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SUMMARY

This report attempts to consolidate the findingas of both prior and
recent research in the area of acceleration effects upon performance and
to relate these findings to basic piloting behavioxe., The decrements in
the visual, psychomotor response and intellectual processes whicli have
been found to accompany acceleration stress are quantified where possible,
Both transverse and poeitive accelerations have been shown to raise the
level of contrast required for visual brightness and to reduce general
acuity at acceleration loads well below those which result in groas
visual impairment, Similar impairments in diseri{mination response rates
are also discussed. The techniques thus far used to assess higher mental
ability under acceleration are presanted as are some of the problems
which complicate such measurements. Data from such studies are presented
to {llustrate the reduction in immedfates memory and information procas-
sing capabilitiea of pilots experiencing both high level, short term and
moderate, extended accelerstions.

The known effects of acceleration upon the ability of pilots to "fly"
both simple and whole-~system simulations are catalogad with epecial
attention given to the wave iu whirh such variablee ar system complexity,
controller construction, .estraint and life-support aquipments, and
subject learning serve to augment or reduce these effecta.

Brief intrnductions describing the relevant nomenclature, simulation

techniques, and data handling procenses precede the discussion of research
findings,

i1




INTRODUCTION

The general development trend in space vehicle dcsign suggests the
desirability of maximally using the occupant to both contrsl capsule
attitude and to monitor vehicic ayrtems during the boost (and reentry)
acceleration phases, as well as during orbital flight. Consequently,
much more information is needed concerning man's ability to perform cer-
tain control functions under conditions in which he is expnsed to
accelexations which approach not only his physiological tolerance limits,
but also his performance tolerance iimits, In addition to the need for
more data concerning the acceleration stress that man can endure and
still retain the ahility to perform control functions, there is a need
to know specifically the nature of performance errors which can arise
not only as the direct result of acceleration, but also as secondary
effects of acceleration interacting with osther conditions such as the
type of control task, the type of control device, the demping and
stability parameters, and the pilot's physiological endurance8,

Current concern over the performance capabilities of the human pilot
immersed in certain acceleration environments is well founded since
there are very few experimental reports describing the effects of these
conditions on parformance, The present papexr attempts to summarize

some of the results of recent studies condu:ted at the Aviation Medical
Acceleration Laboratory (AMAL), (Figure 1), in which specific pilot per-
formance capahilities were studied under several conditions of
acceleration stress, (Figure 2).

So far as the pilot {as concerned, it is convenient to consider the
acceleration environment in terms of the three components (Figure 3),
These components are Gy (acceleration along the pilot's dorsal-ventral
axis), Gy (acceleration along the pilot's side-to-side axis), and Gy
(acceleration along the pilot's longitudinal body axis). Since the
relative orientation of the pilot with respeact to the resultant accelera-
tion vector can ba continuously controlled, any given veetor may be pori-
tive, negative, or zero, depending upon the pilot's position with reference
to the primary acceleration vectore. The acceleration nomenclature used
in this repoxt is the physiological-heart-displacement system 5,
Regardless of whether the subject is in the seated position, the supine
position, or the prone position, this nomenclature system refers to the
physiological displacement of the heart within the cheat when & par-
ticular acceleration forca is applied. 1In the current report, we are
concerned primarily with positive Gy (heart displaced towards the spinal
calumn), minug Gx (heart displaced away from the spinal column), and plus

, (heart displaced downward). Sometimes these vectors are referred to
as eye-balls-in, eye-balls-out, and eye-balls down, respecijvaly. More
detailed discussion of the problems of accaleration nom-uclature may be
found in Dixon and Patterson 8, Gauer 24, Clark, et al %, and
Chambers 7,




Figure 1. The AMAL centrifuge chamber showing the 50-foot arm, the
gimbal mounted gondola, the control blister, and the loading
platform,




Figure 2, Mercury Astronaut in AMAL centrifuge gondols during training
and simulation in preparation for Mercury Redstone and Mercury Atlas
space flights.




PHYSIOLOGICAL DESCRIPTION OF ACCELERATION

‘201
{Directions Are Those of Hear! Displocement, With Respect 1o the Skealeton)
Lineor Acceleralion Modes

Description of Hear! Molion

ACTUAL QTHER DESCRIPTION  UNIT VECTOR
Towards spine Eye-bolis-in  Chest-1o-bach +Cy
Towords sternum  Eye-balls-out  Back-fo-ches) -0y
Towords leet Eye-bolly-down Head-to-foo!t L
Towards heod Eyebolls-up  Fool-1o-bead -0
Towards el Eye-balis:feft — *Cy
Yoworde tight Eye-balls-right -0y
NG+ 3« NyOy * Ny Oy ¢ NyO,
~l . N'.‘ ~.l‘ N'.
Angulor Accelerolion Modes
Acceleration oboul X-anis (The hear! rols ieft In the ches!) oA,
Accelerolion obout Y-axis [The heort pitches down} ‘ﬁ.
Acceleration obout 2-axis (The heort yows lef) *Ry

Figure 3. Physfological displacement nomenclature used describing the

physiological effec:s of acceleration,




To date, a consistent terminology for representing acceleration and
its various components hac not been adopted for universal use by engineer-~
ing, biological, physiological, and psychological groups. There is much
variation in nomenclatvre, even within the same laboratory. Ffa this
report, the G system of uaits proposed by Dixon and Patterson ie used
throughout, as the measure of acceleration force, although it is recognired
that there is much confusion in the field regarding this terminology. In
practice, therefore, G is considered as a unit of force and observed
accelerations are expressed as so many "G's", For example, terms such as
"6 G units" or “a force of 6 G" are frequently used to represemt a force
magnitude six times the weight of the body in question, It is important
to note that the symbol g is used only for the acceleration due to gravity,
vhile 9315 used in aviation medicine to represent the unit of reactive
force .

PHYSIOLOGICAL TOLERANCE AND PERFORMANCE TOLERANCE

There are some cxcellent reviews on physiological problems within
acceleration fioelds in the scientific literature and the reader s
referred to thesc for a more detailed conaideration of the problem of physi-
ological tolerance of acceleration 19, 28, 12, 14, 1, 23, 27, 4, see also
Pigure 4,

The upper limits of acceleration loadings under which a given person
may perform a piloting task are primarily determined by the limits of
physiological tolerance, However, in addition to these physiological
tolerance limits which define the maximal end points for safe exposure of
a particular physiological system to acceleration stress, there are alao
performance tolerance limits which define the upper limits of reliable
functioning of a particular performance-ahility system under comparable
acceleration exposure, Although physiological and performance tolerance
limits are often functionally related, they need not be of the same magni-
tude since each 1s dependent upon {ta defining eriteria. Performance
tolerance limits are of major importance in the allocation of man-machine
functions ~,

Prior research has indicated that as G {ncreases, there may be an
initial improvement in performance of the piloting task, followed by a
gradual decline, until a performance tolerance limit is reached, Beyond
this point, performance deteriorates extremely rapidly. The point of
maximum efficiency 1s usually at a lower G than the upper performance
tolerance limit; however, to date, this point has not been specified
directly, Under conditions of moderate acceleration, expcrienced pilots may
utilize motion and acceleration cuers in performing their tasks and these
cuen, along with reasonably high coucentration and notivation, may enable
the pilot to do better under moderately high acceleration than under
static conditions., At high G, performance proficiency detavioratec
markedly,




80
» 60
340
°2 -Gy "'Gx
£
59
5 6
- Q.G
= -Gz ?
o
g 2F

| | Lol 11 L L 101 1 Lol i L L

02 0 Jl 2 4 B 2 46 10 20 4
Time in Minutes

Flgure 4, Average acceleration tolerances for positive acceleration
(+G,), negative acceleration (-G,), transverse supine acceleration
(46,), and trznsverse prone acceieration (-Gy).




This deterioration gemerally reflects impairment of vision and the ability
to hreathe, physically strain, or a reduction of the pilot's ability to
resist the physiological effects of acceleration. Summaries of the 2££octa
of acceleration upon performance may be found in Brown? and Chambers®:3.

G tolerance may be expressed as a function of at least five primary
acceleration variables: (a) the direction of the primary or resultant G
force with respect to the axes of the human body, (b) the rate of onset and
the decline of G, {c) the magnitude of peak G, (d) the duration of peak G,
and (e) the total duration of acceleration from time of onset to termination.
There are also othexr auxillary conditions which i{nfluence & human subjact's
tolerance. Among these are! (a) the types of end points used in determining
tolerance, (b) the types of G protection devices and body restraints, (c)
the type of environment in which a subject (s testad, such as temperature,
ambient pressure, noisa and lighting, (d) age, (e) psychological factoras
such as fear and anxiety, competitive attitude, and willingness to tnlerate
discomfort and pain, (f) previous acceleration training and exposed accumu-
lated effects, (g) the type of acceleration devica used for exposing the
subject to acceleration, and (h) muscular tensing and effort?3,

EFFECTS OF ACCELERATION ON VISION

During exposure to high positive, negative, and transverss acceleration,
visual disturbances occur, During positive acceleration, these disturbances
result primarily from ischemia; however, machanical distortion of the eye
may aleo occur in severe cases, Generally, a pariod of grayout exiats
befora blackout occurs. Grayout is characterized by general dimming and
blurring., Total visual disturbance occurs approximately one G unit below
the level at which blackout occurs. During exposure to high transvaerse
acceleration, thea effects on tha visual system depend largely on whether
the acceleration force is + G, (eye-balls-in) or -G, (eye-balls-out)., When
the acealeration is +Gy, no major visual disturbances have been reported
up to loads of + 14 G, for 5 seconds at peak G. At levels between plus 6
and plus 12 Gy, however, there may be sore tearing, apparent loss of
peripheral vision, and difficulty in keeping the eyes open. For -Gy (eye-
balls-out acceleration), some pain may be experienced and small petechiae
nay occur on the lower surface of the eyelids. Vision may be temporarily
{mpaired, although to date, no internal damage has been reported for
accelerations as high as + 15 G;. For - Gx acceleration, however, the
kind of restraints provided for the anterior surface of the body is a
major consideration, '3

The problem of seaing under transverse acceleration appears to be
largaely a mechanical problem, due partially to mechanical pressures on
the eyes and the accumulation of tears. In additfon to G amplitude and
the direction of the primary G vector, the duration of peak G is of mafjor
importance., Total time in which & human subject can endure exposure to




acceleration stress and maintain good vision depends largely on the system
of G protection, Using a system of G protection developed by Smedal, et al?3,
it has been possible to achieve the following record runs by transverse and
positive 0 on the AMAL centrifuge: 90 seconds at + 7 G,, 127 seconds at

+ 14 By, and 71 seconds at - 10 G;,. These record runs were conducted on the
AMAL centrifuge using the advanced restraint aystem developed by the Ames
Resesarch Center, They do not necessarily establish limits of visual per-
formance, however, aince the relatfonship between amplitude of G and duration
at peak G has not been established. For example, in an earlier experiment at
AMAL, one subject, using a contour couch restraint system developed at AMAL,
was able to perform a visual task during an extremaly high G run which took
him to + 23 G, for 3 seconds.

Visual acuity decreases as the magnitude of G increases 20,29, This
aecurs during exposure to both positive and transverse acceleration, As
f increases, a giveu level of visuzl acuity may be maintained by incrsasing
the size of the targat or the amount of luminance., White and Jorv029. for
example, found tha. at + 7 G, the target had to be twice as large as it was
at. ona G in order to be seen. In another study, white30 observed that a
tast light had to be nearly three times as bright at 4 Gy as at 1 G in
order toshe sean, Thus, a pilot's ability to read his instruments is
influenced by acceleration. However, the magnitude of this effect is a
partial function of the level of illumination., At high luminance, the
impairment due to G ia not as great as it is for the same G at lower levels
of luminance. White3C has shown that at moderate tolerance limits, increas-
ing the amplitude of positive acceleration increases the absolute foveal
visual thresholds. In most situations in which a pilot is going to be exposed
to acceleration, it is important to know the amount of contrast required by
the pilot in order to insure visual discrimination. As acceleration increases,
an increase in contrast is raquired to detect a target. This has been shown
in & vecent study by the authors and Drs. Braunstein and White at AMAL, 1In
this study, it was demonstrated that the minimally acceptable (threshold)
contrast was greater for positiva accelaration than for transverse accelera-
tion. PFor example, a 16 par cent contrast between the target and its back-
ground was required at + 5 G, and a 12 per cent contrast was required at
+ 7 Gy. For statit conditions, an average luminance differential between
target and background of approximately 8.5 per cent was required for discrim-
ination. In this particular experiment, visual brightneas discrimination was
studied at four levels of background luminance, at four levels of positive
acceleration, and at five levels of transverse acceleration. For this study,
a stimulus disnlay generator (see Figure 5) was mounted in the gondola. This
generator presented a circular test patch against a diffuse background. The
display was viewed monocularly through an aperture which was 17 1/2 inchen
from the eye. The visual angles subtended by the circular test patch and its
background were 1 degree and 28 minutes, and 8 degrees and 4 minutes,
respectively. The background was generated by eight 25 watt light bulbs
behind two sheets of flashed opal by a 500 watt slide projector. A frontal




Figure 5.
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Stimulos Display Generator

Stimulus Display Cenerator,




view of the display i8 shown in Figure 6. Voltage to the projector bulb vas
controlled by a motor-driven variac which altered the operating voltage at

the rate of volts per second. A neutral depsity filter was placed behind

the viewing aperture to produce the desired background luminance. A response
button, provided to the supject, was used to indicate the appearance or
disappearance of the test patch. Figure 7 shows the installation of this
visual response button, After activation of the response button by the
subject, the direction of rotation of the motor driving the variac which con-
trolled test ga;cb luminance was automatically reversed with the time between
subject response and motor reversal programmed to range from 1.25 to 3.75
seconds in a random delay order. At the instant of the subject's vesponse,

the voltage across the projection bulb was stored and displayed upon a digital
voltmeter located at the experimenter's station, Approximately 15 yesponses
were made during the peak G of each run. With this apparatus, it was possible
to repeatedly measure a subject's ascending and descending visual discrimina-
tion thresholds. Using 6 healthy adult males with 20/20 vision, brightness
discrimination thresholds were determined at transverse acceleration levels

of +1, 2, 3, 5, and 7 Gy and posftive acceleration levels of + 1, 2, 3, and

5 G,. Determinations were made at each G level with background luminance

of .03, .29, 2.9 and 31.2 foot-lamberts. Figure 8 shows the observed relation-
ship between hrightness discrimination threshold and background luminance for
each of the four levels of positive acceleration. Similarly, Figure 9 shows
the obtained relationship between brightness discrimination threshold and
background luminance for each of the 5 levels of positive acceleration.

Figure 10 shows the effects of positive acceleration (+ G;) on brightness dis-
crimination thresholds for perceiving the circular target against each of the
four background levels., These figures show that for each of four positive
acceleration conditions, the mean required contrast increased as the background
luminance decreased. Also, for any given background luminance level, the
higher acceleration levela required more brightness contrast. Similar results
wera shown for the transverse G exposures as may be seen in the fipures although
the differences due tc background luminance were more than those due to
acceleration levels. As previously mcntioned, positive acceleration stress
consistently Lmposed higher contrast requirements than did transverse acceler-
ation, These data clearly show that marked {ncreases in the brightness contrast
required for discrimination as 6 increased in both the positive and transverse
axes.,

It 18 important to indicate that the physiological conditions under which
the pilot performs a task such as this greatly influences the data which are
obtained. For example, some of the subjects in the above atudy also scrved
in an experiment to determine whether or not positive pressure breathing of
100 pep cent oxygen facilitetes hrightness discrimination at the upper G
levels’. The subjects performed under three breathing conditions; breaching
normal alr, l00 per cent oxygen, and 100 per cent oxygen under positive pres-
sure, Given a background luminance of .03 foot-lamberts, the subjects weve
required to repetitively opevate a switch (see Figure 7) to maintain the
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Figure 6,

Subject shown viewing the stimulus display generator.
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target (Figure 6) at the minimally discriminable brightness contrast level.
The results obtained under positive (G,) acceleration exposures of 90 seconds
duration each under acceleration loads of + 1, + 3, + 4, and + 5 G, are

shown in Figure 11, These data suggest that at the + 3, + 4, and + 5 (+ Gg)
levels, the positive pressure plus 100 per cept oxygen required less visual
contrast than was required under the other experimental conditions, Similar
results were found for the transverse G. The contrast required for discrimi-
nation appeared to be the same for both the 100 per cent oxygen and 100 per
cent oxygen plus positive pressure breathing conditions. Oxygen would appear
to play an importaunt véls, since subjects breathing normal air under positive
pressure required increasing amounta of conizast for discrimination as G
increased.

The two investigations just described were presented primarily to illus-
trate the gsort of investigations which are conducted using the AMAL human
centrifuge in which basic sensory capacities are being studied. Similar
investigations have been concerned with the effects of high accelerations
upon pilot ability in such areas as discrimination reaction time, complex
psychomotox performance, and higher mental abilities.

DISCRIMINATION REACTION TIME PERFORMANCE

In addition to influencing the pilot's ability to perceive stimuldi,
acceleration modifies his ability to respond to them as well, Many maneu~
vers which pilots must perform frequently requixre not only the discriminas
tion of but the reaction to visual stimuli. In this section, we present
the results of some recent work in which this latter aspect of parformance
was studied in some detail.

Many invectigators have studied diacrimination reaction time behavior
on human pilots during exposure to acceleration stress. Although it s
generally agreed that some acceleration environments do influence dis=
crimination reacticn time behavior, thus faxr it has been fmpossible .to
designate all of the underlying mechanisma which mediate these effects,
Durinyg acceleration, the changes observed in reaction time could be associ~-
ated with pilot impairment in a variety of physical loci. Acceleration
might well reduce the capacity of the peripheral system to receive the
stimulus, ox of the central nervous system to process already received
stimuld and to initiate discriminatory choice, as well as reduce the ability
of the neuromuscular system to coordinate the motor components which trans=
late the response into the manipulation of the appropriate control device.
In addition, some studies have indicated that discrimination time under G
is indirectly affected by the protective equipment and related components
present in the situation in which the tests are conducted. There were
also several types of discrimination reaction times, depending on the
stimuli, responses, and the types of tests,

FrankenhauserZI, using red, green, and white light signals, measured

complex choice rcaction time during exposure to +3G, and found the subject
took aignificantly longer to respond under acceleration than under nbrmal
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(+1 G;) conditions. This was true for exposures of both two minutes and
five minutes duration. Her conclusion was that visual choice reacticn time
was increased by positive acceleration. Similarly, Brown and Burke3 found

highly significant effects of positive accalevation upon diserimination
xeaction time,

In contrast, relatively little information ias available concerning
the effects of transverse acceleration on discrimination reaction time.
At our laboratory, a discrimination reaction time test apparatus was
devaloped which consisted of four small stimulus lights, a small. response
handle containing four small response buttons, and a programmer device
vhich coulf present a large variety of random sequences to subjects on the
centyifuge 1. Tests conducted on diserimination reaction time behavior of
subjects statically and while submerged in water showed that subjects could
respond eteadily and reliably on this device, A typical example of data
from this experiment ia shown in Figure 12, However, mounting the device
upon the centxifuge revealed that transverse acceleration exposures signifi-
contly influenced pexformance of the discrimination reaction tima tasks,
Figure 13 shows the installation of this apparatus in the centrifuge. As
enach of the lights came on, the subject was required to press the associated
finger bufton with his right hand as fast as he could. Both the automatic
program which activated the stimulus lights and subject's responses were
fcd to an analog computer where initial data reduction was accomplished,
Following preacceleration training to a stable baseline performance level,
axch subject received three blocks of twenty-five trials each while ex~
posed to 6 Gy for fiva minutes., Each subject received three such
acceloration trials. Since speed and accuracy are both involved in this
type of response bahavior, times and errors were normalized and added,
The results avxe shown in Figure 14, This figure showa that during the
firat.block of twenty~five trials, the average reeponse scores were slower
than the overall average. During the second serieas of trials, the response
scores wera even slower than for the firat block of trials. For the third
block of trials under G, however, performance was significantly improved
over that exhibited during the earlier trials. The resultas of this study
sugnest that acceleration initially impaired performance during the first
and second neries of acceleration trials but that by the third series of
trials, the subjects had learned to maintain their physiology and perform-
ance undex acceleratfion stress and, consequently, their discrimination
reaction time scores improve, suggesting that learning how to perform during
exposuxe to acceleration stress is a primary factor in deteyrmining pilot
performance ability. It may well be that the process of learning could
account for some of the diffarances in findingas whieh have been reported
by earlier investigators wha contrasted static ond dynamic conditions without
trking into account the possibility of rapid adaptation to the experimental

conditions,

Another approach to reaction time {nvestigation involves the use of
an auditory rather thon a visual stimulus in order to avoid the problem of
visual interfeorence which is known to accompany acceleration. One such
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Figure 13. Centrifuge installation used in study of discrimination
reaction time during exposure to acceleration. The subject responds
continuously to each of four randomly presented lights by opsrating
4 small buttons on his right-hand control stick.
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task 17 required the subject to add pairs of numbers which he heard vis
an auditory magnetie tape system and then to describe the sum by presaing
the small odd and even response buttons which were mounted ypon his left
and right hand grips, respectively . Primarily, work with this apparatus
during G, exposures to gréyout levels indicated that the time required to
mske these responses incraeased during exposurxe to positive accelerationm,

COMPLEX PSYCHOMOTOR PERFORMANCE

The ability to perform a complex psychomotor test is impaired in
most cases by aceceleration. A typical example of a relatively simple
case {& shown in Figure 15 in which the skill with which six subjects
performed the horizontal and vertical components of a tracking task
respouse at one minute intexrvals during each of two +8 G, trials ia
plotted as a function of acceleration. The acceleration profile is
dotted at the bottom of the graph, During these test runs, the subjects
operated a control device in response toe cthe coordinated pitch and roll
tracking maneuvers which were pre-programmed and presented to the sub-
ject by means of the oscilloscope. The apparatus and the contour couch !
on which the subject was accelerated is showa in Figure 16. The graph i
shows steady performance levels for the horlzontal and vertical com-
ponents of the tracking tasks prior to exposure to acceleration. When {
peak G was reached, decrements {n both componenta were obtained but as
acceleration receded to normal, both perfcrmance components rapldly
returned to the normnl skill level, Figure 15 alsov shiows the effectas of
acceleration following submersion in water to the neck level for 12
hourslt. These subjects showed approsimately the same performance
rurves, even after aa unusual and proleoaged intervening experience,
suggesting the relative stability of the control decrement associated
with acceleration stress.

In other recent work at our labora‘cry the authors, in cooperation
with Mr. Creer and Dr, Smedal of NASA, used the centrifuge to simulate
sustained reentry tracking control problems. It was demonstrated that.
well trained test pilots could successfally parform a moderately complex
tracking task while being subjected ro a relatively high and varied
acceleration for prolcnged periods of time. A special restraint system 3

was used to minimize physiological discomfort during this particular ‘
study. Tracking efficiency was calculated in percentage units based on ' ‘
the accumulated tracking error divided by the accumulated excursion of

the target in this study, Pitch and rol) control inputs were made with

a samall two axes pencil controller and the yaw inputs were made with the

toe pedal which was operated by flexficn and extension of the foot about

the transverse axes of the ankle jeints, Ihe restraint equipment used

in this study is shown in Figure 17. in this particular study the rate

of onset for all the accelerations was approximately .1G per second.

Each tolerance run was preceded by a static run which was intended to

serve ng the baseline for the prediction of performance under acceleration,

Tracking performance was impaired at the high G levels; however, the

pilota were able to malntain proficiency above the minimum levels con-

sidered necessary to continue the run, as determined from a percentage

seale of <100 to +100 percent derived froy the division of actual control

output by required cutput. Smedal, et a146 have publinhed some of the
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Figure 16, Subject positioned in cuutour couch, suspended from the
centrifuge arm, and operating a control device during a tracking trial,

24




Figure 17, Pilot restrained in contour couch, with associated
gshoulder, arm, head, and face restraints performing a tracking task

in the AMAL Centrifuge.
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results from this experiment and have related these performance boundaries
to the accelerations anticipated during reentry from both circular and para-
bolic (lunar returm) orbits, They concluded that a wman properly restrained
can withstand the acceleration stress imposed by reeutry from minimal cir-
cular orbits. The subjective findings obtained during this study emphasized
the visual, cardiovascular, and respiratory effects accompanying accelera-
tion, One major advantage of -G, acceleration over 4G, was indicated by
tuls study, namely that during -Gx acceleration, the forces of accelaration
assist in breathing by increasing the interior and posterior diameter of

the chest, the normal functioms of inspiration, whereas during +G, these
same forces impede inspiration through chest compression.

In a more recent study with NASA/Ames, conducted at the AMAL centris-
fuge, Chambers and Smedal tested pilots able to reach phenomenal trangsverse
acceleration endurance records and still maintain a relatively high level
of performance praoficiency on a complex tracking task. The most striking
centrifuge run for 4G, steady state acceleration was +14 Gy for 127
seconds, The outstanding run for -Gy steady atate was <10 Gy for 71
seconds, This was accomplished by using the special restraint system
shown in Figure 18,

In another AMAL study, test pllots who had performed a complex track-
ing test at transverse acceleration levels of 1, 3, 5, 7, 9, 12 and 154Gy
were asked to estimate the amount of performance of decrement which
occurred under each acceleratfon load. In making their estimations, the
pllots used their performance at 1 G as the base referant and attempted
to contrast theixr performance at other levels against their own 1 G per-
formance, The average estimates for performance decrement ave shown in
Figure 19, At the 12 and 15 Gy levels, the outstanding problems which the
pilota reporte:d they encountered wera impairments of vision, difficulty
in breathing, as well as difficulty in operating the control device used,

To study the effects of acecelerxation on the ability of pilots to
perform control tasks during simulated boost accelerations, Chambers and
Holloman exposed pilots to staging accelaration profiles characteristic
of both a two-stage launch vehicle and n four-stage launch vehicle. The
analog computer facility used generated and converted into vehicle dy-
namics the pilot's display and control problem as well as the commands for
driving the contrifuge. In this particular serles of runs, the longitudinal
mode (piteh) roquired almost continuons control whereas the yaw control
required only monitoring and correctlng for disturbances. Fipure 20
swmarizes some of the findings and provides an cxmuple of pillof. pexformance
fn which come features of the plloting task were greatly affected by
aceceleovation while others were not, Tan this particular study, the pilots
indicated that they were unable to concontrate on more than one or twe
thinga at the smwee time at high G, Thus, they found it necessary to
neglact gome parta of the four dimeasional tasks shown here while under
aceceleration, Subjective ratings made hy ihe pilots showed that uader low
acceloratlons, ooly noimal physfeal cffort was requirved to perform the
launch control task. Hourwer, af. the highest acceleration teated, 100
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Pigure 18, Pilot in advanced G-protection system, developed by NASA
and tested at the AMAL Human Centrifuge., This system was designed
to provide protection for 4G, -G, and+G, accelerations,
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pevcent effort was requived. The 100 percent c¢ffort rating was applied to
a sevies of special runs which sampled abilitles to perform under accelera-
tion Louds extending up to as high as 15 6. Such limit testing ouly
susucnted the primary portion of this investigation which iuvolved a com-
put: v coutrolled simulation of a hypothetical four-stage luaunch vehicle
Figure 21 shows a typlcal launch curve for this simulated condition. The
pliot's tusk was to fly the vehicle through the orbital injection "window",
At the acceleration level studied (all below 7 Gyx), there appeuared to be
1hetle effeet of the accelexation on the control task as determined by the
pilot'y ability to manage the primary control quantities., These results
are showun in Figure 22,

Eifects of Varying the Type of Control Device Used

In addicion to both the direct effects of acceleration upon human per-
forwnpee and the less obvious interactions between performance and accelera~
tion alrceady mentioned, there is a growing body of information pertaining
to the somewhat secondary role that other flight conditions glgy in deter-
wining a pilot's performance during exposure to accelevation’»8, an
fmportaat example of this is the contribution wade by the type of control
device that the subject 1s using. Control devices have many character-

Lt fes which may influence performance under acceleration conditiona,

Sune: of the varfables found to be important ares (a) the relationship
betueen the axes of controller motion and the acceleration vectora imposed
upon the pilot's hand, (b) the uumber of axes of wmotion, (¢) the stick
torce pradient along each mode of countrol, (d) the centering chavacter~

fot ley along each mode of control, (e) the basic location of the control
device, (£) controller brenkout forces, (g) control device friction,

(M) danpdog chavacteristices, (L) the magoltude of control throw, ()
control response time, (k) control havmony, (1) c¢ross coupling, (m) tha
count of kinetfe feedback provided by rhe centroller, (n) controller

shope aod afze, and (0) the dynombe awd sracie balancing of the control
deviee,  The combinntiou and Interactlons vl these chavactoerfstles requives
aovery complex ond extended disecunsfon,  Theretoge, the present veport will
cover only those aspects found ro coutribute nost to controllability,

fu the course of early sinulattons of proposeed space velhicles, several
types of wight hand side controllers have been tested, Figure 23 presents
a dlagram of four of these controllers: a three axls balanced controller
with al) three axee intervecting; a three axls controller (unbalsnced)
hoving none of these three axes intersecting; a three axis balanced cons
traller; a finpey tip controller having two lotersceting axes with yaw
operatiog via Ltos pedala; and a two akis coutroller with axes thar do not
Intervect, coupled with toe pedals for yaw contynl, Jn Flgure 24, the
effects of two spesific acealeration Flelds upon pllot performance during
the piteb and roll manenvers lrvolved dn a tracking tank are gshown for each
of rhe four types of controllers. While the pllots performed fn one aceel-
eration field, their crror pevformmes on all fonr contiollers was essentially
the sawe, However, when thase same pllots flew the same problam under a
diffarent nceeleration veator, perfarmanes on Type TI conrruller prently
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increased while parformance on the other two controllers remained vssentially
unchanged, A simular change in G fiald resulted in an increment in error
for Types II and III controllers and reduction in error for Type IV, result-
ing in & shift in vank order of the controllers, The differential effects
upon performance induced by different typrs of acceleration controllexs are
shown in Figure 25. Here, the mean tracking efficiency scores for test
pilots who perform the same tracking tasks using each of the four different
types of side arm controllers within given acceleration fields and under
varying smounts of cross coupling and damping are shown, This figure shows
not only the effect of using different specific G fields on particular
tracking tasks but also illustrates the effects of damping and cross coupl=~
ing vhen the affects of acceleration are held constant.

In studying tha effects of acceleration, one must also consider the
complexity of tha task to be performed by the pilot since task complexity
is magnified under G2. Basic research upon the effects of high G upon
complex task performance is frequently complicated by the need to control
the numerous variables associated with task difficulty., Aerodynamic stabil-
ity , damping fraquency, tima constant, and other vehicle response charac-
texistics strongly interact with acceleration to determine pilot performance
at high G. If the simulated vehicle 1s highly stable and wall damped within
the desired frequency ranges, the pilot may f£ind performance under high G
relatively easy. However, the same genecral piloting task may be impossible
at lower G levels with a simulated vehicle having less desirable serodynamic
charactaristics. An example of thias is shown in Figure 26,

BFFECTS OF ACCELERATION ON HIGHER MENTAL ABILITIES

To date, there is a sevare lack of reliable and valid tests of higher
mental activities which can be administered within the basically restrictive
and time-limitad conditions encountered in centrifuge operation and still
rvetain the measurement sensitivity required. A way to monitor the intel-
lectual functioning of the subject while he is being exposed to accelaration
conditions is sorely needed. Several reviews of this problem havs been
presented 5, 6, 7, 24, It is a generally accepted fact that exposure to
high or prolonged accaleration may produce confusion, unconsciousness,
digorientation, memory lapse, loss of control of voluntary movements, or
prolonged vertigo., However, the tolerance limits of basic intellectual
functions are unknown, and there is very little quantitative information
which would indicate which of the specific higher mental skills may
suffer impairxrment.

An astronaut or scientific observer during some phases of flight may
be required to perform tasks such as monitoring, reporting, flight guidance,
and other tasks which require immediate memory and the processing of infor-
mation, To date, there is no conclusive information available regarding
the affects of acceleration upon the basic intellectual abilities required
for such functions, i.e., immediate memory and the ability to process
information.
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Using the human centrifuge at AMAL, Ross and Chambers conducted a study
on the effects of both positive and transverse acceleration upon the ability
to perform a task which placed demands upon these psychological abilitieas,

A continuoua memory testing apparatus was developed which could ba used
under both static and acceleration conditions. Thias test required the con-
tinuous and repetitive memorizmation of a portion of a sequence of random
symbols. As each symbol occurred, the subject was required to compare it
vith his memory of the symbol which had been praesented to him two, three,
or four presentations previously. New symbols appeared continuously so
that the subject continuocusly had to forget earlier symbols as he added
the new ones, Basically, this task involved both the immediate memory

and the facility for handling an “information load" of symbols under con-
ditions in which opportunity for asymbol interference was at a high level,
The "running matching memory" task used was simple to grasp and administer
but difficult to perform without error, The subject was presented with a

. plus or minus sign by means of a digital display tube mounted in front of

him and was required to judge vhether the sign he saw was the "same aa"

or "different from" the sign he had seen either 2, 3, or 4 presentations
previously, These three memory spans were interspersed throughout a test
series and were known as the 2-back, 3-back, and 4-back condition,
respectively, S4imultaneous with the presentation of the plus or minus
sign, the subject saw the numeral 2, 3, or 4 in another tube, indicating
whethar a 2-back, 3-back, or 4-back match was to be parformed. The sub-
ject made the required matchas for each sign as it appeared, Each sign
was presented for four seconds with a one-second interval betwean presenta=~
tion, A series of £ifty signs was presented within any given run, The
G-level selected for investigation was 5 transverse G for 5 minutes.

Data analysis indicated no significant differences in percentage of
correct memory matches between static and G conditions., Twenty«four
subjects completed the required saries of four 5 G runs of five minutes
each, however, there was an increase in the latency betwesn presentation
and time of response, Also, the subjective comments concerning performance
on this task did not correlate well with the actual quantitative measures
(Figura 26). The number correct for each series was converted into a
percentage since the number of matching responses made wera not quite the
same for each condition 48 matches for a 2-back condition, 47 matches
for a 3-back condition and 46 matches for a 4-back condition. Subjects
reported that their performance deteriorated under G and they regarded
this exposure as an extremely stresaful experience.

Related research has suggested that the previously discussed measures
of discrimination reaction tima reflect intellestual performance, and that
one may use such measures as a general indicator of higher mental function-
ing. The results of some studies at AMAL suggested not only that dis-
erimination time was impaired under G, but also for some time after the
termination of G. Figure 27 summarizes the results of one such study. In
this figure, the abscissa is quantified in standard-error-of-mean units.
Using a one tailed t-test it was shown that performance was significantly

fmpaired not only under +6 G, acceleration but that this decrement persisted

after the centrifuge run was completed and the pilot roturned to the normal
(+1 Gy) acceleration field.
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In a more recent study conducted at AMAL, a second attempt was made to
esxplore higher mental functioning of human subjects exposed to acceleration
stress, The task required the subject o momitor two small diuplay tubes
which were located directly in front of his normal line of vision, The
left-side tube presented numbers, and the right-side tube presented plus
and minus symbola. The task was to continuously wmake matches for these two
buttons to indicate whether both the number and symbol which were then
appearing were the same as or different from those which had occurred a
specified number of trials previously. Nineteen male subjects volunteered
to pexform this running matching task while sustaining transverse accelera-
tions of 1, 3, 5, 7, and 9 G's., Each test was 2 minutes 18 seconds long.
The results of the experiment suggested that proficiency in fwmediate
memory was maintained at leasc through 5 transverse G. However, at 7 G and
9 G, some impairment in immediate memory was observed,

During prolonged exposure to acceleration, the continuous concentration
necessary for performance maintenance is difffcult, fatiguing, and boring.
For example, during an extended 2 G centrifuge run which lasted for 24
hours, the subject started out with a scmewhat detailed set of procedures
to follow in making medical observations upon himself, recoxrding his sub«
Ject comments, and writing and typing!3, 13, However, the subject found
that, in spite of his initial high resolves, he took naps and listened to
the radio instead and suffered primarily from boredom and fatigue. Aveas
of contact with the chair in which he was seated were the sovurces of the
greatest localized discomfort. At 16 hours elapsed time, the subject
reported the onset of aesthenia of the ring and little finger and outer
edge of the palm of the left hand. The subject fcund it impossible to
majintain his originally prescribed mafntenance and observation schedules,

In an attempt to cobtain specific information concerning the effects of
extended, moderate acceleration upen higher mental abilities, a shorter
study (+2 Gy for 4 hours) was parformed, The subject was secured in a con-
touxr couch and required to perform the twe-symbels running matching memory
task previously described every 10 minutes., The subject was able to perform
this task throughout the entire perfod with culy minor performance impair-
ment. Furthermore, task performance during the 4-hour acceleration expo-
sure was not significantly different from performance either before or
after the centrifuge run. Throughout the ¢rnat pariod, task performance
was highly correlated with the pilot's asubjactivé estimations of his
proficiency,

THE EFFECTS OF ACCELERATION UPON SPECIFIC MISSION TASKS

The performance measurements described thus far have emphasized the
effects of acceleration(s) upon the expresaion of rather general psycho-
logical and/or psychomotor abilities, Recent data indicate that even
highly specific and well practiced skills ave won jwmune to the effects of
acceleration. For example, performance measures collected during a recent
astronaut trniaing program, Moceary Ceatrifuge 1Y, conducted jointly by
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NASA and AVAL, vevealed several significont effects of dynamic sinmlation
upon pllot performance and response,

Two primaury modes of centrifuge control may be used during such a
dynamic simulation of the accelexations associated with space vehicles
and high-npeed aireraft: (1) open-loop and (2) closed-loop centrifuge
comaand systems. In open-~loop control, the centrifuge cowmands are pre-
programued eithexy on punched tape or within the computer proper. These
progranwed conmands are not subject to pllot control short of termination
of the simulation by activation of the abort switch., 1In closed~loop
centrifuge control, the pilot overlays the effects of his control actions
upon the preprogramncd acceleration profile. The actual accelerations
inposod upon the pilot thus reflect not only expected system character-~
iatics but pilot performance as well.

By combining the control motion outputs with the preprogrammed
acceleration commands, the computer's eonordinate converter system presents
drive sipnals to the centrifupge which dircetly reflect the pilot control
outputs,

During both modes of operation, the pilot's inatruments and panel
dinplays, particularly thosc concerncd with the vehicle's rates and
attitudes, are usually controlled by a closed-loop system to provide
the pilot with fmmediate and continuous fecdback regarding his control
activitics, However, certain displays such as event-times and/or
sequences are often controlled in an open-loop manual or preprogrammed
fashion, Fipure 28 1s a schematic presentation of the centrifuge/
computer interface during open-loop acceleration command (solid lines)
and cloned-loop panal display (open lines).

For the simulation to he discussed hare, a punched-tape program was
used to drive the centrifuge in an open-loop command fashion. The side-
arm controller, the computer, the instrument pancl, and the pilot formad
a closed-loop system of display activation., The acceleration profile
(Fipgure 29) was a real-time approximation of the accelerations predicted
for the orbital mission, TFor the runs to be discussed here, the orbital
time was collapsed with retrofire closcly following the completion of the
boost phnpes and capsule turnaround. During static simulations, ouly the
closed=loop display system was activated, thus providing a real-time sim-
ulation of the control tasks with their arsociated panel displays and
telepanel pequence indications. The dynamic simulations used the same
Moaplays and controller tasks but were accowpanicd by the open-loop
driving coamonds to the centrifuge which superimpnsed the acceleration
profile upon these plloting tasks.

The dnta to be discusscd here are based upon a geries of twelve
sluulntions (four statie and eipght dynamfe) vhich wexrn (Town by o~eh
of tho gsoven astronauts. Those tunlye aboaloklons sanpled porocr oo
undexy most of the posoible combinatfons of accelevarion, sult, wnd vobin
preasurization coaditions.
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Figure 28, The centrifuge/computer interface during open-loop
acceleration command (solid lines) and closed-loop panel display
{open line).
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Approximate G Profile with Event Times and Associated
Telepane! indicators
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Figure 29, Approximate G profile with event timea and nesocinted
telepanel {ndicators,
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Duxring such siwulation programs, pilot performance is continuously
monitored and evaluated. The facility primarily responsible for this
phase of aimulation assessment, the Engineering Psychology Luboratory, is
aquipped with an analog computer and associated equipment including graphie
plotting, digital print out, and FM-tape recording capabilities, The
prinary unit of measurement is the analog error as represented by the
voltapa differential batween inputs representing the existing controller
and/or vehicle positions and the preprogrammad inputs representing the
appropriate or desired attitudes, Figure 30 graphically summarizes the
teclniquas of analysais and summarization available within this facility.
Thir fipure also portrays the capability for discrete task and event
recording as well as for recording the latency of pilot response to dis-
played event indications,

In the course of an orbital missfon of the Mercury type, in addition
to his other duties the astronaut is required to monitor the telelight por-~
tion of the capsule instrument panel and to confirm booster and/or capsule
responae (8) to a progranmed sequence of flight events. I1f an event is
not performed at the scheduled time, the telelight panel displays a RED-
LICHT condition (indicating capsule receipt of the event conmand not
accc.panied by internal confirmation of the required operations) or a
KO-LIGUT condition (indicating panel and/or {nternal telemetry system i
fnilure). It may then be neceasary for the pilot to manually initiate
(over -ride) the operation(a) normally instigated by the automatic, pro-
gri- oad clreuitry, During training simulations such as the recent Mercury
IV propram, an externally mounted control panal (Figure 31) is used to
wenitor and control the {nputs to the telelight dinplay which is along
tha loft side of the pilot's control panel (Figure 2), When RED~LIGUT or
IO-LIGHT indications were given, a ,0l-second timer recorded the time
betveen normal automatic instigation and ita associated telepanel warning
nnd the performancs of the required over-ride by the pilot,

It should be :oted that only one of the required talepanel over-rides,
manual operation of the Escape Tower Jettison ring, occurred under G, Even
this over-ride involved only moderate acceleration loads of npproximately
2 G, MHowever, for purposes of the following discuasion, telepanel responses
which were made in the course of simulations involving centrifuge accelera-
tion are classed as Dynamic responses even though little or no acceleration
londn were present at the actual moment of response.

The following three ganeral categories of acce eration effects were
among thone noted during the course of this program:

1. Acceleration resulted in the insertion of specific control inputs
of which the pilots were often unaware. .

2. Acceleration gencrally disrupted the timing and precision of
pilot control,

3. Discrete task funetions such as an operstion over-ride varxe

affected by accelerations which preceded and/or follouad th o thiony Yy the
operations thennelves were performad undexr mindmal acceleration loda,
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Extarnally mounted control panel.
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These three effects of acceleration have been treated ganerally else-
where 3, 10, The purpose of the following discussion is to show how these
general effects are e:pressed within a epecific system configuration.

Inadvertent Control Inputs

At rest, a side-arm controller such as that used in the Mercury capsule
is adjusted to maintain the central position in all axes and {a balanced to
retain this inactive, central position under acceleration. Any diasplacement
of the controller, 4n excess of the central inactive range or “dead-band",
nerves to activate the capsula‘'s control jets (nozzles) which impose re-
orientation accelerations upon the capsule, Dynamic conditions are not ine-
frequently accompanied by controller deflections of which the pilot 1is un-
aware, Any control deflections occurring without the knowledge and intent
of the pilot can seriously complicate the control task. Such inadvertent
control inputs can even result in complete loss of control, since the
limitations upon nozzle velocity are such that inadvertent inputs can
easily reach sufficient magnitudes and/or durations to impose reorientation
rates bayond those which can be damped within the time limits established
by the mission proffle. These inadvertent inputs often mirror the accelera-
tion profile under which the control tasks are performed, Figures 32, 33,
and 34 are representative examplea taken from actual records, which display
such inputs in the roll, yaw, and pltch axes respectively. As illustrated
by these sample records, these i{nvoluntary control deflections generally
appear in a single axis though PFigure 35 Lllustrates the less frequently
observed aimultaneous appearance of inadvertent inputs in two axes: roll
and yaw. The fact that the pilots ave often unaware of such inputs is
{llustrated by the fact thai the excesslve {usl utilization mssoclated with
such sustained deflections was interpreted upon several vccasions as a
s{muiated fuel leakage problem and not as the result of controller activation,

General Control Effects

In addition to inadvertent inputs which accompany acceleration, other
more general effects of dymamic conditions may be observed. Aczcleration
appeara to generally raduce the sensitivity and timing oi all controller
movements, Figures 36 and 37 are sample portious of cthe recorded static
and dynamic performance of the same pilot taken within twenty minutes of
each other, These records serve to illustrate the general effects of
acceleration upon the frequency and amplitude of control movements., Cer-
tainly no one should be surprised to learn that the task of flight control
is wade more difficult by the imposition of accclaration forces., MHowever,
the authors are willing to risk the accusation of pedantry in order to em-
phasize the extent of such effocts as well as the nced to assess such effects
by dynnmic aimulation before attempting to estimate actual flight perfor-
mance parameters., The fact that dynamic conditions do affect pllot effective-
nees is amply fllustrated by the percentage of simulated reentries in which
the xates of capsuln oscillation were kept within the Limirs af contrul
capability under static and undar dynamic conditions (Figure 38), Since
the atimulations upon which these percentapes are bagred imponed plteh ound
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Inadvertent control input in the roll axis.

Figure 32,
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inodvertont Control Input in the Pitch Axis

Inadvertent control input in the pitch axis.

Figure 33,
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yaw oscillation rates drawn from the upper extreme of the range of expected
values, and insofar as Friendship 7 successfully reentered even though the
oscillations were quite large, these percentages do fnot represent the
probability of success of an 4crual Mercury filight or similar missions,
However, these figures may be considered representative of the general
effects of acceleration upon the ability of pilots to dynamically perform
control tasks which they perform easily under static conditions,

As previously mentioned, the tendency to use less discrete, more fru-
quent control inputs (Pigure 37) wnder dynamic conditions is associated
with an overall increase in fuel utilization. A most Important aspect of
this relationship rests upon the fact that differeatial rates of fuel usage
were observed even when no significant differeaces in adequacy of control
as measured by iuntegrated attitude error ware present, As previously
indicated, pilot ability to damp the reentry oscillations in pitch and yaw
was reduced under dynamic simulation. In contrast, control capability in
the roll axis was not significantly affected by dynamic reentry accelera=
tions. Therefore, roll control during reentry can be used to illuastrate
this dynamic effect under conditicvns of equivalent error. Figure 39
illustrates not only the correlation between incurred roll rate error and
compensatory fuel usage [fuel used/lbs, =» k€,00012+ Integratad Rell Rate
Error in Degrse seconds/sec.)| but also thac fuel utilization was
approximately 33 percent greater under dynamic (k«1,328) than under static
conditions (k=1.00) though integrated error was of the same approximate
magnitude under both condftiona. Jt {8 highly unlikely that the additional
fuel usage predictable from these resul<s would interfere in any way with a
mission such as thc Mercury three orbival flaight since adequate fuel reoserves

.were available, However, it 1s conceivable that the failure to take into
account a potential Increment in fuel expenditure in excess of 30 percent
could have serious consequences in future missions of longexr duration, Data
of this nature emphasize the advisability of obtaining both dynamic and
static performance evaluations for aay system configuration before placing
eatimated values upon such design paramnters as vequired fuel reserves,

Other aspects of pilot perforxmance alro confivm the value of dynamic
performance evaluations, As may be sesn in 'Filgure 40, the hard suit (5 psi
differential pressure) conditfons reauired in & reduction in relative pilot-
ing performance as measured by the peroentagn of the reentry simulations in
which capsule oscillations were successfully damped during static simulation
of the reentry control task, but appaared to assis? performance under
dynamic conditions. Tha performance values presented in this figure are rot
absolute but represent relative performonce usiag the conditions of STATIC/
SOFT-SUIT, under which comtrol must often be retataed throughont the reentry
profile, as a base~line referent, The additional forearm support provided
by the pressurized suit appeared to reduce the frequeney and/or magnitude
of the previously described inadvertent inputs which accompanied dynamic
simulation. As the tendency to insert such laputs was redurrd through
practice, the atabilization provided by the inflated ol appeaved to beuoen
leas and less of an advantage and the interaction between suitf and run con-
ditions was markedly less during the lugter stages of training. Verbal
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rvaports obtained towand tie end of the training program indicated that the
pilots considered SUIT-HARD conditions more uncomfortable and perhaps even
lass effective.

cyate ~Tas apon

As can be¢ aeen in Figure 41, the overall mean response time to tele-
panel indications was not affected by acceleration. However, dynamic
simulation did significantly increase response variability (F = 2,9, p <
03), This latter finding could be of operational significance in system
configurations requiring precise manual sequencing on the part of the
pllot. Also, of interest, is the obsexvation, implied by the large var-
iance in the response times obtained under acceleration, that individual
pilots react differentially to the stress(es) of dynamic acceleration con~
ditions., Table I, which summarxizes the performance of the five astronauts
for whom completu data were avallable, serves to demonstrate the extent of
this differential reaction. As shown in this table, pilots No. 1 and No, 4
dispiayed shorter reaction times under dynamic conditions to all but one
malfunction indication. At the other extreme, the response times of pilot
No., 2 to all indications were retarded during dynamic simulation. Under
acceleration, the other two pilots exhibited consistent but mixed response
time alterations as a function of the indication involved.

Table 2 summarizes the relative response times to the NO-LIGHT and RED-
LIGHT panel indications under both static and dynamic conditions, As can
be sean, response time was considerably longer when no indication was given
than when improper sequencing was displayed to the pilot by the RED-LIGHT
panel indication. Response variability was significantly (F = B8,53 p < .01)
greater under the NO-LIGHT condition, There was some tendency for accelera-
tion to incresse reaction time to the NO-LIGHT condition more than for RED-
LIGHT presentations though rcsponse variability was such that this inter-
action was not found to be statistically significant, However, additional
evidence of an interaction between type of dndication and acceleration s
available from a tabulation of totally missed telepanel indications. Upom
only seven occasions did the pilots fail to make any response whatever that
would indicate recognition of an existing sequencing problem, All seven of
these response failures occurred under the NO-LIGHT and Dynamic conditions.

Average responsg times were not significantly affected by the change in
altitude simulated by gondola evacuation (Figure 42), Average over-ride
latency was 3.64 ssconds at sea level pressure (14,7 psi) and 4.68 seconds
when gondola pressure was reduced to 5 psi. As shown in Figure 43, the
pressurization of the suit did not significantly alter response time,
Average latency was 4.28 under SUIT-HARD conditions and of 3.68 seconds with
the soft suit.

SUMMARY AND CONCLUSXIONS

This report attempts to consolidate the findings of both prior and
recent research in the area of acceleration effects upon performance and to
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rvalate these findings to basic piloting behaviors. The decrements in the
visual, paychemctor response, and intellectual processes which have baen
found to accompamy tccelaration stress are quantified where possible, Both
toansverse and positive socelerations have been shown to raise the level of
contecast requived for visual brightness and to reduce general acuity at .
ascosleration loade well balow those vwhich result in gross visual ifmpairment.
Similar impairments in discrimination response rates are also discuased,

The techniques thus far used to assess higher mental ability under accelera-
tion are presented as are somea of the problems which complicate such
measurements, Data from such studies are prasented to illustrate the re-
duction in immadiate memory and information processing capabilities of
pilots experiencing both high level, short term and moderate, extended
aacelarations,

The known affects of acceleration upon the ability of pilots to "£ly"
both simplae and whole system simulations are cataloged with special
attention given to the ways in which such variables as system complexity,
controller construction, restraint and life-support equipments, and subject ]
learning sarve to augment or reduce these effects. !
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