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passenger and crew evaluate cabin pres­
surization control system performance.
The source of these effects fall into
two broad categories: (1) pressure
transients (bumps) and (2) slower pres­
sure changes.

3~1.2 Pressure bumps are short
durat ion cab in pressure changes of suff i­
cient magnitude to cause passenger dis­
comfort. Proper design of the controls
and equipment of the air conditioning
and pressurization systems can minimize
bumps and significantly enhance passen­
ger comfort.

3.1.3 Unless an aircraft fl ies
pressurized at the pressure altitude of
the take-off port to a port of destina­
tion of equal altitude, a change in cabir
pressure must take place during the
fl ight. If an aircraft need only change
its cabin pressure continuously from
that at take off to that at the landing
field, th~ control problem would be
simple. However, this method is possi­
ble on only a I imited number of fl ights,
since during most fl ights the aircraft
cabin altitude must be increased as the
aircraft cl imbs to cruise altitude so as
not to exceed the aircraft design cabin
pressure-to-aircraft ambient pressure
differential. Generally, aircratt
designed for airl ine service are capable
of maintaining a cabin altitude of 6000
to 8000 ft (1.83 to 2.44 km)* when the
aircraft is at maximum cruise altitude.
Design for a sea level pressure in the
cabin while the aircraft is at maximum
altitude presents a structural weight

')"Number ih parentheses represent
International (SI) Units. Refer to

the section titled liS I Conversions and
Abbrev iat ions ll

•

Technical considerations relevant
to satisfying (3).

To ensure aircraft safety.

Physiology and limits which govern
maximum permissible pressure time
relations as related to aircraft
passenger comfort.

Types of Cabin Pressure Changes

General pressurization control
system performance requirements
des igned to satisfy (2).

(1)

(2)

PHYSIOLOGY OF CABIN PRESSURE CHANGES

PURPOSE

3·1

SCOPE

(4)

1.

2.1 These recommendations cover the
basic criteria for the design of aircraft
cabin pressurization control systems as
fo II ows:

1.1 The purpose of this recommended
practice is to provide the aerospace indus­
try with guidel ines as to the pertinent
technology relating to the physiological
considerations, the technical system
requirements and design objectives for air­
craft pressurization control systems.

1.2 This recommended practice is
applicable to pressurized aircraft regard­
less of the number of passengers or crew.
The pressurization control system must pro­
vide maximum safety and passenger and crew
comfort as a result of changes in cabin
pressure altitude during the entire aircraft
fl ight and during ground operation.

3.1.1 The physiological effects of
cabin pressure changes are inevitably the
ultimat~criteria by which the airl ine

c. ~""" "~;~ ~~ p _ _ );' ,',
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penalty. Therefore, for practical consider­
ations the pressure within the aircraft
cabin must be varied during the fl ight; this
variation must be controlled by the pres­
surization control system to minimize
passenger discomfort.

3.2 Ear Physiology

3.2.1 Discomfort from changes of
ambient pl'essure results foremost from its
effect on the middle ear. From the stand­
point of pressurization control systems, the
ear may be considered as an air-filled,
closed cavity with pressure equal ization
poss ib Ie only \'Jhen the eustach ian tube is
open (Figure 1). We can support this state­
ment best by a review of the anatomy of the
car.

3.2.2 Three basic sections of the ear
are the outer, middle and inner ear.

The outer ear consists of the external
fl eshy ear and the externa laud itOt'y cana I
terminating at the eardrum (tympanic
membrane).

On the other side of the eardrum is the
cavity of the middle ear. Near ambient pres­
sure is maintained in the middle ear cavity
through the internal auditory canal, the
eustach ian tube. Sound \oJaves are sensed as
a momentary pressure differential across the
eardrum which causes the eardrum to oscil­
late. Movement of the eardrum is magnified
by the leverage of the ossicles (the ear
bones) and is directed to the inner ear,

The innel' ear cons ists of the cochlea,
~'Jh ich is shaped 1ike a sna iI, and the sem i­
circular canal. The fluid-filled cochlea
reacts to movements of the ear bones and
transmits nerve impulses to the brain. When
a constant pressure differential exists
across the eardrum, the ear bones are dis­
placed and the pressure detected by the
inner ear causes an uncomfortable feeling.

3.2.3 Near the middle ear cavity, the
eustachian tube is surrounded by bone and
remains open. Near the nasal passage, the
eustachian tube is normally closed by the
surrounding membraneous tissue.

The eustachian tube opens occasion­
ally by involutary contraction of the
eustachian tube dilator muscles, called
salpingopharyngeal muscles. The action
equa 1izes pressure across the eardrum.
Voluntary opening of the eustachian tube
can be accompl ished by s\·,rallowing, ya\'m­
ing or by learned contraction of the
dilator muscles. This learned contrac­
tion can be accompl ished, with practice,
by suppressing a simulated yawn, at \'mich
time a roaring in the ears will indicate
when the effort is successful.

3.2.4 Positive pressure in the
middle ear tends to force the eustachian
tube open and is self-reI ieving.

3.2.5 Negative pressure in the
middle ear tends to hold the eustachian
tube closed. For this reason, ear dis­
comfort caused by pressure changes are
associated with descent in cabin pressure
altitude.

3.3 P,hys iological Effects

3.3.1 Figure 2 illustrates the
physiological effects of pressure differ­
ent ia 1.

3.3.2 Excess differential pressure
acrois the tympanic membrane will cause
it to rupture. Rupture of the membrane
itself is preceded by rupture of the
blood vessels crossing the membrane, thus
causing bleeding from the middle ear.
Hearing ability of the affected ear is
degraded about 30 db until healing re­
stores the ear to its original capabil ity.

Heal ing is evident \'Jithin 12-24 hours
and is usually complete within t\'ro weeks
to a month.

3.4 Cabin Pressure Bumps

3.4.1 The pressure bump required to
reach the threshold of feel ing varies
for different individuals. Also the
threshold of feel ing for any particular
individual is dependent upon the rate of
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AUDITORY NERVE --

EUSTACHIAN
TUBE
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Figure I. Physiology of the Human Ear
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NOTE: PRESSURE DIFFER­
ENTIAL EQUIVALENTS:
1000 FEET (NEAR SEA LEVEL)
1.06" HG 1
27 MM HG. (EQUAL TO 3.6 kPa
0.52 PSI )
36 MILLIBARS

.- AUTot~TIC PRESSURE RELIEF (ASCENT ONLY) j "CLICK" FELT AND
HEARD AS EARDRUM SNAPS BACK TO NORMAL POSITION.

.- FEELING OF FULLNESS BECOMES ANNOYING; HEARING AFFECTED ­
IMPRESSION OF DISTANCE IMPARTED TO NORMAL SOUNDS.

90

10

20

30 F-~===-I.- ONSET OF PAIN AND VERTIGO; INCREASING TINNITUS

INCREASING DISCOMFORT; MAY BE ACCOMPANIED BY TINNITUS (A RINGING
OR SItlILAR SENSATION OF SOUND IN THE EARS).

t

601---~~-~----I .- SEVERE PAIN} ONSET OF NAUSEA

I 00~===--~t-----------1.- MINIMUM DIFFERENTIAL
FOR TYMPANIC MEMBRANE
RUPTURE

DEAFNESS t~RKED; VERTIGO
AND TINNITUS USUALLY
INCREASING (BUT LATTER
WW DISAPPEAR)

80~_~~~~~l__~~_--I .- NORMAL "CLEARING" (I. E.
SWALLOWING OR YAWNING) NO
LONGER POSSIBLE

550

370

..J 3000
UJ
:>
UJ
-J
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~
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::c
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Q

0:::

ffi
~ 2000
l-
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~
~

~
IJJ
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~
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w
0:::
0-

-J
;:!i

~ 1000
UJ
Ll..
Ll..
t-I
Q

75 .- INITIAL PERCEPTION; A FEELING OF FULLNESS IN MIDDLE EAR.

FEET 1-11-1 HG
Note: Refer to the section titled liS 1 Conversions and

Abbreviations ll for conversion factors to SI units

Figure 2. Physiological Effects of Pressure Differential on the Normal
Human Ear (Increasing Pressure Only)
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change of pressure. The ear is less sensi­
tive at the rates of change normally associ­
ated with scheduled [300~500 fpm (91 m/60s to
152 m/60s)] cabin pressure changes (see
Figure 3). The results of the work of sev­
eral investigators show no threshold of
feel ing lower than 60 feet* (18 m) altitude
change.

3.4.2 One method of defining design
I imits for cabin pressure bumps, based on
threshold of detection by humans is shown in
Figure 4.

3.4.3 Another method known as the
Equivalent Eardrum Differential Pressure
(EEDP) method considers the sensory percep­
tion of the average individual on the basis
of time integration of the eardrum differen­
tial pressure due to rate changes. This
method (see Reference 7) is based on a fixed
physical model of the human ear and gives
results similar to those shown in Figure 4.

3.5 Sustained Pressure Increase

3.5.1 The human ear is capable of
withstanding extremely rapid pressure in­
creases. Tests have demonstrated these
capabil ities at rates far in excess of com­
mercial airl ine requirements. However, the
subjects of these tests were healthy adults
with normal ears. They were well trained
in the techniques of clearing the middle
ear during rapid descent.

Repeated descents from 9500 feet
(2.89 km) to sea level pressure in 5 sec­
onds [45 mm Hg/sec (6 kPa/s)] were recorded
~ithout sinus pain or discomfort.

3.5.2 Commercial airl ine travel is
measured in the tens of mill ions of passen­
gers annually. This group includes large
numbers of individuals who are unable to
ventilate the middle ear properly during
descent. These are sleeping passengers
(swallowing at increased intervals); chil­
dren; passengers with colds, sinus conges­
tion, or abnormal ear passages; and
passengers who are ignorant of the tech­
niques of equal ization of pressure in the

*Based on sea level pressure

middle ear. The average person swallows
involuntarily about every sixty to
seventy-five seconds. A rate of cl imb or
descent of 200 fpm (61 m/60s) will
usually cause no discomfort; 500 fpm
(152 m/60s) ascent or 300 fpm (91 m/60s)
descent will caUSe only sl ight discomfort
even though no effort is made to venti­
late the middle ear artifically.

4. CABIN PRESSURIZATION CONTROL SYSTEM
PERFORMANCE REQUIREMENTS

4.1 The requirements for a pressuri­
zation control system are many and com­
plex. Certain requirements are basic and
are not subject to debate. Foremost is
the need to insure the safety of the air­
craft during normal and abnormal fl ight
and to provide for pressurization system
component malfunctions.

4.2 The above requirements apply dur
ing all reasonably probable failure con­
ditions, but another, less tangible, set
of requirements apply during normal
operation. The latter are dictated to
provide a high level of passenger
comfort.

4.3 Beyond thes e requ i rements of
safety and comfort there are other fac­
tors to be considered. These include
crew size and workload, degree of auto­
mation (or sophistication), cost, and
weight.

4.4 In addition to provisions to
control the maximum cabin-to-ambient
positive ~P I imit and the cabin-to­
ambient negative ~P, the system should
include means to select the cabin alti­
tube and control the rate-of-change of
cabin pressure. In the past, aircraft
and cabin pressurization system designers
have used as design 1imits for passenger I
comfort 500 fpm* (152 m/60s) cabin cl imb
rate and 300* fpm (91 m/60s) cabin descen~

rate. Recent airl ine surveys have indi­
cated that these are acceptable limits
based on actual airl ine operator exper­
ience. Should normal operation of an
aircraft require cabin rates exceeding
these limits, some loss in passenger com­
fort should be expected.
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3 4 5 6 7 8 9 10 II 12 13 14

RATE OF DESCENT, THOUSANDS OF FT/MIN
2

I I I I
1-

CONTROL RESPONSES !~SUBJECT SEX
NO. CORRECT I~NO. GIVEN

R. O. e M 6 5 ,-

J. C. C. * M 9 9

T.L.D. a 4
~

M 4

C. R. S. • 6 6 -M

~ .A.
C.O.l. * M 4 4,
M.C.R. /::,." F 13 10 1-

1 1\
H.L.R. ¢ M 6 6

\
J.L. 0 F 6 6

L.L. • 2 2 1-\ .\ F
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NOTE

Refer to the section titled "51 Conversions and
Abbreviations ll for convel'sion factors to 51 Units.
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Figure 3 Altitude Changes Just Perceptible to the Middle Ear
in Relation to Rate of Descent. (Reproduced from
"Middle Ear Perception," Spealman and Cherry, Aviation
Medicine," February, 1958)
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NOTE: Refer to the section titled "51 Conversions and
Abbreviations" for conversion factors to 51 Units.
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Figure 4. Design Limits for Short Duration Cabin Pressure
Changes, Based on Threshold of Detection by
Humans
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(2)

(1)

4. l •• 1 This type of system (select­
able isobaric) allows the crew to select
the cabin altitude and the rate-of-change
of the cabin altitude. During climb, the
pressurization control system should con­
trol the rate of climb of cabin altitude
at the value selected by the crew. Dur­
ing cruise, the system should control the
cabin pressure to within 125 ft (38 m) of
the selected value. Experience has
shown that this performance is adequate
for many corrmercial aircraft and that
increased limits fup to 200 ft (61 m)]
may be satisfacto~y for mi litary, small
or intermediate size aircraft depending
upon weight, cost, complexity and logistic
considerations. The range of isobaric
cabin control should be adjustable from
..1000 ft (-304.8 m) to 10,000 ft (3 km).
Aircraft certified for operation using
airports above 10,000 ft (3 km) should
include provisions for increasing the
adjustable range to -1000 ft (-308.4 m)
to 14,000 ft (4.3 ~l). The cabin rate
of change should be smoothly adjustable
from a minimum rate of as low as 50 fpm
(15 m/60s) to not less than 750 fpm
(229 m/60s). Means of limiting the cabin
altitude to less than 15,000 ft (4.6 km)
during failure of the control system
must be provided as part of the system.
During descent, the landing field eleva­
tion may be selected along with the
appropriate cabin descent rate so that
the cabin pressure will arrive at the
correct landing field barometric pressure
prior to landing.

l•• 4.2 In order to reduce Cre\1 \1ork
load, some fully automatic systems moni­
tor the aircraft performance and respond
automatically when the aircraft altitude
is changed. This allows the crew to pre­
select (prior to take-off) the expected
landing field elevation and requires no
further crew action other than to correct
the system for the landing field baro­
metric pressure during descent.

4.4.3 Passenger comfort requi res
that the system have adequate response
to handle the transients that result from
take-off rotation, engine power change,
adding or subtracting a cooling pack and
engine bleed stage switchover operation.
The system may be required to operate so

-

as to maintain a prepressurized cabin on
the ground [in the range of 50 to 300 ft
(15 m to 91 m) below field elevation].
However, this must be consistent with
regulations governing door opening
requirements.

To provide an acceptable level of
passenger comfort the system should
include means to limit cabin pressure
bumps to a short duration change in cabin
pressure altitude not to exceed 60 to 80
ft (18 m to 24 m). These shor.t duration
pressure changes are caused by one or a
combination of the following:

High rates of change of cabin
air inflow which may be caused
by rapid engine or cabin air
source variation.
High rates of change of local
ambient static pressure at the
overboard location of the cabin
air outflow valve, such as may
occur during aircraft rotation
just prior to takeoff.
Lack of responsiveness of the
cabin pressure control system.

The cabin pressure control system
should be designed to provide adequate
control with the maximum cabin air inflow
rate change either increasing or decreas­
ing. Depending upon the cabin air source,
a cabin inflow rate control may be
desirable.

The cabin pressure system should also
be designed to function with the maximum
rate of change of local ambient pressure
at the outflow valve exhaust port. If,
due to the location of the outflow valve,
the local ambient pressure exceeds the
desired cabin pressure, aerodynamic means
should be added to reduce the local
ambient static pressure to an acceptable
va lue.

The pressurization control system
response should be consistent with the
design limits shown on Figure 4.

4.5 Provisions to manually inter­
vene and override the automatic system
must be incorporated. This should be
accomplished with the minimum number of
crew actions possible.

-~,
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4.5.2 The increments of cabin pres­
sure rate of change for systems which
exhibit step change characteristics should
be less than 300 fpm (91 m/60s) under
manual control.

4.5.1 For fully automati c systems,
the control system must monitor the sig­
nificant performance parameters and, dur­
ing certain types of fai lure, take the
appropriate corrective action.

4.5.3 The manual system should be
capable of cabin rate of pressure change
of not less than 2,000 fpm (609.6 m/60s).

4.6 The flight crew should be pro­
vided with means to monitor the following:

4.7 An audible warning signal
should be provided to indicate when
altitude of the commercial aircraft
cabin has become excessive [not to
exceed 15,000 ft* (4.6 km)].

4.8 Manual systems and automatic
systems on manual control must include
features that provide for aircraft struc­
tural protection at all times.

If the ai rcraft is to be certified
for over-water flights, the outflow valves
and vacuum relief valves should be
installed such that water does not enter
the fuselage during ditching. If this
cannot be accomplished, provisions must
be included to close the valves prior
to ditching. Closure of the valves
should be automatic but consistent with
other design considerations •

ARP1270

Catastrophic fai lure is extreme­
ly improbable.
Fai lures which would have a major
effect on the operation of the
ai rplane (major fai lures) are
minimized, and the airplane can
be flown and landed safely after
such a fai lure, without serious
hazards to the occupants, and
without requiring exceptional
ski II or strength on the part of
the crew. A major fai lure may
involve a single fai lure or a
combination of failures.
Fai lures other than those des­
cri bed in (1) and (2) wi 11 have
only minor effects on the air­
plane or occupants (minor fai l­
ures), and can be readi Iy
counteracted by the crew.
For commercial airline aircraft
provisions should be made to
isolate system malfunctions to
line-replaceable components with­
out the necessity of pressuriz­
ing the airplane.

(1 )

(2)

(4)

(1) Safety
(2) Passenger Comfort
(3) Economic factors, crew conven­

i ence

5.1 The ai rcraft cabin pressuriza­
tion control system design must consider
the following criteria listed in order of
precedence:

5.2 The airplane systems and associ­
ated components, considered separately and
in relation to other systems, must be
designed so that:

5. CABIN PRESSURIZATION CONTROL SYSTEM
TECHNICAL DESIGN CONSIDERATIONS

-9-

Cabin pressure rate of change
Cabin pressure altitude
Cabin pressure-to-ambient
differential
Outflow valve position (for
commercial transport aircraft)

(1)
(2)
(3)

(4)

•

•

• *Warning at 10,000 ft (3 km) is suggested to provide time for the flight crew to correct,
if possible, the pressurization malfunction, to minimize passenger discomfort, and also
to possibly prevent oxygen mask drop. In addition to the audible warning, a visual
warning signal should be incorporated whenever possible.
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5.3 The cabin pressure control sys­
tem must operate to provide desired com­
fort levels during at least the following
segments of the flight.

5.5 Qualification test require­
ments for cabin pressurization control
equipment should be specified based on
the applicable tests covered in MIL-STD­
810.

5.L• Genera I recommendati ons for
cabin pressure regulating equipment are
covered in ARP 367, Sections 3 and 5.
Control and sensing lines and ports shall
be located, sized, and routed in accord­
ance with ARP 367, Paragraph 5.4. (Cer­
tification requirements for small and
transport aircraft are contained in the
FAR regulations listed in references (9)
and (10).

(1)

(2)
(3)

(4)
(5)
(6)

(7)

(8)
(9)

Door closure and air Inflow
i ni ti atl on
Taxi from ramp
Take-off and transition from
"ground" to "flight" mode
Climb
Cruise (or holding)
Descent and barometric correc­
tion
Landing and transition from
"flight" to "ground" mode
Taxi to ramp
Door opening

5.7.1 Outflow Valve - All cabin
pressure systems incorporate a valve or
valves which regulate the cabin overboard
flow rate (the cabin infl~/ air rate
minus leakage) so as to control the pres­
sure inside the cabin.

The outflow valve shall be so
designed and matched with airframe design
as to permit complete pressure control at
full design differential with one air
inflow source inoperative.

Outflow valve design shall minimize
both the accumulation of tars, dirt, etc.,
and the effect of any such accumulations
on operation.

Systems that have two or more outflo~

valves should be able to permit complete
pressure control over the full pressuri­
zation design range with all inflow
sources operable and one outflow valve
inoperative. This capabi lity enhances
aircraft dispatchability.

Outflow valve location has an effect
on the airflow distribution within the
ai rplane cabin. Location of the outflow
valve(s) at one end of the cabin can
cause maldistribution of the cabin air­
flow, with higher than desired air vel­
ocities (drafts) at the end of the air­
plane near the valves, and less than
required airflow at the extreme opposite
end. Air collection ducting, and use of
the under-floor area as a collection
center have been useful in combatting this
effect.

•
5.6 If aircraft electrical power

is used by the system or components, con­
sideration must be given to power inter­
ruptions (fo.' up to five minutes for com"
mercial airliners). The system must be
designed to tolerate this power loss with­
out danger to the aircraft or occupants.
The system and compoents must also be
designed to prOVide normal or required
performance during normal expected alec­
tri ea1 pm'lel· source vari ati ons.

5.7 Cabin Pressurization Control
System Components - The simplest cabin
pressure system includes at least an
outflm·/ valve set to control the cabin
pressure to a constant cabin-to-ambient
6P and safety valves used to prevent air­
craft structural damage should the out­
flo\'l valve fai 1.

Outflow valve acoustic noise levels
shall be considered in the location of
the valves within the cabin. Acoustic
treatment of the valves may be required
due to the high velocities of the air
exiting through the valve under high flow
operating conditions, especially in small
cabin aircraft wherein the outflow valve
is near the airplane occupants.

The outflow valve exit characteris­
tics are highly affected by the slip­
stream effects. Gross changes in the
slip-stream characteristics may cause
pressure bumps. The phenomenon is
especially critical at rotation, during
the airplane takeoff roll. The location
of the outflow valve with regard to un­
stable, or inconsistent slip-stream
effects should be considered. Wakes from
variable surfaces (control elements,
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landing gears and thrust reversers)
should be avoided. Spoi ler devices may
be uti lized during flight regimes where
inconstant slip-stream conditions cannot
otherwise be avoided by proper location
of the valves.

5.7.2 Relief Valve - Special pur­
pose valves must be included to prevent
damage to the ai rcraft structure due to
excessive pressure differentials.

5.7.2.1 For large transport ai r­
craft, two cabin positive pressure relief
valves, commonly called safety valves,
shall be prOVided. These valves are
normally closed.

Safety valves shall be independent
of each other and sensing plumbing shall
be independent of all other sensing
systems.

The safety valve shall be sized to
permit control of pressure for any burst
pneumatic duct which may occur within
the pressurized volume.

Sensing ports shall be located to
give accurate, consistent indication
regardless of airplane altitude or
speed. Safety valves shall be designed
to regulate at relief setting and shall
not Iidumpll the cabin.

System design shall incorporate a
margin betWeen the upper tolerance limit
of maximum normal differential pressure
control and the lower tolerance limit of
the relief valve to prevent control
overlap.

5.7.2.2 Negative relief shall be
provided to protect the airplane from
excessive negative pressure. This fea­
ture is sometimes included in the safety
valve. Two negative relief valves are
required unless the design is simple
enough to reasonably preclude malfunction.
A swing check device is considered ade­
quate to meet the single valve require-

.ment.

5.7.3 Altitude Selector - Ai rcraft
cabin pressure control- systems can be
categorized as either fixed or variable
isobaric systems. These terms relate to
the basic purpose of cabin pressure control,
which is to regulate cabin pressure to a

ARP1270

constant altitude at a comfortable level
independent of aircraft flight altitude.
Fixed isobaric systems do not incorporate
a means of selection of the isobaric alti­
tude. These systems always limit cabin
altitude at the same level and the cabin
is allowed to climb with the aircraft up
to this level. Fixed isobaric systems
are generally used on mi litary ai rcraft
where freedom from crew attention is imper
ative and comfort is a secondary consider­
ation.

Variable isobaric systems incorporate
an altitude selector permitting the crew
to vary 'the selected isobaric cabin alti­
tude based on the flight plan and aircraft
structural safety pressure differential
limitations. The selector is mounted in
a location accessible to the crew. The
face panel of the selector is provided
with control knobs and indicator scales
for adjustment of the isobaric altitude.
Typi ca lly, dependi ng on the twe and
sophistication of the control system, a
knob and scale is provided for limitation
of cabin pressure rate of change. and for
making correction for variation of the
landing field barometric pressure, for
outflow valve position indication and
balancing control, for switching between
system operating modes, for safety warn­
ing lights, etc. The altitude selector is
the instrument whereby crew inputs are
relayed to the cabin pressure control sys­
tem.

5.7.4 Cabin Pressure Controller ­
The unit which receives the input signals
from the altitude selector and provides
an output signal for control of the out­
flow valves is commonly called the cabin
pressure controller. For pneumatic system
the altitude selector and controller func­
tions are often incorporated in a single
unit mounted in the crew compartment. For
this type of controller the input selec­
tions provide mechanical adjustments to
the pneumatic controls and the output
signal is in the form of pressure. For
systems using electronic controllers, the
controller is usually located remote from
the altitude selector and the input and
output signals are electrical.

~-----~-",----..~--.._~,__'-~--'---~..--.~--.,.-.,.--~c--~.~~~~:--" --I
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5.9 Automatic Cabin Pressurization
Cont rol Systems .

The automaticity of a cabin pressure
control system is entirely relative. All
systems contain ~any automatic functions.

5.8.4 Electro/Pneumatic - This
designation is assigned to the hybrid sys­
tems which use pneumatically operated,
electrically controlled, outflow valves.
A typi ca I system of thi s type is shm·Jn
in Fi gUI'e 8.

5.8 Types of Cabin Pressure Control
Systems

5.8.1 Pneumatic ~ Figure 5 shows a
typical fixed isobaric type pneumatic sys­
tem. All control functions and outflow
valve actuation are accQmplished with pneu­
matic pressures. Manual override devices
in thi s t)p e of system (for instance, for
dumping the cabin) can be either mechanical
or electrical solenoid operated,

Figure 6 shows a typical variable
isobaric type pneumatic system with the
selector and controller functions com­
bined in a single component. Electrical
energy is comnlonly used in this type of
system only for lighting the panel of the
controller unit and operation of solenoid
valves for automatic and manual switching
of operational modes.

5.8.2 Electronic - Figure 7 shows
a typical electronic cabin pressure con­
trol syst~o. All control functions
except pressure sensing make use of elec­
trical power. Outflow valve actuation is
performed electrically. The cabin pressure
controller is an electronic modularized
unit incorporating pressure sensing, logic
and signal generating circuitry.

5.8.3 Pneumatic/Electric hybrid
systems which employ both electrical and
pneumatic control elements are in use.
The designation, pneumatic/electric, is
assigned to those systems which uti lize
a pneumatic controller for sensing and
generation of a pneumatic pressure com­
mand, a transducer element for conversion
of the pneumatic signal to an electrical
signal, and electrical elements for con­
trol and actuation of the outflow valves.

ARP1270 -12

The simple fixed isobaric pneumatic sys­
tem sh~1n in Figure 5, for instance, is
completely automatic. That is, provision
is made for manual override only for an
emergency condition. In general, as the
degree of desired cabin pressure comfort
increases, the system complexity increases~

and typical commercial airliner systems
incorporate a considerable number of auto­
matic features eliminating the necessity
for crew attention. Automatic electronic
systems are often defined as systems con­
taining logic elements which automatically
adapt the mode of cabin pressure control
to changes in flight plan after takeoff.
The most modern of automatic systems per­
mit the crew to select the landing field
elevation prior to takeoff and to use any
desired flight profi Ie without inflight
adjustment of the system.

5.10 Valve Sizing

5.10.1 Outflow Valve Sized for
Unpressurized Operation

The method outlined below may be
used to determine the total system CA
(effective flow area) requirement for
unpressurized operation, In sizing for
unpressurized operation, consideration
must be given as to whether any other
valves wi 11 be used to augment the outflow
valve capacity. Small aircraft are
designed for a cabin-to-atmosphere differ­
ential pressure of 0.5 in. Hg (1.7 kPa)
or less for ground operation with full
air inflow rate to the cabin. Large air­
craft are designed for the minimum prac­
tical cabin-to-atmosphere ground differ­
ential pressure during ground operation-­
usually a few inches of water (approxi­
mately 750 Pa) with full air inflow. The
following formula is a simplification of
the relationship for compressible fluid
flow and is accurate enough to determine
the CA requi rement provi ded the li P does
not exceed 10 percent of Pi' This condi-
tion wi 11 always be met with the cabin
pressure near sea level.

.fPiTP
H == 8.76 CAV+;--

I

•
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TRUE STATIC ATMOSPHERE

-----1

I
I
I
I
I
I
I
I
IAUTOMATIC

ELECTRICAL
ACTUATOR

ELECTRONIC
AUTOMATIC
CONTROL

AUTOMATIC
CONTROL
SELECTOR

AUTOMATIC /
MANUAL
SELECTOR

---,..,
I
I
I
I
I

-l

"1
I
I
I
I

~~~~L ~=t---I
I I

: I
AIRCRAFT I I MANUAL

I ELECTRICAL
POWER J I ACTUATOR I

L J

CABIN
RATE
CONTROL
KNOB

CABIN
ALTITUDE
CONTROL
KNOB

BAROMETER~
SET ~

KNOB

PRESSURIZED
CABIN

PNEUMATIC

SAFETY VALVE

(TWO REO)

ATMOSPHERE

TRUE STATIC
ATMOSPHERE

•
Figure 7. Electronic Cabin Pressure Control System
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-17-

• ~Mhere: W= Flow through outflow valve
(lb/min)

CA = Flow coefficient times the
geometrical area (sq in.)

P. = Valve inlet pressure (in.
I Hg abs)

i1 P = Va lve pressure drop (i n.
H20)

T. = Valve inlet temperature (oR)
I

EXAMPLE:

If cabin air inflow rate = 120 lb/min,
cabi"n temperature = 700 F, ai rcraft at
SL on standard barometer day and the
maximum allowable valve i1P = 2 in.
H20. What is requi red valve CA?

Substituting in formula above

ARP1270

possible to reach the safety relief setting,
assuming complete fai lure of the outflow
valve(s). This could be any altitude be­
tween sea level and the flight level at
which maximum pressure differential is
obtained. It should be noted that the flow
whi ch mus t pass through the va lve is
increased when the airplane is climbing.

The negative pressure relief valve
flow requirements should be based on an
emergency rate of descent with an unpres­
surized ai rplane with zero cabin inflow.
Careful consideration should be given to
inlet pressure losses when arriving at
final sizing.

5.10.3 Minimum Cabin Air Inflow
Requirements for Rapid
Descents

*See also nomenclature section, Page 26.

5.10.2 Relief Valve Sizing

and therefore required CA = 40.7 sq in.
The above equation can be used to

determine the cabin air outflow area
which must be incorporated in unpres­
surized aircraft or helicopters to
limit structural differential pres­
sures during ascent or descent.

Refer to the section titled "51
Conversions and Abbreviations" for con­
version of the above formula into 51
units.

Each positive pressure relief valve
(safety valve) shall be designed to
accommodate the maximum rate of flow
delivered by the pressure source without
an appreciable rise in the pressure
differential. This requirement is
interpreted to imply that each safety
valve. must be capable of limiting the
differential pressure to the de~ gn
value when functioning alone.

The maximum flow capacity of each
of the safety valVes should be based on
the lowest altitude at which it is

5.11.1 Control System Preliminary
Analysis

The selection of an optimum control
system for a specific airplane pressuriza­
tion system ustbe consistent with the
constraints of that particular ai rplane.
Once candidate systems are selected, a
preliminary dynamic analysis is conducted
to determine the feasibi lity of each of
the systems meeting the response and sta­
bi lity performance criteria required.

5.11 Cabin .pressurization Control
System Dynamic Ana i.vsi s

Figure 9 indicates the minimum cabin
air inflow requirement for various size
cabin volumes and for various descent
rates. Airplane leakage values must be
added to the minimum cabin air inflow to
determine total inflow requi red.

The internal pressure of an airplane
cabin is controlled by maintaining a de­
sired relationship between the airflows
entering and leaving the cabin. To main­
tain the required relationship under vary­
ing airplane conditions necessitates a
control system with a dynamic response
compatible with the most rapid of the
varying conditions. The dynamic analysis
of a cabin pressurization system serves
to exemplify the control system compliance
with the specified performance require­
ments.

2(29.92 + '13:6) (2)

530120 = 8.76 CA

•

•
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5.11.3 Control System Graphical
Analysis·

Once the mathematical model of a
system has been determined, a stabi lity
and response analysis of the system may
be accomplished. To accomplish this task,
the open loop transfer functions of each

A di agramati cal representation of a
simplified proportional cabin pressure
control system mathematical model is shown
in Figure 10. In the proportional control
system, the control valve position is pro­
portional to the error magnitude between
the commanded cabin pressure and the
actual cabin pressure during steady state
conditions. Theopen loop transfer func­
tions for the control, actuator, position
feedback and sensor, however always con­
tain time variable terms which define
their respective actions during transient
conditions and affect, to varying degrees,
the stabi lity of the total system.

Ko == -'5-. (T is assumed constant)
~ c

c

5.

6.

5.11.2 Control System Mathematical
Model

The mathematical model is an analy­
tical representation of the real system
expressed in equations describing the
physical processes involved. These equa­
tions express the relationships of air
flows and pressures. Typical simplified
expressions for an airplane cabin are:

The primary analysis consists of
describing the candidate systems mathe­
matically, and examining the dynamic
characteristics of the system through
the use of various graphical techniques.

1- W. == Wo + W + L dPc
I L RT dt

or

p == ~T f(Wi - W - W ) dtc 0 L

e 2. WL ~ KL
(p - p )

c A

3. W == K CA P N
0 0 0 c

4. K CA == f (e)
0 0

N

SENSOR
'----------------1 TRANSFER ..----+-----------------~

FUNCTION

•

i Pc ~CO/WINO)

~
+ + CONTROL ACTUATOR e KOCAoL L TRANSFER r---.. TRANSFER >-+ f(9\

_ _ FUNCTION FUNCTION

FEEDBACK
'------i TRANSFER 1'+----'

FUNCTION

Figure 10. Mathematical Model Diagram
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component of the system are determined.
The open loop transfer function Is defined
as the ratio of the Laplace transforms
of the output reaction to the Input dis­
turbance, expressed usually as a function
of 5.

The stability of the system is deter­
mined by comparing the open loop gain of
the system expressed as a function of 5
vs the open loop phase lag of the system
expressed in degrees. For the purpose of
this analysis, jill is substituted for 5
and expressed in radians per unit time.
The requirement for stabi lity is that
upon increasing w, the total gain of the
open loop goes to unity (0 db) before the
phase angle of the open loop goes to -180
degrees. One method of determining the
existence of this condition is tnrough
the use of an asymptotic plot of the sys~

tern gatn and phase angle vs S. One form
of this plot is termed the Bode diagram
(Figu"e 11).

The Bode diagram is constructed by
plotting the gain of the system in deci~

bels, and the phase angle in degrees
against the frequency (5 or jw) in radians
per unit time, on semi-log paper. The
gain in decibels is expressed as:

G (db) = 20 10910 K, K~ 1

1
G (db) = -20 10910 K' K< 1

The component gains, expressed in deci~

bels, are added to produce the system
gain. The steady-state gain is deter­
mined by equating jw to O.

The open loop transfer function of
the system is in the following general
form.

K (5P
1 (1+a15)(1+a25) ••• (l-!.am5»)

SP2 (1+b1S)(1+b25) ••• (1+bn5)

Examining the term (l+a 5), it is noted
1that when S«a ' 20 log (l+a 5) equals O.

Furthermore, when 5 »l/a, then 20 log
(l+a S) has a slope of 20 db per decade
of frequency.

AGtde~~deJ == 20 log 10aS - 20 log a5

AG f.. db J == 20
\decadeJ

1
Likewise the terms l+bS can be shown to
yield

K
I~
I .. 20 db I ........

K-20 l- I DECADE I .......... I
I I I

GAIN I I I
(db) K-40 - I I II

I I I
K-60 '= I I I

! I
I

1
I

II I

lOX II IOx+1 II IOx+2 lib IOx+3
bl a l

2

S =: jw-..RAD/UNIT TH1E

Figure II. Bode Diagram of Gain

-
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The frequency at which the slope change
caused by each term occurs is termed break
frequency. The break frequency occurs at

S = ~ , or S =t respectively. The Bode

plot of gain is constructed by the follow­
ing steps.

B1 > a1 > b2

Ph 1 / .,...----,:1~.--... = -tan-1 wbase ang e = _ 1 + b (jw)

ARP1270

Detailed system characteristics
may be varied to explore their
effects on the total system per­
formance
Non-linearities in system com­
ponents may be simulated
Effects of actual aircraft flight
profi les and operational pro­
cedures may be simulated with
results directly comparable to
flight performance.
Saturation levels of the system
components may be simulated and
the effects of the saturation
levels on system performance
determined.

(2)

(3)

(4)

(1 )

between the phase angle, evaluated at the
frequency at which the system open loop
gain is unity (0 db), and -180 degrees.
Gain margin is simply the amount by which
the gain of the system may be increased
before the system becomes unstable. Phase
margins of 40 degrees and gain margins of
12 db are considered good design practice.

The response of the system is deter­
mined by solving for the closed loop trans
fer function of the system and writing
the differential equation for any given
input to the system. In most cases this
is difficult and determining actual re­
sponse in complicated systems is usually
best accomplished with the help of analog
computer simulation of the system.

The mathematical model is converted
into an analog computer diagram, with
additional computer circuitry employed to

5.11.4 Control System Computer
Simulation

Once the feasibi lity of a particular
control system approach has been deter­
mined through a preliminary dynamic
analysis, the system is ready to be com­
puter simulated. It is not unusual that
the number of candidate system approaches
have been drastically reduced by the pre­
liminaryanalysis. The computer simula­
tion serves to predict the detai led tran­
sient response and stabi lity margin of the
system with much greater ease than is
possible with the preliminary analysis.
The computer s i mu 1at ion offers the fo 11 ow­
ing advantages:

-21-

where

-1= tan wa

= -20db
decadeilG

(2) Determine the gain change and
break frequencies for each of
the terms.

(1) Determine system steady-state
gain at S = 0 and plot this
gain at low frequencies on the
Bode di agram.

Phase angle = L [1 + a (jw)J

Substitution of values of w result
in values of phase angle for each term
which arp arithmetically accumulated to
determine the total system open loop
phase angle at that value of w.

The measure of stability of a sys­
tem is expressed as phase margin or gain
margin. Phase margin is the difference

A system open loop transfer function
in the follOWing simplified form wi 11
plot as shown on diagram.

The lines of the plot, in reality,
represent the asymptotes of the actual
plot of gain vs frequency.

The second portion of the Bode dia­
gram is a plot of the phase angle vs fre­
quency. Repl~cing S with jw results in
a real and an imaginary portion of each
of the terms of the transfer junction.
The phase angle is the angle whose tang­
ent is the imaginary portion divided by
the real portion of each term."

•

•

:..... --".....,
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provide the system input variables. The
logic associated with airplane cabin pres­
sure selection can be simulated directly,
as well as the expected airplane flight
characteristics. The analog computer,
extensively uti lized for these types of
simulations, simulates the system on a
time continuous basis. A continuous
system modeling program (CSMP) can also
be used, however, to faci litate a digital
computer simulation

SelectIon of analog or digital means
of system simulation is optional and
usually depends on equipment avai labi lity.
Digital and analog computer simulations
offer the following general advantages:

Digital
(1) Rapid initial program

implementation
(2) Excellent documentation of

results
(3) Higher attainable accuracy

Analog
(1) Capabi lity of interface with

actual control equipment
(2) Rapid evaluation of component

characteristic variations

Computer simulation exemplifies that
the system is capable of coping with all
expected input disturbances whi Ie main­
taining the cabin pressure within the
specified performance requirements. The
computer simulation furthermore, functions
as a design tool, offering a fast effec­
tive method of determining where system
changes are necessary and desirable.

5.12 Cabin Pressurization Control
System Testing

Conventional methods of predicting
cabin pressurization control system
closed loop stability and performance
under transient and abnormal conditions
are best substantiated in the actual air­
craft environment. This is impractical in
all but limited applications and, there­
fore, effective means are required to
conduct performance evaluations which
closely simulate the aircraft environment.
These tests normally include, but need
not be limited to, steady-state isobaric

control and differential control under
the extremes of airflows and differ­
ential pressures, operation through the
extremes of rate control, response to
cabin inflow changes, effects of mode
transfers, and effects of power inter­
ruption on electronic systems. Addi­
tional tests may be conducted depending
upon individual concepts and designs
used in the pressure control system.

The significance of the cabin vol­
ume can be seen in the simplified block
diagram of a pneumatic system, Figure 12.

Cabin volume, perhaps the most dif­
ficult simulation to achieve, is one of
the most important parameters in closed
loop testing of a cabin pressurization
system.

Tests of cabin pressure control
systems to be used in small cabin volume
aircraft are best tested by direct sim­
ulation of the aircraft volume, however,
when testing systems for use in larger
volume aircraft, direct simulation is
difficult. Some of the means suited to
obtain this simulation are described
below:

5.12.1 Multiple Outflow Valve
Installation

When the cabin pressurization sys­
tem contains t~ro or more outflow valves
which control the exit air to maintain
the desired level of pressurization, one
valve can be used in the simulation of
the cabin volume. To ensure represent­
ative performance evaluations, the scal­
ing should be accomplished by application
of the following basic equations:

Wis =Wia x ~

~Vs ~ Va x ~a

where: Wis = Cabin air flow of the
simulation

Wia = Cabin air flow of the air-
craft

~s =Number of valves i n the
simulation

~a =Number of valves i n the
aircraft

Vs = Volume of the simulation
Va =Volume of the aircraft

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ar
p1

27
0

https://saenorm.com/api/?name=06f421f297ccc8fe254a40797044c1c1


                                                                                
                                                                                

                                                                                
                                                                                
                                                                                                                                                                

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Distributed under license from the IHS Archive
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SAE ARP*1270 76 II 8357340 0025492 2 II

• INFLOW,.., Wi +

-23-

CABIN I
'" -VOLUME V

COMPRESSIBILITY

ARP1270

CONTROLLED
PRESSURE", P

C

~---------~ REFERENCE
PRESSURE"" PR

PRESSURE
ERROR ,.." l\P
. e

SENSORACTUATOROUTFLOW
VALVE

OUTFLOW "" Wo

Figure 12. Pneumatic System Simpl ified Block Diagram

• For example in an aircraft with two
outflow valves, a direct simulation may be
achieved using one outflow valve by halv­
ing the inflow and halving the volume.

5.12.2 ScaledOutflowValve

The most useful means of simulating
a large cabin volume ·when it is imprac­
tical to provide a direct simulation, is
to scale the outflow valve effective dis­
charge area throughout its operating
stroke. This is done through a direct
scaling of the aircraft volume to the
volume available in the simulation by
means of the following basic equations:

Va = Volume of the aircraft
Wis = Cabin air flow of the

simulation
Wia = Cabin air flow of the

ai rcraft

It should be recognized that scaling
of the outflow effective area may result
in dynamic changes to the outflow valve
characteristics. Where affected charac­
teristics would result in performance
changes, consideration should be made for
providing compensation in the simulation
(e.g., matching of aircraft valve flow
forces by adding the correct load torque
to the simulated valve.)

Vs
CAs = CAa x Va 5.12.3 Testing with Volumes Less

Than a SeaTed Simulation

Vs
Wis = Wia x Va

where: CAs = Effect i ve outflow area of
the s imul at ion

CAa = Effective outflow area of• the aircraft
Vs = Vol ume of the simulation

When it is impossible or impractical
to achieve a simulation that wi 11 provide
the dynamics of the cabin volume as in
Para. 5.12.1 or 5.12.2, system perform­
ance (but not stabi lity) may sti 11 be
assessed whenever the outflow valve slew
rate is less than the maximum avai lable

L-- ...-~
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