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1. SCOPE:

This document deals with ground and flight test of airplane installed Environtental Gontrol Systems
(ECS), Figure 1. The ECS provide an environment, controlled within spetified operational limits of
comfort and safety, for humans, animals, and equipment. These limits inelude the following: pressure,
temperature, hunidity, ventilation air velocity, ventilation rate, wall temperature, audilple noise,
vibration, and enyironment composition (0zone, contaminants, ete.). The ECS are cgmposed of
equipment, contrgls, and indicators that supply, distribute, recyele and exhaust air to|maintain the
desired environmtnt.

1.1 Purpose:

This document defines recommended tests andytest procedures for airplane installed ECS. The
purpose of thege tests is to:

a. verify systemn pressure integrity (leakage),
b. verify integrption and compatibility of ECS with other airplane systems, and

c. determine gverall systefiperformance in conditions representative of those which may be
encountered during operations.
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FIGURE 1 - Environmental Control Systems
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1.2 Field of Application:

These tests (and procedures) may be used for commercial and military airplane certification (test of
first article) or for production airplane (to ensure built as design) tests. The selection of the
appropriate test conditions, instrumentation, and test procedures depends on a large number of
variables (airplane configuration, system concept, hardware, integration with other on-board
systems, certification or production airplane, etc.). Thus, these are addressed in general terms. This
documentisi ide i i e specification or
contractual or regulatory (Federal Aviation Regulations (FAR), Joint Airworthiness Regulations
(JAR)) requirgments should be considered. The test plan and procedure should he coordinated with
the appropriate agency.

Test data may be used to show compliance with the applicable airplahe specification, contractual, or
regulatory requirements and to verify analytical simulation models¢ If the former i$ intended, it is
extremely important to obtain prior approval of the test plan and\procedure from the appropriate
agency.

2. REFERENCES
2.1 Applicable Dgcuments:

The following|publications form a part of thissdocument to the extent specified hefein. The latest
issue of SAE publications shall apply. Theapplicable issue of other publications ghall be the issue in
effect on the dlate of the purchase order:In the event of conflict between the text jof this document
and referencgs cited herein, the text of this document takes precedence. Nothing in this document,
however, supgrsedes applicabletaws and laws unless a specific exemption has lpeen obtained.

2.1.1 SAE Publications: Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-001.

ARP1307 Measurement of Exterior Noise Produced by Airplane Auxiliary Power Units
and Associated Equipment during Ground Operations

ARP1323 Type Measurement of Airplane Interior Sound Pressure Lgvels in Cruise

AIR806 Air Conditioning Design Information for Cargo and High Density Passenger
Transport Planes

AIR1266 Fault Isolation in Environmental Control Systems of Commercial Transports

AIR1706 The Advanced Environmental Control Systems (AECS) Computer Program for
Steady State Analysis and Preliminary System sizing

AIR1823 Transient ECS Computer Program

AIR1826 Airplane Environmental Systems Acoustical Designh Considerations

ARP85 Air Conditioning Equipment, General requirements for Subsonic Airplanes

ARP89 Temperature Control Equipment, Automatic Airplane Compartment

ARP292 Air Conditioning, Helicopter, General requirements for

ARP699 High Temperature Pneumatic Duct Systems for Airplane
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2.1.1 (Continued):

2.2

2.3

ARP731

ARP1270
ARP1796
ARP4073

General Requirements for Application of Vapor Cycle Refrigeration Systems
for Airplane

Airplane Pressurization Control Criteria

Engine Bleed Air Systems for Airplane

Air Cycle Air Conditioning Systems for Military Air Vehicles

Other Applicable References:

AFGS 87145

MIL-D-8708

MIL-E-18927

MIL-T-18606

STANAG 289

General Design Specification Environmental Control, Airborne
Demonstration Requirements for Airplanes
Environmental Control Systems, Airplane, General Requirements for
Test Procedures for Airplane Environmental Systems

Extreme Climate Conditions and Dgrived Conditions for Use|in Defining
Design/Test Criteria for NATO Ferces

Acronyms:

ACM Air Cycle Machine

AFB Air Force Base

APU Auxiliary Power Unit

ARP Aerospace Recommended Practice

ATA Air Transport Assaciation

BITE Built-In-Test Equipment

CFR Code of Federal Regulations

DER Designated-Engineering Representatives
DMIR Designated Manufacturing Inspection Representatives
ECS Environmental Control Systems

EGT Exhaust Gas Temperature

EICAS Erginrethdicatingand-Crew-Alerting-System
EPR Engine Pressure Ratio

FAA Federal Aviation Administration

FAR Federal Aviation Regulation

JAA Joint Aviation Authorities

JAR Joint Airworthiness Regulation

OBOGS On-Board Oxygen Generating System
OBIGGS On-Board Inert Gas Generating System
PRSOV Pressure Regulating and Shut Off Valve

TAI Thermal Anti-Ice
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3. ENVIRONMENTAL CONTROL SYSTEMS:

The ECS typically consists of the following two major systems.

3.1 Pneumatic System (ATA 36):

The pneumatic system delivers compressed air from the source(s) to on-board services such as, the

air-conditioning system packs; engine inlets, ram air inlets and flight surfaces an

i-icing or de-icing

systems; drivg
hydraulic fluid
etc.

In military airg

a. On-Board
passenge
b. On-Board
tank inerti
c. Canopys
d. Anti-G sy

pressurizg
conscious

e. Radar pre

There are no

identifies systems commonly serviced by the pneumatic system.

The typical ai

s for thrust reverser, flaps, hydraulic pumps, and engine start maotg
reservoir, fuel tanks, and potable water; rain removal and anti~icing
lane, the system may also service the following systems.

Oxygen Generating System (OBOGS) which extfacts oxygen from
S USe;

Inert Gas Generating System (OBIGGS).which extracts nitrogen fr
ng;

pals;

tem that utilizes the pressure-and flow of air to pressurize the anti-
ness) against gravitational (Gz) forces.

ssurization system-

Festrictions’on the use of pneumatic power for operating other systg

-sources of the pneumatic system are the propulsive engines, on-b

on-board Aux

r; pressurization of
of transparencies;

the air for crew and

bm the air for fuel

) suit. The suit on

ition restricts the flow of blood to the lower extremities thus providing protection (loss of

ms. The above list

oard compressors,

liary Power Unit (APU), and external ground air supply (ground air

art or terminal

built-in-compressed air supply system). The system receives compressed air from the above
sources, controls its routing, and delivers it to the using systems. Cross-bleed and isolation valves
are included in the distribution manifold to maintain essential functions in the event of supply or using
system failure. Check that pressure regulating and shut off valves are incorporated to ensure
delivery of air within pressure limits to the using systems. Heat exchangers, temperature controllers
and over-temperature shut-off features are added to control and/or limit supply air temperature. To
ensure proper operation, monitoring of performance, and to facilitate trouble-shooting and
maintenance, sensors and controllers are added as required. A typical pneumatic system is
described in 4.4.
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3.2 Air Conditioning System (ATA 21):

The air conditioning system consists of the following significant subsystems.

a.

The cabin (passenger and flight crew compartments) conditioning system controls and
conditions cabin air supply (fresh and recirculated). It consists of the air conditioning pack(s)
including heat sink(s), the cabin-air recirculation system components, and the air distribution and

exhaust d
Cabin te
humidific
the relativ

The cabin
altitude r
valve(s) tq
pressures|
during fail

The equip
military ai
or dielectr
The galley
Defog sys

Large tran
carriage 0

On long r4
conditioni

perature controllers and cabin temperature sensors are part of this
tion system may form a part of the cabin conditioning system.rThis
humidity of selected compartments, such as flight deck, crew rest

pressure control system controls air flow overboard to-maintain ca
es of change within designed limits. It consists of the pressure cont
control overboard discharge of cabin air to limitymaximum and min
. Safety valves (positive and negative pressure) are included to saf
Lre or abnormal conditions.

ment cooling system provides cooling.aif for the electrical or electrd
plane the system may also have liqdid coolant loops for cooling hig
¢ coolant.

and lavatory ventilation systems provide for removal of odors.

sports may have a-cargo compartment conditioning (or heating) sy
f animals andtperishable cargo.

inge airplanes, special areas may be reserved for crew rest and thg
ng systems that can be independently controlled.

Ive of the pack.
system. A cabin-air
system increases
and passenger.

Din altitude and
roller, selector, and
imum cabin
bguard structure

nic equipment. In
h density avionics

tem prevents fog formation on transparent surfaces; this provides improved visibility.

stem for the

by may have air

Emergen

y ventilation (ram-air) system for cabin conditioning in the event of

oss of all in-flow or

for smoke

evacuation.

Heating provisions for areas such as galleys, doors, etc., that tend to get cold during flight.

In military airplane air conditioning system may include special filters (or equipment) to protect
the occupants from nuclear biological and chemical agents.
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3.3 Applicable Regulations and Requirements:
The regulations and requirements applicable to ECS depend on the airplane category.

3.3.1 Civil Airplane: In the United States, the Federal Aviation Administration (FAA) of the Department
of Transportation has jurisdiction to certify civil aircraft as safe. Other nations have similar
agencies. Twenty-nine Authorities in Europe have formed Joint Aviation Authorities (JAA). JAA
has develo i iati i i i i anufacture,
operations and maintenance of aircraft and in the field of personnel licensinglt ensures uniform
implementation of JARs so that certificates, approvals, licenses, etc., granted ly one of its full
members can be accepted by the others. Its goal is to promote EuropearrSafgty System world-
wide.

Code of Federal Regulations (CFR), Title 14 Parts 23 and 25 contain FAA trangport category
airplane airyvorthiness standards. Part 23 deals with normal~utility, acrobatic and commuter
category airplanes, and Part 25 deals with transport category airplanes. JAR-25 contains JAA
airworthinegs standards for large turbine airplanes and ‘JAR-23 contains JAA a|rworthiness
standards for normal, aerobatics, utility and commutef/categories. This ARP dg¢als primarily with
Part 25 airplanes. However, the tests and procedures presented herein, with miodifications due to
differences |n regulations, may be used for Part:23 airplanes. The FAR Part 23 and JAR Part 25
regulations felevant to ECS, for transport category airplanes, are as follows:

FAR or JAR Section

25.831 Ventilation

25.832 Cabin Ozone Coneentration
25.833 Heating Systems

25.841 Pressurized €abins

25.843 Tests for Pressurized Cabins
25.857 Cargo.Compartment Classification

25.1301 Function and Installation

25.1309 Equipment, Systems, and Installations
25.1322 Warning, Caution, and Advisory lights
25.1438 Pressurization & Pneumatic Systems
25.1439 Protective Breathing Equipment
25.1461 Equipment containing high energy rotors

The above regulations specify minimum acceptable design requirements and performance
standards. However, airplane designed to a manufacturer's proprietary airplane specification
(model specification) may contain more demanding design or performance standards. It is
suggested that the test engineer review the applicable documents prior to planning of tests and
preparation of test procedures.
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3.3.2 Military Airplane: Military airplane performance and test requirements are contained in the airplane
specification and the referenced specifications. Military specifications commonly referenced are:

ments for

e in Defining

AFGS 87145 General Design Specification Environmental Control, Airborne

MIL-D-8708 Demonstration Requirements for Airplanes

MIL-E-18927 Environmental Control Systems, Airplane, General Requir

MIL-T-1860p Test Procedures for Airplane Environmental Systems

STANAG 2895 Extreme Climate Conditions and Derived Conditiens for Us
Design /Test Criteria for NATO Forces

A review of the airplane and its referenced specifications is suggested prior to t

development.

3.4 Test Planning

The planning
and certificati
airplanes.

3.4.1 Developme
(2) to demo
requiremen

Airplane grg
planning an
resources c
cooling. Sir

investigated.

—

and Coordination:

and coordination depend on the intent of the test. The effort requirg
bn test (new airplanes) is significantly different from that required fo

nt and Certification Airplanes: The intent of these tests is to (1) deV
nstrate compliance to the applicable specification, contractual or ce
S.

und and flight:tests require large resources. Significant savings cal
0 coordinatioh with other disciplines (propulsion, performance, etc.
AN be shared by concurrent ground test of engine bleed-air system
hilar gpportunities also exist in the conduct of flight tests. Such opp

he start of test plan

d for development
I production

elop the ECS and
rtification

be achieved by
. For example,
and engine nacelle
brtunities must be

In test planning, efforts should be made to conduct tests under controlled conditions (ambient
temperature and pressure, flight Mach number and engine power conditions, heat load, etc.)
representative of conditions in the specification. This facilitates compliance demonstration and
validation of the analytical simulation model. A simulation model validated by test may then be
used to estimate system performance at extreme environment conditions. The use of such an
approach to show compliance with specification, contractual or certification requirements should

be coordina

ted with the appropriate agency in advance.

In addition to performance tests, the test plans should make provisions to verify and evaluate other
system attributes such as, indication and warning, protective devices, Built-In-Test Equipment

(BITE), and selected failure modes that can only be verified by airplane tests. These tests assure
integration and compatibility with on-board systems.
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3.4.2 Production Airplanes: The intent of these tests is to verify that the systems have been properly
installed and that they perform intended function. Some of these tests (pressure integrity or
leakage) may be conducted in the factory and others during airplane check out during ground and

flight operat

3.5

ions. Coordination between various groups is thus essential.

Instrumentation:

In planning for instrumentation, the test purpose should be kept in mind as instrumentation of

installed syst

ms and acquisition of data is difficult. In addition to the installation

osses required for

sensors to be
sensors that 1
location and 1

3.5.1 Developme
goal. Howe
specified, a
may be nec
airplane ins
taken to ens

In planning
interface sy
accuracy, s
the success
should be p
deck data.

If digital dat
the intent of

actually installed in the test item, provisions should be made availg
hay be required to debug failures or perform other tests. Remeoving
pinstalling them in another location for other tests can save_ investn]

nt and Certification Airplanes: To minimize instrumentation requiren
er, if performance testing is to be performed in environments less S

bssary to validate the computer model. To minimize instrumentation
alled instruments and data buses should bé<considered. However,

for instrumentation, one should alsosconsider the instrumentation re
stems. Preparation of an instrumentation list, identifying sensor loc4
hmpling rate, recording method, etc., is suggested. The effect of eaq
of the test should be evaluated and a list of critical sensors for the s
repared. Time synchronized video cameras provide an effective me

A acquisition equipment is used, the selected scanning rate should
the test. Provisions should be made on the airplane for real time s

critical for s

The test ambient/conditions, sensor range, and accuracy of instrumentation mu

fety.

ble for other
sensors from one
ents.

nents should be a
tringent than those

nd computer models are to be used to predict pefformance, additional instrumentation

channels, use of
brecaution must be

ure such use does not compromise system performance or test data.

quirements of the
ition, type, range,
h sensor failure on
uccess of each test
hod to record flight

be compatible with
canning of items

st be carefully

evaluated tg assure compatibility. All test limits should be adjusted to allow for instrumentation

tolerance.

3.5.2

Production Airplane: Production airplane tests are verification tests conducted to ensure that the

systems are properly installed and that they perform as intended. These tests are generally
conducted using airplane installed instruments, special tooling (for leakage and pressurization),
and portable instrumentation.


https://saenorm.com/api/?name=cf82787c526c2b232c65be28e210d0a2

SAE INTERNATIONAL

ARP217™D

Page 10 of 30

3.6

3.7

Test Airplane Configuration:

Equipment and installation that may influence system under test should be representative of the
production configuration. To successfully test the air conditioning system, the pneumatic system, air-
conditioning packs, the cabin air distribution and recirculation systems, fuselage insulation, and
distribution ducts should be representative of the production configuration. It is desirable that seats,

partitions, galleys, lavatories, and other compartments be installed during develo
certification t ir distributi '
useful when the test airplane configuration is closer to the production airplane.

Test Environmpent:

Integration and compatibility tests are not sensitive to the test enviroamental con
Performance fests should be conducted under representative conditions (outside
pressure, hunmidity, flight Mach number and engine power conditions, heat load, ¢
demonstrate compliance when the test environment is closer, to the specified env
environment ¢r airplane configuration depends on the test:objectives. Some tests
successfully gerformed in everyday environment with, the airplane and interface g

pment and
he data is more

ditions.

air temperature,
ptc.). It is easier to
ironment. The test
5 can be

ystems not in full

production copfiguration. Therefore, an understanding-of the test objective is extiemely important.

For example:
a. High humidity and outside air temperature-are desirable to determine the ma
capability jof an air-conditioning pack. This test can be performed with air supg

provided the air supply and heat sink'conditions are representative of the test
generation of internal heat loads is not necessary. The pack can be made to
air at the lowest (cooling mode) temperature by manipulations of the temper
Similarly, Jow ambient temperature is not necessary to determine the maxim
capability jof the pack.

b. The over
ambient by determining the supply air temperatures required to maintain the 3
desired stpady-state temperature. The test can be successfully performed us

imum cooling

lied by any source,
conditions. Also,
supply conditioned
ure controller.

m heating

Il heat conductance of the airplane structure can be determined by tests in warm or hot

irplane interior at a
ng conditioned air

from an external conditioned air source

For military airplane, use of the Climatic Chamber at Eglin Air Force Base (AFB)
method for obtaining specification conditions for performance testing.

is an acceptable
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4. TESTS ON INSTALLED SYSTEMS:

Typical ground and flight tests that are conducted on the airplane are discussed in this section. It
should be recognized that the presence of a test in this section doesn't imply that the defined test must

be conducted. Similarly, the absence of a test doesn't imply that the conduct of the
undesired. The decision to perform a test depends on the organization responsible

missing test is
for system design,

and the contracting or regulatory agency. Tests that have previously been performed on the equipment
and subsystem during the development and qualification phase, technology used in system design,
etc., should be gonsidered in the decision process. Early mutual understanding between parties on the

acceptable method to demonstrate compliance with the requirements is important.

4.1 Prerequisites

Tests on the airplane should only be performed using components-that have sucq

essfully completed

at least safety related and minimum acceptable endurance tests.in the equipment qualification
program. The|safety related tests typically include vibration,yproof and burst pressure,
electromagnetic interference (electrical equipment) and containment in the case pf rotating
machinery. The test levels may be reduced from equipment qualification requirements, on case by
case basis. In the United States, FAA Designated Engineering Representatives (DER) have the

authority to eyaluate qualification test data of equipment intended for use on com
and to approve (or recommend approval of) it. #\is suggested that the DER be cd

mercial airplanes,
nsulted. If the

approval is cdnditional or limited, the conditians and limitations should be strictly fpllowed. JAA does

not use DER pystem.

The system installation should be checked to ensure it is per the installation draw
States, FAA Designated Manufag¢turing Inspection Representatives (DMIR) have

ing. In the United
the authority to

perform this ipspection. Test data, on a system previously inspected by a DMIR and the test
witnessed by [the DER (on hehalf of the FAA when so authorized), can be used t¢ show compliance

with FAR. JAA does not'use DMIR system.

For military pfjograms, the appropriate government representatives should be red
inspections and.provide approvals, as appropriate.

uested to perform

The system and instrumentation should be functionally checked and the calibration of all
instrumentation verified. The function and operation of system safety devices must be verified prior
to the start of the test. For example, if the cooling pack incorporates a thermal switch which on

activation shuts off the pack, the operation of this protective feature should be ch
that it would perform the designed function, if needed during the test.

In summary, a thorough understanding of the system and its limitations is essenti
instrumentation and protective devices will perform as intended.

ecked to ensure

al to assure its
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4.2 Ground Tests:

The following

ground tests are typically performed on ECS.

4.2.1 Pressure Integrity or Leakage: This test is performed to ensure that the installed system can
withstand maximum normal operating pressures, the clearances under pressure load conditions
are as designed, and that the leakage is within acceptable limits. These tests are described in

greater dets

il, using typical pneumatic and air conditioning systems, in 4.4.1.1

nd 4.5.1.1.

4.2.2
in harmony
verifies the
does not au
compatibility
pneumatic g

4.2.3 Performanc

requiremen

downstrean
the operatio
conditions.

4.2.4 Built-In-Tes

software) pe

temperature

in4.4.1.4 and 4.5.1.4.

4.3 Flight Tests:

Flight tests ar
data. Flight te
the ground te

fomatically result in compatibility because integration test is qualitat

Wwith other on-board systems and ground support equipment. [Fhe ¢
5ystem ability to operate with other systems as designedNote, sud

test is a quantitative. These tests are described in{greater detail, U
Ind air conditioning systems, in 4.4.1.2 and 4.5.1:2.

s. For example, if the system includes a pressure regulator designg
pressure to 40 psig = 5 psig (276 kPa £-34 kPa gage), the perform
n of the installed regulator under various steady-state and transient
'ypical performance tests are described in detail in 4.4.1.3 and 4.5.

(BIT) System: This test is performed to ensure that BIT system (h
prforms the intended function. For example, a system may include §
excursions above a design threshold. Typical BIT tests are describ

e performed to further verify integration and compatibility and to ob
sts supplement ground tests and should be conducted after succes
5ts. (ThHese tests are described in greater detail, using typical pneun

conditioning S

Integration @nd Compatibility: The integration test is performed to ensure that the system operates

bmpatibility test
cessful integration
ive and the

sing typical

p: These tests are conducted to ensure that'the system meets performance (design)

ed to regulate the
ance test evaluates
operating

1.3.

ardware and
BIT to record air
ed in greater detail

ain performance
sful completion of
atic and air

ystems, in 4.6 and 4.7
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4.4 Typical Pneumatic System:

A typical commercial airplane pneumatic system, using bleeds from two on-board engines, is shown
in Figure 2. Each engine bleed air system extracts pressurized air from one or more bleed ports of
each engine, controls its pressure and temperature, and delivers it to the distribution manifold.
Compressed air from alternate sources such as the APU or high pressure ground cart (or airport
ground based system) can be connected to the distribution manifold via the ground connection. The

distribution m
deliversitto t
to delivery to
anti-ice. Cros
essential fung
prevent rever

The typical ern
normal opera
universally ap

Automatig
The high 1
(621 kPa

a.

Regulate
(379 kPa
pressure

Control th
(193°C +
cooling ai
cooling ai

Regulate
performe

nifold receives compressed air from the above sources, controls it

routing, and

ne using systems. In the Figure 2 system, some of the engine airis
the distribution manifold to satisfy engine pneumatic demandsrsuch

tions in the event of supply or user system failure. Check-valves ar
e flow through the bleed air sources (engines, APU, or ground-air

gine bleed air system, Figure 2, is designed to perform the followin
plicable.

ally select the low and high stage bleed‘based on the available higl
btage valve is closed when the high stage compressor pressure is g
jage) and open when the pressure is less than 90 psig (621 kPa g4

he pressure downstream ofthe high stage valve to 55 psig +5 psig
t 34 kPa gage). This function is performed by the high stage valve
egulating valve when open.

E supply air temperature downstream of the precooler to 380 °F + 2
11 °C). This_function is performed by the precooler through which f
. The fan air-valve, in response to signals from the temperature sen
flow.

shown taken prior
as cowl thermal

5-bleed and isolation valves are provided in the distribution manifold to maintain

b provided to
connection).

g functions during

ions. The pressures and temperatures are indicated only for example and are not

1 stage pressure.
reater than 90 psig

ge).

that functions as a

0 °F
an air flows as the
sor, regulates

Supply air pressure to 45 psig £5 psig (310 kPa £ 34 kPa gage). Th
by’the pressure regulator valve

s function is

The pneumatic system may include other functions such as, ozone converter to dissociate ambient

ozone and or

air filters to remove particulate matter.
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4.4.1 Pneumatic System Ground Tests: The following describes ground tests that are generally

performed on the Pneumatic System.

4.4.1.1 Pressure Integrity or Leakage: The purpose of this test is to ensure that the system (i) can
withstand normal operating pressures, (ii) the clearances under pressure load conditions are as
defined in design documentation, (iii) the ducting connections have been properly assembled
within acceptable leakage limits, and (iv) there is no concentrated leakage and the overall

4.41.2

leakage i

below estimate. This test is typically conducted using an external high pressure supply

connecteq
tube) is in
flow requi
should be

To preparg for the test, the control valves of the user systems.are closed, the

ports are
and repla
system ar
Flow requ
to the esti
the contro
leakage s
solution b
pressure |

On satisfd
pressurizg
determine
componel

Integratio
integrated
Figure 2.

to the ground air connection. A flow measuring device (flow meter
Stalled between the compressed air supply and the ground connect
red to maintain the duct system at a constant pressure. The-compre

blanked, and system check valves that would prevent system press
ted by duct sections. The external high pressure supply is connecte
d the system pressurized to a low pressure; .5 psig =1 psig (31 kPa
red to maintain the duct system at the selected pressure is determ
mated leakage at the test pressure. The'estimate should include the)

burce is determined (feeling for airimovement, listening for noise, o
Libbles, etc.) and corrected. The-duct system is inspected for deflec
pading to assure clearances around system components are as de

ctory completion of the |low pressure test and inspection, the syster
d to higher pressures; and flow required to maintain the system at
d. Extreme caution’should be exercised in the conduct of the test al
ts can cause ‘equipment damage and personnel injury.

h and Compatibility: The purpose of this test is to ensure that the s
properly and that it works in harmony with the other on-board syst¢
I'he\prieumatic system consists of APU bleed-air supply, engine blg

ground ait

or calibrated flow
jon to measure the
pssed air supply

able to provide flow greater than the estimated leakage at the maximum test pressure.

engine bleed air
urization removed
d to the distribution
+ 7 kPa gage).
ned and compared
internal leakage of

| valves exhausting out of the duct system. If leakage is greater thah the estimate, the

bserving for soap
tions under
signed.

N is progressively
constant pressure
s failure of system

stem has been
bms. Refer to
ed-air supply and

supply. To verify the APU supply system, start and operate the AP

per its operating

procedures. Open the APU valve. Observe the manifold gage pressure (flight deck or installed
instrumentation). Open and close the isolation valve and the pack valve(s) to confirm
compatibility between the APU and the user systems, i.e., there are no undesirable overshoots in
the APU Exhaust Gas Temperature (EGT), distribution manifold pressure oscillations are
damped, and that there is no adverse effects on the APU driven services (e.g., electrical
generator). Conduct this test with all possible combinations of ECS valve positions.
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4412

4.4.1.3

(Continued):

The integration and compatibility between the engine bleed-air system and the user systems is
verified in a manner similar to the APU test, described above. At fixed throttle settings, the user
systems are operated individually and in combinations of probable in-service conditions. The
pressures downstream of the high stage valve and the pressure regulating valve (i.e., control
valve), temperature downstream of the precooler, and engine instruments are monitored to and
verify that they perform as expected. The test is repeated with throttles at various settings, from
idle to takeoff power to verify compatibility with the engine at steady state conditions.
Compatibllity with the bleed air leak detection system is verified by operating,jat critical power
settings apd flow rates. Deflection measurements under pressure and thermal loads are used to
verify strugtural load calculations. Check expansion joints to confirm cempressgion and expansion
type bellows function properly and the duct loads on installed equipmeénts arg as specified.
System operation under electrical voltage excursions is used to gstablish compatibility with
electrical power system. Compatibility with data busses, on b@ard computers, |etc., as necessary,
is also velified during these tests.

On successful completion of the steady-state test, compatibility during transigent engine
conditionq is verified. The throttle is advanced (up té’allowable limits) and retarded at various
rates simylating normal and abnormal throttle operations. There should be ng undesirable over-
or under-ghoots and protective devices, if provided, should perform the intengled functions. The
cockpit intfications should be correct and there should be no effect on the operation of other
instruments.

Ground air supply (ground air cartorterminal air supply) and on-board services compatibility is

verified infa manner similar to the APU test, described above. The intent of tHe test is to ensure
that the grlound air connectorand suggested maximum hose length are compdtible with on board
services.

Performamnce: The pdrpose of the performance test is to verify that the installed system performs
its design|function{ The instrumentation required depends on system functions.

For example,'the engine bleed air system of Figure 2, is designed to (i) automatically select the
low or high stage bleed-air based on high stage compressor pressure, (i) regulate the pressure
downstream of the high stage valve to 55 psig +5 psig (379 kPa * 34 kPa gage), (iii) control the
supply air temperature downstream of the precooler to 380 °F + 20 °F (193 °C = 11 °C), and
(iv) regulate supply air pressure to 45 psig = 5 psig (310 kPa * 34 kPa gage). To conduct
performance tests of this system, the test engineer would install a pressure sensor upstream of
the high stage valve, pressure sensors downstream of the high stage valve and pressure
regulator, and a temperature sensor downstream of the precooler. Additional instrumentation
may be provided to measure bleed-air flow, fan-air flow, valve positions, etc., to obtain data for
validation of the pneumatic system simulation model.

Various services are operated (individually and in probable combinations), at fixed throttle
settings from idle to takeoff power and data recorded during steady-state conditions. Transient
data may be recorded if response of system components is of interest.
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4.4.1.3 (Continued):

Features added in the engine bleed air system to accommodate faults of system control
elements (e.g., pressure regulator back up flow control function, bleed air temperature limiting)
should also be tested. The test is necessary to verify proper integration and function of back up
controls. Extreme caution should be exercised in conducting this test as a subsequent failure
can cause damage. [The intent of this test can also be accomplished by test on a ground test rig
followed by a simple integration test on the airplane.]

4.4.1.4 Built-In-Te
intended fi

st (BIT) System: BIT system tests are performed to ensure that it\performs the
nction. The probable failure signals are generated and system resjponse verified.
Over-heaf and over-pressure signals can be generated by exposing system gensors to external
inputs. Performance of installed sensors is verified to ensure they previde accurate information to
the BIT syistem. Generally, a BIT system that can detect short or-0pen circuit$ between
components and controller is desirable.
4.5 Typical Air Cgnditioning Systems:
Two types of pystems are commonly used to condition-the air supplied to the interior of fixed wing
airplanes. The¢se are referred to as vapor cycle and air'cycle; the latter type beingg more common.

A typical air clycle air conditioning pack of a fixed wing aircraft is shown in Figure|3. The pack
consists of an air cycle machine (ACM) of the-bootstrap type, two heat exchangefs, a water
separator, a dooling air fan, and necessary:valves and controls. On commercial dirplane there are
usually two packs. One pack is contralled by the flight deck temperature controllgr and the other by
the passengef cabin temperature controller.

Refer to Figuffe 3. The flow control and shut off valve controls the flow of high préssure and high
temperature gir from the pneumatic system. Downstream of the valve the air splits in two paths.
During maximum cooling mode of operation, a major portion flows through the primary heat
exchanger and rejectslits heat to the ram air. It then flows to the compressor sectipn of the ACM. The
compressor cpmpresses the air and delivers it at higher pressure and temperatute to the secondary
heat exchanggr Whereln the alr rejects heat to the ram air. Moderate temperature and high pressure
air then enterlthe ) bime and reduces in
temperature. The compressor absorbs the power produced by the turbine. The low temperature
turbine exhaust flows to the water separator wherein the condensed moisture (present in the pack
supply air) is removed. A temperature sensor, 35 °F, continuously monitors the temperature in the
water separator. It causes the 35 °F control valve to open and provide warm air, from downstream of
the primary heat exchanger, when the temperature falls below 35 °F. This prevents freezing of
moisture in the water separator. The mix valve controls the cold air and hot air flows. Filtered
recirculation mixes with pack supply air in the distribution manifold. Air mixture is ducted to the
various sections for distribution. The distribution air temperature (mix valve position) is controlled by
the cabin temperature controller. The air is at the temperature required to meet the cooling
requirements of the hottest zone. Other zones are trimmed up by hot air supplied to each zone by
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4.5 (Continued):

the zone temperature control system, not shown. The mix valve causes greater portions of supply air
to bypass the cooling pack when less cooling is required. This causes reduction in pressure
downstream of the primary heat exchanger and reduction in pack cooling capability. At low supply
pressure the air bypasses the compressor and the turbine. Sensors are provided at various locations
in the pack for control (ram-air inlet modulating door), and safety (over temperature protection).

The ram-air d

ct houses the primary and secondary heat exchangers. The pack

ooling fan

(electrical shq
speed causes

The air supply
sensors are if
maintain temy
discharge andg

actions. A tenpperature sensor is installed in the water separator inlet duct to sen

inlet air temp¢
temperature g
is recirculated
recirculated
cabin. Recir
ventilation rat

Fighter airpla
directly or aftg

A typical vapa
a thermal exp

valve, a cooling air fan, @nd necessary valves and controls. Supply air (manifold

recirculation &
heat energy t
refrigerant ch

o}

the air to flow through the ram air duct.

to the pack is controlled by a pack flow control and shut.eff'valve.
stalled downstream of the compressor to modulate ram.air inlet an
erature within design limits. Thermal switches are ifxcorporated in t
turbine inlet ducts to detect system anomalies and automatically t

brature and command the 35 °F (2 °C) valvécto supply warm air to n
bove 35 °F (2 °C). This prevents freezing‘©of moisture in the water s
by electrical fans. They provide filtered spent cabin air to the distrib
r mixes with the conditioned air, supplied by the packs, before distn
lation enhances ventilation rate. 4t.allows reduction of outside air fd

D

he typically do not recirculate cabin air. Expended cabin air is exhat
r cycle air conditioning pack is shown in Figure 4. The pack consist
ansion valve, a compressor, a condenser, a receiver, a hot gas byp4

ir or a mixture of manifold and cabin air) flows through the evaporat
p thesefrigerant. The air becomes cool and flows to the distribution

drawn in by th

wn) induces outside air on ground and at low speeds. At high spee

br use for equipment cooling. Fighter airplane typically has one pack.

ds the forward

Temperature

d exit areas to

he compressor

hke preventive

5e water separator
haintain the
eparator. Cabin air
ution manifold. The
ibution inside the

r a constant

sted overboard;

s of an evaporator,

1SS valve, a quench

pir or cabin

or and transfers its

manifold. The
refrigerant gas is

bnges from liquid-vapor to gaseous state on absorption of heat. Th
WWMM of the warm

refrigerant gas to a higher level and delivers it to the condenser. In the condenser the gas is cooled
by outside ambient air. On ground and at low speeds, the cooling fan draws ambient air through the
condenser. In flight, above a designed flight speed, ambient air flows through the condenser due to
ram pressure and the fan ceases to operate. In the condenser the refrigerant gas condenses to a
liquid which is stored in the receiver. The refrigerant system is "closed" loop in which the refrigerant
gas is compressed, condensed to a liquid, expanded to a liquid-vapor mixture, and finally evaporated
back to the gaseous state. A pressure sensor, located in the condenser continuously monitors the
pressure. This pressure signal is used by the ram air modulation system to position the ram air inlet
and exit doors so that a pressure corresponding to the preselected condensing temperature is
maintained.

Fighter airplane typically has one pack. Some military airplanes have both air cycle and vapor cycle
systems; air cycle for cabin conditioning and a vapor cycle for avionics cooling.
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4.5.1 Air Conditioning System Ground Tests: Ground tests typically performed on an air conditioning
system are described in this section.

4.5.1.1 Pressure Integrity or Leakage: The purpose of this test is to ensure that the system (i) can
withstand normal operating pressures, (ii) the clearances under pressure load conditions are as
defined in design documentation, (iii) the ducting connections have been properly assembled
within acceptable leakage limits, and (iv) there is no concentrated leakage and the overall
leakage is below estimate. This test uses an external pressure supply connected such that

desired se
stream of the ACM. Caution should be exercised not to pressurizesany component
AN the normal operating pressure. A flow measuring device (flow-mgter or calibrated

and down
greater th
flow tube)
the flow re
should be

To condu
connecteq
prevent a
The exter
pressure
at the seld
should ing
leakage ig
listening f
inspected
design do

On satisfg
pressuriz
pressure i
of system

Typically,

't the test, one end of the section to be tested ishlahked and compl

section to be pressurized are removed and‘eplaced by duct sectio
nal high pressure supply is connected to the test section and pressuirized to a low

Dr noise, observing for soap-solution bubbles, etc.) and corrected. T

cumentation.

is installed between the compressed air supply and test section con
quired to maintain the section at a constant pressure. The compre
able to provide flow greater than the estimated leakage at the max

to the other end by appropriate means. Any check valves in the tes

approximately 10% of the design pressute). Flow required to maint
cted pressure is determined and cormpared to the estimated leakag
lude the internal leakage of the centrol valves exhausting out of the
greater than the estimate, leakage source is determined (feeling fq

for deflections under pressure loading to ensure the clearances are
ctory completion of'the low pressure test and inspection, the syster
d to higher pressures, and the flow required to maintain the systen
s determinéd. Extreme caution should be exercised in the conduct ¢

components can cause equipment damage or personnel injury.

an A€M type air-conditioning system test consists of three parts: (1

turbine inl
within the

ef«(2) pack discharge to pressure bulkhead, and (3) collection and |

0 parts: upstream

ection to measure
sed air supply
mum test pressure.

essed air supply
[ section that would
NS, as necessary.

ain the test section
e. The estimate
duct system. If the
r air movement,
he duct system is
b as defined in

N is progressively
at constant
f the test as failure

pack inlet to

pressurized volume.

distribution ducting

After system check, removed equipment is re-installed and an additional check made of the
overall system.
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45.1.1 (Continued):

45.1.2

Pressure integrity and leakage test of the closed loop refrigerant system are performed during
pack manufacture and assembly. Test of the refrigerant loop of the installed vapor cycle pack is
not necessary. However, if any connections are made during pack installation they should be
leak tested using suitable leak detecting instruments. Typically, the air supply system of a VCM
type air-conditioning system consists of three parts: (1) pack inlet to evaporator, (2) evaporator
discharge to pressure bulkhead, and (3) collection and distribution ducting within the pressurized
volume.

After systém check, removed equipment is re-installed and an additional che¢k made of the
overall system.

Integration and Compatibility: This test verifies that the air conditioning system is properly
integrated and it is compatible with other on-board systems.

Refer to Higures 3 and 4. The air-conditioning system is ogerated with enging bleed or APU
bleed or ground air. To verify integration and compatibility, the pack is operated using each
source of @ir in turn. Different temperature selections are made and the operation of the pack,
interface $ystems, and airplane instruments are observed.

To verify pack integration and compatibility with the APU, the pressure upstream of the flow
control valve is observed when the pack.jsturned on and off. The pressure should be stable with
no large gvershoots or undershoots. The APU (load compressor and surge valve if applicable)
should aufomatically adjust to changes in APU bleed flow. After completion gf the test the
conditiondgd air supply duct and the-distribution manifold should be checked tp verify there is no
undesirable accumulations of. cendensed moisture.

The pack compatibility with/the engine bleed air system is verified in a similafmanner. The
engine blged-air systemiis operated at various engine power settings and with all probable
combinatipns of bleed-air loads. All (standby, auto) operating modes of the t¢mperature
controller jare exereised and various temperature settings are selected. The response of
indicators|to manual inputs is verified. Recirculation fans, are switched on arld off to verify that
they operate-satisfactorily.

The test procedure for air cycle and vapor cycle type air conditioning systems is essentially the
same.

The operation of the distribution system is checked by examining various sections of the
compartment for stagnant air or high noise areas. The distribution outlets are checked for
dripping water. Operation of the galley and lavatory vent system is checked . The operation and
control logic of the equipment, galley and lavatory fans, if integrated with the pack, are verified.

Airplane doors are closed and with the packs operating normally, the integration and
compatibility of the pressure control system is verified. The cabin-to-ambient differential
pressure is observed and verified to be less than the maximum allowable limit as defined in
design documentation. Various selector options are exercised to ensure that there are no
undesirable cabin altitude excursions and the indications are true.
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4.5.1.2 (Continued):

45.1.3

If the conditioned air is used for defogging, equipment cooling, gasper air or other services, then
these services are operated to ensure that they are integrated properly and they are compatible
with other on-board systems. System valves are operated to verify that there is no objectionable

noise.

After completing the engine bleed air system and air conditioning system integration and

compatibi

transient @ngine power conditions is verified. The throttle is advanced and te

allowable
that there
devices p

the air comditioning system to accommodate faults (e.g., high flow~schedule f

or other c
hydraulic

Performamnce: Maximum cooling and heating capability.of the pack may be d

the groun
to be func
rate are nj
evaporatg
capabilitie

It is desirg
greater th
(Humidity
pack supq
necessary
The test is
cabin air g
mode. Ot
ram air sy

ity verification at steady state engine power conditions, the compatijbility during

limits, at various rates simulating normal and abnormal throttlesopef
are no undesirable over- and under-shoots, or unstable behavior, t
prform the intended functions, and the cockpit indications-are true.

bnstraints (e.g., reduced flow schedule to accommadate flow dema
bump) should be tested as appropriate.

| test. This test requires the pack, the distfibution system and the re
tionally equivalent of the production configuration. The temperature
easured at pack discharge (water.separator discharge for air cycle
r discharge for vapor cycle pack)-to'determine maximum cooling ar
S.

ble to run the cooling testin high temperature (ambient temperatur
AN desired cabin temperature, minimum) and high humidity ambien
of pack supply air.can be increased to the desired level by injecting
ly air.) However, eonduct of the test at the critical specification con
since the performance can be estimated by the use of a validated
conducteduusing "specification” air supply (engine or APU bleed fd
r engine'bleed for vapor cycle pack) and by operating the pack in th
e may elect to install additional instrumentation (compressor disch

SteMr€tc.) to obtain data for validation of the pack simulation model.

tarded, within
ations. It is verified
ne protective
Features added in
br one pack failure)
hds of air turbine

btermined during
circulation systems
, humidity and flow
pack and

d heating

p 20 °F (11 °C)

[ conditions.
moisture in the
dition is not
simulation model.
r air cycle pack,

b maximum cooling
arge, turbine inlet,

It is desirable to run the heating test at low ambient temperature. Conduct of the test at critical
specification condition is not necessary as a validated simulation model can be used to predict
performance. The conduct and instrumentation requirements of this test are similar to those of
the cooling test, described above, except that the pack is operated in the maximum heating

mode.
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45.1.3

(Continued):

The pull-down test is similar to the maximum cooling test. It is run with a heat-soaked airplane
(cabin interior air temperatures essentially equal to outside ambient and at least 20 °F (11 °C)
greater than desired cabin temperature). Interior temperature can be greater than outside
ambient due to solar radiation in compartments that have large transparent areas. The

temperature increase depends on a humber of factors: radiation intensity, inc
transmissivity of transparent surfaces, form factor, etc. Temperature stability
assumed ' '

loads spectified in the specification are simulated and the pack operated in th
using APU (or engine) bleed. Cabin temperature history is recorded together
distributioh system, airplane configuration, and ambient parameters. The test
performed on an airplane representative of production configuration,as airpla
significanfly impacts pull-down time. The pack is run in the automatic mode
cabin temperature is reached. The cabin-temperature/ time characteristic is U
cabin pullldown time constant. This constant may be used-{e,determine pull g
the specif|cation condition.

esentative of cold weather operating ,conditions. The pull-up tempe
determingd from the cabin temperature/ time history. This constant may be u
system pyll-up capability at the specification condition.

Additional[ tests using engine bleed, ,with the engine at various power settingg
performed. To minimize testing, good understandings of the engine bleed air
interface are important. The engine bleed air system described in 5.4 incorpo
regulator yalve that limits downstream pressure to 45 psig £5 psig (310 kPa 4
Also, the $ystem incorporates a precooler temperature control system which

discharge|air temperature to 380 °F £+ 20 °F (193 °C + 11 °C). It would be apy
these congitions, downstream of the pressure regulator valve, are achieved te
settings (engine bleed air pressures or temperatures) do not provide any use

idence angle,

of the interior is
°F/h (1 °C/h). Heat
p automatic mode
with selected pack,
should be

ne thermal inertia
ntil a steady state
sed to determine
own capability at

w ambient

ure) and with heat
rature constant is
sed to determine

, may also be
system and pack
rates a pressure

34 kPa gage).
controls precooler
arent that once
sts at higher power
ful data.

Heat gainl(orloss) in the distribution system ducting, water extractor efficien

y, and operation of

the 35 °F (2 °C) outlet temperature control can also be evaluated during the pack steady state

performance test by incorporation of appropriate instrumentation.

To evaluate water removal efficiency, one may inject water in the pack supply air to increase its
specific moisture content (maximum 200 grains per pound (59 mg/g) suggested). Generally,

detailed test of the cooling package components is not cost effective in an air

plane ground test.

Such tests should be performed in the laboratory where test conditions can be controlled.
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