
Aircraft Pressurization Systems:
n ps and Trou bleshooting

Malfunctioning pressurization systems can prove deadly; correct and timely
maintenance can help keep your system from putting you under pressure.

By Mike Gamnuf

n the morning of Oct. 25, 1999, a

L, ffi :,"r': i i: liLT j;"f H il:",i
(MCO) in Florida for Dallas-Love Field
Airportwith two crew and four passengers
aboard. About two minutes into the flight,
the crew reported to Jacksonville Center
that they were climbing through 9,500 feet
to 14,000 feet. Soon after, Center cleared
the flight to climb and maintain FL 390,
whichwas acknowledged bythe crew. Afew
minutes after receivins the clearance to
climb, Jaclisonville calle"d the aircraft with
steering vectors direct to DAL, but received
no rep-ly. The call was repeated several
times with no resoonse. The aircraft main-
ained heading, speed and altitude.

Approximately 20 minutes after the last
radio exchange, controllers contacted a U.S.
Air Force F-16 out of EsLin Air Force Base
that was in the area, witf, a request to make
a visual intercept. The F-16 was vecrored to
the silent jet and the pilot noted that there
was no visible damage to the airplane. The
fighter pilot could not see into the cabin,
but noted that the cockpit windows ap-
peared opaque and covered with ice from
the inside. After following the aircraft for
over an hour, the Eglin fighter was suc-
ceeded by  a  f l igh t  o f  Ok lahoma A i r
National Guard F-l6s in trailing rhe unre-
sponsive aircraft. Those fishteriwere later
rilieved by a pair of F-l6s-from the North
Dakota Air National Guard.

About three hours after the last radio
contact, while over Aberdeen, S.D., the F-
16s reported that the Learjet had begun a
descending spiral, which rapidly turned into
out-of-control aileron rolls before the air-
craft slammed into the ground. All six peo- '

ple aboard, including golfpro Payne
Stewaft, were killed. The final NTSB re-
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port was inconclusive, but stated tlat the
most probable cause of the accident was pi-
lot incapacitation and loss ofconsciousness
due to hypoxia. The aircraft had a recent
history of pressurization related squawks
and maintenance actions and it is oossible
that a faulty pressure control valve may have
contributed to the accident. Howeveq the
post-impact condition of the aircraft made
it impossible to determine the root cause of
the oroblem.

The cockpit voice recorder was recov-
ered, but dui to the length of time the air-
craft was in flight, any clues from the crew
were overwritten. Durine the last 30 min-

utes of flight, the cabin pressure warning
svstem was clearlv heard. It is unknown if
th" 

"t"* 
had bec'ome eraduallv incaoaci-

tated or if they had bee-n vlctims of a iapid
decompression. When above 30.000 feet. it
can take as little as eight seconds for a pilot
to become impaired and loose coenitive
fi.rnction. If the pilos did not don th6ir suo-
plemental oxygen masks immediately, the
onset of hlpoxia could have further delayed
corrective actions leading to a safe recovery.

On Aug. 14,2005,a B6eing 737 depaned
Larnaca, Cyprus, en route to Athens,
Greece. Shortly after takeoff, the flight
crewwas alerted by a cabin altitude waming
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horn and later a master caution. Instead of
donrring their emergency oxygen masls, the
crew began troubleshooting what they be-
lieved to be a system problem, even taking
the time to call maintenance control and
discuss the problem. After several minutes,
the crew became disoriented and overcome
by hlpoxia as indicated by the transcript
from the phone call. The airplane crashed
into a mountain near Marathon, Greece,
killing all 121 people aboard. Itis believed
that the crew did not set the pressurization
system to Auto prior to akeoffand did not
take the appropriate action when the pres-
sure warilng was recelveo.

First introduced for comrnercial aircraft
in 1%0 on the Boeing Stratoliner, modern
pressurization qrstems are highly automated
and reliable. They are also complex and can
be difficult to troubleshoot. While investi-
gating fauls, maintenance check flights are
often required because most symptoms do
not Dresent themselves on the Eround.
Preszurization malfirnctions can haie deadly
consequences, and there is no room for er-
ror. To help maintainers achieve a better
understanding of these systems, we put
them under a microscope.

The BIB Squeeze
One of the common misconceptions about
hlpoxia is that at altitude there is less oxy-
gen. The percentage of oxygen in the
air does not change at altitude, but as the
pressure decreases, the molecules move far-
ther apart, making it harder for our bodies
to transfer the oxygen to our blood. Some
of the first signs of distress are mild dis-
comfort, leading to reduced cognitive func-
tion, making the victims unaware that they
are in trouble. (See "Tlaining for Hypoxia"
sidebar.)

Earlypioneers in aviationwho pushed the
boundaries of high-altitude flight recog-
nized this problem and developed simple,
self-conained supplemenal oxygen systems
to allowpilos to flywell above 20,000 feet.
This worked well for short-range missions
and fighters, but logistically it was difficult
to maintain a steady oxygen supply for ex-
tended flights. A more practical solution
was  needed .  Sc ien t i s t s  a t  Ga r re t t
AiResearch Coro. developed some of the
earliest ,rr"""rrful whole aircraft pressur-
ization wstems. of which the B-29's is the
most famous example.

Aircraft pressuriiation systems provide a
delicate balancing act between supply and
demand. As an aircraft climbs from sea level
to 35,000 feet, the outside air pressure de-
creases fourfold. Ifyou keep sea level pres-
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sure inside the airframe, the fuselage
stretches like a balloon and that can put
danserous stresses on the airframe. To off-
set;hat, outflow valves regulate a gradual
loss, leveling out the cabin pressure to the
equivalent of about 6p00 to 10,000 feet msl
to reduce that stress. At altitude, there is al-
ways some pressure loss through seals and
gaps in the pressure vessel, and if not re-
plenished, the pressure eventually will
match the outside atrnosphere.

To do that, bleed air from the engine
compressor is tapped to power the air rycle
machine (ACM). The ACM has a series of
coolers that treat the hot compressor air and
mixes it with cold outside air to form regu-
lated airflow that is suitable to enter the
cabin. Many airtaft also filter the air be-
fore allowing it to enter. Because pressure
and temperature control are so closely re-
lated. manv OEMs combine them into a
single integi'ated environmental control sys-
tem @CS).

Pressure and temoerature sensors adiust
both incoming and outgoing air to provide
a comfortable cabin by adding hot or cold
air. Most modern aircraft have selectable
temperature and pressure controls set by the
pilots and little intervention is required.
Automatic safety features include warnings
and the automatic deployment of oxygen
masls, but pilots need to take action im-
mediately whenever a pressure warning is
arulrnciated.

Since the engines'primary job is to pro-
vide thrust, the output from the bleed air
must be regulated and adjusted to allow for

different phases offlight. Through each
step ofthe process, temperanre and pres-
sure sensors monitor the airflow, which is
controlled by the environmental control
system computer. Control valves open and
close as appropriate to provide the right mix
of pressure and temperature to the cabin.

The cabin also has a series of valves to
control the cabin pressure. On takeoff, they
close to maintain pressure within and then
open to prevent overpressure. Often the
source of pressurizatior.r problems, outflow
valves frequently clog with dirt and
pollution and become sticky. Tar from to-
tacco smoke can also build uo and cause
problems.

"Over the years, smoking in the urcrrft
has led to many pressurization system dis-
crepancies," said Marty Grier, aviation
maintenance manager for Home Depot in
Adana. "I have found that with the elimi-
nation of smoking in most aircraft, the re-
liabilitv of these svstems has improved
dramatically. IGeping the system integrity
intact [no leaks in the vacuum/pneumati-
cally operated systems], cleanliness is very
imporant for the outflow valves, system fil-
ters and such."

For wing or engine anti-ice operations,
the air is allowed to reach temperatures in
the 130'F range. To control temperature of
the air entering tlre cabin, trim air valves
mix hot and cold air under the supervision
of the air-conditioning controller. The
cockpit and cabin air receive sufficient
warm air to make the interior comfonable.
Sensors are strategically placed to monitor
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the air temperature at various places in the
cabin, and those data are averaged to allow
thecomputer to control the trim air valves
to tfre proper posltron.

Many aircraft have an automatic landing
mode feature to ensure positive pressuriza-
tion after the aircraft touches down. Some
have advanced modes to maintain pressure
should the aircraft have to oerform a touch
and go or missed approach. After the air-
craft has landed, the cabin pressure must be
adjusted to equal the outside air pressure to
prevent injury to those opening the door or
damase to the airframe. Automatic modes
,re oftetr tied into the aircraft weieht on
wheels system and engine control.

Troubleshooting Tips
As with all maintenance actions, the aircraft
maintenance manual will provide the ap-
propriate troubleshooting steps, but know-
ing and understanding your aircraft systems
is the best first step. Because of the complex
system interfaces, pressurization problems
are often difficult to diacnose. There are
many components in the ECS that can con-
uibute to failure. Some problems can be at-

tributed to the valves, but finding the of-
fender can be difficult. That's why under-
standing how your system functions
normally is so important, before you at-
tempt to fix something that appears abnor-

Learning about your aircraft pressuriza-
tion systerr takes more than just reading the
manual. In order to troubleshoot a slstem
malfunction, you need to know how each
valve and sensor fits into the larger system.
The best way to do this is by participating
in the power assurance checks and flying on
the jump seat whenever possible.

"While conducting the ground runs or
flying in the jump seat, take note of various
throtde settings for start, idle, takeoff roll,
climb, cruise, descent, approach, landing
and end of flight," said Walme Bailey, assis-

tant manaEer for aviation maintenance serv-
ice and avionics for the flight department
of a major non-alcoholic beverage com-
pany. "Keep in mind that the anti-ice sys-
tem may be utilized during some of the
flight phases, which offset's the pressure
readings. The technician must be familiar
with the pneumatic system to understand
the flow of air from the engine to the pre-
cooler, to the ACM and beyond."

Both pressurization and temperature con-
trol systems use sensors in the system to
monitor and report condition to the con-
trolling system. "The temperanffe sensors
are a typical high-failure componenr sim-
ply because they use low current to operate
and therefore voltage spikes can become an
issue," Bailey said.

One common yet low-tech problem that
can cause troubleshootins headaches comes
when cabin sensors getblocked by carpet
dust or even briefcases and suit jackes. This
is another reason why training cabin per-
sonnel on aircraft systems is so imponant,
so that they can help prevent nuisance en-
vironmental control problems.

The last line of defense against over-pres-
surization is the safety valve. If the system
pressure rises over a safe level, the safety
valve will open to relieve it. If the valve
opens premaftlrely, rapid decompression
canresult and that can be deadly at high al-
titude. Testing ofthe safetyvalve is often
left to OEM-trained and cerrified techni-
cians. Always consult your maintenance
manual before attempting maintenance on
critical valves.

Even though pressurization systems are
reliable and easy to use, the consequences
for improper maintenance and operation
are severe.

"The bottom line is that the AMII is the
ultimate guide for testing or repairing the
ECS. Tlke some notes to know what is nor-
mal foryour aircraftmodel. The technician
wears many hats, so be prepared to be an
engine engineer, pneurnatic specialist and
electronics technician," Bailey added.

As with all aircraft maintenance activities,
technicians should always approach pres-
surization systems with a firm understand-
i n g  o f  t h e i r  d e a d l y  p o t e n r i a l .  F o r
maintenance managers, having well-trained
and knowledgeable technicians will help
keep your crews, passengers and aircraft
from feeling the squeeze from pressuriza-
tion system problems. !

Because pressure and temperature control are so
closely related, many OEMs combine them into a single

integrated environmental control system (ECS).
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