
F.H. 18 102017
S.H. 5 2019~
RX. 9 80721~
S.K. 14 6937”7
VK. 2 9027
EM. 7 18702~
L.M. 5 24277
J.N. b 14°45"
E.O. 13 118732~
P.P. 5 1419~
rP 3 2910
DS. 11 55°50”
J.8. 27 75°68"
T.S. 14 3007
J.T. 2 10742~
B.W. 4 12'53~
D.W. 19 66°13"
D.Z. 14 46°54"
J.F. 16 68°47"
G.H. 7 10735~
J.L. 8 546"
S.L. 2 600"
WR 3 530"

280 1,188°08~

T




E. Phasge Il subjec. register

Phase II-A asubjects

D.E. MSgt. H. D. Engel

F.H. TSgt. ¥. R. Hannon

S.H. TSgt. S. E. Howard

J.N. TSgt. J. C. Nichols

J.S. A/1C J. M. Sigler

T.S. Sgt. W. T. Sprir.gfield, Jr.

Extra subject: Dr. Sam Lim

Phase II-B subjects

D.B. Sgt. D. Brown

W.B. Maj. W. Brown

G.C. Capt. G. H. Cohen
N.C. Capt. N. Creekmore, Jr.
E.D. MSgt. E. Dinger
M.D. SSgt. M. Dilks

DE. MSgt. H. D. Engel
FH. TSgt. F. K. Hannon
S.H. TSgt. S. E. Howard
RK. SSgt. R. Korzendorfer
S.K. SSgt. S. Konoval
V.K MSgt. V. E. Kirkland
EM. TSgt. E. Matney
LM. A/1C L. Miller

E.O. TSgt. E. R. Osbon
R.P. A/1C R. Perrili

P.P. A/1C P. Paramore
DS. Sgt. D. Shaw

28 A71C J. M. Sigler
T.S. Sgt. W. T. Springfield, Jr.
J.T. TSgt. J. E. Tadd
B.W. MSgt. B. Wiggins, Jr.
D.w. Sgt. D. Watson

Dz A/1C D. Zawyrucha

Extrs subjecss: Dr. J. Fletcher, Dr. Jose Li; s,
W. E. Rothe, Col. George Halliwell
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