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SPACECRAFT DEPRESSURIZATION
ANALYZER

FIELD OF THE INVENTION

The present invention generally relates to spacecraft
safety and more particularly relates to a method and appa-
ratus for detecting air leaks and estimating parameters
related to air leaks from a spacecraft into outer space.

BACKGROUND OF THE INVENTION

One of the hazards of manned spaceflight is an air leak in
an air-pressurized spacecraft which may, in some cases,
compel an evacuation of the spacecraft. On large spacecraft,
such as the International Space Station (ISS), leaks on the
order of 0.25 inches diameter or less may provide opportu-
nities for repair, while larger leaks may not. Some leaks may
go undetected for an undesirable period, during which the
size of the leaking aperture may erode to become a larger
leak. Prognostic temporal parameters relating to the leak are
desired to support decision-making by the mission com-
mander and ground support personnel. Current methods and
apparatus do not provide the information desired.

Research has been done on rates at which air will leak
from a spacecraft, given a particular feeding volume and
leak aperture size. NASA, in particular, has done research in
the field of spacecraft air leaks and produced pressure vs.
time curves for leaks of various aperture sizes as functions
of feeding volume. However, this research has yet to find
practical application.

During a postulated air leak event in a manned spacecraft,
the attention of the crew may be highly focused on imme-
diately responsive measures and verbal communications to
ground support personnel may be uninformative or absent.
The ground support personnel may need information on
crew activities to ensure quality support. For example, the
flight crew of the ISS may close hatches (which have no
dedicated telemetry) between ISS compartments and fail to
communicate this to ground personnel. Ground personnel
may be able to contribute to the solution if they have
adequate information, but, without additional information,
may not know which hatches have been closed.

Accordingly, it is desirable to provide a system and a
method to detect a leak, determine the size of the leak,
determine a rate of change of the size of the leak, and to
detect hatch openings and closures. In addition, it is desir-
able to communicate this information in a timely manner to
the flight crew and to ground personnel. Furthermore, other
desirable features and characteristics of the present inven-
tion will become apparent from the subsequent detailed
description of the invention and the appended claims, taken
in conjunction with the accompanying drawings and this
background of the invention.

BRIEF SUMMARY OF THE INVENTION

An apparatus is provided for analyzing spacecraft depres-
surization events. The apparatus comprises a memory con-
figured to store information relating depressurization
aperture, or hole, sizes to feeding volumes and to first
derivatives of pressure with respect to time; and information
relating to a volume of the at least one compartment. The
apparatus further comprises a processor coupled to the
memory and configured to receive pressure signals and
temperature signals representative of the temperature and
pressure in the vessel and to detect depressurization from a
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first derivative of pressure with respect to time calculated in
response to the pressure signals. The processor is further
configured to calculate a feeding volume from the compart-
ment volumes, the pressure signals, and the temperature
signals and to determine a depressurization aperture size
using the first derivative of pressure with respect to time and
the feeding volume.

A method is provided for analyzing spacecraft depressur-
ization events. The method comprises sensing, over time, a
pressure and a temperature within the compartment, detect-
ing depressurization using a first derivative of pressure with
respect to time in the compartment calculated from the
pressure sensed over time and, if depressurization is
detected, determining a feeding volume from the predeter-
mined interior volume, the temperature therein, and the
pressure therein and determining a size of a gas exit
aperture, or leak, in the compartment based upon the feeding
volume and the first derivative of pressure.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will hereinafter be described in
conjunction with the following drawing figures, wherein like
numerals denote like elements, and

FIG. 1 is a block diagram of an exemplary spacecraft
comprising compartment connected by hatches;

FIG. 2 illustrates pressure vs. time curves for an exem-
plary leak;

FIG. 3 illustrates the effects of closing and opening a
hatch on the exemplary pressure vs. time curve;

FIG. 4 is a process flow diagram of an exemplary method
of forecasting spacecraft air leaks;

FIG. § illustrates an exemplary apparatus for forecasting
spacecraft air leak events;

FIG. 6 illustrates an exemplary apparatus for simulating
forecasting spacecraft air leak events; and

FIG. 7 shows an exemplary screen shot of an exemplary
spacecraft leak simulator executed in a spreadsheet.

DETAILED DESCRIPTION OF THE
INVENTION

The following detailed description of the invention is
merely exemplary in nature and is not intended to limit the
invention or the application and uses of the invention.
Furthermore, there is no intention to be bound by any theory
presented in the preceding background of the invention or
the following detailed description of the invention. Thus,
while the examples are presented in terms of spacecraft
depressurization, the invention may be readily adapted by
those of ordinary skill in the art to other purposes ranging
from chemical process plants (wherein the role of the hatch
may be served by a valve), to submarines and airliners.

FIG. 1 shows a block diagram of an exemplary spacecraft
100 comprised of eight modules including Soyuz, Service
Module, and Node One. Each module has at least one
internal compartment 102, 104, 106, 108, 110, 113, 114, or
115. The compartments are connected by hatches 103, 142,
164, 180, 184, 185, 186, which are normally open. A 1:1
ratio of compartments to modules is not a limitation of the
present invention. Each compartment 102, 104, 106, 108,
110, 113, 114, and 115, has a predetermined volume and is
outfitted with at least one pressure sensor P1-P8 and at least
one temperature sensor T1-T8 adapted to be coupled to a
processor 27 (FIG. 5). The processor 527 may be any means
for automatic computation, whether electronic, fluidic,
optical, magnetic or otherwise implemented. Processor 527
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may be a dedicated microprocessor chip, distributed circuit,
application-specific integrated circuit, firmware, discrete
component circuit, or similar alternative to a microprocessor
chip, and may be digital or analog.

Pressure sensors P1-P8 and temperature sensors T1-T8
are conventionally included in dockable spacecraft modules,
so that the receiving spacecraft crew can determine if there
iS an appropriate amount of air in the new module to permit
opening the hatch. In an embodiment for a system not
pre-fitted with sensors, the sensors may be part of the
embodiment.

The predetermined volume of each compartment may be
updated by a user of an embodiment of the spacecraft
depressurization forecaster to compensate for air displaced
by stored cargo and supplies. In an alternate embodiment,
means for compensating for the air displaced by human
beings in the compartment may be included. In a particular
alternate embodiment, the presence of a particular human
being in a compartment may be sensed and the predeter-
mined volume of the compartment recomputed to compen-
sate for that presence.

When depressurization is detected, the first task is to
locate the leak. If all hatches to a single leaking compart-
ment are closed, then that leaking compartment alone will
experience a pressure change. It is useful to minimize the
number of hatches that are closed when locating a leak,
thereby conserving time and air. A method used by embodi-
ments of the spacecraft depressurization analyzer is to close
a single hatch and observe pressure changes on each side
thereof. For example, by closing hatch 186 and observing
pressure changes, one can narrow the search for the leak. If
pressure is still dropping in compartment 106 and not in
compartment 108, then the leak is in compartment 102, 104,
or 106. Closing hatches 103, 180, 184, or 185 is now known
to be unnecessary, and closing hatch 142, 164, or both will
isolate the leak.

FIG. 2 shows an exemplary depressurization curve 202 on
time vs. pressure graph 200. Depressurization curve 202 is
the product of a particular feeding volume and a particular
size of the hole, or aperture, through which the air is leaking.
A feeding volume is calculated from the volume of interest,
the pressure of the air in that volume, and the temperature of
the air in that volume. This volume may be the sum of
volumes of several compartments which may be in fluidic
communication by, for example, open hatches. Initially, the
volume of interest is the total volume of all compartments
summed together.

The method of calculating curve 202 is known from
NASA research. Embodiments of the spacecraft depressur-
ization analyzer first determine an estimate of the aperture
size from the first derivative of pressure with respect to time
and the feeding volume. Given the aperture size and the
feeding volume, curve 202 can be determined.

Each curve 202 contains points of particular operational
interest to the crew and to ground support personnel attempt-
ing to help solve the depressurization problem. The first such
point is the point 203 at which the pressure reaches approxi-
mately 9.5 psi. At this point, all non-essential personnel are
preferably evacuated. The time, Tres, or Treserve, at which
the pressure reaches point 203, is the time by which the
evacuation should preferably occur. The next point of inter-
est is point 204, which is the point at which there is no longer
sufficient air pressure (about 8.5 psi or less) to provide
air-cooled equipment, such as electronic equipment, with
sufficient cooling. The corresponding time, Tequip, or
Teuipment, is the time by which all air-cooled equipment is
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4

preferably shut off. At approximately 7 psi, or point 206,
there is likely no longer sufficient air pressure for human
lungs to function. The corresponding time, Tpulm, or
Tpulmonary, is the time by which even essential personnel
are preferably evacuated. At point 208, or about 2 psi, the
compartment is, for most practical purposes, at a vacuum.
The time corresponding to point 208, Tvac, or Tvacuum, is
the time when pressurized containers in the compartment
which were not designed for high pressure gradients may
burst.

The above-noted times are exemplary and adapted to an
exemplary embodiment for use with a spacecraft. Other
times of operational significance may be added. For
example, the time at which the effects of oxygen may inhibit
the ability of a crew member to close a hatch may be of
interest. For further examples in a different application, the
time at which depressurization in a chemical processing
chamber will have released an amount of chemical of
interest may be of used.

Curve 205 represents, with exaggeration for clarity of
illustration, a depressurization curve for a leak aperture that
is growing. Curve 205 has a higher second derivative of
pressure with respect to time than curve 202. Accordingly,
hole growth may be estimated based upon a second deriva-
tive test.

FIG. 3 shows pressure vs. time graph 300 having the
curve 202. When hatches are closed or opened, the feeding
volume available to the leak aperture changes, thereby
changing the curve 202. Curve 302 shows the effect of
closing a hatch at arbitrary point 306 corresponding to
T-hatch. Because closing a hatch shrinks the feeding volume
to a leak aperture without changing the initial pressure at the
aperture, the pressure drops more quickly 302. The effect of
the steeper pressure drop is to shorten times TresA, TequipA,
TpulmA, and, TvacA. If the leaking compartment is one of
the smaller compartments, closing the hatch can result in
large changes in times. For example, for an 0.25-inch
diameter leak in the ISS configured as shown in FIG. 1, Tres
is on the order of 450 minutes. If that leak is in compartment
113, closing hatch 103 makes TresA for compartment 113
just 4.5 minutes, a reduction by a factor of one hundred. The
opposite effect occurs for a compartment or group of com-
partments when a hatch is opened, as illustrated by curve
304.

FIG. 4 shows a flow chart of an exemplary method 400 for
analyzing spacecraft depressurization events. The process
begins at step 402 with powering up an embodiment of the
spacecraft depressurization analyzer. Step 404 is a null
function point of return for this continuously cyclic method
400. The steps of getting pressure 406 measurements, tem-
perature 408 measurements, and calculating 410 the volume
may be done in any order or simultaneously. Volume data
412, used for calculation 410 is typically stored in a database
or data structure to be readily accessible. Volume data 412
may include the volume for each compartment individually
and for each possible combination of contiguous compart-
ments. In most embodiments, the volume data 412 is updat-
able by the user to compensate for stowage of cargo and/or
human occupation. Calculation 410 includes recalculation of
the feeding volume after a state change in a boundary hatch.
Calculation 410 may include an initial estimate of the
volume calculated 410 as a function of known physical
quantities, replaced by nearest exact volume selected from
possible volumes in volume data 412. For example, a





















