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Oxygen concentration control in extra-vehicular activity (EVA) of
manned spacecraft

Yu Jin

(Beijing Institute of Manned Space System Engineering, China Academy of Space Technology, Beijing 100094, China)

Abstract: The oxygen concentration control in the extra-vehicular activity is important for the safety of astronauts and the success of the

extra-vehicular mission. This paper analyzes the influencing factors of the oxygen concentration, and the proposes verification test methods on

the oxygen concentration limits at a low pressure. A model is built to simulate the variation of the oxygen concentration, and the partial pressure

of the oxygen and the module pressure control scheme during the extra-vehicular activity are designed.
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0 Introduction

The technique of extra-vehicular activity (EVA) is one of
the three basic techniques related with the manned spacecraft.
The EVA technology is very complex, only the U.S.A, the
former Soviet Union/Russia and China have completed the
extra-vehicular activity successfully!'l.

The airlock, which can isolate the sealed cabin from the
vacuum environment in space, is a very important device in
the EVA, when the astronauts enter the airlock first, and then,
they wear the EVA spacesuits with pre-inhale oxygen, finally,
the airlock gradually depresses to the vacuum state. The
astronauts can achieve the EVA after opening the hatchdoor.

The pressure in the manned spacecraft is usually 101.3kPa,
while the pressure in the EVA spacesuit is 30~40 kPa. In order
to avoid the decompression sickness, the astronauts have to
inhale oxygen and exhale nitrogen. The airlock makes the
depressing process smooth and gentle, that will also prevent
the decompression sickness.

Along with the airlock's pressure release, the oxygen
inhaled and the nitrogen exhaled, the oxygen concentration in
the airlock when the pressure is lower than 1 atm is higher than
the safe value (21%~25%) when the pressure is 1 atm. Thus,
there are risks with respect to the safety of the airlock oxygen
environment.

For the safety of astronauts in the EVA and in order to
reduce the risks in the airlock oxygen environment during the
depressing/repressing processes, tests are carried out to obtain
the safe oxygen concentration range at a low pressure, and the
partial pressure of the oxygen and the module pressure control

scheme in the EVA are proposed.
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1 Oxygen concentration change in extra-
vehicular activity

Fig. 1 shows the typical process of the extra-vehicular

activity by using the airlock.
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Fig. 1 The typical process of extra-vehicular activity
Assuming that initially, the volume of the airlock is V, the
original airlock pressure is Py, the partial pressure of the oxygen
is Qo, the oxygen concentration is Dy; after the initial depressing,
the airlock pressure is Py, the partial pressure of the oxygen is Q;,
the oxygen concentration is Dy; and after the oxygen inhaled and
the nitrogen exhaled by astronauts, the airlock pressure is P,, the
partial pressure of the oxygen is Q,, the oxygen concentration is
D, . Equation (1) shows how to calculate the oxygen
concentration in the extra-vehicular activity.
D=Q/P @)
As the oxygen is released uniformly during the initial
depressing stage, the oxygen concentration can be treated as
invariable, i.e.
D, =D, 6)
As the oxygen leaks from spacesuit continuously during
the process of the oxygen inhaled and the nitrogen exhaled, the
oxygen concentration rises continuously. Supposing that the

amount of the oxygen produced during the process is ,

D,=Q,/P,=(Q,+V,/V) /(P +V,/V,) )
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Equations (1) ~ (3) show how to calculate the oxygen
concentration change during the extra-vehicular activity.
Consider the astronaut wearing spacesuit during the
extra-vehicular activity as an example. Supposing that the volume
of the airlock used for the extra-vehicular activity is 10 m®, the
leakage from the spacesuit is 1 L/(min-suit), the flow of the
flushing using pure oxygen is 50 L/(min-time-suit), the rate of
oxygen inhaled and the nitrogen exhaled are 0.5 L/min. The
flushing time is about 5 min and the process of the oxygen
inhaled and the nitrogen exhaled is about 30 min'®!. The curve
of the oxygen concentration during the extra-vehicular activity

is obtained as shown in Fig. 2.
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Fig.2 The oxygen concentration and the airlock pressure

in extra-vehicular activity

In the figure, the dash line refers to the change of the airlock
pressure, and the solid line refers to the oxygen concentration.

It is shown that after the airlock’s initial depressing and
the oxygen inhaled and the nitrogen exhaled by astronauts, the
oxygen concentration in the module would rise significantly
from 25% to 31% at the low pressure of about 70 kPa,. The
safety of the oxygen use at this pressure condition should be

tested and verified.

2 The safety limit verification of oxygen
concentration in extra-vehicular activity

For solving the fire control problem in the manned
spacecraft induced by the oxygen concentration rising during
the extra-vehicular activity, the oxygen concentration level
inside the cabin at the key activity point in a series of
extra-vehicular activities should be predicted according to the
control model of the environmental pressure in the manned
spacecraft cabin.

There will be no safety risk if the safety of the
components, such as electrical equipment, cables and materials
inside the manned spacecraft, is ensured under the predicted
level of oxygen concentration. Otherwise, the oxygen
concentration should be adjusted within the safety limit.

The oxygen concentration safety limit can be determined
by the combustibility test of non-metal materials. First, the
combustibility test should be performed for the non-metal
materials inside the manned spacecraft under the normal
pressure. The flammability, odor, offgassing, compatibility

and the testing procedure for the materials in the combustion

environment are given by NHB 8060.1 C,

Then, the material combustibility test is conducted under
the oxygen concentration and the pressure circumstance of the
extra-vehicular activities and the combustibility test results are
compared with those under the normal air pressure
environment. If the former test results are better than those in
the normal air pressure condition, then the test condition will
be considered as risk-free, and the reliability will be acceptable.
Otherwise, the combustibility test will be performed again
under the same pressure with a reduced oxygen concentration,
until the test results about the spread speed of the flame, the
combustion form, the carbide morphology, the flame colour,
the flame size, and the others related factors, are similar to
those in the normal air pressure environment, then the
corresponding oxygen concentration value is taken as the safe
value.

The operation case for the combustibility test can be
chosen according to the calculated results of the concentration
shown in section 1 of this paper. Three test samples are needed
for a specific material. The flame down ramp mode can be
adopted for the test, as the front edge of material
decomposition is clear for determining the self-extinguishing
position, which is the main advantage of the method. The test

system is shown in Fig. 3.
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Fig.3  The safety test system for low pressure and high oxygen
concentration

A high power quartz lamp cluster is used as the ignition
source, and the quartz lamp cluster consists of two 6 kW
quartz lamps separated at a distance of 8 mm. The distance
between the cluster and the sample is 15 mm. The sample
temperature close to the lamp should be over 1000 ‘C, which
exceeds the ignition temperature of common materials. The
time for the ignition should be 30 seconds to guarantee a
successful ignition.

The flame speed can be obtained by analyzing the
data by the

measurements at points separated by intervals of 1 cm along

temperature-time given thermocouple
the sample length direction on the sample surface in order, to
judge the combustibility.

From the test results, the safe values of the oxygen
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concentration and the related curves can be obtained for
different pressure conditions, to serve as a basis of the
extra-vehicular oxygen concentration control procedure design.
The combustibility test for non-metal materials under
microgravity environment should be performed if possible.
The flame speed in microgravity environment generally
reduces faster with the decrease of the pressure than it does in
the normal gravity environment. Therefore, the material
combustibility test results under the normal pressure condition

can ensure the flight safety in microgravity environment.
3 The oxygen concentration control scheme

The oxygen concentration in the extra-vehicular activity
when the pressure is lower than 1 atm is higher than the
normal value. In order to ensure the safety of manned
spacecraft, the oxygen concentration should be controlled
within the safety limit.

Firstly, the oxygen concentration level inside the cabin at
the key activity point in the series of extra-vehicular activities
should be predicted. Secondly, an oxygen concentration
control scheme should be in operation. The oxygen
concentration should be controlled by adjusting the vehicle’s
pressure and the partial pressures of the oxygen, together with
the filling of nitrogen. The series of extra-vehicular activities
should be well designed and administered. Some factors
should be considered, such as the operation time, the mode
complexity, the manipulation, and the resource guarantee.

The pressure control system in a sealed module of the
manned spacecraft is usually 101 kPa in the total pressure,
with 21% of the oxygen percentage and 79% of the nitrogen
percentage®. During the flight, the partial pressure of the
oxygen would vary from 18 kPa to 24 kPa with the oxygen
being consumed by astronauts.

According to equations (1) ~(3), when the initial module

pressure is 95 kPa, with the partial pressure of the oxygen at
the high limit, the partial pressure of the oxygen would be up to
24 kPa and the oxygen concentration could reach 31% along with
the airlock’s depressing, the EVA spacesuit’s oxygen flushing,
and the astronauts’ inhaling oxygen and exhaling nitrogen.

In order to avoid the potential danger of the high
oxygen concentration at a low pressure in the extra-vehicular
activity, the following control program could be adopted:
firstly, the adjusting of the vehicle pressure and the partial
pressure of the oxygen through depressing once or several
times and refilling the nitrogen during the preparation of the
extra-vehicular activity. Then start the formal procedure of the
extra-vehicular activity. The partial pressure of the oxygen
should be kept of no less than 17kPa and the module pressure
between 81 kPa and 99 kPa at the whole control process, in
order to restrict the time of nitrogen refilling. Meanwhile, the
module pressure rising as the result of the oxygen discharging
would not exceed the high limit of 101 kPa in the
extra-vehicular activity.

Fig. 4 indicates the process of the extra-vehicular activity
with the oxygen concentration control scheme. The oxygen
concentration would be pre-controlled before the airlock
depressing and after the astronauts dressing their EVA

spacesuits.
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Fig.4 The process of extra-vehicular activity with the oxygen

concentration control scheme
Table 1 shows the comparison of the oxygen concentration
in the module before and after adopting the oxygen

concentration control scheme.

Table 1 The module pressure and the partial pressure of oxygen in extra-vehicular activity before and after the oxygen concentration control scheme

Without the control scheme With the control scheme implemented

Task N

The partial .
stage Module Oxygen The partial pressure of X

pressure of X Module pressure/ kPa Oxygen concentration/%

pressure/kPa concentration/% oxygen/kPa

oxygen/kPa
M2 95.0 24.0 25.2 95.0 24.0 25.2
M3a 96.0 25.0 26.0 96.0 25.0 26.0
M3b 96.0 25.0 26.0 98.0 17.0 17.7
M4 73.0 18.98 26.0 99.0 18.0 18.1
M5 78.3 24.28 31.0 73.0 13.2 18.1
M6a 40.1 12.5 31.2 40.0 9.6 24.0
M6b 2.1 0.724 34.0 2.1 0.504 24.0

The table demonstrates that the partial pressure of the
oxygen following the extra-vehicular activity can be controlled

effectively and will not exceed the range of the partial pressure

of the oxygen at the normal module pressure, by the methods
of pre-controlling of the module pressure and the partial

pressure of the oxygen.
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4 Conclusion

During the extra-vehicular activity, because of the oxygen
inhaled and the nitrogen exhaled by the astronauts and the
flow around the extra-vehicular spacesuit, the safety risks of
the high oxygen concentration at a low pressure exist.

Through analysis of factors which affect the oxygen
concentration during the extra-vehicular activity, and the
verification of the oxygen concentration safety limits at the
low pressure condition, a control scheme for the module
pressure and the partial pressure of the oxygen in the
extra-vehicular activity is proposed.

Different manned spacecraft’s oxygen concentration
safety limits can be determined by the fire test validation.
Based on these limits, the level of the oxygen concentration
can be reduced effectively by the pre-control scheme of filling
the nitrogen during the extra-vehicular activity in the sealed

module to ensure the astronaut’s safety.
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