Commercial aircraft cabin altitude

Medizinische Probleme durch Druckabsenkung
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Hypoxia

The ‘cabin altitude’ in commercial aircraft should not exceed 8000 feet in normal operations, but
in practice is typically between 5,000 and 7,500 feet. This results in a concomitant decrease in
the partial pressure of alveolar oxygen (PAO,) - at the upper limit of cabin altitude of 8,000 feet,
the cabin pressure is approximately 565 mm Hg and P ,O; is approximately 75mm Hg. However,
due to the shape of the oxy-haemoglobin dissociation curve (Figure 1), this only results in a fall
of arterial oxygen saturation to around 90% and is well tolerated in healthy travellers. Passengers
with medical conditions associated with hypoxia or reduced oxygen-carrying capacity in the
blood, such as respiratory and cardiac conditions or severe anaemia, may not tolerate the
reduction in barometric pressure without additional support.
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Barometric pressure

The decrease in ambient pressure in the cabin as the aircraft climbs to its cruising
altitude will cause any gas to increase in volume by approximately 30%. As the aircraft
descends to land, the increasing cabin pressure will lead to a corresponding reduction
in volume. Gas within body cavities may cause problems ifitis trapped and unable to
expand freely or if there is obstruction to the free flow of air preventing equalisation of
air pressure. The effects of this are most commonly seen in passengers suffering from
upper respiratory tract infections, who may suffer ear or sinus pain and bleeding (otic /
sinus barotraumas). Similar and potentially more serious issues may occur following
surgery, if gas is introduced to the abdominal cavity or the eye, or in people with lung
bullae or an non diagnosed pneumothorax.

There is also a potential for interference with the function of medical devices, such as
insulin pumps, as a result of formation/expansion of air bubbles.

Humidity and hydration

The ambient air at typical aircraft cruising altitudes has very low levels of water vapour
and as a result the humidity levels in the cabin are typically in the range 10 to 20%
compared to that in buildings, which is in the order of 40 to 50%. However, contrary to a
widely held belief, the low humidity in the aircraft cabin does not result in dehydration.
Research has shown that the additional insensible fluid loss amounts to approximately
150ml over an 8 hour flight, with no evidence of any change in plasma osmolality. This
increased fluid loss would readily be compensated by the normal homeostatic
mechanisms. The low humidity may result in drying of the mucous membranes of the
lips and tongue, leading to a sensation of thirst, and can also cause problems for
contact lens wearers due to corneal drying.

Jet lag

Jet lag or circadian dysrhythmia is a consequence of trans meridian travel and, as well
as being an annoyance for travellers may be of medical significance for passengers who
require regular medication. Consideration should be given to the timing of medication,
e.g. in patients with diabetes who are treated with insulin or HIV positive patients on
ART.



Differential Pressure / Cabin Differential / Cabin Altitude

Definition
The difference between cabin pressure and atmospheric pressure.

Discussion

The Differential Pressure is controlled by the differential control to ensure that it does
not exceed the maximum for which the aircraft is designed. A Differential Pressure
Gauge is often combined with a Cabin Altimeter indicating Cabin Altitude.

Related Articles

¢ Aircraft Pressurisation Systems

Cabin Altitude

Definition
The cabin pressure expressed as an equivalent altitude above sea level.

Discussion

The Cabin Altitude of a pressurised aircraft is normally maintained at and altitude of 8,000 ft or
less as a compromise between the physiological needs of the crew and passengers and the
structural limitations of the aircraft. At 8,000 ft the use of supplemental oxygen is not required.

There are times when the crew may wish to maintain the cabin pressure at or near sea level. This

may be for a number of reasons including:

o The nature of the cargo. Some aircraft, military transport aircraft for example, may be
transporting volatile chemicals such as specialist fuels or explosives which are sensitive to
changes in pressure.

o The medical condition of a passenger whose condition may be worsened by changes in
pressure or a drop in pressure, for example an aeromedical flight with a patient with
internal injuries.

In such cases, the aircraft may have to fly at a lower cruising altitude than normal so the lower
cabin altitude can be maintained without exceeding the structural pressure differential
limitation. This may have implications for the routing (terrain clearance) and range (higher fuel
burn at lower cruising altitude).

Cabin altitude is displayed on a Cabin Altimeter which is often combined with a Cabin
Differential Pressure Gauge. Warning systems are also incorporated to alert the crew of an
excessive cabin altitude or loss of pressurisation.
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It was a pleasure to read the review in JRSM' of an aviation medicine topic based on fact
rather than emotional opinion. However, when considering the aircraft cabin
environment itis incorrect to state that the cabin pressure is standardized to an
equivalent of 8000 feet.

The regulations?® stipulate that the maximum cabin altitude should not exceed 8000
feet during normal operations, and, in fact, at usual cruising altitude the cabin altitude
rarely exceeds 6000 or 7000 feet in a modern jet airliner.

Finally, the authors should have credited Boeing as well as Airbus with announcing a
maximum design cabin altitude of 6000 feet, which they did for the new Boeing 787.
Competing interests Michael Bagshaw is Aeromedical Adviser to Airbus.
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Cabin pressurization

From Wikipedia, the free encyclopedia
https://en.wikipedia.org/wiki/Cabin_pressurization

"Cabin pressure" redirects here. For other uses, see Cabin Pressure (disambiguation).

An airliner fuselage, such as this Boeing 737, forms an almost cylindrical pressure
vessel.

Cabin pressurization is a process in which conditioned air is pumped into the cabin of
an aircraft or spacecraft in order to create a safe and comfortable environment for
humans flying at high altitudes. For aircraft, this air is usually bled off from the gas
turbine engines at the compressor stage, and for spacecraft, itis carried in high-
pressure, often cryogenic, tanks. The air is cooled, humidified, and mixed with

recirculated air by one or more environmental control systems before it is distributed to
the cabin.™

The first experimental pressurization systems saw use during the 1920s and 1930s. In
the 1940s, the first commercial aircraft with a pressurized cabin entered service.” The

practice would become widespread a decade later, particularly with the introduction of
the British de Havilland Comet jetliner in 1949. However, two catastrophic failures in
1954 temporarily grounded the Comet worldwide.” These failures were investigated and
found to be caused by a combination of progressive metal fatigue and aircraft skin

stresses caused from pressurization. Improved testing involved multiple full-scale
pressurization cycle tests of the entire fuselage in a water tank,"! and the key
engineering principles learned were applied to the design of subsequent jet airliners.

Certain aircraft have unusual pressurization needs. For example, the supersonic airliner
Concorde had a particularly high pressure differential due to flying at unusually high
altitude: up to 60,000 ft (18,288 m) while maintaining a cabin altitude of 6,000 ft
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(1,829 m). This increased airframe weight and saw the use of smaller cabin windows
intended to slow the decompression rate if a depressurization event occurred.

The Aloha Airlines Flight 243 incident in 1988, involving a Boeing 737-200 that suffered
catastrophic cabin failure mid-flight, was primarily caused by the aircraft's continued

operation despite having accumulated more than twice the number of flight cycles that
the airframe was designed to endure.

For increased passenger comfort, several modern airliners, such as the Boeing 787
Dreamliner and the Airbus A350 XWB, feature reduced operating cabin altitudes as well

as greater humidity levels; the use of composite airframes has aided the adoption of
such comfort-maximizing practices.

Need for cabin pressurization

gt

The pressurization controls on a Boeing 737-800

Pressurization becomes increasingly necessary at altitudes above 10,000 ft (3,048 m)
above sea level to protect crew and passengers from the risk of a number of
physiological problems caused by the low outside air pressure above that altitude. For
private aircraft operating in the US, crew members are required to use oxygen masks if
the cabin altitude (a representation of the air pressure, see below) stays above 12,500 ft
(3,810 m) for more than 30 minutes, or if the cabin altitude reaches 14,000 ft (4,267 m)
at any time. At altitudes above 15,000 ft (4,572 m), passengers are required to be
provided, but are not required to use, oxygen masks as well. On commercial aircraft, the
cabin altitude must be maintained at 8,000 ft (2,438 m) or less. Pressurization of the
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cargo hold is also required to prevent damage to pressure-sensitive goods that might
leak, expand, burst or be crushed on re-pressurization.
The principal physiological problems are listed below.

Hypoxia

The lower partial pressure of oxygen at high altitude reduces the alveolar oxygen tension
in the lungs and subsequently in the brain, leading to sluggish thinking, dimmed vision,
loss of consciousness, and ultimately death. In some individuals, particularly those with

heart or lung disease, symptoms may begin as low as 5,000 ft (1,524 m), although most
passengers can tolerate altitudes of 8,000 ft (2,438 m) without ill effect. At this altitude,
there is about 25% less oxygen than there is at sea level.”

Hypoxia may be addressed by the administration of supplemental oxygen, either through
an oxygen mask or through a nasal cannula. Without pressurization, sufficient oxygen
can be delivered up to an altitude of about 40,000 ft (12,192 m). This is because a
person who is used to living at sea level needs about 0.20 bar (20 kPa; 2.9 psi) partial
oxygen pressure to function normally and that pressure can be maintained up to about
40,000 ft (12,192 m) by increasing the mole fraction of oxygen in the air that is being
breathed. At 40,000 ft (12,192 m), the ambient air pressure falls to about 0.2 bar, at
which maintaining a minimum partial pressure of oxygen of 0.2 bar requires breathing
100% oxygen using an oxygen mask.

Emergency oxygen supply masks in the passenger compartment of airliners do not need
to be pressure-demand masks because most flights stay below 40,000 ft (12,192 m).
Above that altitude the partial pressure of oxygen will fall below 0.2 bar even at 100%
oxygen and some degree of cabin pressurization or rapid descent will be essential to
avoid the risk of hypoxia.

Altitude sickness

Hyperventilation, the body's most common response to hypoxia, does help to partially
restore the partial pressure of oxygen in the blood, but it also causes carbon dioxide
(CO,) to out-gas, raising the blood pH and inducing alkalosis. Passengers may
experience fatigue, nausea, headaches, sleeplessness, and (on extended flights) even
pulmonary edema. These are the same symptoms that mountain climbers experience,

but the limited duration of powered flight makes the development of pulmonary edema
unlikely. Altitude sickness may be controlled by a full pressure suit with helmet and
faceplate, which completely envelops the body in a pressurized environment; however,
this is impractical for commercial passengers.

Decompression sickness
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The low partial pressure of gases, principally nitrogen (N.) but including all other gases,
may cause dissolved gases in the bloodstream to precipitate out, resulting in gas
embolism, or bubbles in the bloodstream. The mechanism is the same as that of
compressed-air divers on ascent from depth. Symptoms may include the early
symptoms of "the bends"—tiredness, forgetfulness, headache, stroke, thrombosis, and
subcutaneous itching—but rarely the full symptoms thereof. Decompression sickness
may also be controlled by a full-pressure suit as for altitude sickness.

Barotrauma

As the aircraft climbs or descends, passengers may experience discomfort or acute pain
as gases trapped within their bodies expand or contract. The most common problems
occur with air trapped in the middle ear (aerotitis) or paranasal sinuses by a blocked

Eustachian tube or sinuses. Pain may also be experienced in the gastrointestinal tract or

even the teeth (barodontalgia). Usually these are not severe enough to cause actual
trauma but can result in soreness in the ear that persists after the flight® and can

exacerbate or precipitate pre-existing medical conditions, such as pneumothorax.

Cabin altitude

SR MTT
An empty bottle, sealed at 11,000 m (37,000 ft), is crushed on descent to sea level,

compared with one in its original state.

The pressure inside the cabin is technically referred to as the equivalent effective cabin
altitude or more commonly as the cabin altitude. This is defined as the equivalent
altitude above mean sea level having the same atmospheric pressure accordingto a

standard atmospheric model such as the International Standard Atmosphere. Thus a

cabin altitude of zero would have the pressure found at mean sea level, which is taken to
be 101.325 kPa (14.696 psi; 29.921 inHg).”!
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Aircraft

In airliners, cabin altitude during flight is kept above sea levelin order to reduce stress
on the pressurized part of the fuselage; this stress is proportional to the difference in
pressure inside and outside the cabin. In a typical commercial passenger flight, the
cabin altitude is programmed to rise gradually from the altitude of the airport of origin to
a regulatory maximum of 8,000 ft (2,438 m). This cabin altitude is maintained while the
aircraft is cruising at its maximum altitude and then reduced gradually during descent
until the cabin pressure matches the ambient air pressure at the destination.[ctatonneeded]

Pilots can use a "cabin altimeter" (also known as a cabin differential pressure gauge) to
measure the difference between inside and outside pressure.’”’

Keeping the cabin altitude below 8,000 ft (2,438 m) generally prevents significant
hypoxia, altitude sickness, decompression sickness, and barotrauma.!®! Federal Aviation

Administration (FAA) regulations in the U.S. mandate that under normal operating

conditions, the cabin altitude may not exceed this limit at the maximum operating
altitude of the aircraft.['”! This mandatory maximum cabin altitude does not eliminate all
physiological problems; passengers with conditions such as pneumothorax are advised

not to fly until fully healed, and people suffering from a cold or other infection may still
experience pain in the ears and sinuses.[#"77e¢dd1 The rate of change of cabin altitude
strongly affects comfort as humans are sensitive to pressure changes in the inner ear
and sinuses and this has to be managed carefully. Scuba divers flying within the "no fly"

period after a dive are at risk of decompression sickness because the accumulated

nitrogen in their bodies can form bubbles when exposed to reduced cabin pressure.

The cabin altitude of the Boeing 767 is typically about 7,000 ft (2,134 m) when cruising at
37,000 ft (11,278 m).""! This is typical for older jet airliners. A design goal for many, but
not all, newer aircraft is to provide a lower cabin altitude than older designs. This can be
beneficial for passenger comfort.'? For example, the Bombardier Global Express
business jet can provide a cabin altitude of 4,500 ft (1,372 m) when cruising at 41,000 ft
(12,497 m).l"*I04151 The Emivest SJ30 business jet can provide a sea-level cabin altitude
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when cruising at 41,000 ft (12,497 m).l16ll17llunrelable source?l Qe study of eight flights in Airbus
A380 aircraft found a median cabin pressure altitude of 6,128 ft (1,868 m), and 65 flights
in Boeing 747-400 aircraft found a median cabin pressure altitude of 5,159 ft

(1,572 m).l"8l

Before 1996, approximately 6,000 large commercial transport airplanes were assigned a
type certificate to fly up to 45,000 ft (13,716 m) without having to meet high-altitude
special conditions.!" In 1996, the FAA adopted Amendment 25-87, which imposed
additional high-altitude cabin pressure specifications for new-type aircraft designs.
Aircraft certified to operate above 25,000 ft (7,620 m) "must be designed so that
occupants will not be exposed to cabin pressure altitudes in excess of 15,000 ft

(4,572 m) after any probable failure condition in the pressurization system".”” In the
event of a decompression that results from "any failure condition not shown to be
extremely improbable", the plane must be designed such that occupants will not be
exposed to a cabin altitude exceeding 25,000 ft (7,620 m) for more than 2 minutes, nor
to an altitude exceeding 40,000 ft (12,192 m) at any time."?” In practice, that new Federal
Aviation Regulations amendment imposes an operational ceiling of 40,000 ft (12,000 m)
on the majority of newly designed commercial aircraft.l?"??! Aircraft manufacturers can
apply for a relaxation of this rule if the circumstances warrant it. In 2004, Airbus
acquired an FAA exemption to allow the cabin altitude of the A380 to reach 43,000 ft
(13,106 m) in the event of a decompression incident and to exceed 40,000 ft (12,192 m)
for one minute. This allows the A380 to operate at a higher altitude than other newly
designed civilian aircraft.l?"

Spacecraft

Russian engineers used an air-like nitrogen/oxygen mixture, kept at a cabin altitude near
zero at all times, in their 1961 Vostok, 1964 Voskhod, and 1967 to present Soyuz
spacecraft.””! This requires a heavier space vehicle design, because the spacecraft
cabin structure must withstand the stress of 14.7 pounds per square inch (1 atm, 1.01
bar) against the vacuum of space, and also because an inert nitrogen mass must be
carried. Care must also be taken to avoid decompression sickness when cosmonauts
perform extravehicular activity, as current soft space suits are pressurized with pure
oxygen at relatively low pressure in order to provide reasonable flexibility.**

By contrast, the United States used a pure oxygen atmosphere for its 1961 Mercury,
1965 Gemini, and 1967 Apollo spacecraft, mainly in order to avoid decompression
sickness.”*I?? Mercury used a cabin altitude of 24,800 ft (7,600 m) (5.5 psi (0.38 bar));?”)
Gemini used an altitude of 25,700 ft (7,800 m) (5.3 psi (0.37 bar));'*® and Apollo used
27,000 ft (8,200 m) (5.0 psi (0.34 bar))? in space. This allowed for a lighter space vehicle
design. This is possible because at 100% oxygen, enough oxygen gets to the
bloodstream to allow astronauts to operate normally. Before launch, the pressure was
kept at slightly higher than sea level at a constant 5.3 psi (0.37 bar) above ambient for
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Gemini, and 2 psi (0.14 bar) above sea level at launch for Apollo), and transitioned to the
space cabin altitude during ascent. However, the high pressure pure oxygen atmosphere
before launch proved to be a factor in a fatal fire hazard in Apollo, contributing to the
deaths of the entire crew of Apollo 1 during a 1967 ground test. After this, NASA revised
its procedure to use a nitrogen/oxygen mix at zero cabin altitude at launch, but kept the
low-pressure pure oxygen atmosphere at 5 psi (0.34 bar) in space.*"!

After the Apollo program, the United States used "a 74-percent oxygen and 26-percent
nitrogen breathing mixture" at 5 psi (0.34 bar) for Skylab,*" and a cabin atmosphere of
14.5 psi (1.00 bar) for the Space Shuttle orbiter and the International Space Station.®?
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Piston-engine aircraft cabin pressurization using a dedicated compressor./**

An airtight fuselage is pressurized using a source of compressed air and controlled by an
environmental control system (ECS). The most common source of compressed air for
pressurization is bleed air from the compressor stage of a gas turbine engine; from a low
or intermediate stage or an additional high stage, the exact stage depending on engine
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type. By the time the cold outside air has reached the bleed air valves, it has been
heated to around 200 °C (392 °F). The control and selection of high or low bleed sources
is fully automatic and is governed by the needs of various pneumatic systems at various
stages of flight. Piston-engine aircraft require an additional compressor, see diagram
right.*4

The part of the bleed air that is directed to the ECS is then expanded to bring it to cabin
pressure, which cools it. A final, suitable temperature is then achieved by adding back
heat from the hot compressed air via a heat exchanger and air cycle machine known as
a PAC (Pressurization and Air Conditioning) system. In some larger airliners, hot trim air
can be added downstream of air-conditioned air coming from the packs if it is needed to
warm a section of the cabin thatis colder than others.

S

e o-"-.*:‘.‘& -

Outflow and pressure relief valve on a Boeing 737-800

At least two engines provide compressed bleed air for all the plane's pneumatic
systems, to provide full redundancy. Compressed air is also obtained from the auxiliary
power unit (APU), if fitted, in the event of an emergency and for cabin air supply on the
ground before the main engines are started. Most modern commercial aircraft today
have fully redundant, duplicated electronic controllers for maintaining pressurization
along with a manual back-up control system.

All exhaust air is dumped to atmosphere via an outflow valve, usually at the rear of the
fuselage. This valve controls the cabin pressure and also acts as a safety relief valve, in
addition to other safety relief valves. If the automatic pressure controllers fail, the pilot
can manually control the cabin pressure valve, according to the backup emergency
procedure checklist. The automatic controller normally maintains the proper cabin
pressure altitude by constantly adjusting the outflow valve position so that the cabin
altitude is as low as practical without exceeding the maximum pressure differential limit
on the fuselage. The pressure differential varies between aircraft types, typical values
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are between 540 hPa (7.8 psi) and 650 hPa (9.4 psi).** At 39,000 ft (11,887 m), the cabin
pressure would be automatically maintained at about 6,900 ft (2,100 m), (450 ft (140 m)
lower than Mexico City), which is about 790 hPa (11.5 psi) of atmosphere pressure.**
Some aircraft, such as the Boeing 787 Dreamliner, have re-introduced electric
compressors previously used on piston-engined airliners to provide pressurization./=”]
The use of electric compressors increases the electrical generation load on the engines
and introduces a number of stages of energy transfer;*® therefore, it is unclear whether
this increases the overall efficiency of the aircraft air handling system. They do, however,

remove the danger of chemical contamination of the cabin, simplify engine design, avert
the need to run high pressure pipework around the aircraft, and provide greater design
flexibility.

Unplanned decompression
Main article: Uncontrolled decompression

—

Typical passenger oxygen mask deployment

Unplanned loss of cabin pressure at altitude/in space is rare but has resulted in a
number of fatal accidents. Failures range from sudden, catastrophic loss of airframe
integrity (explosive decompression) to slow leaks or equipment malfunctions that allow
cabin pressure to drop.

Any failure of cabin pressurization above 10,000 ft (3,000 m) requires an emergency
descent to 10,000 ft or the closest to that while maintaining the minimum sector altitude
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(MSA), and the deployment of an oxygen mask for each seat. The oxygen systems have
sufficient oxygen for all on board and give the pilots adequate time to descend to below
10,000 ft. Without emergency oxygen, hypoxia may lead to loss of consciousness and a
subsequent loss of control of the aircraft. Modern airliners include a pressurized pure
oxygen tank in the cockpit, giving the pilots more time to bring the aircraft to a safe
altitude. The time of useful consciousness varies according to altitude. As the pressure

falls the cabin air temperature may also plummet to the ambient outside temperature

with a danger of hypothermia or frostbite.

For airliners that need to fly over terrain that does not allow reaching the safe altitude
within a maximum of 30 minutes, pressurized oxygen bottles are mandatory since the
chemical oxygen generators fitted to most planes cannot supply sufficient oxygen.

In jet fighter aircraft, the small size of the cockpit means that any decompression will be
very rapid and would not allow the pilot time to put on an oxygen mask. Therefore, fighter

jet pilots and aircrew are required to wear oxygen masks at all times.[c/t@fon needed]
OnJune 30, 1971, the crew of Soyuz 11, Soviet cosmonauts Georgy Dobrovolsky,
Vladislav Volkov, and Viktor Patsayev were killed after the cabin vent valve accidentally

opened before atmospheric re-entry. 4]
History

Cessna P210 - First commercially successful pressurized single-engine aircraft

The aircraft that pioneered pressurized cabin systems include:
e Packard-Le Pere LUSAC-11, (1920, a modified French design, not actually
pressurized but with an enclosed, oxygen enriched cockpit)
e Engineering Division USD-9A, a modified Airco DH.9A (1921 - the first aircraft to
fly with the addition of a pressurized cockpit module)*“"
e JunkersJu 49 (1931 - a German experimental aircraft purpose-built to test the

concept of cabin pressurization)
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e Farman F.1000 (1932 —a French record breaking pressurized cockpit,
experimental aircraft)

e Chizhevski BOK-1 (1936 — a Russian experimental aircraft)

e Lockheed XC-35 (1937 —an American pressurized aircraft. Rather than a pressure

capsule enclosing the cockpit, the monocoque fuselage skin was the pressure
vessel.)

e Renard R.35 (1938 —the first pressurized piston airliner)

e Boeing 307 Stratoliner (1938 —the first pressurized airliner to enter commercial
service)

e Lockheed Constellation (1943 —the first pressurized airliner in wide service)

e Boeing 377 Stratocruiser (1947-the first pressurized double-decker plane to see

long - range commercial service)

e Avro Tudor (1946 - first British pressurized airliner)

e de Havilland Comet (British, Comet 1 1949 —the first jetliner, Comet 4 1958 —
resolving the Comet 1 problems)

e TupolevTu-144 and Concorde (1968 USSR and 1969 Anglo-French respectively —
first to operate at very high altitude)

e CessnaP210 (1978) First commercially successful pressurized single-engine

aircraft!*?
e SyberlJet SJ30 (2005) First civilian business jet to certify 12.0 psi pressurization
system allowing for a sea level cabin at 41,000 ft (12,497 m).*3

The first airliner to enter commercial service with a pressurized cabin was the Boeing
307 Stratoliner, built in 1938, prior to World War Il, though only ten were produced before

the war interrupted production. The 307's "pressure compartment was from the nose of
the aircraft to a pressure bulkhead in the aft just forward of the horizontal stabilizer."“*

The Type B-8 winter helmot of 1844 showing artachment of the
Type A-14 axygen mask by means of snaps or studs along the
front odge. (SI Photo A4855E)
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World War Il era flying helmet and oxygen mask

World War |l was a catalyst for aircraft development. Initially, the piston aircraft of World
War Il, though they often flew at very high altitudes, were not pressurized and relied on
oxygen masks.*”! This became impractical with the development of larger bombers
where crew were required to move about the cabin. The first bomber built with a
pressurised cabin for high altitude use was the Vickers Wellington Mark VI in 1941 but
the RAF changed policy and instead of acting as Pathfinders the aircraft were used for
other purposes. The US Boeing B-29 Superfortress long range strategic bomber was first
into bomb service. The control system for this was designhed by Garrett AiResearch

Manufacturing Company, drawing in part on licensing of patents held by Boeing for the
Stratoliner.!®

Post-war piston airliners such as the Lockheed Constellation (1943) made the
technology more common in civilian service. The piston-engined airliners generally
relied on electrical compressors to provide pressurized cabin air. Engine supercharging
and cabin pressurization enabled aircraft like the Douglas DC-6, the Douglas DC-7, and
the Constellation to have certified service ceilings from 24,000 to 28,400 ft (7,315 to
8,656 m). Designing a pressurized fuselage to cope with that altitude range was within
the engineering and metallurgical knowledge of that time. The introduction of jet
airliners required a significant increase in cruise altitudes to the 30,000-41,000 ft
(9,144-12,497 m) range, where jet engines are more fuel efficient. That increase in cruise
altitudes required far more rigorous engineering of the fuselage, and in the beginning not
all the engineering problems were fully understood.

The world's first commercial jet airliner was the British de Havilland Comet (1949)
desighed with a service ceiling of 36,000 ft (11,000 m). It was the first time that a large
diameter, pressurized fuselage with windows had been built and flown at this altitude.
Initially, the design was very successful but two catastrophic airframe failures in 1954
resulting in the total loss of the aircraft, passengers and crew grounded what was then
the entire world jet airliner fleet. Extensive investigation and groundbreaking engineering
analysis of the wreckage led to a number of very significant engineering advances that
solved the basic problems of pressurized fuselage design at altitude. The critical
problem proved to be a combination of an inadequate understanding of the effect of
progressive metal fatigue as the fuselage undergoes repeated stress cycles coupled
with a misunderstanding of how aircraft skin stresses are redistributed around openings
in the fuselage such as windows and rivet holes.

The critical engineering principles concerning metal fatigue learned from the Comet 1
program!®’ were applied directly to the design of the Boeing 707 (1957) and all
subsequent jet airliners. For example, detailed routine inspection processes were
introduced, in addition to thorough visual inspections of the outer skin, mandatory
structural sampling was routinely conducted by operators; the need to inspect areas not
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easily viewable by the naked eye led to the introduction of widespread radiography
examination in aviation; this also had the advantage of detecting cracks and flaws too
small to be seen otherwise.**) Another visibly noticeable legacy of the Comet disasters
is the oval windows on every jet airliner; the metal fatigue cracks that destroyed the
Comets were initiated by the small radius corners on the Comet 1's almost square
windows.**%l The Comet fuselage was redesigned and the Comet 4 (1958) went on to
become a successful airliner, pioneering the first transatlantic jet service, but the
program never really recovered from these disasters and was overtaken by the Boeing
707.[511[521

Even following the Comet disasters, there were several subsequent catastrophic fatigue
failures attributed to cabin pressurisation. Perhaps the most prominent example was
Aloha Airlines Flight 243, involving a Boeing 737-200.5% In this case, the principal cause
was the continued operation of the specific aircraft despite having accumulated 35,496
flight hours prior to the accident, those hours included over 89,680 flight cycles (takeoffs
and landings), owing to its use on short flights;®* this amounted to more than twice the
number of flight cycles that the airframe was designed to endure.* Aloha 243 was able
to land despite the substantial damage inflicted by the decompression, which had
resulted in the loss of one member of the cabin crew; the incident had far-reaching
effects on aviation safety policies and led to changes in operating procedures.®

The supersonic airliner Concorde had to deal with particularly high pressure differentials
because it flew at unusually high altitude (up to 60,000 ft (18,288 m)) and maintained a
cabin altitude of 6,000 ft (1,829 m).*®! Despite this, its cabin altitude was intentionally
maintained at 6,000 ft (1,829 m).*”! This combination, while providing for increasing
comfort, necessitated making Concorde a significantly heavier aircraft, which in turn
contributed to the relatively high cost of a flight. Unusually, Concorde was provisioned
with smaller cabin windows than most other commercial passenger aircraft in order to
slow the rate of decompression in the event of a window seal failing.!*®! The high cruising
altitude also required the use of high pressure oxygen and demand valves at the
emergency masks unlike the continuous-flow masks used in conventional airliners."
The FAA, which enforces minimum emergency descent rates for aircraft, determined
that, in relation to Concorde's higher operating altitude, the best response to a pressure
loss incident would be to perform a rapid descent./*”

The designed operating cabin altitude for new aircraft is falling and this is expected to
reduce any remaining physiological problems. Both the Boeing 787 Dreamliner and the
Airbus A350 XWB airliners have made such modifications for increased passenger
comfort. The 787's internal cabin pressure is the equivalent of 6,000 ft (1,829 m) altitude
resulting in a higher pressure than for the 8,000 ft (2,438 m) altitude of older
conventional aircraft;®" according to a joint study performed by Boeing and Oklahoma

State University, such a level significantly improves comfort levels.*?**] Airbus has
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stated that the A350 XWB provides for a typical cabin altitude at or below 6,000 ft
(1,829 m), along with a cabin atmosphere of 20% humidity and an airflow management

system that adapts cabin airflow to passenger load with draught-free air circulation.!**

The adoption of composite fuselages eliminates the threat posed by metal fatigue that
would have been exacerbated by the higher cabin pressures being adopted by modern

airliners, it also eliminates the risk of corrosion from the use of greater humidity

levels.©"
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Always check the cabin temperature
and cabin differential pressure
periodically to insure that the proper
comfort level is being

ELECTRONICS INTERNATIONAL

maintained. Cabin temperature can be
read on the OAT/Cabin Temp indicator
on the main instrument panel.

TEMPERATURE
OAT#_ ) CABIN

1. Climb Rate Indicator

Although it looks the same, it is not to be confused with the vertical speed of
the aircraft. This indicates the actual rate of change in the cabin altitude from
the pressurization system.

2. Climb Rate Selector
Use this knob to regulate the rate of change in the cabin pressure from a
minimum of 175 FPM to a maximum of 2,500 FPM.

3. Cabin Altitude Limit Selector
The cabin altitude limit selector, in the center of the cabin pressure controller,
is used to select the desired cabin altitude for cruise altitude.

4. Outflow Safety Valve Indicators

The outflow safety valve is mechanically the same as the isobaric valve. It
differs in that it is not modulated by the cabin pressure, but rather, it is fully
opened and closed. The safety valve opens during landing by the left gear
squat switch action and stays open during ground operations to prevent
pressurization of the cabin. Itis held open during ground operations by
vacuum supplied from the pneumatic system.

5. Cabin Altitude Indicator
Cabin pressure is monitored on the cabin altitude pressure gauge. This gauge
is calibrated in feet.

6. Pressure Control Switch
This switch controls the isobaric valve and mode of operation of the
pressurization system. There are three positions:



1. Dump - in this position the isobaric valve is open from the pressure
vessel to the outside atmosphere. No pressurization is possible in this
position.

2. Cabin Press - in this position the isobaric valve is regulated to the
outside atmosphere according to the pressurization system control.

3. Test - use this position to test the system during ground operations.
This will temporarily close the outflow safety valve for 5 seconds, and
the isobaric valve, allowing for momentary pressurization of the
pressure vessel. The outflow safety valve indicator should show Closed
and the Vacuum Solenoid Pressure/Dump Valve should show Press
during a successful test.

7.Vacuum Solenoid Pressure/Dump Valve

This indicates the position of the outflow isobaric valve, which is a mechanical
valve located on the upper aft pressure bulkhead. It is modulated by the cabin
pressure controller to regulate the outflow of the pressurized cabin air so as to
maintain the cabin altitude desired. When indicating Dump the valve is open
to the outside atmosphere. When indicating Press the valve is
modulated/regulated by the pressure control system.

8. Differential Pressure Indicator

The difference in pressure between the outside atmosphere and the pressure
vesselis monitored on the differential pressure gauge. This gauge is calibrated
in pounds per square inch (PSI) pressure differential.

Important note: the maximum allowable differential
pressure within the pressure vessel is 7.6 PSI. While
itis possible to maintain a very low cabin altitude at
cruise altitudes above 15,000 feet, this will increase
the differential pressure, thus putting strain on the
outflow safety valve and the pressure seals
throughout the pressure vessel, and causing
discomfort to your passengers. A maximum
differential pressure of between 6.0 - 6.4 PS| within

the pressure vessel is recommended.

9. Cabin Air Source/Pressure Control

Controls the air source for the cabin. When pressurization is desired, this
selector must be set to Press. Otherwise the isobaric valve between the
pressure vessel and the outside atmosphere will be open.



Warning!: No cabin pressurization will
occur if this selector is set to outside air

source!

10. Cabin temperature thermostat

Controls the comfort level of the cabin. Heating or coolant is applied to either
outside air or pressurized cabin air. Works in conjunction with the ECS mode
selector [11] and the Temperature Control Mode Selector [14].

Note: No cabin heating will be possible if the Temperature
Control Mode Selectoris set to Cool. Likewise, cooling will
not be possible if the switch is set to Heat. In normal
circumstances itis recommended that this switch be set to
AUTO, which will allow for both heating and cooling,
according to the Cabin Temperature Thermostat

11. ECS Mode Selector
This is the main mode of control switch for the entire
environmental/pressurization system. There are five (5) positions on this
selector:
e Off - shuts down the entire system
e Lo -applies slow heating or cooling to the cabin environment - normal
pressurization rate*
e Hi- applies more rapid heating or cooling to the cabin environment -
normal pressurization rate*
e HiHeat - applies rapid cabin heating - normal pressurization rate*
e Emer Press - applies more rapid pressurization to the cabin in case of
high cabin altitude readings
* |f the Emergency Pressure Mode Switch [12] is set to manual (Man), rapid
pressurization can only occur if the ECS Mode Selector is in Emer Press
position.

Warning!: No cabin pressurization will

occur if this selector is set to OFF!

12. Emergency Pressure Mode Switch
Controls the Emergency Pressurization System (EPS). The EPS has two modes
of operation:
¢ Auto - normally recommended. If cabin altitude exceeds safety limit a
more rapid pressurization rate is provided


https://fsd-international.com/Hangar/Cheyenne/Manual/Html/cabin_press.htm#EPS

¢ Man - Manual mode allows for the very highest pressurization rate.
Note that the ECS Mode Selector must be set to EMER PRESS for
manual EPS to work! Otherwise normal pressurization rate is
provided.

13. Fan Control
Controls the rate of air circulation in the cabin.

14. Temperature Mode Control
Controls the mode of operation (heating or cooling) of the ECS. There are three
(8) modes of operation:

e AUTO - Recommended for normal operations, this position will allow
both heating or cooling according to the Thermostat Control [10]
setting

o HEAT - Will allow for heating of the cabin only, according to the
Thermostat Control [10] setting

e COOL - Will allow for cooling of the cabin only, according to the
Thermostat Control [10] setting



