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Larga acceleration stressas are encounto
by cosmonauts at different phases of spaj
flight. Their magnitudes and durations gl
discussed highlighting certain physiologit
effects to determine tolerance limits. Dutll
launch and re-entry the choice of supina G h
been explained. The accelerfition test profil
used at IAM for cosmonaut evaluation wi
results of 9 subjects have bean presented,
Introduction o

.

Large acceleration stresses are Hnmuntartﬂf
cosmonauls during launch and re-entry.  With
latest design technigques of space cralt the stros
accaleration has been reduced a great deal,  Hoj
ever, In case of any malfunction, especially dufl
re-entry the forces could still be very large, Ti
cosmonauts are tested for their tolerance to "Gy i
upto certain laid down limits to ensure safety,

The problem of Og during orbital phase of (i
is always presenl. s physiological effects @
cardiovascular system can reduce the tolsrance!
"Gz and to “Gx to some extent during re-entry 4
landing. '

Accelaration stresses in spaca flight

In orbital flights around the earth the aceli
tion stresses likely to be experienced can be dii';'i_
into four distinct phases :-

(8} Launch (b) Orbit (c) Re-entry (d) Landg

The four phases of accelsgation stress diffar)
thair magnitude and duration of the stress.

(a) Launch: To understand the magnitude of i
stress during launch, an idea of the orbital velp
to spacecraft is naeded. Oroital velocities s
to 1000 Km altitude are in the region of 78
Km/Sec or 17,000 to 18,000 mph. To afif
this velocity multi-stage liguid fuelled rocketsd
used. One type of three stage rocket, accelar
profile is shown in Fig 1 and another in Fig 2
Fig 1 the maximum aceeleration is 8 g far gl
sacands with less than 30 seconds above 6 gg
Fig 2 the maximum acceleration is 4 g with
acceleration for about 44 mts, Fig 2 shows the i
of accelaration experienced by cosmonauts in cul
space craft.




kEfr'Mt: In the orbit the centrifugal force of the
glo balances the gravitational pull, thus producing
Wyiranment for the occupants of the spacecraft.

gantry ©  Acceleration “slresses gre producod
to the sudden drag and deceleration during re-
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he:denser atmosphere starting at around
E . The accelaration exparianced is ds-
‘the angle of entry inta the atmosphere.
produce very large acceleration, at 107
5g. (Fig 3). To keepthe meagnitude of
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9gis imposed. Apollo 10 re-entry accelerations
are shown in Fig 4. In controlled re-antry the ace-
cleration will always be around 8-8¢g, but in case of
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Inss of control and larger angles 8t re entry it could
be about 20 g for 8 Sees or 50, Aero dynamic shaps
of the space craft could also modify the re-entiy
accelerations.

Tumbling with high rates of rotation and variable
acceleration could be experienced after re entry.
This iz usually prevented hy jets and steblisation
parachutes opening at around 100,000 to 70.000
feet altitude:

(d} Landing phase ;| The accleration imposed de-
pends on the type of landing parachutes in use and
the type of terrain, However theze are impact
accelerations not larger than 8-9 g in most type of
space orall.

{e) Emergency Escape © Requirements of emergency
escape in 3 space flight are quite cemplex: in
different phases of flight, But acceleration ex-
perienced could be in in the region of 20 g sustain-
ed for 1 Sac or 0.

Phvysiological Effects

As the accelerations experienced during [aunch

and Re-entry ars of high magnitude and of consider-

able duration, i1 was realised that ~Gz would impose
serious restriction an effective function. Thus mian
is =0 positioned that + Gx acceleration is experi-
enced by him, since the tolerance in this axis is
much higher. The tolerance in *Gx mode js higher
than—Gx, and thus this mode has besn used by
both the Americans and Russians in their space
craft. *Gx acceleration is that, where the inertia
due 10 the acceleration acts from front to back. It is
als® known as SUPINE 'G. The most pronounced
and marked ecffects of 'Gx are on the respiratory




system causing reduction in Tidal Volume and the
reserva capacities of the lungs. Due to disturbance
of Ventilation perfusion ratio in largs portions of the
lung thera could even be some relative hypoxaemia
with oxygen desaturation upto 65-70 %. The com-
monest end point of talerance for *Gx is difficulty
in breathing and pain in chest.

Performance decrement and visual disturbances
are sesn at higher accaleration values in the reglon
of 18-20g and more soin case of inclination of seat
from the horizontal position. Increasing seat incli-
nation produces a larger *Gz component and thus
produce more visual symptoms. In most space craft
seats with 107 inclination are being used. To in-
crease the tolerance further, contoured couches ara
alao ugsed.

During launch and re entry fthe position of the
space craft and of the seat Inside |5 so arranged that
the occupants undergo *Gx.  The tolerance to—Gx
being lesser than *Gx, it is normally avolded.

Effects of Og

The effects of Og can b divided into short term
(less than 3 weeks) and long term {(more than 3
weeks). In short term periods, the effects’ are
minimal, except for the cephaloid shift of blood with
certain amount of CVs readjustment and changes in
electrolyte and fluid balance. Problems of loco-
motion, restraint and co-ordination are very peculiar
to this environment.
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Test Profilas used at 1AM

For selection of our cosmonauts the two tost-
profiles used were as shown in Fig 6 & 7,
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(a) *Gz Acceleration Tests : The Human cond
fuge at |IAM was used for these tests. The centrf
gondeola has an upright aircraft seat with the
rest having 13 angle with the vertical. The
is supported in an adjustable head rest.  Adjusl
rudder pedals are provided for foot suppart.
shoulder and lap strap harness.

The candidates were exposed to the profiled
0.2g/Sec rise with 5g peak for 30 second and
ration 0.2g/Sec. During the exposure no Anfl
suit or personal protection was usad and the subj
was monitored on TV. The physiological para
monitored for ail subjects included on channal B
with CM & lead to monitor heart rate and to sty
any morphological changes.  Simultaneous
toring of ECG on a Oscilloscops was done.

Indirect blood pressure at the brachial artery s
recorded using the system mounted on the s
the centrifuge.

Raspiration was recorded from subjects
P/2 mask connected to Fleish Pneumotachogi



a PT-5 transducer and the Heillige recorder
of the centrifuge. Rate and depth of respiration
vere studied, Volumetric measuremeanis were not
done.

Subjacts wers given practice on the varisble

gle peripheral lights system (Gradeps) and reac-
tlme was recorded on the Hellige multi channel
rder for finding out any peripheral light loss 1o
mine tolerance limit.

ﬂ'l',tuuhjacta were in constant touch on  Intercom
ir faces ware visible on the CCTV monitor,
s were asked 1o communicate any complaints
lscomiort during the trial run.

(b) \Gx Accalaration Tests : A new horizontal

2at was designed, developed and fabricated by the
nical staff of 1AM for trisls. The back rest,
ltahla heid rest, seal rest and an additional leg
jart were provided with thick cushion with pro-
hiarness system.

| The seat was designed to provide 80 thigh angle

the knee and ankle angles. The ssat back

nted at an angle of 107 from the horizontal.

par enchorage and location of the seat in the

la was ensured and @ number of other systems

-j:ﬁﬁfrifugé gondola had o be shifted and re-

g rudder pedals and the PLL system wara

d. The TV Camera was mounted on a new

i angle to ensure that the face of the
cts was visible on TV during the trials.

hWsiological monitoring of one lead ECG, {CM-
ration for rate and depth and blood prassure
out. Details as sxplained slready for

felt that at high *Gz exposures the
may not be able to spesk properly.
an additional light switch (dead man
provided as a microswitch on & hand

The subject kept the micro switch

ng he felt comfertable which kept on

ht on the central console. 1§ the subject
ncomfortable or become unconscious

tch would be released and the light

The cantroller would then operste

emeargency deceleration control immediately: iThis

was considered an essantial safaty precaution,
. . )

The 'Gx prafile used for the cosmonaut selection
at |AM are shown in Fig 7. !

Results

The salient features of these trials are ||sted below:

\Gz trigls upto 5g for 30 Secs

Twelve subjects rarging In age from 29 to 40
years were tested,  They were all experienced cam-
bat fighter pilots and had extensive experience of
+*Gz. They had no difficulty or discomfort during
these exposures. Only one subject showed mom-
entary PLL with recovery very soon. Inthe ECG
records one parson showed sinus arrhythmia. No
other signiticant ECG changes were soen, except
tachycardia of a moderate degres. Hespiratory
monitoring showed increased rate with reduced tidal
volums in most subjects. All subjects were conslder-
ed fit for their tolerance to TGz stress.

+(Gx trials upto 8g for 40 Secs

Nine subjects ranging in age from 32 to 40 years
wara tested.  All of them tolerated the stress with
mild 1o moderate difficulty in breathing and heavi-
ness of the chest. None of tham sexperienced any
pain or discomfort.

They showed increased rata of respiration with
reduced tidal velume. Respiratory rate of 40/mt was
seen in one case. Tachypnoea persisted sven after
the trial run for a short period.

Moderate tachycardia (HR 120/mt) was seen in
all cases Howsever one subject showed a heart rate
of 156/mt a1 8g. In all cases the heart rate was seen
returned 1o resting levels after the test. Mo case
showed bradycardia or significant arrhythmias in our
series. Twa cases had occasional ectopic beats and
twa cases changes in T wave pattern.  All the ECG
changes were analysed and considered insignificant.

Blood pressure readings showed a fall ot both
systolic and diastolic values during the test run,

All the subjects ware found it for their 'Gx tole-
rance,
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Summary

+Gx stresses during orbital flights In space craft
have been enumerated and discussed. The test pro-
files utilised for testing cosmonauts have been des-
cribed. Our experience of testing 9 subjects under
the above stress have been presented.
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