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Pilot Reaction to High Speed Rotation 

JAMES vV. USELLER, and JOSEPH S. ALGRA TI 

The advantage of having a functional human being 
on board a space vehicle de igned either as a satellite 
or a space probe is so great tha t one of the immediate 
c. bjectives of space research is to explore the adaptability 
of the human body to the unique conditions that may be 
encountered in space. The physical and psychological 
linlitatiol1s of the human subject present large areas of 
unknown factors for study. 

One important problem is the reaction of the human 
subject to high-speed rotation. It is importan t to know 
th range of conditions in which he can be relied upon 
to exercise judgment and to maintain coordination of 
his faculties sufficiently to perform complex functions. 

Ten active airplane pilots, all of whom had extensive 
flight training and eJo..'Perience, have been subj cted to 
rotation in the 1 ASA Multi-Axis Test Facility. The pilots 
were assigned the task of determining and applying 
corrective torques required to counteract induced rota
tions. The induced rotations were at rates up to 70 rpm 
about a resultant axis. The subject's ability to determine 
the direction in which to apply the counter thrust from 
his instrument display, as well as, his agility in timing 
the thl'Ust application was recorded. His susceptibility 
to motion sickness was qualitatively determined . Ves
tibular nystagmus, a disturbance of vision, was encoun
tered during rotational acceleration and deceleration of 
the subjects. 

APPARATUS AND PROCEDURE 

l 
Test faCility and subject's accommodation:- The 

Multi-Axis Test Facility (Fig. l ) consists of three con
cenb.'ic, gimbal mounted, support sb:uctures that are 
capable of rotation about the tlll'ee orthogonal axes. 
Rotation is produced by a jet-reaction system that 
utilizes the ejection of high-pressure nitrogen tlll'ough 
small nozzles on the periphery of each of the supporting 
cages. Tl1l'ee sets of jet nozzles actuated by the test 
subject are located on the innermost cage (pilot's com~ pru:tment ) to permit him to counteract the induced 
rotation. 

The test subject was seated at tlle center of tlle inner
most cage in a specially molded plastic couch to reduce 
body shifting during rotation. He wa resh'ained by 
leg and thigh sh'aps and a chest harness. The head was 
protected by a padded flight helmet that was held 
in a nxed position. The upper part of the subject's body 
was enclosed in a light-proof compartment to eliminate 
visual orientation . 

F rom the NASA Lewis Resea rch Center, Cleveland , Ohio. 
Condensed from a p resenta tion made a t XI I nterna tional 
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Fig. 1. Multi-axis tes t facility wi th subject in support couch. 

Rotation was induced at rates up to 70 rpm about a 
resultant axis. The pitch, roll and yaw components of 
tlns rotation are denned from the subject's seated po
sition. Rotation about the vertical axis tlll'ough the 
length of his body is denoted as yaw motion. Pitch and 
roll motion ru:e about the axes perpendicular to tlle 
vertical axis as normally denned for au' craft operation. 

ProcedU1'e and subject's function:-In each test of the 
subject's ability to control the rotation of his vehicle 
from an initial condition of rotation about a resultant 
axis, tlle procedure was as follows. The desired rate 
of rotation of each of the tl1l'ee gimbal systems was first 
established by the engineer at the outside control panel 
near the facility. The subject was signaled that the 
problem had b een established by means of a light 
flashed on his instnunent panel. He would then begin 
to counteract the rotation induced by his instTlunents 
by using his hand controller to actuate the jet nozzles 
mounted on tlle inner cage. The rates of rotation about 
each of the component axes ( roll, pitch and yaw ) were 
displayed on individual ulstruments. In addition, three 
pau's of lights were provided near the appropriate gages 
to indicate the direction the hand controller should be 
moved to counteract the induced rotation . An additional 
insh'ument was later added to tlle center of the panel 
that also displayed the rotational rates on a single incli
cator. 

The hand controller achmted tllree pau's of on-off 
type valves and jet nozzles that would apply tlle desired 
thrust. The subject's task was to determine from his 
instruments the direction of the r equn-ed corrective 
torque and then to initiate it by means of the hand 
controll er. Moving the hand conb'oller forward and back 
controlled pitch ; while a twisting action controll ed the 
yaw motion. Operation of the hand controller to tlle 
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right or left controlled roll motion. The relative position 
and rate of rotation of each cage as well as the operation 
of the hand controller was recorded on an oscillograph. 
From a study of these u'aces an evaluation of the sub
ject's performance could be made. 

RESULTS 

Wh n the pilot was subjected to a k'llOwn resultant 
rotational vector ( rate and direction ) and asked to stop 
his rotation by means of the counter thrust system, his 
errors usually took two forms. H e applied the counter 
thrust in the wrong direction or he improperly timed 
the application and cessation of the tlll·ust. A more de
tailed discussion of his task and operation is contained 
elsewhere. l 

The pilot's p rformance loss or error was determined 
as a percentage of the total time that he made an in
correct torque input to the system. That is, he was 
penalized fOT incorrect inputs, but not for errors of 
omission. Of comse, if he applied no thrust he would 
make no errors, but would require as much as 10 
minutes to coast to a stop as opposed to a minute or so 
when the thrust system was used. The pilots were not 
aware that their performance would be evaluated but 
made every effort to stop rotation as quickly as possible. 

Figme 2 shows a typical trace of the variation of the 
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Fig. 2. Typical three-axi rotation case. Induced rotation rates : 
pitch, 10.0 rpm; roll, 8.9 rpm; yaw, 20.7 rpm. Resultant rota
tional v ctor, 24.6 rpm. 

rates of rotation ab out each axis as indicated by the 
pilot's insul.lmentation for an induced rotation of 10.0 
rpm in pitch, 8.9 rpm in roll, and 20.7 rpm in yaw. In 
this particular case, the pilot began by counteracting 
the pitch motion and the majority of his corrections 
were in the pitch direction. Pitch motion in a vertical 
plane is the most uncomfOlt able for the pilot b ecause 
of the action of the earth's gravitational £eld on his 
head each time he pitches over. This, of course, would 
not be so in a space vehicle outside the influence of 
gravity. In this example, the pilot did erroneously in
trodu c a left roll between 3.6 and 4.7 seconds. When h e 
pulled the conu'ol stick up to count ract pitch, he in
advelt ently hlrned it to the left causing a left ron cor
r ection to be inu'oduced. 

Several examples of failme to change the direction of 
the counter thrust soon enough may be seen at 10.8 and 
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at 19.0 seconds. Between 15.4 and 18.0 seconds the pilot 
had an indication of pitch-up and erroneously con
tinued to apply a counter tlll'uSt in the pitch-up direc
tion. 

The percentage of the total correction time that the 
subject inu'oduced the wrong correction is shown in 
Figme 3 as a function of tlle resultant rotational vector. 
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Fig, 3. Pilot error in counteracting random rotation. 

As might be expected with any human function, tlle data 
have considerable random scatter, but median loss of 
11 per cent is shown for this subject. 

Figme 4 shows the average pilot error for each of 
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Fig. 4. Average error for ten experienced pilots, Aircraft 
opera tional experience shown in homs for each individual. 

the ten subjects tested. The pilots' aircraft operational 
experience is also shown in homs. There appears to be 
no relation b etween the amount of the subject's ex
perience as an aircraft pilot and his ability to control 
the vehicle rotation. The range of the pilot error data 
is not signi£cant other than to demonsb'ate the general 
level to be expected from a group of experienced pilots. 

FollOwing the above tests , subject J was exposed to 
Bve rotational tests at resultant rates from 8 to 70 rpm 
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r rep ated £ve times each in succession to determine the seven times. In general, however, for tlle pilots of this 
eff ct of exp rience on his ability to counteract th e 
rotation. The results are shown in Figm'e 5. Although 
some random scatter is evident, repeating the test prob
lem reduced the subject's lTor signi£cantly. ot only 
was he able to reduce the percentage error, but he 
b came more adept at counteracting rotation about 
more than one axis simultaneously. That is, he was 
able to introduce two corrections at one time with con
siderable effectiveness. 

DISCUSSION 

In general, the pilots tested were abl to perform a 
complex task requiring a coordination of judgment and 
manual de)..'t erity with a reasonably small error (from 
6.5 to 18 per cent depending on tlle individual con
cerned. ) The rotating environment had no measmable 
effect on their ability to fmlction and tllere was no 
increase in pilot error with the higher rotational speeds. 
The pilot error was also reduced appreciably by re
peated experience with tlle same problem. 

Motion sickness:- Although observing tlle gyrations of 
the facility during a high-speed rotation from tlle sta
tionary platform might give one the impression that 
motion sickness would be easily induced, none of the 
subjects t sted was seriously indisposed as a result of 
his experience in the facility. However, some of the 
subjects did experience the onset of symptoms of motion 
sickness under certain conditions. 

All human beings with the normal body balance 
mechanism are subject to motion sickness, but the de
gree of sensitivity varies depending at least in part on 
experience and b:aining. Om subjects would be ex
pected to have a low susceptibility to motion sickness 
because of their background and experience as aircraft 
pilots. Of the ten pilots subj cted to rotation at high
speed rates, only one subject ( C ) experienced the syn
drom e of motion sickness when subjected to rota tion for 
less than 15 minutes. Rotation during the 15 minutes was 
not continuous, but for several minutes at a time witIl 
breaks of 3 to 4 minutes ben;yeen tests. Subject C ex
perienced excessive perspiration and the onset of nausea 
after only two test runs . Testing was discontinued after 
three run . Following a period of about 2 hours of 
relaxation h e was completely recovered. 

Pilot A, who has accumulated over 60 homs of opera
tion of tlle test facility while most of the subjects totaled 
only 4 hours, was normally able to endme more than 
an hom of high-speed, intermittent operation without 
discomfort. If tl1e testing was continued for longer 
periods, he would begin to fatigue and experience the 
usual symptoms of motion sickness. Recovery was usual
ly rapid, requiring less than an hom of reclining. 

Several subjects reported tllat the repeated pulsing 
experienced by th head dming a pitch maneuver 
caused by the earth's gravita tional ReId seemed to ac
celerate the onset of motion sickness. In this investiga
tion the subject's h ad was resh'ained by the helmet and 
not permitted to move about during tlle rotation. How
ever, it was pointed out b y others 2 that if the head 
is not held rigid during this type of motion, the in
cidence of motion sickness could incrcase by as mu ch as 

investigation it r quired prolonged exp osures ( up to 1 
hour ) of intermittent rotation at a resultant vector of 
50 rpm or greater to induce motion sickness symptoms . 

V estibular nystagmus:-The nystagmic r eaction wa 
observed dming the e tests when the subject was rotated 
to speeds in excess of 15 rpm. It is known that primalY 
nystagmus is related to the total senSOlY output, that 
is, it is a function of the acceleration and the dmation 
of its application .3 The threshold accelera tion for in
du cem nt of nys tagmus is about 0.3 degre per second. 
The acceleration rate used in these studies was con
Siderabl y higher than th tlu'eshold value. Howev r , 
although the same acceleration ra te was used to reach 
both the low angular speeds and those above 15 rpm, 
only tlle time required to reach ra tes above 15 rpm was 
suffici nt (about 10 sec. ) to allow development of the 
nystaamic condition. The latency period of approximate
ly 10 s conds is explained by van E gmond 4 by tl1e fact 
that periods of time of this order are required for the 
cupula of the inner ear to experience an angular devia
tion sufficient to produce a physical stimulation. How
ever, latency periods of apprOxima tely 4 seconds have 
been reported for tile acceleration rate of these tests.5 

The period of latency is dependent on several factors in 
addition to individual differences. Among these are the 
illmTIination to which the eye is ubjected dming an
gulal' acceleration, tlle alertness of the subject at the 
time, as well as his past history with rotation. Pilots, for 
example, have been found to have a latency period 
longer tllan the average subject because of experience 
with rota tion durin g aircraft maneuvering. 

Altllough no method is known for elimina ting nystag
mus dming rotational acceleration, the sensitivity of 
the vestibular reaction is reduced by visual fixation. G It 
was found dming tIlese tes ts tllat when the subject fixed 
his gaze on a localized area the severity of the nystag
mus was lessened as characterized by a reduction in 
the amplitude of oscillation of the eye. It was found that 
if tlle subject concenh-ated on a well-illuminated, cen
b'ally located insh'ument during p riods of rotational 
acceleration, the effects of nystagmus were reduced. 
vVhen he continually shifted his gaze to scan a number 
of individual insh'uments, the subject experienced a 
more distracting effect from the nystagmus. 

SUMMARY 'O:l-I~(~ . 
The exposure of a series of pilots to high -speed rota

tion in the Multi-Axis Test Facility has produced tile 
followin g conclusions: 

Dming rotation at rates up to 70 rpm about a re
sultant axis, tl1e pilot were able to perform a complex 
task requiring judgment and manual dexterity witll a 
performance error that ranged from 6.5 to 18 per cent, 
depending on the individual evaluated. The rotating 
envirolUTIent had no measm able influence on their oper
a tion or their performance error. 

Hepeated operation of a similar type rotational test 
showed that th e pilot was able to redu ce his error ap
preciably. H e also was able to improve his technique 
by inh'odu cing several corrections il11ultaneously. 

Although motion sickness would be expected to be 
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encountered relatively infrequently witl1 experienc d 
pilots, intermittent rotation at rates of 50 rpm or greater 
for periods longer tl1an 1 hom could induce motion 
sickne symptoms. 

Vestibular nystagmus wa encountered by all the 
subjects tested when the acceleration was endmed for 
at least ten seconds. However, if the subject concen
t:rated on a centralized area of his insb:ument panel, the 
effects were reduced. 
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