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CSE BOOK

SUBPARAT GENERAL

CSE 10 Applicability

(a) This CE containsairworthinessspecificéions for the issue of type certificates, and changes
to those certificates, for Engines, in accordance \Risnt21.

(b) CSE containghe specificationdor the approval for use of the Engine with a thrust reverser,
if fitted. If compliance is shown, thepecific thrust reverser approved for use will be noted in
the Engine certification documentation. Otherwise, the documentation will be endorsed to
indicate that the use of a thrust reverser is prohibifsde AMC E 10(b))

(c) Thespecification®f Subpats A, B and C apply to Piston Engines. Any necessary variations of
the specificationof Qubparts B and C for Piston Engines intended for us®tarcraft will be
decided in accordance with 21A.16.

(d) Thespecificationof Qubparts A, D, E and F appty Turbine Engines.

[Amdt No: EL]
[Amdt No: EB]

CSE 15 Terminology

(a) The terminology of thi€SE 15 must be used in conjunction with the issue e¢DEfnitions
current at the date of issue of this E€SWhere used in CE, the terns defined in this
paragraph and in CBefinitionsare identified by initial capital letters.

(b) All Engines

Extremely Remote means unlikely to occur when considering the total
operational life of a number of aircraft of the type in
which the Engine is installed, but netheless, has to be
regarded as being possible. Where numerical values are
used this may normally be interpreted as a probability in
the range 1¢' to 10° per Engine flight hour.

Reasonably Probahle means unlikely to occur often during the operation of
each aircraft of the type but which may occur several
times during the total operational life of each aircraft of
the types in which the Engine may be installed. Where
numerical values are used this may normally be
interpreted as a probability in the randgd)* to 10-° per
Engine flight hour.

Remote means unlikely to occur to each aircraft during its total
operational life but may occur several times when
considering the total operational life of a number of
aircraft of the type in which the Engimaay beinstalled.
When numerical values are usethis may normally be
interpreted as a probability in the range %@ 10" per
Engine flight hour.

(c) Turbine Engines

Hazardous Engine Effect means an effect identified as such underEES10.

1-A1



Major Engine Efféc
Minor Engine Effect
(d) For pston Engines

Boost Pressure

Chage Cooling

Critical Altitude

Manifold Ressure

Maximum Best Economy
Cruising Power Conditions

Maximum Recommended
Cruising Power Conditions

CSE BOOK

means an effect identified as such underEE510.

means an effect identified as such underEE510.

means thepower settingmeasured relative to standard
sealevel atmospheric pressure.

means the percentage degree of charge cooling,
guantitatively expressed as:

((t2¢t3) / (t2¢ t1)) x 100
where

tl is the temperature of the air entering the
charge cooler coolant radiator in the powerplant,

t2 is the temperature of thecharge without
cooling, and

t3 is the temperature of the charge with cooling.

means the maximum attitude at which, in standard
atmosphere, it is possible to maintain, at a specified
rotational speed without ram, a specified power or a
specified manifold pressure. Unless otherwise stated,
the critical altitude is the maximum altitude at which it is
possible to maintain, without ram, at the maximum
continuous rotational speed, one of the following:

a. The maximum continuous power, in the case
engines for which this power rating is the same at
sea level and at the rated altitude.

b. The maximum continuous rated manifold
pressure, in the case of engines the maximum
continuous power of which is governed by a
constant manifold pressure.

means the absolute static pressure measured at the
appropriate point in the induction system.

means the crankshaft rotational speed, Engine manifol
pressure and any other parameters recommendethi
Engine manuals as appropriate for use with economicz
cruising mixture strength.

means the crankshaft rotational speed, Engine manifol
pressure and any other parameters recommended in th
Engine manualas appropriate for cruising operation.

(e) Terms associated with Engine Critical Parts

Approved Life

Attributes

means the mandatory replacement life of a part which is
approved by the Agency.

means inherent characteristics of a finished part that
determine its capability.

1-A-2



Damage Tolerance

Engine CriticaPart:

Engine Flight Cycle

Engineering Plan

Manufacturing Plan

Primary Failure

Service Management Plan

[Amdt No: EL]
[Amdt No: B]
[Amdt No: EB]

CSE BOOK

means an element of the life management process that
recognises the potential existence of component
imperfections as the result of inherent material
structure, material processing, component design,
manufacturing orusage and addresses this situation
through the incorporation of fracture resistant design,
fracture mechanics, process control, and ragstructive
inspection.

means a part that relies upon meeting prescribed
integrity specificatios of C&E 515to avoid its Primary
Failure, which is likely to result in a Hazardous Engine
Effect.

means the flight profileor combination of profiles, upon
which the Approved Life is based.

means a compilation ofhe assumptions, technical data
and actions required to establish and to maintain the life
capability of an Engine Critical Part. The Engineering Plan
is established and executed as part of the-m@ed post
certification activities.

means a compilation of the part specific manufacturing
process constraints, which must be included in the
manufacturing  definition  (drawings, procedures,
specifications, etc.) of the Engine Critical Part to ensure
that it meets the design intent as definedy bthe
Engineering Plan.

means aFailureof a part which is not the result of the
prior Failureof another part or system.

means a compilation of the processes forsarvice
maintenance and repair to ensure thah &ngine Critical
Part achieves the design intent as defined by the
Engineering Plan.

CSE 20 Engine Configuration and Interfaces

(See AMC E 20)

(a) The list of all the partand equipment, including referensdo the relevant drawings, which
defines theproposed type desigof the Enginemust be established.

(b) The aircraftcertification specificationwhich is assumedo be applicable to the intended
installation of the Enginenust be identified under GB 3.

(c) The aircraft parts and equipment that may be mounted on, or driven by, the Engine, which
are not part of the declared Engine configuration and therefore are not covered by the
Engine Type Certificataust be identified.

(d) Manualsmust be providedcontaining instructions for installing and operating the Engine.
These instructionmust contain a definition of the physical and functional interfaces with the

1-A-3
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aircraft and aircraft equipmentThey must also include a description of the Primary and all
Alternate Modes, and any Baelp System, together with any associated limitations, of the
Engine Control System and its interface with the aircraft systems, including the Propeller
when applicable.

(e) Engine performance data, compatible with the Engine ptaogce and operating limitations,
mustbe provided for aircraft certification performance, handling and stressing purposes. The
datamustbe such that thePoweror IKNHza & 2F | WYAYAYdzYQ yR | W
derived andmustinclude means of deterining the effects on performance of variations of
Engine bleed and power offike, forward speed, ambient pressure, temperature and
humidity.

(f) For Engines having one or more @d&lings, datamust be provided on Engine performance
characteristics and ariability to enable the aircraft manufacturer to establish power
assurance procedurdgsee AMC E 20(f))

[Amdt No: EL]
[Amdt No: EB]

CSE 25 Instructions for Continued Airworthiness
(See AMC E 25)

(@) In accordance with 21A.61(a), manual(syst be establishedcontaining Instructions for
Continued Airworthiness of the Engine. They must be updated as necessary according to
changes to existing instructions or changes in Engine definition.

(b) The Instructions forCGontinued Airworthiness must contain asection titled Wirworthiness
Limitation1hat is segregated and clearly distinguishable from the rest of the document(s).

For Engine Critical Parts, this section must also include any mandatory action or limitation for
in-service maintenance and repadfentified in the Service Management Plaguired under
CSE 515.

(1) For all Engines, tha@irworthiness Limitations Section must set forth each mandatory
replacement time, inspection interval and related procedure required for type
certification.

(2) Fa Engines having 3Becond OEI and-Minute OEIl power ratings, in addition to
complying with C& 25(b)(1), théAirworthinessLimitations Section must also prescribe
the mandatory posflight inspections and maintenance actions associated with any use
of either the rated 30Second OEI or-Rlinute OElI Power. The adequacy of these
inspections and maintenance actions must be validatedl an inservice Engine
evaluation programmemust be establishedo assure the adequacy of the data of
CSE 20(f) pertainingo power availability and the instructions for the mandatory post
flight inspections and maintenance actions.

The programme must include service Engine tests or equivalent service Engine test
experience on Engines of similar design and/or evaluationsepfice usage of the
30-Second/2Minute OEI ratings.

(c) The following information must be considered, as appropriate, for inclusion into the
manual(s) required by EE525(a).

(1) A detailed description of the Engine and its components, systems andatistad|

(2) Handling instructions, including proper procedures for uncrating, de inhibiting,
acceptance checking, lifting and attaching accessories, with any necessary checks.

1-A4



3)

(4)

(5)

(6)

(7)

(8)

(9)

CSE BOOK

Basic control and operating information describing how the Engine compgnents
systems and installations operate. Information describing the methods of starting,
running, testing and stopping the Engine or its components and systems including any
special procedures and limitations that apply.

Servicing information that coversetiils regarding servicing points, capacities of tanks,
reservoirs, types of fluids to be used, pressures applicable to the various systems,
locations of lubrication points, lubricants to be used and equipment required for
servicing.

Scheduling informion for each part of the Engine that provides the recommended
periods at which it should be cleaned, inspected, adjusted, tested and lubricated, and
the degree of inspection, the applicable serviceability limits, and work recommended at
these periods. Nazssary crosgeferences to theAirworthinessLimitations Section must

also be included. In adibn, if appropriate, an inspection programnmeust be included

that states the frequency of the inspections necessary to provide for the continued
airworthinessof the Engine.

Troubleshooting information describing probable malfunctions, how to recognise those
malfunctions and the remedial action for those malfunctions.

Information describing the order and method of removing the Engine and its parts and
replacing parts, the order and method of disassembly and assembly, with any necessary
precautions to be taken. Instructions for proper ground handling, crating and shipping
must also be included.

Cleaning and inspection instructions that cover the maiesind apparatus to be used
and methods and precautions to be taken. Methods of inspection must also be included.

Details of repair methods for worn or otherwise nearviceable parts and components
along with the information necessary to determine wheeplacement is necessary.
Details of all relevant fits and clearances.

(10) Instructions for testing including test equipment and instrumentation.

(11) Instructions for storage preparation, including any storage limits.

(12) A list of the tools and equipent necessary for maintenance and directions as to their

method of use.

[Amdt No: EL]
[Amdt No: EB]

CSE 30 Assumptions

@)

(See AMC E 30)

In the course of establishing compliance with-EC8ertain assumptions have to be made
concerning the conditios that may be imposed on the Engine when it is eventually installed
in the aircraft. In order that the validity of the conditions assumed in the Engine certification
may be assessed for any pariimuinstallation prior to Engine certification, the detaiof the
assumptions madenust be submitted These assumptiormust be included in theEngine
instructions for installatiomequired under C& 20(d).

(b) Where an Engine system relies on components which are not part of the Bpgadesign

the interface conditions and reliabilitgpecificationdor those components upon which the

Engine certification is based must be specified in the Engine instructions for installation

directly or by reference to appropriate documentation.
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[Amdt No: EL]

CSE 40 Ratings

@)

(b)

(©)

(d)

(e)

()

()]

(h)

(See AMC E 40)

Power ratingsmust be established for Takeff Power and/or Thrust and for Maximum
Continuous Power and/or Thrust, for all Engines.

Other ratings may also be established as
(1) Piston Engines
() Maximum Recommended CruigiPower
(i) Maximum Best Economy Cruising Power
(2) Turbine Engines fanulti-engined Aeroplanes
() 2¥»Minute OEI Power or Thryst
(i) Continuous OEI Power or Thrust
(3) Turbine Engines fanulti-engined Rotorcraft(see AMC E 40(b)(3)):
() 30-Seond OEI Power
(i) 2-Minute OEI Power
(i) 2¥>Minute OEI Power
(iv) 30-Minute OEI Power
(v) Continuous OEI Power
(4) Turbine Engines for Rotorcraft:
(i) 30Minute Power.

The Engindhrust and/or Power ratings will be based on standard atmosph conditions,

with no air bleed for aircraft services and with only those accessories installed which are
essential for Engine functioning, including controls, unless otherwise declared in the Engine
type certificate data sheet

Operating limitatiors appropriate to the intended operating conditions for the Engimest
be establishedsee AMC E 40(d))

¢CKS 9y3IAYySQa NIGSR t2¢6SNAKCKNHzZAGA | yR40F y &
which must be respected by the crew of an aircraftist be listed in the Engingype
certificate data sheespecified in 21A.41. The Engihge certificate data sheemust also
identify, or make reference to, all other information found be necessary for the safe
operation of the Engine.

The ratings estalished under G& 40 must be defined for the lowedbwer or Thrust that all
Engines of the same type may be expected to produce under the conditions used to
determine these ratingsTheminimum testingmust be defined, together wittassociated
conditions necessary for ensuring that the Engines will comply with this objective.

In determining the Engine performance and operating limitations, the overall limits of
accuracy of the Engine Control System and of the necessary instrumentation as defined in
CSE 60(b) must be taken into account.

For Piston Engines, each declared rating must be defined in terms of the power produced at a
given power setting and Engine rotational speed.

1-A-6
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[Amdt No: EL]
[Amdt No: EB]

CSE 50 EngineControl System

@)

(b)

(©)

(d)

(See AME 50 AMC 261, AMC 2@, AMC 26115

Engine Control System Operatitimust be substantiated by tests, analysis or a combination
thereof that the Engine Control System performs the intended functions in a manner:which

(1) enables selected values odlevant control parameters to be maintained and the Engine
kept within the approved operating limits over changing atmospheric conditions in the
declared flight envelope

(2) complies with the operabilityspecificatiors of CSE 390, C& 500(a) and G745, as
appropriate, under all likely system inputs and allowable Engine power or thrust
demands, unless it can be demonstrated that this is not required fordispatchable
specific Control Modes in the intended application. In such cases, the Engirevalpp
will be endorsed accordingly

(3) allows modulation of Engine power or thrust with adequate sensitivity and accuracy
over the declared range of Engine operating conditj@mel

(4) does not create unacceptable thrust or power oscillations.

Contrd Transitionslt must be demonstrated that, whenfaultor Failureresults in a change
from one Control Mode to another, or from one channel to another, or from the Primary
System to theéBackup System, the change occurs so that:

(1) the Engine does n@xceed any of its operating limitations

(2) the Engine does not surge, stall, flaxmgt or experience unacceptable thrust or power
changes or oscillations, or other unacceptable characterjsiiog

(3) if the flight crew is required to initiate, resportd or be aware of the Control Mode
change, there must be provision for a means to alert the crew. This provision must be
described in the Engine instructions for installation and the crew action described in the
Engine instructions for operation.

The magitude of any change in thrust or power and the associated transition time must
be identified and described in the Engine instructions for installation and operation.

Engine Control Systerkailures. The Engine Control System must be designed and
constucted so that:

(1) the rate for Loss of Thrust (or Power) Control (LOTC/LOPC) events, consistent with the

safety objective associated with the intended aircraft application, can be achieved

(2) in the Fulup Configuration, the system is essentially srfegwulttolerant for electrical
and electronid-ailures with respect to LOTC/LOPC events

(3) single Failures of Engine Control System componeuis not result in a Hazardous
Engine Effect

(4) foreseeableFailures or malfunctions leading to local events the intended aircraft
installation, such as fire, overheat, éailures leading to damage to Engine Control
System componenisnust not result in a Hazardous Engine Effect due to Engine Control
SystemFailures or malfunctions.

System Safety AssessrheWhen complying with GE 210 or G& 510, asystem safety

assessment must be completed for the Engine Control System. This assessment must identify
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Fauls orFailures that result in a change in thrust or power, a transmission of erroneous data,
or an efect on Engine operability together with the predicted frequency of occurrence of
theseFauls orFailures see also C& 1D(e)).

ProtectionSystems (See AMC E 50(e))

(1) When electronic ovespeed protection systems are provided, the design mudtdea
means for testing the system to establish the availability of the protection function. The
means must be such that a complete test of the system can be achieved in the minimum
number of cycles. If the test is not fully automatic, thgecificationfor a manual test
must be contained in the Engine instructions for operation.

(2) When overspeed protection is provided through hydromechanical or mechanical
means, it must be demonstrated by test or other acceptable means that thespaad
function remans available between inspection and maintenance periods.

Software andProgrammableLogic DevicesAll associated software and encoded logic must
be designed, implemented and verified to minimise the existence of errors by using an
approved method coristent with the criticality of the performed functions.

AircraftSupplied Data.

SingleFailures leading to loss, interruption or corruption éfrcraft-Supplied Data, or data
shared between Engines must:

(1) not result in a Hazardous Engine Effectday Enging

(2) be detected and accommodated. The accommodation strategy must not result in an
unacceptable change in thrust or power or an unacceptable change in Engine operating
and starting characteristics. The effects of thdsalures on Engine poweor thrust,
Engine operability and starting characteristics throughout the flight envelope must be
evaluated and documented.

The specificationof CSE 50(g)(2) does not apply to thrust or power command signals from
the aircratft.

AircraftSupplied Eledcal Power.

(1) The Engine Control System must be designed so that the loss or interruption of electrical
power supplied from the airaft to the Engine Control System will not

() resultin a Hazardous Engine Effect

(i) cause the unacceptable transssion of erroneous data.
The effect of the loss or interruption of aircraftipplied electrical power must be taken into
account in complying with GS50(c)(1).

(2) When an Engine dedicated power source is required for compliance wikh 3D§h)(1),
its capacity should provide sufficient margin to account for Engine operation below idle
where the Engine Control System is designed and expected to recover Engine operation
automatically.

(3) The need for, and the characteristics of, any electrical power ggpflom the aircraft
to the Engine Control System for starting and operating the Engine, including transient
and steadystate voltage limits, must be identified and declared in the Engine
instructions for installation.

(4) Low voltage transients outsidef the power supply voltage limitations, declared under
CSE 50(h)(3), must meet thgpecificatiors of CSEE 50(h)(1). The Engine Control System
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must resume normal operation when aircratipplied electrical power returns to within
the declared limits.

(i) Air Pressure Signal.
The effects of blockage or leakage of the signal lines on the Engine Control System must be
considered as part of the system safety assessment & 8Hd) and the appropriate design
precautions adopted.

() Engines having a 3Becom OEI Poweratingmust incorporate means or provision for means
for automatic availability and automatic control of the -S@cond OEPower within its
operating limitationgsee AMC E 50(j))

(k) Means for shutting down the Engine rapidly must be provided

[Amdt No: EL]

[Amdt No: EB]

CSE 60 Provision for Instruments

@)

(b)

(©)

(d)

(e)

(See AMC E 60)

Provision must be made for the installation of instrumentation necessary to ensure operation
in compliance with the Engine operating limitatiokghere, in presentinghe safety analysis,

or complying with any othespecification dependences placed on instrumentation which is
not otherwise mandatory in the assumed aircraft installation, then this instrumentation must
be specified in the Engine instructions for ingtadin and declared mandatory in the Engine
approval documentation.

A list of the instruments necessary for control of the Enginest be provided in the Engine
instructions for installation. The overall limits of accuracy and transient response rdadpfire
such instruments for control of the operation of the Engimest also be stated so that the
suitability of the instruments as installed may be assessed.

The sensors together with associated wiring and signal conditioning must be segregated,
phystally and electrically, to the extent necessary to ensure that the probability Ffult
propagating frominstrumentation and monitoring functions to control functions or vice
versa is consistent with thailureeffect of theFault

Rotorcraft turbire Engines having 3®econd and -Minute OEl Poweratings must(see
AMC E 60(d))

(1) have means, or provision for means, to alert the pilot when the Engine is at the
30-Second OEI and theMinute OEIPower levels, when the event begins, and when
the time interval expires

(2) have meangsor provision for means, which cannot be reset in flight, to

() automatically record each usage and duration of power at theS8@ond and
2-Minute OEPower levels

(i) alert maintenance personnel in a positive nmam that the Engine has been
operated at either or both of the 38econd and -Minute OEIPower levels and
permit retrieval of recorded data; and

(3) have means, or provision for means, to enable routine verification of the proper
operation of the above mens

Instrumentation enabling the flight crew to monitor the functioning of the turbine cooling
system must be provided unless evidence shtivat:
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(1) “ther existing instrumentation provides adequate warning Fedilure or impending
Failure or

(2) Failure of the cooling system would not lead to Hazardous Engine Effects before
detectiors or

(3) the probability ofFailureof the cooling system is Extremddemote

Appropriate inspections must be promulgated in the relevant manuals.

[Amdt No: EL]
[Amdt No: EB]

CSE 70 Materials and Manufacturing Methods

@)

(b)

(See AMC E 70)

The suitability and durability of materials used in the Engmsstbe establishedn the basis
of experience or testsThe assumed desigralues of properties of materialaustbe suitably
related to the minimum properties stated in the material specification.

Manufacturing methods and processesust be such as to produce sound wtture and
mechanisms which retain the original mechanigabperties under reasonable service
conditions.

[Amdt No: EL]

CSE 80 Equipment

@)

(b)

(©)

(See AMC E 80)

Equipment Drives and Mountings
(1) Mountings and drives for all equipment installed on the iBagnustbe designed:
() to permit safe operation of the Engine with the equipment fittadd

(i) so that Failureof equipment will not result in further damage likely to produce a
Hazardous Engine Effect.

(2) Mountings and drives for equipment idené&fl under CE 20(cmustbe designed and
located so as to minimise the possibility of defective equipment necessitating Engine
shutdown as a result of:

() contamination or major loss of the Engine oil supply

(i) Engine malfunctioning through the aligation of excessive torque, loose parts
falling into the Engine, flailing of the drives, etc.

The equipment identified under €S 20(a)must be approved as an integral part of the
Engine and must meet the relevardpecificatios of CSE. Unless thespecificatiors
prescribed inSubpart C or E, as appropriate, will subjeciglequipment to such cycles of
operation as to adequately represent all the critical conditions affecting its airworthiness to
which it may be expected to be exposed during seniee, equipment specificatiomust
state those additionahirworthinessspecificatiors for which evidence of compliance will be
needed.

The equipment identified under €6520(c) will be accepted for use on an Engine subject to:
(1) the equipment meetinghe interfacespecificatiors identified under G& 20(d);

(2) evidence of satisfactory compliance with-E80(a);
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(3) being approved under the relevant aircraft Type Certificate.
(d) Equipment with higkenergy rotoramustbe such as to meet one of thelli@mwving:
(1) Failures will not result in significant non containment of high energy dedoris

(2) an acceptable level of integrity of the design, including the high energy parts, has been
establishedor

(3) an appropriate combination of (1) and (2).

[Amd No: E1]
[Amdt No: EB]

CSE 90 Prevention of Corrosion and Deterioration

(a) Each Engine component and each item of equipmmeuast be protected from corrosion and
deterioration in anapproved manner.

(b) Materials which will render the Engine inhergnselfprotecting against corrosion, without
the use of internal and external corrosion inhibitamsstbe used wherever possible.

CSE 100 Strength

(a) The maximum stresses developed in the Engmst not exceed values conforming to those
establishedby satisfactory practice for the material involved, due account being taken of the
particular form of construction and the most severe operating conditions. Where a new type
of material is involved, evidencewust be available to substantiate the assumedaterial
characteristics. For Turbine Engines, due consideratiast be given to the effects of any
residual stresses in Engine Critical Parts.

(b) The Engine components which form part of the Engine mounting and any other parts of the
Engine liable to becritically affectedmust, when the Engine is properly supported by a
suitable Enginenounting structure, have sufficient strength to withstand the flight and
ground loads for the aircraft as a whole in combination with the local loads arising from the
operation of the Engine.

(c) Each Engine must be designed and constructed to function throughout its declared flight
envelope and operating range of rotational speeds &oaver or Thrust, without inducing
excessive stress in any Engine part because of vibratim without imparting excessive
vibration forces to the aircraft structure.

CSE 110 Drawings and Marking of Parts Assembly of Parts

(@) The drawings for each Engine component and each item of equipmmerst give full
particulars of the design anuust indicate the materials used in terms of their specifications.
The protective finish and, where applicable, the surface fimsist be indicated. Any tests
necessary to establisthe manufacturing quality of components or equipmemist be
guoted on therelevant drawings either directly or by reference to other suitable documents.

(b) Except where otherwise agreed each pamtist be marked so that it can be identified with
the drawing to which it was made. The position of the markimyst be indicated ornthe
drawing.

(c) Certain parts (including Engine Critical Paste CE 515) as may be required by the Agency
mustbe marked and the constructenust maintain records related to this marking such that
it is possible to establish the relevant manufaatgrihistory of the parts.
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Turbine Engineparts, the incorrect assembly of which could result in Hazardéngine
Effects,must be designed so as to minimise the risk of incorrect assembly or, where this is
not practical, permanently marked so as to iratee their correct position when assembled.

As part of thesystem safety assessment of CBE 3(d), the possibility and subsequent effect

of incorrect fitment of instruments, sensors or connectors must be assessed. Where
necessary, design precautionsust be taken to prevent incorrect configuration of the
system.

CSE 120 ldentification

@)
(b)

The Engine identification must comply with 21A.805¢&) (b), and 21A.805

Major Engine modules that can be changed independently in semigst be suitably
identified so as to ensure traceability of parts and to enable proper control over the
interchangeability of such modules with different Engine variants.

CSE 130 Fire Protection

@)

(b)

(©)

(d)

(e)

(f)

(¢)]

(See AMC E 130)

The design and constructioof the Engine and the matials used must minimise the
probability of the occurrence and spread of fire during normal operation Badure
conditions and must minimise the effects of such a fire. In addition, the design and
construction of Engines must niinise the probability othe occurrence of an internal fire
that could result in structurdfailureor Hazardous Engine Effects.

Except as required by €5130(c), each external line, fitting and other component which
contains or conveys flammable fluid during normal Engineration must be at least Fire
resistant. Components must be shielded or located to safeguard against the ignition of
leaking flammable fluid.

Tanks which contain flammable fluid and any associated-asfiuheans and supports, which

are part of and attahed to the Engine, must be Fireproof either by construction or by
protection, unless damage by fire will not cause leakage or spillage of a hazardous quantity of
flammable fluid. For &@iston Engine having an integral oil sump of less than 23.7 litres
capacity, the oil sump need not be Fireproof nor be enclosed by a Fireproof shield but still
must comply with C& 130(b).

An Engine component designed, constructed and installed to act as a firewall must be
(1) Fireproof; and

(2) constructed so that nchazardous quantity of air, fluid or flame can pass around or
through the firewall;and

(3) protected against corrosion.

In addition tothe specificatios of CE 130(a) and (b), Engine control system components
which are located in a designated fireneomust be at least Firgesistant

Unintentional accumulation of hazardous quantities of flammable fluithin the Engine
must be prevented by draining and venting.

Those features of the Engine which form part of the mounting structure or Engine
attachment points must be Fireproof, either by construction or by protection, unless

(1) this isnot required for the particular aircraft installatipandin this case, this shall be
declared in accordance with €530 or
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(2) the Engine is a Pistom@ine that fulfils the following conditions:

(i)  The Engine mounting structure must be designed to bes&d# so that in the
case of a Failure of one load path, the remaining mounting structure is able to
support the Engine under the loads and thermahditions as specified under
paragraph (ii) and (iii) below.

(i)  Those features of the Engine that form part of the mounting structure or Engine
attachment points shall be at least Fresistant.

(A) The mounting structure and Engine attachment pointsils be able to
sustain the limit flight loads that are appropriate for a typical aircraft
installation for which the Engine is intended, including Engine thrust and
torque for Maximum Continuous Power, without Failure for 5 minutes
under the fire test coditions of AMC E 130(4).

This ability shall be demonstrated by analysis or by tests for all mounting
structures and attachment points.

If a test is selected, then the test shall be performed to demonstrate the
ability of the most critical elements of then§ine mounting system or
attachment points to retain the Engine under the loads specified above
and in accordance with the fire test conditions of AMC E 130(4).

(B) At the end of the Bminute period, it is assumed that the Engine will be
shut down. Shutdow loads shall be evaluated.

Under the fire conditions as specified in paragraph (ii)(A) above, the
mounting structure and the Engine attachment points shall be able to
sustain flight loads of 0.5 g/1.5 g, superimposed with the evaluated
shutdown loads, whout Failure. This shall be demonstrated by analysis
or test.

(i)  After 5 minutes of fire application according to paragraph (ii) above, and until
the end of 15 minutes, the Engine is assumed to be shut down. Under the fire
conditions of (ii)(A) abovéhe other remaining features of the Engine mounting
structure shall have sufficient static strength to withstand the maximum loads
expected during the remainder of the flight.

In the absence of a more rational analysis, a load factor of 70 per cent of
manoeuvre loads and (separately) 40 per cent of gust loads may be applied.

(iv) If they are not specified, the loads referred to in paragraph (ii) and (iii) above
shall be considered to be ultimate loads.

[Amdt No: EL]
[Amdt No: EB]

CSE 135 Electrical Bading
(See AMC E 135)

Any components, modules, equipment and accessories that are susceptible to or are potential
sources of static discharges or currents from electrical Faults, must be designed and constructed
S0 as to be grounded to the main Enginetkarls necessary to minimise the accumulation of
electro-static or electrical charge that would cause:

- injury from electrical shogk
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- unintentional ignition in areas where flammable fluids or vapours could be present

- unacceptable interference with ettrical or electronic equipment.

[Amdt No: EL]
[Amdt No: EB]

CSE 140 Testst Engine Configuration

@)

(b)

(©)

(d)

(e)

()

(See AMC E 140)

The configuration of the Engine or components or parts to be testedt be sufficiently
representative of thaype desigrfor the purpose of the test.

All automatic controls and protectiomaust be in operation unless it is accepted that this is
not possible or that they are not required because of the nature of the test.

Variable devices that are not intended to be adjustioling Engine operatiomustbe set in
accordance with theype desigrprior to each test, except when the particular test demands
adjustments to be made or as required by paragraphs relating to specific tests. Other variable
devicesmust operate or be oprated in a manner consistent with both thgpe designand

the operating instructions to be provided under-E20 (d) unless otherwise necessary for
the purpose of the test.

(1) All equipment drives not essential to the satisfactory functioning ef Emginemust be
disconnected or off loaded during the Calibration Tests 6GEGSO0 or G& 730. Throughout
all other tests, except as required by-E340(d)(2), theynustbe suitably loaded, either with
the equipment listed in the construct@ declaraibn or with slave units of a suitable type.

(2) When running the additional endurance test sequence required bB¥ @80(c)(3)(iii),
the accessory drives and mounting attachments need not be loadet dan be
substantiatel that there is no significant &fct to the durability of any accessory drive
or Engine component. However, the equivalent Engine output power extraction from
the power turbine rotor assembly must be added to the Engine shaft output.

Certain features prescribed in E300 and CE %0 to CS&E 590 may be incorporated as part
of the aircraft installation rather than as part of the Engtgpe design In this case, where
the performance of the Engine is affected, the features concemmet be satisfactorily
represented throughout the iigine tests.

In addition to the combined Engine and Propeller tests required b @80, other tests
prescribed in Certification Specifications for Propellers may be conducted jointly with Engine
tests where it is accepted that these combined testsndod constitute a less severe test for
either the Engine or the Propeller or both.

[Amdt No: EL]

CSE 150 Testst General Conduct of Tests

@)

(b)

(©)

The fuel and oil used for all testaust normally be chosen from those specified by the
Applicant, but, wherat may have relevance to the results of any particular test, the actual
fuel and oil to be used (including any additives)stbe justified(see AMC E 150(a))

During all tests, only servicing and minor repaingstbe permitted except that major repa
or replacement of parts may be resorted to, provided that the parts in question are
subjected to an agreed level of penalty testing.

Except where declared by thgpplicant, no artificial means of increasing the humidity of the
ambient airmustbe enployed.
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(d) For all tests, parameters relevant to the purpose of the tesstbe agreed and recorded at
appropriate times during the test. Where possible, Engine conditioast be allowed to
stabilise before observations are taken. In particular, obd@wa taken less than 3 minutes
after a change of Engineonditionsmust not be included in assessment of performance,
unless the rating cannot be used for more than 3 minutes.

(e) Adjustments made in compliance with €£5140(c)must be checked and uninteled
variations from the original settings recorded after each test.

(f) All test bed equipment and all measuring equipment used for testist be appropriately
calibrated.

[Amdt No: EL]
[Amdt No: EB]

CSE 160 Testst History

(a) In order to enable comliance with 21A.21 (c)(®F Part 21 should aFailureof an Engine part
occur during the certification tests, its caussust be determined and the effect on the
airworthiness of the Enginenust be assessed. Any necessary corrective actioost be
determined and substantiated.

(b) The development history of the Engine or component or equipment of the Emgirst be

considered. Any significant event, relevant to airworthiness of the Engine, occurring during

development and not corrected before certificatiotests, must also be assessed under
CSE 160(a).

CSE 170 EngineSystems andComponent Verification
(See AMC E 170)

For those systems or components which cannot be adequately substantiated by other tests of

CSE, additional tests or analyses must benducted to demonstrate that the systems or
components are able to perform the intended functions in all declared environmental and
operating conditions.

[Amdt No: EL]

CSE 180 Propeller Functioning Tests
(See AMC E 180)

(a) If approval of the Engine fause with a Variable Pitch Propellersisught by the Applicant, a
sufficient portionof the tests prescribed in €8 must be made either during or on the
completion of theendurance test of GB 440 or C&740to demonstrate that the Propeller
Engine ombination will function satisfactorily. The minimum number of tests which will be
acceptable for Engine approval is given below.

(b) The following testenustbe carried out:
(1) Pitch change cycles
(i) Turbine Engines

(A) 50 forward pitch change cycles,yboperation of Propeller controlofily
applicable when a separate Propeller control is provided). Each oyatt
include the maximum range of pitch likely to be experienced in normal use.
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(B) 100 operations withdrawing the flight fine pitch lock. Theseyrba combined
with the Engine decelerations prescribed infE$40 for theendurancetest.

(i) Piston Engined~or Engines to be approved for use with a variable pitch Propeller,
100 representative forward pitch change cycles must be made across the odnge
pitch and rotational speed.

(2) 10 feathering cycles. In addition, faurbine Engines, where the oil tank is to be
approved as part of the Engine, the ability to complete one cycle (i.e. one feather and
unfeather) when the supply of oil has been reddcto the feathering reserve oil
(see CE 57@)(3)(i) mustbe demonstrated.

(3) 200 reverse pitch change cycles (braking or manoeuvring, whichever is greater), and
sustaining the appropriate maximum declared Engine conditions foinlite during
each gcle. In this case, the periods of thedurancetest covering the range of cruising
conditions may be reduced by a total oh8urs.

(4) 1 reverse (manoeuvring) pitch change cycle, sustaining the appropriate maximum
declared Engine conditions fomginutes.

(c) Additional tests with Reversible Pitch Propellers on Piston Engines

(1) Where approval of an Engine for use with Reversible Pitch Propellers is sought, the
appropriate tests of Certification Specifications for Propellatsst be run on Engines
sufficiently representative of théype design

(2) After completion of these tests, those parts of the Engines which may be affected by the
reversed thrust or air flownustbe removed and examined amdustbe shown to have
suffered no adverse effects.

(d) Any other tests consideredo be necessary to demonstrate that the Propeti&ngine
combinationwill function satisfactorily.

[Amdt No: EL]
[Amdt No: EB]

CSE 190 Engines for Aerobatic Use

Where approval is sought for an Engine intended for use in aop&me for which the Flight
Manual will approve aerobatics or semgrobatic flight, the ability of the Engine to continue to
function safely in conditions of inverted flight or for intentional negative g conditions for specified
periods must be demonsttad. Where the evidence is considered to be acceptable, and such
tests as are necessary have been completed satisfactorily, the Ehgjecertificate data sheet
gAff 0S SYR2NAESR oe EngBé yag be2ised unden/sastaiSedl nefatid ¢ W
inverted flight conditions for continuous periods not exceedingecond<2

[Amdt No: EB]
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SUBPARBT PISTON ENGINEESIGN AND CONSTRUCTION

CSE 210 Failure Analysis
(See AMC E )

(a) AFailureanalysis of the Engine, including the contrdteyn for a typical installatiomustbe
made to establish that no singkault or doubleFaultif one of theFauls may be present
and undetected during prflight checks, could lead to unsafe Engine conditions beyond the
normal control of the flight crew

(b) In certain cases theé-ailure analysis will depend on assumed installed conditions. Such
assumptionsnustbe stated in the analysis.

[Amdt No: EL]

CSE 230 Delcing and Antilcing Precautions

(&) The design of the Engine induction systemust be swch as tominimise the risk of ice
formation adversely affecting the functioning of the Engine and, if necesgaugt include
provision for the use of a means for ice prevention

(b) Where necessary, provisionustbe made for the fitting of an induction gnmometer or ice
indicator, as appropriate for the control of the particular system.

CSE 240 Ignition

(& All sparkignition Engines shall comply with the following:
(1) The Engine shall be equipped either with:

() adual ignition systenthat has entirely independent magnetic and electrical
circuits, including spanglugs or

(i)  anignition system which will function with at ledbie equivalent reliability.
(2) If the design of the ignition system includes redundancy:

(i) the maximum power reductio resulting froma loss of redundancy shall be
declared in the appropriate manual(s)

(i) provision shall be made to establish the serviceability of the ignition system
the associated procedures and required inspection intervals shall be specified
in the appropriate manual(s).

(b)  All selfignition Piston Engines shall comply with the following:

(1) The Engine design and operating procedure must provide a continued ignition
capability under the intended operating conditions established in compliande wit
CSE 40(d). This must be substantiated, considering the fuel with the limiting ignition
delay time or cetane number, by conducting appropriate tests or by providing other
evidence. The ignition delay time or the cetane number of the fuel consideretidor t
demonstration will be recorded in the Engine type certificate data sheet.

(2) The Engine constructor must recommend an envelope of conditions for relighting in
flight, and must substantiate it by conducting appropriate tests or by providing other
evidence. The recommendation must state all of the conditions that are applicable,
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e.g. the altitude, airspeed, windmilling rotational speed, whether starter assistance is
required, and the recommended drill. The possible effects of a low ambient
temperature onthe relight capability must be included in the development of the
recommendation.

[Amdt No: EB]

CSE 250 FuelSystem

(a) Each fuel specification to be approved, including any additive, and the associated limitations
in flow, temperature and pressurhat ensure proper Engine functioning under all intended
operating conditions must be declared and substantiated.

(b) Any characteristic of fuel conforming to the specification(s) to be approved which is likely to
adversely affect Engine functioning or dulldlp, must be identified so that, where necessary,
Engine or rig testing using appropriate fuel may be conducted.

(c) Filters, strainers or other equivalent means must be provided to protect the fuel system
from malfunction due to contaminants. These dms must have the capacity to
accommodate any likely quantity of contaminants, including water, in relation to
recommended servicing intervals. These means may be provided in the aircraft fuel system;
in such case, the characteristics of the means shallspecified in the instructions for
installation.

(d) It shall not be possible for fuel to drain into the Engine when it is not running, in such
jdzZt yGAGASE a G2 AYGNRRdzOS | NR&]l 2F WKeRN
mechanical reliability fothe Engine.

(e) Design precautions must be taken against the possibility of errors and inadvertent or
unauthorised changes in setting of all fuel control adjusting means.

CSE 260 Engine Cooling System

(@) The design and construction of the Engine oapkystem must ensure adequate cooling in
all normal operating conditions within the flight envelope. Any reliance upon assumed
installed conditionshall be declared in the instructions for installation.

(b) For liguidcooled Engines, it must be showraththe coolant will not boil under any normal
operating condition within the flight envelope, under all additive concentrations approved
for use.

(c) For liquidcooled Engines, to prevent Engine malfunction due to overheatipgropriate
means or provisio for means shall be provided to detect loss of coolant.

CSE 270 Lubrication System

(a) It shall not be possible for oil to drain into the Engine when it is not running, in such
jdzt yGAGASE a G2 AYyGNRRdzZOS || NMyiaJ affeetfthe WK & R NI
mechanical reliability of the Engine.

(b) The oil flow between the Engine lubrication system and the Propeller control system or other
system utilising oil supplied by the Engine, shall not prewdinpressure being maintained

within approved limits at all operating conditions within the flight envelope, allowance being
made for deterioration of the Engine.
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(c) All parts of the oil system that are not inherentigpable of accepting contaminants likely to
be presentin the oil or otherwiseintroduced into the oil system shall be protected by
suitable filter(s) or strainer(s). These shall provide a degree of filtration sufficient to preclude
damage to the Engine and Engine equipment and have adequate capacity to accommodate
contaminants in elation to the specified servicing intervals. These filters or strainers may be
provided as part of the aircraft; in such cases, their characteristics will be specified in the
instructions for installation

(d) Adequate oil cooling shall be provided, or ttezjuired oil cooling means shall be defined in
the instructions for installation, to ensure that temperature limits are not exceeded in any
normaloperating condition within the flight envelope.

(e) Each type of oil, and brand if appropriate, must be demdl and substantiated, along with
any associated limitations.

(f) Any oil characteristic which is likely to be critical for Engine functioning or durability must be
identified. Where necessary, Engine or rig testing using appropriate oil shadhblected.

CSE 290 Hand Turning

It must be possible to rotate the crankshaft in controlled slow motion. Where this is effected by
handturning gear as distinct from the Propeller, a means of safe guarding the operator against
injury, if the Engine starts or kis backmustbe provided. ltmustnot be possible to damage the
Engine by use of the hartdrning gear.
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SUBPARTt1 PISTON ENGINHYPE SUBSTANTIATION

CSE 300 Conditions Applicable to All Tests

(a) Coolant Flow(Applicable to liquiecooled Enginesmly.) Equipmentmust be provided to
permit simultaneous observation of the coolant flow to each bank of cylinders.

(b) Cylinder Temperatures(Applicable to air-cooled Engines only Cylinder temperature
observationsmust be made on all cylinders throughbthe Rating Checks, Detonation,
Endurance and Calibration Tests. The location of the point(s) at which the temperature of
each cylinder is measuredustbe recorded.

(c) Temperatures GeneralExcept as prescribed @SE 30@d) and (e), the temperatusmust
be held throughout each stage, within the limits given in Table 1, to the values declared as
the maxima appropriate to the power, where that power is a limiting condition.

TABLE 1
Temperature Applicable to Limits
°C)
Oil inlet All Engines +3
Coolant outlet Liquidcooled Engines +3
Cylinder Air-cooled Engines +5
Charge Cooler All Engines +3

(when fitted)
(d) Temperatures At High Powers

(1) For the stages in which the Engine is run at Maximum Continuous Power, the limits of
CSE 30@c) apply to 506 of the total running period of each stage; the remainin@®0
of the period must be run at not less than the Maximum Best Economy Cruising
temperatures.

(2) For the stages in which the Engine is run at Tafkd®ower for not lesghan 1hour
continuously, the limits ofCSE 30@c) apply to a continuous period of not less than
15minutes in each hour only, during which at least one full set of observatss be
taken; the remainder of each hounust be run at not less than the M@amum Best
Economy Cruising temperatures.

(3) The limits ofCSE 30@c) are not applicable to stages in which the Engine is run for less
than 15 minutes continuously at any one power.

(e) Temperaturer Calibrations Testd-or the power performance itemd the calibration tests
in CSE 350, the limits of G5 300(cmust apply except that the declared temperature may
be obtained and set at the commencement of each curve and thereafter be left unadjusted,
provided that the temperatures do not vary apprediafrom those declared.

(f) Torgue Measurement For testing requiring the measurement of Engine power, an
acceptable method of establishing the torque of the Engine shall be defised
AMC E 300(f))

[Amdt No: FL]
[Amdt No: EB]
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CSE 320 PerformanceCorrection
(See AMC E 320)

(a) All performance results shall be corrected to the conditions of the Standard Atmosphere, in
accordance with an internationally recogniseethod.

(b) Where Engine power is affected by cylinder temperature or coolant tempegathe
performance results shall be corrected to the minimiamgine power within the range of
temperatures to be approved forse.

[Amdt No: EL]
[Amdt No: EB]

CSE 330 Testst General

A single Engineustbe used for all the tests except that, if desired, the vibration, calibration,

and detonation tests may be made on Engines of the same type as the Engine used for the other
tests so long as there is essential similarity to that Engine. The vibration tests may be made during
preliminary developmenof the type provided that the design standard and power rating of the
Engine used do not differ essentially from the prototype.

CSE 340 Vibration Tests
(See AMC E 340)

(a) Tests by approved methodsustbe made on an appropriate mounting to satisfy thgency
that no dangerous torsional or flexural vibration characteristic exists in the dynamic system
throughout the operatingrange of crankshaft rotational speed and Engine power used in
flight. In the absence of adequate evidence to the contrary, a maxi stress shown to be
safe for continuous usenust be regarded as the maximum safe stress. The ranget
include low power operation anchustcomprise crankshaft speeds from idling to the highest
of the following: 1106 of the desired Maximum Continuospeed, 1096 of the desired
maximum Takeff speed, or the maximum desirgdverspeed Observationsnust be made
at increments of 50 crankshaft rpm throughout this range. Tests covering the range up to the
desired maximum takeff speed ratingnustalso bemade with that cylinder not firing which
is most critical from the point of view of vibration.

(b) A representative flight Propellanust be used for these tests. In the case of a Fixed Pitch
t NP LISt £ SNI | must KeN®ni [nfthe @aseOafzbWakile Pitch Propeller the
proceduremust normally be the same, with the Propeller blade pitch set to a fixed value
which will give maximum Engine power at maximum Engine rotational speed. If the results of
the tests with a Variable Pitch Propeller show #nestence of a serious critical vibration
within the operating speed range, a more detailed investigatiomst be made at speeds
within the critical range.

(c) A harmonic analysis of the vibration recontisist be made by a method approved by the
Agency, akach increment of Engine speed and the results plotted against Engine speed so
that the predominant orders of vibration and their relative magnitudes are clearly shown
throughout the operating speed range of the Engine.

(d) In cases where torsional strain the Propeller shaft has been measured by means of a
torsional strain type of vibration pickup, the torque amplitude of the orders of vibratioist
be plotted about the mean torque curve for the Engine. In other cases where for practical
reasons it igmpossible to use the strain type of torsional vibration pickups, and a seismic
type of instrument attached to the free end of the crankshaft is used, the angular
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displacement amplitudes of the various orders of vibration at the free end of the crankshaft
mustbe plotted against Engine speed.

(e) A tabulation based on the theoretical and test results obtainaast be made detailing the
following information relating to resonant conditions for the most serious criticals: Engine
speed, order of vibration, figuency, maximum and minimum values of vibration stress in the
crankshaft and Propeller shaft and the region at which they occur. Diagrams showing the
displacement curves for the modes of vibration associated with these criticals should also be
presented.

(H If excessive vibration is found to be present in the operating range of the Engine, suitable
remedial measuremustbe taken prior to theendurance test of CE 440

(g) If moderate vibration is found to exist, which is not sufficiently serious to warthe
introduction of modifications but needs proof of its effect on the Engine, a vibration penalty
test must be substituted for those stages of thendurance testas are considered most
suitable andmustinclude sufficient duration under the most adversibration condition to
establish the ability of the Engine to resist fatigtelure

[Amdt No: EL]

CSE 350 Calibration Tests
(See AMC E 350)

(a) The power characteristics of the Engine must be established, under all normal operating
conditions withn the declared flight envelope, by means of sufficient calibration testing.

(b) In order to identify the Engine power changes that may occur duringetiteirance tesof
CSE 440, sedevel power calibration curves of the teBhgine shall be established e
beginning and the end of thendurance test

[Amdt No: EL]
[Amdt No: EB]

CSE 360 Detonation Tests

For sparkignition Engines:

(a) A test shall be conducted to demonstrate that the Engine can function without detonation at
all operating conditionswithin the flight envelope. If the design of the ignition system
includes redundancyhistest shall be repeated in degraded operating modes.

(b) During the test ofCSE 360(a), the Engine shall be operated throughout the range from the
lowest Engine raitional speed intended to be used for cruising, to the declared maximum
Engine rotational speed, at the conditions of power setting, mixture setting (if applicable), oil
temperature, coolant or cylindenead temperatures, and manifold apressureand air
temperature most likely to cause detonation. An agreed method shall be used to determine
the degree of detonation.

[Amdt No: FL]
[Amdt No: EB]

CSE 370 Starting Tests

(a) At least 100 successful Engine stamsist be made, either during or at the endf the
endurance test of GB 440 using the normal means of starting and the technique
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recommended by the Engine constructor. Half the stamtsst be made with the Engine cold
and half with the Engine hot

Time to start, number of attempts, ambientraiemperature, and (in the case of electric
starters) current consumptiormust be recorded at the beginning of each-tiur period. In
addition, a recordmust be made of the means and amount of priming, if employed, and
whether or not oil dilution is used

If alternative means of starting are provided for emergency or standby use, not less than
10additional starts on each of the alternative means of starting providect be made.
These tests may be made either as part of dmelurance test of CE 440 or separately in
which case theynustbe followed by a suitable strip examination.

CSE 380 LowTemperature Starting Tests

@)

(b)

(©)

(@)

(See AMC E8B)

Tests shall be carried out to demonstrate that the Engine can be started under the lowest
temperature conditbns to be approved, without causing damage to the Engine. At least
25Engine starts shall be made at oil inlet temperatures, evenly distributed betweetC+ 5
and the minimum temperature tbe declared for starting. Before each start attempt, the oil
inlet temperature and the temperature of the Engine shall be substantially the same as the
temperature of the ambient air.

The tests shall be carried out using representative aircraft and ground starting equipment
and using the starting technique definadthe operating instructions.

The Engine shall be fitted with a representative flight Propeller or its equivalent, and
representative aircrafequipment, as defined i€SE20(c).

Both before and after the completion of the let@mperature startimg tests, the Engine and
equipment shall be submitted to a strip examination to demonstrate that the condition of
the Engine is satisfactory for continued safe operation. Measurements shall be made of those
dimensions liable to change by reason of wear istadtion.

[Amdt No: EL]
[Amdt No: EB]

CSE 390 Acceleration Tests

@)

The tests ofCSE 390(a)(1) and (2) must be carried out at the end of the endurance test of
CSE440without heated intake air and repeated, when applicable, with intake air hebéde

the maximum temperature likely to be experienced at any operating condition within the
flight envelope.

(1) For all Engines, except twapeed supercharged Engines, five accelerations must be
made from idling conditions to Taiadf Power.

(2) For twospeed supercharged Engines, five accelerations must be made from idling
conditions up to each condition

(i) to Takeoff Power with supercharger in low gear
(i) to Maximum Continuous Power with supercharger in high gear.

(b) The Engine shall respond witlit hesitation and accelerate smoothly throughout the
range, when the power lever is moved from the minimum flight idle position to the
Takeoff or Maximum Continuous position, as appropriate, in not more thaecond.
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(c) If the Engine is to be approvddr use with aPropeller with variable or adjustable pitch, for
the tests ofCSE390(a) thePropeller pitch shall be set such that the Engine will produce not
less than rated Takeff power at the Engine rotational speed used to define the Tatke
rating (seeCSE40(h)).

(d) Each acceleration (except for those with a supercharger in high gear) shall be made starting
from the minimum temperatures for acceleration from idle to be declared in the operating
limitations. Eaclacceleration with a superchargar high gear shall be made from ambient
conditions.

[Amdt No: EB]

CSE 400 OverspeedTests

(@) The tests of (1) and (2) shall be completed during or at the end otiiteirance testof
CSE440.

(1) All Engines, except twspeed supercharged Engine20 runs, each of 30 seconds
duration, at the declared Maximum Engine Ogpeed or at a speed % in excess of
the declared maximum Engine rotational speed, whichever is greater. The power setting
for these runs shall not be lefisan that declared for thévlaximum Continuousating.

(2) Twospeed Supercharged Engin@6 runs, each of 30 seconds duration, at the declared
Maximum Engine Ovespeed or at a speed % in excess of the declared maximum
Engine rotational speed, whichever is the greater, 10 with $upercharger in low gear
and 10 with the supercharger in high gear. The power setting for these runs shall not be
less than that declared for the Maximum Continueasng.

(b) A further test consisting of a total of 4@inute run in stages of not leskan 1 minute shall
be madeat the declared Maximum Ovespeed or at a speed not less thafbin excess of
the declared maximum Engine rotational speed, whichever is greater. The power for this test
shall be not greater than 3% Takeoff Power. The oilnlet temperature shall be withiB0°C
of the declared maximum temperatufer take-off. This test may be run on a dynamometer.

[Amdt No: EB]

CSE 430 Water SprayTests

(a) Installation Condition3With the Engine suitably cowled or shielded to be frdigresentative
of an installed Engine, a water spraystbe applied throughout three periods of running.

(b) Running Condition&ach period of runningnustcomprise
- start;
- warm-up;
- ignition checks
- 5 minutes at Takeff Power
- 15 minutes aMaximum Continuous Powgr
- 15 minutes at Maximum Best Economy Cruising Ppwer

- 25 minutes at 606 of Maximum Continuous Power at Z5of Maximum Best Economy
Cruising crankshaft rotational speed

- ignition check and accelerations.

Twaspeed superchargeinginesnustrun the whole test in low gear.
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Interval ConditionsAn interval of 2qoursmust be allowed after each period of running. No
adjustment or artificial dryingff must be undertaken from the commencement of the test
and, when not runningthe Enginemustbe completely covered in a manner which will fully
promote moisture penetration. At the conclusion of the third cycle of running and standing,
the Enginemust be subjected to 5 minutes running at Tas# Power without the water

spray.
Water Spray ConditionsThe spraymust be arranged to deliver water in a manner
representative of very heavy rain over the whole frontal area of the Engine including cowling,

air intakes, etc., but nomecessarily the Propeller tips, throughout the fulhning time. The
rate of delivery, Rnustbe assessed from the formula

R= 122F litres/min

where F, irm?, isthe frontal area ofthe nacelle.

[Amdt No: EB]

CSE 440 Endurance Test

@)

(1) The testmustbe made in the order defined in the appropgaschedule and in suitable
non-stop parts. In the event of a stop occurring during any part, the paust be
repeated unless it is agreed to be unnecessary. The complete test may need to be
repeated if an excessive number of stops occur.

(2) The whole ofthe endurance tesimust be run with the oil pressure set to give the
declared normal operating pressure at Maximum Continuous conditions except that
1 hour at Takeoff conditions and® hours at Maximum Continuousustbe run with the
pressure set to givéhe declared minimum for completion of the flight at Maximum
Continuous conditions. The test conditions may be revised, if necessary, to avoid having
to stop the Engine during particular parts in order to reset the oil pressure.

(3) Where the operating cadiitions are prescribed in terms of a percentage of Maximum
Continuous Power, the crankshaft rotational spepdwer settingand mixture setting
(if applicable)mixture setting (if applicableinust be appropriate to the simulation of
the most severe cruisin conditions at this power. Where in such cases flosver
settingis not greater than that for Maximum Best Economy Cruising Power Conditions,
the mixture setting (if applicablemixturesetting (if applicableinustbe compatible with
the power setting

(4 Throughout each parf the endurance test, the crankshaft rotational speed poaver
settingmust be maintained at, or as near as possible to, the declared maximum values
appropriate to the Engine operating conditions prescribed. A repeat of the ruhtrnéy
required if, for any reason, the observed crankshaft rotational speedpameer setting
deviate by more thart 1.5% from the declared maximum values.

(5) PropellersA representative flight Propellenustbe used during this test.

(i) \Variable PitchPropellers The blade setting of the Propeller need not be set
precisely as for flight conditions. If, however, the blade setting does not allow the
conditions, detailed in the test schedule agreed for the particular Engine, to be
achieved, the limitatioa approved for the Engine will be based on the conditions at
which the test is run.

(i) Fixed Pitch PropellersA sufficient number of Propellers, agreed prior to the
commencement of the testanust be used for reasonable approximations to the
various pover ratings to be made. The number normally acceptable is two, for
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instance, one primarily suited to Maximum Best Economy Cruising Power
Conditions, and the other primarily suited to Maximum Continuous or -bBéke
conditions.

(i) Limitations not Simultarmusly AttainableIf a fixed pitch Propeller is fitted for the
tests, the Enginenust be operated at the maximunpower settingor maximum
crankshaft rotational speed appropriate to the conditions of the tests, whichever
limitation is reached first.

(6) TheEnginemust be subjected to an agreed extent of pagssembly inspection, and a
recordmust be made of the dimensions liable to change by reason of wear, distortion

and creep.

A recordnust also be made of the calibrations and settings of separately

functioning Engine components and equipment (e.g. the control system, pumps,
actuators, valves).

(b) Schedules

(1) Schedule for Unsupercharged Engines and Engines Incorporatingirivear Single
speed Superchargers

Part 1

Part 2

Part 3

Part4

Part 5

Part 6

Part 7

A 30hour run consisting of alteate 5minute periods at Takeff Power
and speed and Maximum Best Economy Cruising Power or Maximum
Recommended Cruising Power conditions.

A 20hour run consisting of alternate periods of/4 hours at Maximum
Continuous Power and speed andhtar & 75% Maximum Continuous
Power and 926 Maximum Continuous speed.

A 20hour run consisting of alternate periods of/4 hours at Maximum
Continuous Power and speed andhur at 70% Maximum Continuous
Power and 8% Maximum Continuous speed.

A 2CGhour run consisting of alternate periods of/4 hours at Maximum
Continuous Power and speed andhbur at 65% Maximum Continuous
Power and 86 Maximum Continuous speed.

A 2CGhour run consisting of alternate periods of/4 hours at Maximum
Continuous Power and speed andh&ur at 60% Maximum Continuous

Power and 8% % Maximum Continuous speed.

A 2CGhour run consisting of alternate periods of/4 hours at Maximum
Continuous Power and speed andh&ur at 50% Maximum Continuous

Powea and 795 % Maximum Continuous speed.
A 2CGhour run consisting of alternate 2-hour periods at Maximum

Continuous Power and speed and Maximum Best Economy Cruising Power
or Maximum Recommended Cruising Power conditions.

(2) Schedule for Enginedorporating a Geadriven Twespeed Supercharger

Part 1

A 3Chour run in the lower gear ratio consisting of alternatenfhute
periods at Takeff Power and speed and Maximum Best Economy Cruising
Power or Maximum Recommended Cruising Power Conditions.

If a Takeoff Power rating is desired in the higher gear ratio, 15 hours of the
30-hour runmust be made in the higher gear ratio in alternate periods of
5 minutes at the power obtainable with the Takdf Critical Altitudepower
setting and Takeoff speedand 5 minutes at 7@ high ratio Maximum
Continuous Power and 8% high ratio Maximum Continuous speed.
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Part 2 A 15hour run in the lower gear ratio consisting of alternate periods of
1 hour at Maximum Continuous Power and speed antiowr at 75%
MaximumContinuous Power and % Maximum Continuous speed.

Part 3 A 15hour run in the lower gear ratio consisting of alternate periods of
1 hour at Maximum Continuous Power and speed antiowr at 70%
Maximum Continuous Power and 8® Maximum Continuous speed

Part 4 A 3Ghour run in the higher gear ratio at Maximum Continuous Power and
speed.

Part 5 A 5hour run consisting of alternate periods of 5 minutes in each of the
supercharger gear ratios. The first 5 minutes of eacimirffute periodmust
be made inthe higher gear ratio at Maximum Continuous speed and the
power obtainable with 9G4 of Maximum Continuousower settingin the
higher gear ratio under selavel conditions. The condition for operation for
the following Sminute period in the lower gear t@ mustbe that obtained
by shifting to the lower gear ratio at constant speed.

Part 6 A 1Chour run in the lower gear ratio consisting of alternate periods of
1 hour at Maximum Continuous Power and speed andhour at 65%
Maximum Continuous Power and & Maximum Continuous speed.

Part 7 A 1CGhour run in the lower gear ratio consisting of alternate periods of
1 hour at Maximum Continuous Power and speed andhour at 60%

Maximum Continuous Power and 846 Maximum Continuous speed.

Part 8 A 1Chour mun in the lower gear ratio consisting of alternate periods of
1 hour at Maximum Continuous Power and speed andhour at 50%

Maximum Continuous Power and 3% Maximum Continuous speed.

Part 9 A 2Ghour run in the lower gear ratio consisting of alteraghour periods
at Maximum Continuous Power and speed and Maximum Best Economy
Cruising Power and speed or at Maximum Recommended Cruising Power
and speed.

Part 10A 5Shour run in the lower gear ratio at Maximum Best Economy Cruising
Power and speed or 8&kimum Recommended Cruising Power and speed.

(3) Schedule for Engine IncorporatingTarbochargersee AMC E 440(b)(3)for Engines
incorporating aurbocharger the Schedule a€SE 440(b{1) will apply, except that

(i) the entire run specified in Paft mustbe made at sedevel pressurg

(i) the portions of the runs specified in Parts 2 to 7 at Maximum Continuous Power
must be made atCritical Altitudepressure and the portions of the runs at other
powersmustbe made at 2 50én altitude pressurgand

(i) the turbochargerused during the 15@Gour endurance testmust be run on the
bench for an additional 5Bours at a representative inlet pressure and at the
limiting turbine wheel inlet gas temperature and rotational speed for Maximum
Continuous Poweroperation unless the limiting temperature and speed are
maintained during 50 hours of the rated Maximum Continuous Power operation.

(c) After completion of the test, the Engineust be subject to a strip inspection, and the
dimensions measured in accomze with CSE 440(a)(6inustbe remeasured and recorded.
The condition of the Enginmust be satisfactory for safe continued operation. Separately
functioning Engine components and equipmemiistbe functionally checked prior to strip to
ensure that any ltanges in function or settings are satisfactory for normal operation.
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[Amdt No: EL]
[Amdt No: EB]

CSE 450 Ignition Tests

For sparkignition Engines:

(a) If the designof the ignition system includes redundandpe reduction in Engine power
resulting from loss of redundancy shall be established. Tests shall be carried out with the
Engine running at Takaff power setting athe beginning and at the end of each part of the
endurance test 0CSE440.

(b) In no case shall the reduction in power during tiest exceed the value declared undesE
240 (b)(2).

CSE 460 Backfire Tests

For sparkignition Engines:

(a) After completion of theendurance test of GBE 440 functioning tests of the Engine shall be
made to determine if therés any tendency for # Engine to backfire when using the normal
means of starting and during accelerations effected by any reasonable means.

(b) (1) If after the completion of theendurance testno tendency for the Engine to backfire is
established, three backfires shall beoduced artificially on an Engine of the same type.
If, however, a tendency to backfire is established, at least twenty backfires shall be
produced artificially on an Engine of the same type.

(2) If necessary, mechanical madjustment shall be used to cs& backfiring.
Maladjustment may include thenixture setting (if applicablegrtificially weakened,
non-standard ignition timing, an inlet tappet adjusted to hold the valve off its seat, or
crossed ignition leads.

(3) The effect of backfires occurring dogi starting and during running conditions shall be
established.

(4) In order to qualify for approval, the Engine shall not suffer serious damage as a result of
these tests.

[Amdt No: EB]

CSE470 Contaminated Fuel
(See AMC E 470)

Evidence shall be praled that the complete Engine fuel system is capable of operating without
Engine malfunctioning under any likely quantities of solid contaminant, water and ice present in
the fuel. If compliance relies upon fuel arting additive(s) or other means incomated in the
aircraft fuel system, this shall be declared unde8E 30 together with a statement of the
conditions under which use of additive(s) is approved.

[Amdt No: FL]
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SUBPARDT TURBINE ENGINEHESIGN AND CONSTRUCTION

CSE 500 Functioning

@)

(b)
(©)

(SeeAMC E 50)

The Enginenustbe free from dangerous surge and instability throughout its operating range
of ambient and running conditions within the air intake pressure and temperature conditions
declared by the constructor.

[Reservedl

All Engiesmust be equipped with an igniter system suitable for starting the Engine on the
ground and in flight at all altitudes up to a declared altitude.

[Amdt No: EL]

CSE 510 Safety Analysis

@)

(b)

(©)

(See AMC E1B)

(1) An analysis of th&ngine, including theontrol systemmust be carried out in order to
assess the likely consequence ofFailures that can reasonably be expected to occur.
This analysis must take account of:

(i) aircraft-level devices and procedures assumed to be associated with a typical
installation such assumptions must be stated in the analysis

(i) consequential secondaryailures and dormantailures;

(iif) multiple Failures referred to in G&510(d) or that result in the Hazardous Engine
Effects defined in G5 510(g)(2).

(2) A summay mustbe made of thosd-ailures that could result in Major Engine Effects or
Hazardous Engine Effects as defined irFECGR0(g), together with an estimate of the
probability of occurrence of those effects. Any Engine Critical Padt be clearly
identified in this summary.

(3) It mustbe shown that Hazardous Engine Effects are predicted to occur at a rate not in
excess of that defined as Extremely Remote (probability less th&mp&0OEngine flight
hour). The estimated probability for individuBhilures may be insufficiently precise to
enable the total rate for Hazardous Engine Effects to be assessed. For Engine
certification, it is acceptable to consider that the intent of this paragraph is achieved if
the probability of a Hazardous Engine Effect agsirom an individuaFailurecan be
predicted to be not greater than ¥per Engine flight hour (see also-ES10(c)).

(4) It mustbe shown that Major Engine Effects are predicted to occur at a rate not in excess
of that defined as Remote (probabilikyss thanl0~ per Engine flight hour).

If significant doubt exists as to the effectskdilures and likely combination dfailures, any
assumption may be required to be verified by test.

It is recognised that the probability &fimary Failures o certain single elements cannot be
sensibly estimated in numerical terms. If tRailureof such elements is likely to result in
Hazardous Engine Effects, reliance must be placed on meeting the prescribed integrity
specificatios of CSE 515 in order to sipport the objective of an Extremely Remote
probability of Failure These instancesiust be stated in the safety analysis as required in
CSE 510(a)(R



(d)

(e)

(f)
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If reliance is placed on a safety system to preveRadureprogressing to cause Hazardous
Engire Effects, the possibility of a safety syst&ailurein combination with a basic Engine
Failuremust be included in the analysis. Such a safety system may include safety devices,
instrumentation, early warning devices, maintenance checks, and other sieqilégpment or
procedures. If items of a safety system are outside the control of the applicant, the
assumptions of the safety analysis with respect to the reliability of these panst be
clearly stated in the analysis and identified in accordance @8& 30.

If the acceptability of the safety analysis is dependent on one or more of the following items,
they mustbe identified in the analysis and appropriately substantiated

(1) Maintenance actions being carried out at stated intervals. This irsldie verification
of the serviceability of items which could fail in a dormant manner. When necessary for
preventing the occurrence of Hazardous Engine Effects at a rate in excess of Extremely
Remote, the maintenance intervals must be published in AlrerorthinessLimitations
Section of thelnstructions forContinued Airworthinessrequired under C& 25. If errors
in maintenance of the Engine, including tlangine Gntrol System, could lead to
Hazardous Engine Effects, appropriate proceduraesst be inclded in the relevant
Engine manuals.

(2) Verification of the satisfactory functioning of safety or other devices atflgybt or
other stated periods. The details of this verification must be published in the
appropriate manual.

(3) The provision of spefit instrumentation not otherwise required.

(4) Flight crew actions. These actionsust be identified in the operating instructions
required under C& 20(d).

If applicable, the safety analysisistalso consider but not be limited the investigationof:
(1) indicating equipment

(2) aircraft-supplied data or electrical powgr

(3) compressor bleed systems

(4) refrigerant injection systems

(5) gas temperature control systems

(6) Engine speed, power or thrust governors and fuel control systems

(7) Engine ovesspeed, oveitemperature or topping limiters

(8) Propeller control systemsind

(9) Engine oiPropeller thrust reversal systems.

For compliance with G, the followind-ailuredefinitions apply to the Engine:

(1) An Engindrailurein which the only consequence is partial or complete loss of thrust or
power (and associated Engine services) from the Engingt be regarded as a Minor
Engine Effect.

(2) The following effectsnustbe regarded as Hazardous Engine Effects:
(i) Noncontainment of highenergy debris

(i) Concentration of toxic products in the Engine bleed air for the cabin sufficient to
incapacitate crew or passengers

(iif) Significant thrust in the opposite direction to that commanded by the pilot
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(iv) Uncontrolled fire

(v) Failure of the Engine mount system leading to inadvertent Engine separation
(vi) Release of th@ropeller by the Engine, if applicable

(vii) Complete inability to shut the Engine down.

(3) An effect falling between those covered@8E 51@g)(1) ad (2)mustbe regarded as a
Major Engine Effect.

[Amdt No: EL]
[Amdt No: EB]

CSE 515 Engine Critical Parts

(See AMC B15

The integrity of the Engine Critical Parts identified undeEG30mustbe established by:

@)

(b)

(©)

An Engineering Plan, the exdicun of which establishes and maintains that the combinations

of loads, material properties, environmental influences and operating conditions, including
the effects of parts influencinthese parameters, are sufficiently well known or predictable,

by valdated analysis, test or service experience, to allach Engine Critical Part to be
withdrawn from service at an Approved Life before Hazardous Engine Effects can occur.
Appropriate Damage Tolerance assessments must be performed to address the potential f
Failure from material, manufacturing and serviteduced anomalies within the Approved

Life of the partThe Approved Life must be published as required HERS (b).

A Manufacturing Plan which identifies the specific manufacturing constraintsseaty to
consistently produce Engine Critical Parts with the Attributes required by the Engineering
Plan.

A Service Management Plan which definesénvice processes for maintenance and repair of
Engine Critical Parts which will maintain Attributemsistent with those required by the
Engineering Plan. These processesst become part of thelnstructions for Gontinued
Airworthiness.

[Amdt No: EL]
[Amdt No: EB]

CSE 520 Strength

@)

(b)

The major rotating components of the Enginmist have adequate sength to withstand

both the thermal and dynamic conditions of normal operation and any excessive thermal or
dynamic conditions that may result from abnormal speeds, abnormal temperatures or
abnormal vibrationloads. In assessing the abnormal conditionsbéoconsidered, account
mustbe taken of theFailureanalysis prescribed in €5510(see AMC E 520(a))

Fixed structure in close proximity to rotating pansist be so arranged that any rub caused
either by

(1) thermal expansion or contraction of garto the extremes of movement within the
operating envelope of the Engiper

(2) movement resulting from likelfFaultconditions of either the fixed or rotating parts, will
occur in a manner not likely to result in a Hazardous Engine Effeen altermtive, a
device giving warning of such unintended movememistbe provided.
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(c) (1) The strength of the Engineust be such that the shedding of compressor or turbine
blades, either singly or in likely combinations, will not result in a Hazardous Hxftgoe
(e.g. as a long term effect in respect of thdsalures which would not be detected by
the declared instrumentation, such as vibration detectors and within the likely
shutdown time for those which would k#etected, and during any continued rotaki
after shutdowr) (see AMC E 520(c)(1))

(2) Validated éta (from analysis or test or bothjiust be established and provided for the
purpose of enabling each aircraft constructor to ascertain the forces that could be
imposed on the aircraft structure andystems as a consequence of @iitbalance
running and during any continued rotation with rotor unbalance after shutdown of the
Engine following the occurrence of blaéailureas demonstrated in compliance with
CSE 810.If the Failure of a shaft, bearimy bearing support or bird strike event, as
required under C& 800, result in higher forces being developed, such Failures must
also be considered, except for bird strike in relation to continuedadftiialance running
(see AMC E 520(c)(2))

(d) Design onsiderationmust be given to avoiding the risk of major rupture of Engine casings
(particularly those which are subjected to high pressure loads) in the event of a-kitale
in the casing or damage to the casing arising, for example, from a tordaing following a
combustion systenfrailure

[Amdt No: EL]
[Amdt No: 2]
[Amdt No: EB]

CSE 525 Continued Rotation
(See AMC EZ5)

LF Fye 2F GKS 9y3aAySQa YIAYy NROGFGAYy3 aeaisSva
for any reason while iflight, and means to prevent that continued rotation, are not provided,

any continued rotation during the maximum period of flight and in the flight conditions expected

to occur with that Engine inoperative must not resuleiffiects that would be unaccégble under
CSE510.

[Amdt No: EL]

CSE 540 Strike and Ingestion of Foreign Matter
(See AMC E 540)

(a) The Enginenust be designed so that the strike and ingestion of foreign matter that is likely
to affect only one Engine iany one flight will not ause any Hazardous Engine Effexss
defined in CE& 510 (g), except that events with a probability of occurrence lower than
Extremely Remote need not be considered.

(b) The Enginenust be designed so that the strike and ingestion of foreign matter thiikédy
to affect more than one Engine in any oflight will not preclude the continued safe flight
and landing of the aircraft as a consequence of a Hazardous Engine Effect or an
unacceptable

(1) Immediate or subsequent loss of performance;
(2) Deteriaation of Engine handling characteristics;

(3) Exceednce of any Engine operating limitation.
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[Amdt No: EL]
[Amdt No: EB]

CSE 560 Fuel System

@)

(b)

(©)

(d)

(e)

(See AMC E 560)

(1) Each fuel specification to be approved, including any additive, and the associated
limitations in flow, temperature and pressure that ensure proper Engine functioning
under all intended operating conditions must be declared and substantiated.

(2) Any parameter of the fuel specification which is likely to adversely affect Engine
functioning or durability must be identified so that, where necessary, Engine or rig
testing using appropriate fuel may be conducted.

(3) The Engine fuel pump must have a margin of capacity over the maximum Engine
demand in the flight envelope consistent with the samed aircraft installation
specificatiors.

(1) Filters, strainers or other equivalent means must be provided to protect the fuel system
from malfunction due to contaminants. These devices must have the capacity to
accommodate any likely quantity ofowtaminants, including water, in relation to
recommended servicing intervals and, if provided, the blockage or bypass indication
system (see also €E5670).

(2) Any main fuel filter or strainer provided between the Engine fuel inlet and any device
having asignificant function for the control of the thrust or powetusthave a means to
permit indication of impending blockage of the filter or strainer either:

(i) To the flight crew or

(i) To the maintenance crew, if it can be shown that the Engine willicoatto
operate normally with the levels of contamination specified, for a period equal to
the inspection interval of the impending blockage indicator.

If a bypass means is provided on any filter or strainemdst be designed such that, if the
filter or strainer element is completely blocked, fuel will continue to flow at an acceptable
rate through the rest of the systenn addition:

(1) The design of the bypasnust be such that, when it is in operation, the previously
collected contaminants in #h filter or strainer will not enter the Engine fuel system
downstream of the filter or strainer.

(2) The design of the fuel systemustbe such that, when the bypass is open, operation on
contaminated fuel does not result in a Hazardous Engine Effect.

(3) If the maintenance action to be taken after bypass operation is different from that
following an indication of impending blockage, then indication of bypass openaticst
be provided.

The fuel systemmust be designed so that any accumulation of likglyantities of water
which may separate from the fuel will not cause Engine malfunctioning.

If icing can occur in the fuel system, continued satisfactory functioning of the Engine in such
circumstances must be ensured without the need for any actionthey flight crew. If
compliance relies upon fuel arting additives or other means incorporated in the aircraft
fuel system, thisnustbe declared under GBS 30 together with a statement of the conditions
which must be met.
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(f) Provisionmustbe made neaeach fuel pressure connection provided for instrumentation so
as to limit the loss of fluid in the event of a pipailure

(g) Design precautions must be taken against the possibility of errors and inadvertent or
unauthorised changes in setting of alef control adjusting means.

[Amdt No: EL]
[Amdt No: E/5]

CSE 570 Oil System
(See AMC E 570)

(@) (1) The design of the oil systemustbe such as to ensure its proper functioning under all
intended flight attitudes, installation, atmospheric and opéngt conditions, including
oil temperature and expansion factors.

(2) There must be design precautions

() to minimise the possibility of incorrect fitment of the closing device of the oil filling
point or any other access point, or to preclude fluid lasshe event of incorrect
fitment; and

(i) to prevent entrance into the oil tank or into any oil tank outlet of any object that
might obstruct the flow of oil through the system

(3) Tank filler caps must be designed to provide an oil tight seal andreesigp that they
will notlooseninflight y R Ydzad 6S YIFIN]J SR gA0GK GKS g2NR

(4) Provisionmustbe made near each oil pressure connection provided for instrumentation
so as to limit the loss of fluid in the event of a plpelure

(b) (1) All partsof the oil system that are not inherently capable of accepting contaminants
likely to be present in the oil or otherwise introduced into the oil systemst be
protected by suitable filter(s) or strainer(s). Theseist provide a degree of filtration
suffident to preclude damage to the Engine and Engine equipment and have adequate
capacity to accommodate contaminants in relation to the specified servicing intervals.

(2) If the most critical main oil filter does not incorporate a bypass, themtust have
provision for appropriate indication to the flight crew of impending blockage.

(c) Each filter or strainer that has a bypass must be constructed and installed so that, if the filter
or strainer element is completely blocked, the oil will flow through the¢ ofgshe system at a
rate which is within the normal operating range of the system. In addition:

(1) the design of any bypassustbe such that, when the bypass is in operation, previously
collected contaminants in the filter or strainer will not enter tligine oil system
downstream of the filter or strainer

(2) indication of bypass operatiomust be provided to permit appropriate maintenance
action to be initiated. This indication need not be provided if the maintenance
instructions require the same don to be taken following an impending blockage
indication of the most critical main oil filter.

(d) The oil system, including the oil tank expansion spawast be adequately vented. All
atmospheric vents in the oil systemust be located, or protected,a minimise ingress of
foreign matter that could affect satisfactory Engine functioning. Ventingtbe so arranged
that condensed water vapour which might freeze and obstruct the line cannot accumulate at
any point.
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(e) (1) Except where the tank, its supgs and all oil system components external to the
Engine casing are Fireproof, a meamsst be provided to shut off the oil supply to the
Engine. The meansust be such that in the event dfailureof any oil system pipe, it
will, when operatedprevent the discharge of hazardous quantities of oil.

(2) When applicable, operation of the shaff meansmust not prevent the utilisation of
any oil supply intended for the Propeller feathering operation.

(f) (1) Each urmoressurised oil tank must not leak whenbgected to the maximum operating
temperature and a differential pressure of 35 kPa.

(2) Each oil tank must have, or have provision for, an oil quantity indicator.
(3) If a Propellefeathering system depends on Engine oll

() there must be means to trapnaamount of oil in the tank if the supply becomes
depleted due toFailureof any part of the lubricating system other than the tank
itself. The amount of trapped oil must be enough to accomplish one feathering
operation taking into account deterioration service, and must be available only
to the feathering pump

(i) provision must be made to prevent sludge or foreign matter from entering the
Propeller feathering system

(iif) the design of the Engine oil systenustbe such that it is possible to comp#ethe
feathering and unfeathering operation under all normal operating conditions.

(@) (1) Each brand and type of oil to be approved, and the associated limitations, must be
declared and substantiated.

(2) Any parameter of the oil specification whicHilely to be critical for Engine functioning
or durability must be identified so that, where necessary, Engine or rig testing using
appropriate oil may be conducted.

[Amdt No: EL]
[Amdt No: EB]

CSE 580 Air Systems

Where bleed air is used to cool tur pressurise areas of the Engjrike functions of which could

be detrimentally affected by the ingress of foreign matter (e.g. sand or dhst}designmust be

such that the passage of foreign matter of unacceptable quantity or unacceptable size is
preduded.

[Amdt No: EL]

CSE 590 Starter Systems

Where the starter is declared as part of the Engine, its design, and that of its associated drive
mechanismmust be such that ovespeeding of the starter, to an extent which could result in a
Hazardous Ernige Effect,cannot occur under anifaultconditions in the Engine which cannot be
classified as Extremely Remote. The possibility of the starter remaining connected, or
subsequently becoming reconnected, to the Engine resulting fronfFaityreof the drive system

must be considered. Where in showing compliance with this paragraph, dependence is placed on
safety provisions to be provided as part of the installation, the need for such provisioside
declared.
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SUBPARET TURBINE ENGINBYPE SUBSTANTION

CSE 600 Testst General

(a) All testsmust be made with air intakes conforming to an acceptable design thasis
representative of the powerplant intakes as is practicable.

(b) All testsmust be made with acceptable representative jet pipes amdpelling nozzles,
except as permitted undeESE 740 (f)(4)(i). The approval of other jet pipes and/or propelling
nozzles for particular installatiomgll be considered individually as necessary.

(c) Unless otherwise requirefbr specific testsany optonal air bleednust be closed during all
relevant tests.

(d) In cases where dirt accumulates within the Engine due to the test house environment, it will
be acceptable to clean the Engine internally at agreed intervals duringritierance test of
CSE 740by an agreed method which does not involve stripping any part of the Engine or
necessitate the removal of the Engine from the test bed.

(e) Engines for Rotorcraft. All testaust normally be made with the Engine mounted in the
attitude in which it will benstalled(see AMC E 600(e))

[Amdt No: EL]
[Amdt No: EB]

CSE 620 Performance Correction
(See AMC E 620)

(@) All performance resultsmust be corrected to the following assumed conditions of
atmospheric pressurand temperature at mean sea level:

(1) Pressurel01325 hPa
(2) Temperature288 K
(3) AtmosphereDry air (if correction is significant).

(b) Correction of HumidityNo correction for humidity of the air suppiypay be made to the
power obtained. Humidity corrections appropriate to high agpheric temperatures, at
altitudes up to 400m must be established, however, for each type of turbine Engine, for
use in the assessment of aircraft performance in these conditions.

[Amdt No: EL]
[Amdt No: EB]

CSE 640 Pressurd_oads
(See AMC E 640)

(a) Static Pressure Loads

It mustbe established by test, validated analysis or combination thereof that all static parts which
are subject to significant gas liquid pressure loads will not, for a stabilised period afinute:

(1) exhibit permanent digortion beyond serviceable limits or exhibit leakage which could
result in a Hazardous Engine Effect when subjected to the greater of the following
pressures:
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() 1.1 times the maximum working pressice
(i) 1.33 times the normal working pressyie
(iii) 35 kPa above the normal working presswaed

(2) exhibit fracture or burst when subjected to the greater of the following pressures:
(i) 1-15 times the maximum possible presswe
(i) 1-5 times the maximum working pressucs
(iii) 35 kPa above #gamaximum possible pressure.

(b) Compliance with GB 640(a)nusttake account af
(1) the operating temperature of the part
(2) any other significant static loads in addition to pressure lgads

(3) minimum properties representative of both the materahd the processes used in the
construction of the partand

(4) any adverse geometry conditions allowed by tigpe design

[Amdt No: EL]
[Amdt No: EB]

CSE 650 Vibration Surveys
(See AMC E 650)

(@) It must be established by test or a combination of tesdavalidated analysis that the
vibration characteristics of all components that may be subject to mechanically or
aerodynamically induced vibratory responses are acceptable throughout the declared flight
envelope.

(b) The vibration surveys must cover the rasgpf power or thrust and rotational speed for each
rotor module, corresponding to operations throughout the range of ambient conditions in
the declared flight envelope, from the minimum rotational speed up to at least the maximum
of:

(1) 103% of the maximunrotational speed permitted for rating periods @ minutes or
longer;

(2) 100% of the maximum rotational speed permitted for rating periods of less than
2 minutes;

(3) 100% of any Maximum Engine Ovagreeds declared under EB30.

(c) If there is any indicationhat a rising response amplitude may lead to peak vibratory stresses
occurring at a speed above the maximum rotational speed established undeg%ixth), the
surveys must be extended sufficiently to reveal the maximum amplitude, except that the
extensionneed not cover more than a further 2 percentage points increase beyond this
speed.

(d) The surveys must also covenet aerodynamic and aeromechanical factors which might
induce or influence flutter in those systems susceptible to that form of vibration.

(e) Evalugions must be made of the effects on vibration characteristics of operating with
scheduled changes (including allowance for tolerances) to variable vane angles, compressor

1-E2



CSE BOOK

bleeds, accessory loading, the most adverse inlet airflow distortion pattern delckrehe
applicant and the most adverse conditions in the exhaust duct(s).

() Except as provided by E$50(g), the vibratory stresses associated with the vibration
characteristics determined under this €850, when combined with the appropriate steady
stresses, must provide suitable margins to the endurance limit of each component, after
making due allowances for operating conditions and for the permitted variations in
properties of the associated materials. The suitability of these stress margins must be
justified for each component. If it is determined that certain operating conditions, or ranges,
need to be limited, operating and installation limitations must be established.

(g) The effects on vibration characteristics of excitation forces caused by Faditioas must
be evaluated and shown not to result in a Hazardous Engine Effect.

(h) Compliance with this GB650 must be substantiated for each specific installation
configuration that can affect the vibration characteristics of the Engine. If these vibratio
effects cannot be fully investigated during Engine certification, the methods by which they
can be evaluated and compliance shown must be substantiated and defined in the Engine
instructions for installation required under £20(d).

[Amdt Na E/1]
[Amdt No: E/4]
[Amdt No: EB]

CSE 660 Fuel Pressure and Temperature
(See AMC E 660)

A substantiatiormust be made to establish the minimum and maximum fuel pressure and fuel
temperature limits to be approved for the Engine. The details of the substantjatibich may
involve rig tests and/or complete Engine testaystbe agreed with the Agency.

[Amdt No: EL]

CSE 670 Contaminated Fuel
(See AMC E 670)

(a) Evidencemust be provided that the complete Engine fuel system is capable of functioning
satisfactaily with fuel containing the maximum quantity of liquid/solid contamination, likely
to be encountered in service, for a period sufficient to ensure that Engine malfunctioning as a
result of this cause will not occur.

(b) The evidencenustprovide assurarethat

(1) The fuel system is not adversely affected by contamination which can pass through any
filtration provided, either immediately or during subsequent running, and

(2) It will be possible for the Engine to complete a period equal to at least half t
maximum flight duration of the aeroplane in which it is likely to be installed, with the
same contaminant level, from the point at which indication of impending filter blockage
is first given.

[Amdt No: FL]
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CSE 680 Inclination and Gyroscopic LoadfE€ts
(See AMC E 680)

It must be demonstratedthat the effects of inclination on Engine running are not seriously
detrimental and that the Engine is designed to withstand the gyroscopic loads resulting from
normal flight manoeuvres.

[Amdt No: EL]

CSE 690 Engine Bleed
(See AMC E 690)

(a) For an Engine having bleed(s) for aircraft and/or Engine uses, the standard &mgjimance
test scheduleof CSE 740must be varied in accordance with this paragraph-EC890(a)
unless the use of the bleed(s) is suldiated by separate test and analysis.

(1) General
(i) Exercise the bleed controls at the end of each stage oétitirance test

(i) Complete any other tests which may be necessary to demonstrate the satisfactory
functioning of the Engine and the blegd

(iii) During the tests 0CSE 690(a8) the Engine rotational speed(s) may be reduced if
necessary when the bleeds are in operation in order to avoid exceeding the
maximum declared jet pipe temperatureseé CSE 740(f)(2))

(2) Calibration Testdnclude a calibration with each bleed in operation separately and one
with all bleeds in operatiors¢e CSE 730)

(3) Endurance Test.

() Run Stages 3, 7, 13, 17 and 23 with the bleed(s) in operation during all the
conditions of running for which they aretémded to be approved for use.

(i) During the four test sequences of €5740(c)(3)(iii), an air bleed extraction need
not be used where it is shown that the validity of the test is not compromised.

(b) Contamination Tests of Bleed Air for Cabin Presgtioisor VentilationThespecificatiors of
this paragraph (b) are applicable where it is desired to declare that compressor bleed air is
suitable for direct use in an aircraft cabin pressurisation or ventilation system.

(1) Tests to determine the purityfdhe air supplymustbe made.

(2) An analysis of defects which could affect the purity of the bleednaist be prepared
and where necessary the defectaistbe simulated and tests, as agreed by the Agency,
must be made to establish the degree of contamiion which is likely to occur. If the
defect under consideration is such that the Engine would be shut down immediately,
the tests required may be modified accordingly.

[Amdt No: EL]
[Amdt No: E/5]

CSE 700 Excess Operating Conditions
(See AMC E 700)

Where any of the operating conditions (e.g. air or gas pressure, thrust, gas temperature)
substantiated elsewhere in thiSubpart could be exceeded in any of the normal and likely
emergency conditions within the flight envelope declared by the Engine amtsty it must be
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established to the satisfaction of the Agency that the most severe conditions likely to occur will
have no unacceptable effects on the Engine.

[Amdt No: EL]
[Amdt No: E/5]

CSE 710 Rotor Locking Tests
(See AMC E 710)

If continued rotaton is prevented by a means to lock the rotor(s), the Engine must be subjected
to a test that includes 25 locking and unlocking operations of this means under the following
conditions: the Engine must be shut down from rated Maximum Continuous thrust/pctiver
means for stopping and locking the rotor(s) must be operated as specified in the Engine operating
instructions while being subjected to the maximum torque that could result from continued flight
in this condition; and following rotor locking, the ar{s) must be held stationary under these
conditions for5 minutes for each of the 25 operations.

[Amdt No: EL]
[Amdt No: E/5]

CSE 720 Continuous Ignition

(a) Where approval of an Engine is sought which permits or requires the use of a continuously
operated ignition system, thepecificatiors of CSE 720(b) together with either €5720(c) or
(d) mustbe met(see AMC E 720(a))

(b) Separate tests as agreed by the Agenuyst be conducted to show that continuous ignition
systems are safe and effectivetire conditions for which their use is permitted or required.

(c) The systemmust be operated during a suitable Engine endurance test for periods
representative of the duration and frequency of operation of the system during likely service
usage, and shodlbe agreed by the Agency for individual cases. Generally, the schadste
include the use of continuous ignition for the maximum duration which is likely to be
achieved in 1000 hours of service operation.

(d) It is acceptable to conduct an equivalenbgramme by appropriate rig testing, where this is
possible, but in this case final confirmation of suitability of the equipment in the Engirse
be obtained by running at least 10 hours (in periods of at leasbét duration) of an Engine
endurance testith the ignition in operation at the appropriate Engine conditions.

[Amdt No: EL]
[Amdt No: EB]

CSE 730 Engine Calibration Test
(See AMC E 730)

In order to identify the Engine thrust or power changes that may occur duringritdlarance test

of CSE 740, thrust or power calibration curves of the test Engmnest be established either by
specific tests accomplished immediately before and after the endurance test or by measurements
obtained during the first and final stages of the endurance, up to ighdst rated powers except

for 30-Second and-Minute OEI Power ratings.

[Amdt No: EL]
[Amdt No: EB]
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CSE 740 Endurance Tests

(a) Thespecificatios of CSE 740mustbe varied and supplemented as necessary to comply with
CSE 690(a), GE 750 andCSE890.

(b) (1) The testmustbe made in the order defined in the appropriate schedule and in suitable
non-stop stages. An alternative schedule may be used if it is agrebée at least as
severe. In the event of a stop occurring during any stage, the stagbe repeated
unless it is considered to be unnecessary. The complete test may need to be repeated if
an excessive number of stops occur.

(2) The time taken in changing power and/or thrust settings during the entirentesst not
be deducted from the mscribed periods at the higher settings.

(3) Throughout each stage of the endurance test, the rotational speadtbe maintained
at, or within agreed limits of, the declared value appropriate to a particular condition.
The determination of the necessargtational speed tolerance will take account of the
Engine speed, test equipment and any other relevant fadisas also G& 740(f)(1)

(4) On turbopropeller Engines, a representative flight Propetfarst be fitted.

(5) The Enginenust be subjected toan agreed extent of prassembly inspection, and a
record must be made of the dimensionthat are liable to change by reason of wear,
distortion and creep. A recorthust also be made of the calibrations and settings of
separately functioning Engine compents and equipment (e.g. the control system,
pumps, actuators, valves).

(c) Schedules
(1) Schedule for Standard Ratings (T-akieand Maximum Continuous)
25 6-hour stages, each stage comprising

Part 1 1 hour of alternate Bminute periods atTakeoff Powea or Thrustand
minimum ground idle, or, foRotorcraft Engines, minimum test bed idle.

Part 2 (A)Stages 1 to 15, each of 30 minutes duration, at Maximum Continuous
Poweror Thrust.

(B) Stages 16 to 25, each of 30 minutes duration, at -d&kower or
Thrust.

For Engines for Aeroplanes. Where Engine rotational speeds between
Maximum Continuous and Takdf may be used in service, e.g. for reduced
thrust takeoff or due to variationsn the ambient temperature, and these
speeds would not be adequatelyvared by other Parts of thendurance

test, then the following Part fhustbe substituted:

(C) Stages 1 to 10, each of 30 minutes duration at Maximum Continuous
Poweror Thrust.

(D) Stages 11 to 15, each of rathutes duration atTakeoff Power or
Thrust

(E) Stages 16 to 25, each of Blhutes duration covering the range in
6 approximately equal speed increments between Maximum Continuous
and Takeoff Poweror Thrust.

Part 3 1 hour and 30 minutes at Maximum Continuous Power hrust.
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Part 4 2 hours ad 30 minutes covering the range in 15 approximately equal speed
increments from Ground Idling up to but not including Maximum
Continuous Poweor Thrust.

Part 5 30 minutes of accelerations and decelerations consisting of 6 cycles from
Ground ldling to Tke-off Poweror Thrust, maintaining Takeff Poweror
Thrust for a period of 36econds, the remaining time being at Ground
Idling.

Schedule for Standard Ratings witk>Minute OEI and/or Continuous OEI Rating
and/or 30Minute OEI Ratingnd/or 30-Minute Powerwhen appropriate).

256-hour stages, each stage comprising

Part 1 1 hour of alternate Bminute periods atTakeoff Power or Thrustand
minimum ground idle, or, foRotorcraft Engines, minimum test bed idle,
except that

(A) In Stages 3t20, in place of two of the-Binute periods at Takeff
Poweror Thrust, run 2% minutes at Takeff Poweror Thrust followed by
2% minutes at Z>Minute OEPoweror Thrust.

(B) In Stages 21 to 25, in place of three of thmibute periods at Takeff
Power or Thrust, run 1minute at Takeoff Poweror Thrust followed by
2minutes at 2~Minute OEI Powepr Thrust and Zninutes at Takeff
Poweror Thrust.

Part 2 (A) Stages 1 to 15, each of 30 minutes duration at Maximum Continuous
Poweror Thrust.

(B) Stages 16 to 25, each of 30 minutes duration at -bik&ower or
Thrust, except that in one stage period of 5 minutes in the middle of a
30-minute periodmustbe run at 2>2Minute OEI Poweor Thrust.

For Engines for Aeroplanes. Where Engine rotati speeds between
Maximum Continuous and Takdf may be used in service, e.g. for reduced
thrust take-off or due to variationsn the ambient temperature, and these
speeds would not be adequately covered by other Parts ofettdurance
test, then the fdlowing Part 2nustbe substituted:

(C) Stages 1 to 15, each of 30 minutes duration at Maximum Continuous
Poweror Thrust.

(D) Stages 16 to 20, each of 30 minutes duration at -bé#k&ower or
Thrust except that in Stage 16 a period of 5 minutes in thddia of the
30-minute periodmustbe run at 22Minute OEI Poweor Thrust.

(E) Stages 21 to 25, each of 30 minutes duration covering the range in six
approximately equal speed increments between Maximum Continuous and
Takeoff Poweror Thrust.

Part 3 (A) ForEngines for Aeroplanes

30 minutes at Maximum Continuous Power Thrust followed byl hour at
Continuous OEI Power Thrust.

(B) For Engines for Rotorcraft

Either for Engines to be approved withContinuous OEI rating) 30 minutes
at Maximum Continuous Power followed bg hour at Continuous OEI
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Power or for Engines to be approved with30-Minute OElrating) 1 hour

at Maximum Continuous Power followed by 30 minutes at
30-Minute OEI Power. A Continuous @&ing and a 3Minute OElrating

at a higher power level can be cleared in the same test, if desired, by
running30 minutes at Maximum Continuous Power followed by 30 minutes
at Continuous OEI Power and then 30 minutes av®@ute OEI Power.

For an Engine to be approved with the-Blinute Power rating, the Engine

must be run for continuous periodsf 30 minutes at the power level and

associated operating limitations of the 30inute Power rating. These

periods must be alternated with periods at Maximum Continuous Power, or

less.The accumiated total additional running time shall be 25 howatsthe

30-Minute Power rating, andi KS G AYS &LISy i-offPbwea G yRI
shall not be counted towards this total.

Part4 2 hours and 30 minutes covering the range in 15 approximately equal
increments from Ground Idling, or, fdRotorcraft Engines, minimum test
bed idle, up to but not including Maximum Continuous Power.

Part 5 30 minutes of accelerations and decelerations consisting of 6 cycles from
Ground Idling, or, foRotorcraft Engines, miniom test bed idle, to Takeff
Power or Thrust, maintaining Takeff Power or Thrust for a period of
30seconds, the remaining time being at Ground Idling, or,Rmtorcraft
Engines, minimum test bed idle.

(i) If only one additional rating is required,eh the periods at the ratinghat is not
required must be run at the poweror thrust level appropriate to the next rating
down the scale.

(i) If a constructor desires an enoute OElrating for 30 minutes only, then the
appropriate FAR 33.87 Schedule nhayused in place of this Schedulighis option
is taken and a 2>Minute OEI Power rating is also desired, then the appropriate
Schedule of FAR 33.87 must be used.

(3) For Engines with 38econd and-Minute OEI Power ratingsee AMC E 740(c)(3))

() If a Continuous OEI Power rating is associated with thBe&fond and -Minute OEI
Power ratings, the following tests must be conducted and must be complemented
by the additional test of GE 740 (c)(3)(iii):

256-hour stages, each stage comprising

Pat 1 1 hour of alternate 5 minute periods at Takdéf Power and minimum test
bed idle.

Part 2 (A) Stages 1 to 15, each of 30 minutes duration at Maximum Continuous
Power.

(B) Stages 16 to 25, each of 30 minutes duration at-dékeower.

Part 3 1 hour at Maximum Continuous Power, followed lyhour at Continuous
OEI Power.

Part 4 2 hours covering the range in 12 approximately equal increments from
minimum test bed idle up to, but not including, Maximum Continuous
Power.
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Part 5 30 minutes of accelerationsnd decelerations consisting of 6 cycles from
minimum test bed idle to Takeff Power, maintaining Takeff Power for a
period of 30 seconds, the remaining time being at minimum test bed idle.

(i) If a 3GMinute OEI Power rating is associated with the®28ond and 2Minute OEI
Power ratings, the following tests must be conducted and must be complemented
by the additional test of CE 740(c)(3)(iii):

25 6-hour stages, each stage comprising:

Part 1: 1 hour of alternate Sminute periods afTakeoff Powerand minimum test
bed idle.

Part 2: (A) Stages 1 to 15, each of 30 minutes duration at Maximum Continuous
Power.

(B) Stages 16 to 25, each of 30 minutes duration at-6éid@ower.

Part 3: 1 hour at Maximum Continuous Power, followed by thirty minutes at 30
Minute OEI Power.

Part 4: 2 hours and30 minutes covering the range in 15 approximately equal
increments from minimum test bed idle to Maximum Continuous Power.

Part 5: 30 minutes of accelerations and decelerations consisting of 6 cycles from
minimum test ked idle to Takeoff power, maintaininglrakeoff Powerfor a
period of 30 seconds, the remaining time being at minimum test bed idle.

(iif) The following test sequence must be performed four times for a total time of not
less than 120 minutes. If a stop ocs during this test, the interrupted sequence
must be repeated unless it is shown that the severity of the test is not reduced if it
were continued:

Part 1: 3 minutes at Takeff Power.
Part 2: 30seconds at 3econd OEI| Power.
Part 3: 2 minutes at 2Minute OE| Power.

Part 4: 5 minutes at whichever is the greatest of, as applicableM3@ute OEI
Power, Continuous OEl Power and Maximum Continuous Power, except
that during the first test sequence this perioghust be 65 minutes.
However, where the greatess the 30Minute OEI Power, thaé5-minute
period must consist 0of30 minutes at 36Minute OEI Power followed by
35 minutes at whichever is the greater of Continuous OEIl Power and
Maximum Continuous Power, as applicable.

Part 5: 1 minute at 50per centof Takeoff Power.
Part 6: 30 seconds at 3(becond OEI Power.
Part 7: 2 minutes at 2Minute OEI Power.
Part 8: 1 minute at flight idle.
(d) Accelerations and Decelerations
(1) During scheduled accelerations and decelerations in Parts 1:and 5

(i) for Aeroplare Engines, the power or thrust control levaust be moved from one
extreme position to the other in a time not greater tharsecond
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(i) for Rotorcraft Engines, the power demamdust be increased to Takeff from the
minimum test bed idle in a time ngreater thanl second.

(2) Observations
(i) Turbine Engines for Aeroplanes.

(A) Readings ofower or Thrust, speed and Exhaust Gas Temperatmest be
recorded at every significant change of Engine conditions. Following
accelerations, the ovemun of speel and temperature above the steady
conditions at Takeff mustbe noted.

(B) Observations of all parameteraust be recorded on first establishing steady
running conditions and thence, during periods of continuous steady running, at
approximately 3@minute intervals.

(C) During cyclic or other running, sufficient observatiomaist be made to
establish thePower or Thrust, speed and temperature conditions of the Engine
whenever significant readings can be taken.

(i) Turbine Engines for Rotorcraft.

Reading®of power, rotational speed, nozzle position and Exhaust Gas Temperature
mustbe taken at idling speed and at the maximum speed obtained on acceleration.
The over run of speed and temperature above the steady conditions at-Gfbke
Powermust be noted. Thes observations are likely to be affected by the types of
instruments used andmust therefore be coupled with this information in the
endurance testeport.

(e) Oil PressureThe whole of theendurance testnustbe run with the oil pressure set to a value

()

which is within the limits declared for Engine acceptance, except that

(1) Stage 22must be run with the pressure set to give that declared as the minimum for
completion of the flight, at Maximum Continuous conditipard

(2) one other staganustbe run with the pressure set to give that declared as the maximum
normal, atMaximumQontinuous conditions. During this stage the oil temperature need
not be held at its maximum value. Alternatively, this test may be omitted from the
endurance testf appropriateevidence is available from other testing.

Operating LimitationsThe normal Engine operating limitations of power, rotational speed,
turbine entry temperature, oil temperature, etc., to be established undet£C8)(d) and
CSE 40(g), will be based dhe mean values obtained during the appropriate periods of the
endurance testincluding, when applicable, the mean values obtained during the applications
of the 30Second and-Minute OEI Power conditions in thet@ur additional endurance test
sequenceof CSE 740(c)(3)(iii).

Similarly, the degrees of compressor and turbine bleed that may be approved are the
percentages of the mass flow which have been demonstrated duringetitkeirance test
except as provided by €£5690(a)(3)(ii).

(1) The characteristis of multispool Engines may be such that it is not possible to obtain
the maximum rotational speed of each spool simultaneously atleesl test bed
conditions, without making the Engine unacceptably stendard, or running it in a
non-representative mnner. In such circumstances, teedurance tesimust be run at
the turbine entry temperatures for which approval is sought, and evidence from
supplementary endurance testing, to a schedule acceptable to the Agemast, be
provided to substantiate the appval of any higher rotational speed limitations desired
(see AMC E 740(f)(1))
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If Stages 3, 7, 13, 17 and 23, with bleed(s) in operation, require the use of a rotational
speed less than the maximum without bleed (as permitted @S0 (a)(1)(iii)xhese
Stages need not be included in the assessment of the mean rotational speed value,
subject to agreement by the Agency.

In the case of Engines incorporating free powebines, if the requisite periods are not
run at the maximum poweturbine torque for which approval is sought, evidence of
additional running will be required. This may be obtained from tests equivalent to the
endurance tesbn a similar Engine, thendurance tesEngine or the relevant parts of it.

In all such additional runninthe appropriate periodamust be run at the maximum
rotational speed for which approval of the maximum torque is required.

Temperatures

() All periods of the test corresponding to a rating to be appronadst be run at the
appropriate maximum declareturbine entry temperature for this rating unless
otherwise agreed. The means of achieving this (e.g. by adjustment of the nozzle
areas, the use of bleedpustbe justified.

(i) In general, essentially the average of the maximum temperatures achieveagduri
the appropriate periods of the test will be utilised to establish the operating
limitations of temperature for the Engine. The average Exhaust Gas Temperatures
will be reduced, however, by the amounts necessary to ensure that the turbine
entry temperatues in flight do not exceed the turbine entry temperatures
established byendurance testat the appropriate rating conditions. During the
accelerations and short periods at Tak& Power, attemptanust be made to run
at maximum temperatures but if, owingp the unstabilised conditions, lower
temperature readings are recorded, these need not be included in calculating the
average.

(i) Engines for Aeroplanes. Where the Engine characteristics are such that an
acceleration from cold produces a transient o¥emperature in excess of that for
steadystate running, a maximum turbine gas temperature limit for acceleration
with a time limitation of 2ninutes may be approved by running at the required
temperature for the first 2ninutes of each prescribed period @akeoff Power
conditions for 5 minutes or more, and for the whole of all theSe@ond periods at
Takeoff Power. Approval for shoferiod transient conditions at 2-Minute OEI
Power will not be considered and any temperature clearance required meist b
demonstrated normally during the 2-Minute OEI periods of thendurance test

(iv) Engines for Rotorcraft. Where the Engine characteristics are such that an
acceleration from cold produces a transient ovemperature in excess of that for
steadystate running, a maximum Exhaust Gas Temperature limit for acceleration
with a time limitation of 2ninutes may be approved by running at the required
temperature for the first 2ninutes of each prescribed period at Tad# Power
conditions in excess ofr@inutes (and for the whole of all the 38cond Takeoff
Power periods forsingle-engined Rotorcraft). Approval for shorperiod transient
conditions at 2~Minute OEI Power will not be considered, and any temperature
clearance required must be demonstrated nally during theendurance test

(v) For all Takeff Poweror Thrust periods of 5 minutes or greater, 5 minutesstbe
run at the maximum oil inlet temperature declared for the condition, with the
remainder of each 3Mninute period at Takeff Poweror Thrust being run at the
normal oil temperature for takeff. If a 10minute Takeoff Poweror Thrustrating
is sought, then 1@ninutes of each 3@ninute period at Tak®ff Poweror Thrust
mustbe run at the maximum oil temperature. For all Maximum ContirsiBower
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or Thrust periods30 minutesmust be run at the maximum olil inlet temperature
declared for the condition, the remainder of eacZhour period at Maximum
Continuous Poweror Thrust being run at the normal oil temperature for
climb/cruise.

(vi) Where necessary to cater for shedtration rise of indicated oil temperature under
service conditions above the maximum established duringetigurance tessuch
higher temperature may be approved as the Maximum Oil Temperature (with an
appropriate time Initation) without additional endurance testing, provided that it
can be demonstrated that

(A) the temperature rise under service conditions is the result of a local increase in
the oil temperature at the temperature sensing position (e.g. as may occur on
reducing power at the top of the climb when fuel is used as the oil cooling
medium}

(B) there is no significant increase in the maximum local temperature of either the
Engine components or the oil in aBygineQritical Part; and

(C) there is no undue detioration of the oil in such circumstances and no adverse
effect on any system using the oil as a working fluid (e.g. Propeller control).

(g) Incremental Periods

(1)

()

3)

(4)

If a significant vibratiomesponseis found to exisbn relevant components in the cose

of establishing compliance with €650at any condition within the operating range of
the Engine (not prohibited under €E56501)), not less than 10 hourgut not exceeding
50%, of the incremental periods of Part 4 of thedurance tesmust be runwith the
rotational speed varied continuously over the range for which vibrations of the largest
amplitude were disclosed by the vibration survey; if there are other ranges of rotational
speed within the operational range of the Engine where approximatiedy same
amplitude exists, a further 10 hoursustbe run in the same way for each such range.
The speed variatiomustbe effected by automatic means using a method acceptable to
the Agencysee AMC E 740(g)(1))

In the case of Engines operating amnstant speed, the thrust and/or power may be
varied in lieu of speed, in Part 4 of the endurance test.

In the case of free poweurbine Engines, the normal operating range of poiabine
speedmust be covered. This may be run concurrently with tlamge of gas generator
speed.

In the case of a free powaurbine Engine for Rotorcraft, 10 minutes of Part 4 in each
stage of theendurance testmust be run at the Maximum Poweurbine Speed for
Autorotation with the gas generator producing the masttical conditions associated
with this flight configuration.

(h) Inspection Checks.

(1)

After completion of the test, the Engirmaust be subject to a strip inspection, and the
dimensions measured in accordance with-E2340(b)(5)must be remeasured and
recorded. The condition of the Engineustbe satisfactory for safe continued operation.
Separately functioning Engine components and equipnnemst be functionally checked
prior to strip to ensure that any changes in function or settings are satisfaétory
normal operation.
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Engines with 3Gecond and -Minute OEI Power ratingsaustbe subjected to a full strip
inspection after completing the additional endurance test of-BEZ80(c)(3)(iii)
(see AMC E 740(h)(2))

() If the Engine was not subject ta strip examination before commencing the
additional endurance test then the strip inspectispecificatiors of CE 740(h)(1)
apply on completion of the test.

(i) If it is proposed to subject the Engine to a strip examination before commencing
the additonal endurance test, the Engine must be reassembled using the same
parts used during the 15Bour test run, except those parts described as
consumable in the Engine documentation.

(iii) After this additional endurance test, the Engine may exhibit detefimnain excess
of that permitted in CE& 740(h)(1), and it is accepted that some Engine parts may
be unsuitable for further use. It must be shown by inspection, analysis and/or test
or by any combinationof these that the structural integrity of the Engines
maintained.

[Amdt No: EL]
[Amdt No: E/4]
[Amdt No: E/5]

CSE 745 Engine Acceleration

(See AMC E 745)

(a) It must be demonstrated, on a test bed, that:

(b)

(1)

(@)

3)

ForAeroplane Engines, theower or Thrust increases to rated Takadf when the power

or thrug control lever is moved in not more thdnsecond from the minimum flight idle
position to the maximum position with the appropriate adverse combination of bleed
air and power extraction to be permitted in the aeroplane, without ctemperature,
surge, &all, or other detrimental factors occurring to the Engine.

ForRotorcraft Engines, the power increases to rated FaKewhen the power demand
is increased from minimum test bed idle to rated TaifEin not more thanl second
with the appropriate aderse combination of bleed air and power extraction to be
permitted in the aircraft, without ovetemperature, surge, stall, or other detrimental
factors occurring to the Engine.

For all Engines, an increase can be made frorf1&8f the ratedTakeoff Power or
thrust, to 95% of the ratedTakeoff Power or thrust in a time not greater than
5seconds.A longer time may be accepted if properly justifiéithis power or thrust
response must occur from a stabilised static condition using only the bleed dir an
accessories loads necessary to run the Engine.

The minimum response time to 96 of the ratedTakeoff Poweror thrust as a result of
moving the power lever of aeroplane Engines in not more thaecond, from minimum
ground idle and from minimum §ht idle positions or, foRotorcraft Engines, increasing the
power demand in not more thah second from the minimum test bed idle condition, starting
from a stabilised conditiormustbe measured under the following Engine load conditions

(1)
(2)
3

No bleed & and power extraction for aircraft use
Maximum allowable bleed air and power extraction for aircraft;use

An intermediate value for bleed air and power extraction representative of that which
might be used as a maximum for aircraft during apgfo# a landing.
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(c) If testing facilities are not available to demonstrate the effects of power extraction required
in CSE 745(b)(2) and (3), thisustbe accomplished through appropriate analytical means.

[Amdt No: EL]
[Amdt No: EB]

CSE 750 Starting Tests

(a) 25 cold starts (i.e. after the Engine has been stopped for not less thaiours) and
10 hot starts (i.e. within 15 minutes of shuttimpwn after the previous runningnust be
specifically made at evenly distributed intervals throughout #émelurance test of G& 740
Time to light up and accelerate to idling conditiongstbe recorded.

(b) 10 False Stag, each followed by a normal start immediately on expiry of the declared
drainage periodmust be made at evenly distributed intervals thrgluiout the endurance
test. Failure to starimust be simulated on these occasions by rendering the ignition circuit
inoperative. Following eachRalseStart, the combustion chambers, air casings, etc., may be
drained, by the normal means provided, of any fudtich may have accumulatetsee
AMC E 750(b))

(c) At the conclusion of thendurance testhe number of startamust be made up to a total
of 1000 ¢ KS [FTRRAGAZ2YLFE adlNla ySOSaalNeE G2 YIS
All attempted startancluding those prescribed in €5750(b)nust count towards the total,
provided that the normal starting cycle is completed.

(d) In the case of a free poweurbine Engine for Rotorcraft, each normal stamust be made
with the free powerturbine lockedand followed by a run at Ground Idling Conditions for
3 minutes with the free poweturbine stationary in order to simulate the operation of the
Engine in thérotorcraft with the rotor system locked.

(e) Full details of all starts made throughout teadurance testmustbe recorded. Times to light
up and accelerate to idling conditionsiust be recorded, together with details of all
attempted starts, and the reasons for aRgilures.

[Amdt No: EL]
[Amdt No: EB]

CSE 770 LowTemperature Starting Tests
(See AMC E 770)

(a) The Enginanust be shown to be capable of satisfactory starting and acceleration from the
appropriate minimum temperatures declared by the constructor, and demonstrated as
indicated in CE& 770(b) and (c). Unless otherwise agreed, the tnapire indicated for
service use should be the oil temperature.

(b) Minimum Engine Carcass/Oil Temperature for StartiBgidencemust be provided that
Engine starting with the Engine carcass and oil at the declared minimum temperature using
the minimum ad maximum starting torques declared for service uséasible and will not
damage the Engine. If a natandard starting procedure is necessary below a certain
temperature, thismust also be established and the relevant detaiisist be quoted in the
Ergine operating instructions, in addition to the standard procedure.

(c) Minimum Oil Temperature for Acceleratidfvidencemustbe provided that, with the Engine
oil at the declared minimum temperature for the selection Tdikeoff Poweror Thrust,
smooth acceleration of the Engine is obtained without Engine damage when the power or
thrust control lever is moved from the ground idle position (minimum test bed idle for
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Rotorcraft Engines) to the position appropriate to ta&#f in a time not greater than
1 second.

[Amdt No: EL]
[Amdt No: EB]

CSE 780 Icing Conditions

(See AMC E 780)

(a) It mustbe established by tests, unless alternative appropriate evidence is available, that the

(b)

©

(@)

€)

()

Engine willfunction satisfactorily when operatethroughout the conditionsof atmospheric

icing (including freezing fog on ground) and falling and blowing snow defined in the turbine
Engin@® air intake system ice protection specifications -283.093(b), C85.1093(b),
CS27.1093(b) or G29.1093(b)) of the Certification Spfcations applicable to the aircraft

on which the Engine is to be installed, as specified & @&(b)without unacceptable

(1) immediate or ultimate reduction ahe Engine performance
(2) increase othe Engine operating temperatures

(3) deterioration ofthe Engine handling characteristiand

(4) mechanical damage.

In showing compliance with the specifications 68E 78@a), all Engine bleedsnd
mechanical power offtakepermitted during icing conditionsnust be set at the level
assumed tobe the most critica] or their effect must be simulated by other acceptable
means It must be established, however, that other likely use of blegdnechanical power
offtake will not lead to Engine malfunctioning.

In showing compliance with thgpecfications of CSE 780, the conditions associated with a
representative installatiomustbe taken into account.

If after the tests it is found that significant damage has occurred, further running or other
evidence may be required to show that subsenuEailures are unlikely to occur.

Where anair intake guard is fitted, compliance with trepecificatiors of CSE 780must be
established with the guard in position, unless the guard is required to be retracted during
icing conditions, in which case linust be established that its retraction is not affected
immediately after a representative delay period.

Ice ingestion

(1) Objective. To demonstrate that the Engine will function satisfactorily following the
ingestion of defined quantities of ices gart of compliance with G5 540. Ingestion of
ice may result from ice released by the Engine air intake (including after delayed
selection of the ice protection system) or from other aircraft surfaces. Compliance with
the requirements of this subparagrh shall be demonstrated by an Engine ice slab
ingestion test or by validated analysis showing equivalence to other means for
demonstrating soft body damage tolerance.

(2) Following the ingestion of ice under the conditions of this paragraph, the Engatle sh
comply with C&E 780(a).

(3) For an Engine that incorporates or requires the use of a protection device, compliance
with this paragraph need not be demonstrated with respect to ice formed forward of
the protection device if it is shown that:

() such ce is of a size that will not pass through the protection device;
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(i) the protection device will withstand the impact of the ice; and

(i) the ice stopped by the protection device will not obstruct the flow of air into the
Engine resulting in unacceptabéffects under G& 780(a).

In establishing the ice slab ingestion conditions, the assumed ice quantity and
dimensions, the ingestion velocity and the Engine operating conditions must be
determined. Those conditions shall be appropriate to the Engaséallation on the
aircraft. These assumptions must be included in the manuals containing instructions for
installing and operating the Engine underE30(d).

[Amdt No: EL]
[Amdt No: E/4]
[Amdt No: EB]

CSE 790 Ingestion of Rain and Hall

(See AMC E90)

(a) All Engines

(1)

()

The ingestionof large hailstones (8 to 09 specific gravity) at the maximum true
airspeed, for altitudes up to 800 metres, associated with a representative aircraft
operating in rough air, with the Engine at Maximum ContiraiBower or Thrust, must
not cause unacceptable mechanical damage or unaccepfRier or Thrust loss after
the ingestion, or require the Engine to be shut down.

Engine tests must be performed as follows, unless it is agreed that alternative evidence
can be used, such as results from other Engine test(s), rig test(s), analysis, or an
appropriate combination of these, provided by the applicant from their experience with
Engines of comparable size, design, construction, performance and handling
characterisics, obtained during development, certification or operation.

Onehalf the number of hailstonesustbe aimed randomly over the inlet face area and
the other half aimed at the critical inlet face area. The hailstanest be ingested in a
rapid sequenced simulate a hailstone encounter and the number and size of the
hailstonesmustbe determined agollows:

(i) one 25millimetre diameter hailstone for Engines withlet throat areas of not
more than 0.0643n?

(i) one 25millimetre diameter and one S5nillimetre diameter hailstone for each
0.0968m? of inlet throat area or fraction thereof, for Engines witimlet throat
areas of more than 0.064%5n2,

In addition to complying with GE 790(a)(1) and except as provided iRECB0(b), it

must be shown hat each Engine is capable of acceptable operation throughout its
specified operating envelope when subjected to sudden encounters with the
certification standard concentrations of rain and hail as defined in Appendix A-Eb CS
Acceptable Engine operatiqorecludes, during any-Blinute continuous period in rain

and during any 3@&econd continuous period in hail, the occurrence of flameout,
rundown, continued or noimecoverable surge or stall, or loss of acceleration and
deceleration capabilitylt must al® be shown after the ingestion that there is no
unacceptable mechanical damage, unacceptable power or thrust loss, or other adverse
Engine anomalie@ee AMC E 790(a)(2))

(b) Engines for RotorcraffAs an alternative to thepecificatios specified in GE 790(a)(2), but
for Rotorcraft turbine Engines only, it must be shown that each Engine is capable of
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acceptable operation during and after the ingestion of rain with an overall ratio of water
droplet flow to airflow, by weight, with a uniform distributicat the inlet plane, of at least

4 per cent AcceptableEngine operation precludes flameout, rundown, continued or-non
recoverable surge or stall, or loss of acceleration and deceleration capability. It must also be
shown after the ingestion that there %0 unacceptable mechanical damage, unacceptable
power loss, or other adverse Engine anomalies. The rain ingestion must occur under the
following static groundevel conditions:

(1) A normal stabilisation period aTakeoff Power without rain ingestion, dllowed
immediately by the suddenly commencing ingestion of rainFeninutes atTakeoff
Power, then

(2) Continuation of the rain ingestion during subsequent rapid deceleration to minimum
idle power; then

(3) Continuation of the rain ingestion during minutes at minimum idle power to be
certified for flight operation; then

(4) Continuation of the rain ingestion during subsequent rapid acceleratiof akeoff
Power.

Engines for Supersonic Aeroplanesaddition to complying with G5 790(a)(1) andajf(2), a
separate test for supersonic aeroplane Engines omigtbe conducted with three hailstones
ingested at supersonic cruise velocity, except as provided otherwise in #s78&(c). The
Engine operating conditions of rotor speed(s), component iltgpdand component
temperatures for this test must be representative of supersonic cruise flight operation. These
hailstonesmustbe aimed at the Engiri critical face area and their ingestion must not cause
unacceptable mechanical damage or unacceptabtedt loss after the ingestion, or require

the Engine to be shut down. The hailstomegstbe ingested in a rapid sequence to simulate

a hailstone encounter and the size of these hailstomesst be determined from the linear
variation in diameter from 25 itimetres at 10 500 metres to 6 millimetres at 18 000 metres
using the diameter corresponding to the lowest expected supersonic cruise altitude.
Alternatively, three larger hailstones may be ingested in a rapid sequence at subsonic
velocities provided itan be shown that such an ingestion is equivalent to the applicable
supersonic ingestion in respect of Engine component loading and strength, the kinetic energy
of hailstones and their depth of penetration into the Engine.

For an Engine that incorpores or requires the use of a protection device, demonstration of
the rain and hail ingestion capabilities of the Engine, as required-iB T®(a), (b) and (c),
may be waived wholly or in part by the Agency if it is shown: that

(1) the subject rain or haitonstituents are of a size that will not pass through the
protection device;

(2) the protection device will withstand the impact of the subject rain or hail constituents;
and

(3) the subject rain or hail constituents stopped by the protection devicenwtilobstruct
the flow of induction air into the Engine resulting in damage, power or thrust loss, or
other adverse Engine anomalies in excess of what would be accepteeE iy @Xa), (b)
and (c).

[Amdt No: FL]
[Amdt No: EB]
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CSE 800 Bird Strike andrgestion
(See AMC BO0O)

(a) Objective Todemonstrate that the Engine will respond in a safe manner following specified
encounters with birds, as part of the compliance withEZS40.

(b)

The demonstration will address the ingestion of large, medium and dindfl, and also the
effect of the impact of such birds upon the front of the Engine.

Single large bird ingestion testn Engine ingestion testustbe carried out using a large bird
as specified below. Alternative evidence may be acceptable as pobvidnder
CSE 800¢)(1).

(1) Test conditions

(i)

(ii)

(iii)

(iv)

v)

The Engine operating conditions must be stabilised prior to ingestion at not less
than 100% of theTakeoff Poweror Thrust at the test day ambient conditions. In
addition, the demonstration of compliana®ust account for Engine operation at
sealevel takeoff conditions on the hottest day that a minimum Engine can achieve
maximum ratedT akeoff Poweror Thrust.

The bird to be used must be of a minimum mass of:

(A) 1-85 kg for Enginialet throat area of less than 1-35%anless a smaller bird is
determined to be a more severe demonstratjon

(B) 2-75 kg for Enginénlet throat ares of less than 3-90 rbut equal to or
greater than 1-35 /f

(C) 3-65 kg for Enginialet throat area equal to or greatethan 3-90m?2,

The bird must be aimed at the most critical exposed location on the first stage rotor
blades.

A bird speed of 200 knots for Engines to be installed on aeroplanes or the
maximum airspeed for normal flight operations for Enginesb® installed on
Rotorcratt.

Power lever movement is not permitted within 15 seconds following the ingestion.

(2) Acceptance criteria
Ingestion of this single large bindustnot result in a Hazardous Engine Effect.

(c) Large flocking birdAn Enginetest using a single bird must be carried out at the conditions
specified below for Engines with an inlet throat area equal to or greater thaim?2.5
Alternative evidence may be acceptable as provided undef 830¢)(1).

(1) Test conditions

(i)

(ii)

The Engie operating conditions must be stabilised prior to ingestion at not less
than the mechanical rotor speed of the first exposed stage(s) that, on an ISA
standard day, would produce 98 of the sedevel static Rated Takaff Thrust.

The bird speednusg be 200 knots.
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(iii) The bird mass must be at least as defined below

Engine InlefThroat Mass of Bird
Area (A) M kg
A<2.50 Not applicable
2.50)KA<3.50 1.85
3.50>)KA<3.90 2.10
3.900KA 2.50

(iv) The bird must be targeted on the first exposed rotating stage(s) at a blerdéod

v)

height of not less than 5%, measured at the leading edge.

The following test schedulmustbe used:

Stepl1 Ingestion followed by 1 minute without power lever movement.
Step 2t 13 minutes at not less than 36 of Rated Takeff Thrust.

Step 3t 2 minutes at a thrust set between 30 and @bof Rated Takeff Thrust.

Step 4t 1 minute at a thrust increaseflom that set in step 3 by between 5 and
10% of Rated Takeff Thrust.

Step 51 2 minutes at a thrust decreased from that set in step 4 by between 5 and
10% of Rated Takeff Thrust.

Step 6t At least 1 minute at ground idle followed by Enggmeitdown

Each specified step durationtise time at the defined step condition§he pwer
lever movement between each step will be 10 seconds oritesiiration except
that power lever movement for settinthe conditions of step 3 will be 30 seconds
or less. Wthin step 2, power lever movements are allowed and are not limited.

Run-on For Large Flocking Bird Rule

Ingestion at N1
equivalent to at least 90%
thrust on ISA day

Thrust increase, minimum 5%,
maximum 10% of rated Take
off Thrust.

Up in 10s, maintain 60 s

No throttle movement
during first minute

100 A
o 1 T At least 50% Rated Thrust to Tprust decrease, ;ninimum
0 P suit applicant. Fully variable 5%, maximum 10% from
Rated b previous level. o
Thrust or "ﬂ Down in 10s, maintain giins
P T e,
Power P NN s
! Decrease to
1 Ground Idle,
50 i down in 10s,
. i ' maintain 60s
n 1
30 o-dfmmmmmmmmmmmmm oo =5 RO St
H h 3m% I oo
" Decrease to Approach, 35% " [ [
" Rated Thrust within 30s to set " N H | Shutdown
Ground i level. Duration Zmins H oo !
e [wTUTFTFMFMTMTALAY——————————~ Tt i b
it N PR | PN | PR | PR
1 13 2 1 2 1
0 Time - minutes 20+ total

(2) Acceptance criteria.
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The test of C& 800(c)(1)(v) must not cause:
T the Engine to be unable to complete the required test schedule
T the Engine to bshut down beforghe end of step 6

T a sustained reduction of thrust to less than % Rated Takeff Thrust during
step I

T aHazardous Engine Effect.

(d) Medium and small birds ingestion test&ngine ingestion tests and analysis with medium
and snall-sized birdsmust be carried out as specified below. Alternative evidence may be
acceptable as provided under €ESB00¢)(1). The smabirds test will not be required if the
prescribed number of medium birds pass into the Engine rotor blades durengnddiun:
bird(s)test.

(1) Test Conditions

() The Engine operating conditions must be stabilised prior to ingestion at not less
than 100% of theTakeoff Poweror Thrust at the test day ambient conditions. In
addition, the demonstration of compliance miuaccount for Engine operation at
sealevel takeoff conditions on the hottest day at which a minimum Engine can
achieve maximum rate@akeoff Poweror Thrust.

(i) The critical ingestion parameterthat affect power loss and damageust be
determined byanalysis or component tests or both. Theystinclude but are not
limited to the effects ofthe bird speed,the critical target location andhe first
stage rotor speed. The critical bird ingestion speedist reflect the most critical
condition within tre range of airspeeds for normal flight operations up4t0 m
(1500 ff) above ground level, but not less thame Vi minimum for Engines to be
installed on aeroplanes.

(iii) Except folRotorcraft Engines, the following test scheduistbe used:
T Perfom an ihgestion to simulate a flock encounter withirsecond
T 2 minutes withoutanypower lever movement
T 3 minutes at 7%%6 of the test conditions of GS800(d)(1)()
T 6 minutes at 6®% of the test conditions of GES800(d)(1)()
T 6 minutes at 4®%6 of the test conditions of GS800(d)(1)()
T 1 minute atapproachidle;
T 2 minutes at 7%%6 of the test conditions of GS800(d)(1)()
T Stabilisehe Engineat idle andthen shutthe Engine down.

These durations are times at the defined conditioe power lever being moved
between each condition in less than 10 seconds.

(iv) ForRotorcraft Engines, the following test scheduteistbe used:
T Perform anmgestion to simulate a flock encounter withirsecond
T 3 minutes at 7%% of the test conditins of C&E 800(d)(1)(j)
T 90 seconds at minimum test bed idle
T 30 seconds at 7% of the test conditions of €EES800(d)(1)(j)
T Stabilisethe Engineat idle andthen shutthe Engine down.
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These durations are times at the defined conditions, the poleeer being moved
between each condition in less than 10 seconds.

v A

(B)

Medium birds The masses and quantities of birds will be determined frtra
secondcolumn of Table A. When only one bird is specified, it must be aimed at
the Engine core primanjdw path; the other critical locations on the Engine
face area must be addressed by appropriate tests or analysis or both.

When two or more birds are specified, the largest must be aimed at the Engine
core primary flow path and a second bird must be ainaédhe most critical
exposed location on the first stage rotor blades. Any remaining birds must be
evenly distributed over the Engine face area.

Small birdsOne 85g bird for each 0-032 fof the inlet throat areaor fraction
thereof with a maximum D16 birds, distributed to take account of any critical
exposed locations on the first stage rotor blades, but otherwise evenly
distributed over the Engine face area.
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TABLE Af CSE 800

Medium (flocking) birds

Engine test

(CSE 800(d)(1))

Additional irtegrity
assessment

(CSE 800(d)(3))

Engineinlet throat area(A)

Number of birds< mass of birds

Numberx mass of birds

m? kg kg

A <0-05 none none
0-05KA < 0-10 1x0-35 none
0-100kKA < 0-20 1x0:45 none
0-200KA < 0-40 2x0-45 none
0-40KA < 0-60 2x0-70 none
0-60)kKA < 1-00 3x0-70 none
1.000kKA < 1-35 4x0-70 none
1.35KA< 1-70 1x1.15+ 3070 1x1.15
1.700kA < 2:10 1x1.15+ 4x0-70 1x1.15
2:10KA < 2-50 1x1.15+ 5<0-70 1x1.15
2:50KA < 2:90 1x1.15+ 6<0-70 1x1.15
2:90XA < 3-90 1x1.15+6<0-70 2x1.15
3-90>KA < 4-50 3x1-15 1x1.15+6x0-70
4-50>KA 4x1.15 1x1.15+6x0-70

(2) Acceptance criterialhe ingestion must not cause:

T more than a sustained 2% poweror thrust loss

T the Engine to be shut down during the test.

(3) In addition, except foRotorcraft Engines, it must be substantiated by appropriate tests
or analysis or both that, when the full first stage rotor assembly is subjected to the
quantity andmass of medium birds frorthe third column of Table A fired at the most
critical locations on the first stage rotor, the effects will not be such as to make the

Engine incapable of complying with the acceptance criteria ¢ 830(d)(2).
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(e) Core Engindlocking bird ingestion testFor turbofan Engines, an ingestion test shall be
performed as follows:

(1)

(@)

3)

A core Engine flocking bird ingestion test shall be performed with one bird, using the
heaviest bird specified in the second column of Table A above gested at a bird
speed of 250 knots, unless it is shown by test or validated analysis that no bird material
will be ingested into the core under the conditions of this subparagraph, in which case
subparagraphs (e)(4), (5) and (6) should be applied. Ryithg ingestion, the Engine
shall be stabilised at the mechanical rotor speed of the first exposed stage or stages
that, on a standard day, would produce the lowest expected power or thrust required
during a climb through 800ft above ground level in r@nue service. The bird must be
targeted on the first exposed rotating stage or stages at the blade aerofoil height
measured at the leading edge that would maximise the bird material that is ingested
into the Engine core.

Ingestion into the Engine core of &ird under the conditions prescribed in
subparagraph (e)(1) shall not cause any of the following:

() A sustained reduction in power or thrust to less thands®f the maximum rated
Takeoff Power or Thrust during the ruon specified under paragrapke)(3)(iii)
below, that cannot be restored only by movement of the power lever.

(i) A sustained reduction in power or thrust to less than flight idle power or thrust
during the ruron segment specified under paragraph (e)(3) below.

(i)  An Engine shutdown ding the required ruron demonstration specified in
paragraph (e)(3) below.

(iv) The conditions specified in paragraphE800(b)(2).
The following test schedule shall be used:
(1) Ingestion followed by 1 minute without any power lever movement.

(i)  Followed by power lever movement to increase the power or thrust to not less
than 50% of the maximum rated Talsdf Power or Thrust, if the initial bird
ingestion resulted in a reduction in power or thrust below that level.

(i)  Followed by 13 minutes at not less th&0% of the maximum rated Taladf
Power or Thrust.

(iv) Followed by 2 minutes at between 30 and %@50f the maximum rated Taladf
Power or Thrust.

(v) Followed by 1 minute with the power or thrust increased by between 5 anth 10
of the maximum rated Takeff Power or Thrust from that set in
subparagraph (e)(3)(iv) of this paragraph.

(vi) Followed by 2 minutes with the power or thrust reduced by between 5 an% 10
of maximum rated Takeff Power or Thrust from that set in
subparagraph (e)(3)(v) of this paragha

(vii) Followed by a minimum of 1 minute at ground idle, then an Engine shutdown. The
durations specified are the times at the defined conditions.

The power lever movement between each condition shall be 10 seconds or less in
duration, except power lever mewments that are allowed within
subparagraph (e)(3)(iii), that are not limited, and those for setting power under
subparagraph (e)(3)(iv), which shall be 30 seconds or less in duration.
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If it is shown by test or analysis that no bird material will be itepgbénto the Engine

core under the conditions of subparagraph (e)(1), then the core Engine ingestion test
shall be performed with one bird, using the heaviest bird specified in the second column
of Table A, and ingested at a bird speed of 200 knots. Rritre ingestion, the Engine
must be stabilised at the mechanical rotor speed of the first exposed stage or stages
that is consistent with a minimum approach idle setting, on a standard daypaof
above ground level. The bird must be targeted on finst exposed rotating stage or
stages at the blade aerofoil height measured at the leading edge that would maximise
the bird material being ingested into the Engine core.

Ingestion into the Engine core of a bird under the conditions prescribed in (e)(g) m
not cause any of the following:

() an Engine shutdown during the required ran demonstration specified in
paragraph (e)(6) below;

(i)  the conditions specified in paragraph-E800(b)(2).
The following test schedule must be used:
(1) Ingestionfollowed by 1 minute without any power lever movement.

(i)  Followed by 2 minutes at between 30 and %@50f the maximum rated Taladf
Power or Thrust.

(i) Followed by 1 minute with the power or thrust increased from that set in
subparagraph (e)(6)(ii), dyetween 5 and 106 of the maximum rated Taladf
Power or Thrust.

(iv) Followed by 2 minutes with the power or thrust reduced from that set in
subparagraph (e)(6)(iii), by between 5 and%®f maximum rated Takeff Power
or Thrust.

(v) Followed by a minimm of 1 minute at ground idle, then an Engine shutdown. The
durations specified are times at the defined conditions.

The power lever movement between each condition shall be 10 seconds or less in
duration, except power lever movements that are allowed withi
subparagraph (e)(6)(iii), that are not limited, and those for setting power under
subparagraph (e)(6)(iv), which shall besg@onds or less in duration.

Applicants must show that no unsafe condition will result if any Engine operating limit is
exceededduring the runon demonstration.

The core Engine flocking bird ingestion test of subparagraph (e) may be combined with
the medium flocking bird test of subparagraph (d), if the climb fan rotor speed
calculated in subparagraph (e)(1) is withifelof the irst stage rotor speed required by
subparagraph (d)(1).

Impact. The impact against the front of the Engine of the largest medium bird required by
CSE 800(d)(2)(v)(A) and of the large bird required lE@BO0(b)(1)(ii) must be evaluated for
compliane with CS&E 540 under the Engine conditions specified for the ingestion tests. The
bird speed must be the critical bird ingestion speed for the critical locations within the range
of airspeeds for normal flight operations up 4560 m ( 500 ff) above groud level, but not

less tharthe Vi» minimum for Engines to be installed on aeroplanes or higher than the speeds
for the ingestion tests.
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The impact evaluation may be carried out separately from the ingestiatuation;however,
any damage resulting from ¢himpact on the front of the Engine must be assessed in relation
to consequential damage on the rotating blades.

(g) General

(1) Engine testsnustbe performed as required under €€800(b), (¢)Xd)and €) unless it is
agreed that alternative evidenceush asfrom Engine tesd, rig tess, analysis or an
appropriate combinationof these may come from thealJLJt A Ol y (i Q &ithS E LIS NA ¢
Engines of comparable size, design, construction, performance and handling
characteristics, obtained during development, tifazation or operation.

(2) The Engine test described in-E800(b)(1), with regard to the single large bird, may be
waived if it can be shown by test or analysis that fpecificatios of CSE 810(a) are
more severe.

(3) Compliance with CBE 800(c),n place of an Engine test, may be shown by:

() incorporating the ruron specificatios of CSE 800(c)(1)(v) into the Engine test
demonstration specified in GES800(b)(1); or

(i) using a component test at the conditions of-E800(b)(1pr (c)(1) subjet to the
following additional conditions:

(A) All componentghat are critical to achieving the ruon criteria of C& 800(c)
are included in the component test; and

(B) The components tested under (A) above are subsequently installed in a
representative Engine for a rumn demonstration in accordance with
CSE 800(c)(1)(v), except that steps 1 and 2 oE@B0(c)(1)(v) are replaced by
a unique 14minute step at a thrust not less than 50 of Rated Takeff Thrust
after the Engine is started and stabdi and

(C) Dynamic effects that would have been experienced during a full Engine test
can be shown to be negligible with respect to meeting #pecificatiors of
CSE 800(c).

(4) Limit exceednces may be permitted to occur during the tests ofE2&0¢), (d)and €).
Any limit exceednce must be recorded and shown to be acceptable unde CS0.

(5) For an Engine that incorporates an inlet protection device, compliance @&th 800
must be established with the device functioning and the Engine amdrowst be
endorsed accordingly.

(6) If compliance with all of thespecificatiors of CS&E 800 is not established, the Engine
approval will be endorsed accordingly by restricting the Engine installations to those
where birds cannot strike the Engine or lgésted by the Engine or adversely restrict
the airflow into the Engine.

(7) An Engine to be installed in a medtigined Rotorcraft does not need to comply with the
medium- or smaltbird specificatios of CS&E 800(d), but the Engine approval will be
endorsed accordingly.

(8) The Enginénlet throat areg as used in CB 800 to determine the bird quantity and
mass,must be establishedand identified as a limitation on the inlet throat area in the
instructions for installation.

[Amdt No: FL]
[Amdt No: EB]
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CSE 810 Compressor and Turbine Blade Failure
(See AMC EI®)

(a) It mustbe demonstrated that any single compressor or turbine blade will be contained after
Failureand that no Hazardous Engine Effect can arise as a result of other Engine damage
likelyto occur before Engine shut down following a bladglure

(b) Where, in theFailureanalysis of G& 510, reliance is placed on the shedding of turbine
blades in order to protect the rotating system in oxsggreed conditions, testfiust be made
to demonstate that

(1) the shedding will occur at a speed which provides a reasonable margin

(i) above the maximum Engine speed to be approved (including the Maximum Engine
Overspeed) and

(i) below the minimum rotor burst speed
(2) no Hazardous Engine Effastlikely to arise as a consequence of the blades shedding.

(c) In addition, for composite fan blades where the release of the fan blade is considered to be
in the Engine flow path:

(1) it must be substantiated that, during the service life of the iBagthe total probability
of the occurrence of a Hazardous Engine Effect defined-i8 &% due to an individual
blade retention system Failure from all possible causes will be Extremely Improbable,
with a calculated probability of Failure of less tH#5° per Engine flight hoyr

(2) it must be substantiated by test or analysis that a lightning strike to the composite fan
blade structure will not prevent the continued safe operation of the affected Engine.

[Amdt No: EL]
[Amdt No: E/5]

CSE 820 Overtorque Test

(a) If approval of a Maximum Engir@vertorque is sought for an Engine incorporating a free
power-turbine, compliance with this paragraph must be demonstrated by test.

(1) The test may be run, if desired, as part of émelurance tesbf CSE 740. Alternatively,
evidence may be provided from tests of a complete Engine or equivalent testing of
individual groups of components.

(2) On conclusion of such tests, the stripped condition of the Engine or individual groups of
componentsmustbe satisfactoy for continued runningsee AMC E 820(a)(2))

(b) The test conditions must be as follows:

(1) A total of 15 minutes run at the Maximum Engi@gertorque to be approved. This may
be done in separate runs, each being of at lead#tMinute duration.

(2) A power turbine rotational speed equal to the highest speed at whichMa&imum
EngineOvertorque can occur in service, but not more than the limit speed of Taftke
or OEl ratings of a duration longer than 2 minutes.

(3) For Engines incorporating a redtion gearbox, a gearbox oil temperature equal to the
maximum temperature at which thé/laximum Engine Overtorque could occur in
service; for other Engines, an oil temperature within the normal operating range.

(4) A turbine entry gas temperature equal thbe maximum steadytate temperature to be
approved for use during periods longer than 20 seconds when operating at conditions
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not associated with 3@econd or Minute OEI Poweratings, unless it can be shown
that other testing provides substantiation tfie temperature effects when considered
in combination with the other parameters identified in-E820(b)(1), (b)(2) and (b)(3).

[Amdt No: EL]
[Amdt No: E/5]

CSE 830 Maximum EngineéDverspeed

@)

(b)

(©)

(d)

If approval of a Maximum Engir@verspeedis soughtfor a rotating system of the Engine, a
test must be undertaken on a complete Engine. Alternatively, test evidence from an Engine
of similar design may be provided.

The test conditions must be as follows:

(1) A total of 15 minutes run at the Maximum EngOverspeedto be approved. This may
be done in separate runs, each being of at least 2.5 minutes duration.

(2) A turbineentry gas temperature equal to the maximum steadgite temperature to be
approved for use during periods longer than 20 secondd aat associated with
30-Second or Minute OEI Powerratings. However, for the shaft system to be
approved, if the maximum ovespeed cannot occur at the maximum turbieatry
temperature, the highest temperature which could occur at the conditionslatimum
EngineOverspeedmustbe used.

(3) The declared maximum operating oil temperature.

On conclusion of such tests, the stripped condition of the Enginet be satisfactory for
continued runningsee AMC E 830(c))

The test may be run, if deed, as part of the endurance test of €S740 provided the
conditions of C& 830(b) are satisfied.

[Amdt No: EL]
[Amdt No: E/5]

CSE 840 Rotor Integrity

@)

(b)

(See AMC E 840)

For each fan, compressor, and turbine rotorniust be established by test, afysis, or
combination thereof, that a rotor which has the most adverse combination of material
properties and dimensional tolerances allowed bytytse designwill not burst when it is
operated in the Engine fd&& minutes at whichever of the conditiongfined in CE 840(b) is
the most critical with respect to the integrity of such a rotor.

However, where that required condition is determined by eitherBEC&10(b)(3) or (b)(4), but

the associated~ailurecondition is of a sudden transient nature, suchlass of load, and it
precludes any further operation of the affected rotor, then the time period of thailure
condition is an acceptable duration for showing compliance by means of an Engine test
provided the required test speeds are achieved. Tesvreowhich do not have the most
adverse combination of material properties and dimensional tolerances must comply at
appropriately adjusted test parameters, e.g. speed, temperature, loads.

When determining the operating conditions applicable to eactorrdor compliance with

CSE 840(a) and (c), each of the following speeds must be evaluated in conjunction with their
associated temperatures and temperature gradients, throughout the E&jinperating
envelope:
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(1) 120% of the maximum permissible ratspeeds associated with any of the ratings
except OEI ratings of less tha#z2ninutes.

(2) 115% of the maximum permissible rotor speeds associated with any OEI ratings of less
than 2%2minutes.

(3) 105% of the highest rotor speed that would result fraither:

() the Failureof the component or system which, in a representative installation of
the Engine, is the most critical with respect to ogpeeding when operating at any
rating condition except OEI ratings of less tharkrainutes or

(i) the Fdlure of any component or system in a representative installation of the
Engine, in combination with any oth&grilureof a component or system that would
not normally be detected during a routine pfight check or during normal flight
operation that ighe most critical with respect to ovespeeding, except as provided
by CS&E 840(c), when operating at any rating condition except OEI ratings of less
than 2%2minutes.

(4) 100% of the highest rotor speed that would result from thailureof the componentor
system which, in a representative installation of the Engine, is the most critical with
respect to oveispeeding when operating at any OEI ratings of less tHaminhutes.

The highest ovespeed which will result from a complete loss of load oturine rotor,

unless it can be shown to be Extremely Remote under the provisions-Bf858, must be
included in the ovespeeds considered under each of-E340(b)(3)(i), (i) and (b)(4),
irrespective of whether it is the result ofFailurewithin the Engine or external to the Engine.

Overspeeds resulting from any other singfeailure must be considered. Oveapeeds
resulting from multipleFailures must also be considered unless they can be shown to be
Extremely Remote.

In addition, for each fancompressor, and turbine rotor, inust be established by test,
analysis, or combinationf these that a rotor which has the most adverse combination of
material properties and dimensional tolerances allowed byty{se designand which is
operated in tke Engine fol5 minutes at 100% of the most critical speed and temperature
conditions resulting from anyFailure or combination of Failures considered under
CSE 840(b)(3) and (b)(4), will meet the acceptance criteria prescribed below in
CSE 840(d)(1) d (d)(2).

However, where thd~ailurecondition is of a sudden transient nature, such as loss of load,
and it precludes any further operation of the affected rotor, the time period of thaiture
condition is an acceptable duration for showing compleabg means of an Engine test.

Test rotors which do not have the most adverse combination of material properties and
dimensional tolerances must comply at appropriately adjusted test parameters, e.g. speed,
temperature, loads.

(1) Growth of the rotor whit it is operating at the applicable conditions must not cause the
Engine to:

(i) catch fire

(i) releasehigh-energy debristhrough the Engin@ casing or result in a hazardous
Failureof the Engin@ casing

(i) generate loads greater than those ultinealoads for which the Engi@mountings
have been designed in compliance withEE$00(b)or

(iv) lose the capability of being shut down.
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(2) After the applicable period of operation, the rotor must not exhibit conditions such as
cracking or distortiorwhich preclude the safe operation of the Engine during any likely
continued operation following such an ovepeed event in service.

[Amdt No: EL]
[Amdt No: E/5]

CSE 850 Compressor, Fan and Turbine Shafts
(See AMC E 850)

(a) Objectives

(1) It mustbe demonstrated thatFailures of the shaft systems will not result in Hazardous
Engine Effects, except as provided iREC&0(a)(3).

(2) It mustbe established that the shaft systems are designed soRhdtres are predicted
to occur at a rate not in exss of that defined as Remote.

(3) If compliance with the objective of €5850(a)(1) is not achieved for certain elements of
a shaft, itmustbe shown thatFailures of these elements are predicted to occur at a rate
not in excess of that defined as ExtregnRemote.

(b) Compliance

(1) NonHazardous Shaft Failures. When it is claimed Halures of the shaft systems will

not result in Hazardous Engine Effects, a test will normally be required to demonstrate
the consequences of these sh&failures unlesdt is agreed that the consequences are
readily predictable.

(2)

Hazardous Shaft Failutem complying with G& 850(a)(3), thé-ailurerate of certain
elements of shaft systems will be accepted as Extremely Remote, if:

(i) the shaft is identified asmaEmine Critical Part and compliance is shown with
CSE 515
and

(i) their material and design features are well understood and are conducive to well
established and validated stressing technigues
and

(i) the surrounding environment of the elements @itered is such that it is accepted
that a shaftFailureowing to this environment can be judged as sufficiently unlikely
that the Failuremode can be discounted. This consideration of the environment
must include complexity of design, corrosion, wear,rafiion, fire, contact with
adjacent components or structure, overheating, and secondary effects from other
Failures or combinations dfailures;
and

(iv) in making the assessment described in-EC850(b)(2)(iii), any assumptions
regarding the Engine indtation are identified and declared in accordance with
CSE 30
and

(v) experience with parts of similar design is assessed and taken into account as
appropriate.

[Amdt No: FL]
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[Amdt No: E/5]

CSE 860 Turbine RotorOvertemperature

(a) The most critial temperature conditions which the turbine rotor(s) can attain in the event of
Failures of the cooling air supplmust be established by analysis and tests, as appropriate.
Failure of individual components of the Engine that can be classified as Extriesralyte
need not be included in the analysis or tests.

(b) Evidence to demonstrate that instrumentation is not required undeteC& (e) may be
obtained from endurance running in an Engine or on rigswhere adequate margins can be
demonstrated, by callation. Where practicable, the duration of endurance running may be
reduced by compensating increases in the test temperature.

CSE 870 Exhaust Ga®vertemperature Test

(a) General

(1) Where the Applicant wishes to establish a Maximum Exhaust Gastéwperature
limit compliancemustbe shown with this paragraph &S870.

(2) The test may be run, if desired, as part of #redurance test of GBE 740 Alternatively,
test evidence may be provided from an Engine of the same type.

(3) On conclusion of théests, the stripped condition of the Engineust be satisfactory for
continued runningsee AMC E 870(a)(3))

(b) Test Conditions

(1) A 15minute period at Maximum Exhaust Gas Otemperaturemustbe run with each
spool of the Engine which could be sfgant to the test, at the maximum speed to be
approved (excluding the Maximum Engine Gspeed (20second)).

(2) Where desired, the test may be made up of separate runs giving a total time of
15minutes, the time of each individual run being no lesst@&-minutes.

[Amdt No: EL]
[Amdt No: E/5]

CSE 880 Testswith Refrigerant Injection for Take&ff and/or 2%2>Minute OEI Power

(a) Engines for RotorcraftThe variation of the tests prescribed in tHisbpart when using
refrigerant injectionmustbe ageed in consultation with the Agency.

(b) Engines for AeroplanesRefrigerant Injection Used to Increase ISA Tadkeand/or
2%Minute OEI Performance. The following variations to the tests prescribed in this
Subpartmustbe made:

(1) Calibration Tests(see C&E 730). Add a calibration with refrigerant injection to
demonstrate that the predictedPower or Thrust output will be achieved at the
conditions demanding maximum refrigerant flow for each ratifthis additional
calibration may be made on a sepagdEngine if desired.

(2) Endurance Tedqsee CSE 740(c)). Run all normal Tab# periods (and/or 2~Minute
OEI if applicable) of Part 1 of each of the stages with refrigerant injection to achieve a
mean refrigerant flow rate of at least 36 of the maxnum, whilst maintaining at least
the minimum declaredPower or Thrust output and maximum declared turbine entry
temperature.
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(3) Accelerationgsee CSE 740(c) and (d)). All the appropriate accelerations of Part 1 of
each of the stagesiwustbe made with rérigerant injection selected.

(4) Idle conditions used for power thrust responsgsee CSE 745).The idle conditions
appropriate to the use of maximum refrigerant injection flow, as well as withowist
be established.

(5) OverspeedTest(see CE 830). TwoOverspeed will need to be declared if the Také
maximum rotational speed with refrigerant injection differs from the Takemaximum
rotational speed without refrigerant injection. Only @verspeedtest with refrigerant
injection need be runf all the critical conditions are more severe with refrigerant
injection, than without. The IBninute Overspeedtest with refrigerant injection need
not be run nonstop, but the duration of the individual periods of running at this
conditionmustbe notless than 3 minutes.

(c) Engines for AeroplaneRefrigerant Injection Used to Restore ISA Tatkend/or 2%2>Minute
OEI Performance at Higher Ambient Temperature. The following variations to the tests
prescribed in thiSubpart Emustbe made:

(1) Caliation Tests(see CS&E 730). Add a calibration with refrigerant injection to
demonstrate that the predictedPower or Thrust will be achieved at the maximum
declared air intake temperature whilst running within the appropriate operating
limitations. This adlitional calibration may be made on a separate Engine if desired.

(2) Endurance Tegtee CSE 740(c)). Run all the Tak# periods of Part 1 of any 10 of the
stages with refrigerant injection to achieve a mean refrigerant flow rate of at lea%t 50
of the maximum, whilst maintaining at least minimum declaRedver or Thrust output
and maximum declared turbine entry temperature. If &Minute OElrating is also
sought then all the Takeff and 2%~Minute OEI periods of Part 1 in stages 3 taviiist
be un as above.

(3) Accelerationgsee C&E 740(c) and (d)). All the appropriate accelerations of Part 1 of
each of the 10 required stagesustbe made with refrigerant injection selected.

(4) Idle conditions used for power or thrust respoifsee CSE 745).The idle conditions
appropriate to the use of maximum refrigerant injection flow, as well as withowist
be established.

(5) Overspeed(see CSE 830). Run either without refrigerant injection at the ambient air
intake temperature or with refrigerant iagtion with the air intake temperature raised
to the highest sedevel temperature at which refrigerant is to be used, depending on
which involves the more severe running conditions. If the test is run with refrigerant
injection, the 15minute period neednot be run nonrstop, but the duration of the
individual periods of running at this conditionust be not less than 3 minutes. The test
may be run, if desired as part of teedurance testAlternatively, test evidence from an
Engine of similar design mag provided.

[Amdt No: E/5]

CSE 890 Thrust Reverser Tests
(See AMC E 890)

(a) Applicability CSE 890 is applicable to thrust reversers intended to be installed on turbine
Engines.

(b) The thrust reversemust be fitted to the Engine for the whole of thendurance testof
CSE740 and a representative control systenustbe used.
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(c) Thrust reversers intended for ground use offilye following specific testaustbe performed
as part of the tests of G5 740:

(1) 150 cycles from an Engine rotational sgan the forward thrust range not greater than
that which will be achieved in a representative aeroplane under typical landing
conditions to the declared maximum reverse thrust conditions, sustaining the maximum
reverse thrust conditions during each cyéte the period for which approval at these
conditions is sought.

(2) 25 cycles from the Engine rotational speed for rated Tafkeonditions to the declared
maximum reverse thrust conditions.

(3) 1 cycle to the declared maximum reverse thrust conditioitem each of ten Engine
rotational speeds in the forward thrust range (except TaKerotational speed and
idling), these speeds being such that the forward thrust range is divided into
approximately equal increments.

(4) 1 cycle to theTakeoff maximum rotational speed from each of 1Speeds in the
declared reverse thrust range, these speeds being such that the reverse thrust range is
divided into approximately equal increments.

(d) Where approval is sought for ground andflight use, in addition to tl tests prescribed
under CSE 890(c), a test of at least 5 hoursust be performed, as part of the tests of
CSE 740,at the maximum reverse thrust conditions declared foiflight use divided into
equal periods each not less than the maximum permittedif-flight use and including at
least 30 operations into reverse thrust.

(e) (1) During the tests of GE 890(c) and (d), the time to complete each scheduled thrust
operationmustbe recorded.

(2) The power control lever movement into reverse thrusiust be initiated from the
conditions indicated in the schedule, reverse thrust being selected in accordance with
the recommended procedure. Immediately the thrust reverser is indicated as being in
the reverse thrust position, the power control leverust be moved from the minimum
idling position with reverse thrust to the position appropriate to the maximum with
reverse thrust in a time not greater than second. During decelerations the power
control levermust be moved from the position appropriate to the cdared maximum
with reverse thrust to the minimum idling position with reverse thrust in a time not
greater than 1 second.

(f) After the completion of the tests specified in-€890(c) and (d), the Engine and the thrust
reverser must comply with thepecfications of CSE 740(h).

(g) Engine testsnustbe performed as required under €£58390(b), (c) and (d) unless it is agreed
that alternative evidence may come from thalJLX A Ol y (i Q &withSHadIABNIF Sy O S
comparable size, design, construction, performarand handling characteristics, obtained
during development, certification or operation, supported by analysis and tests as
appropriate.

[Amdt No: EL]
[Amdt No: E/5]

CSE 900 Propeller Parking Brake

If a Propeller parking brake is providedritistbe operated 100 times during thendurance test
It mustbe applied at the maximum Propeller speed recommended by the Engine constructor.
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CSE 910 Relighting In Flight

The Engine constructenustrecommend an envelope of conditions for Engine relightinggtfl

and must substantiate it by appropriate tests or other evidence. The recommendatiost state

all the conditions applicable, e.g. altitude, air speed, Engine windmilling rotational speed, whether
starter assistance is required, the recommended drill

CSE 920 Overtemperature Test
(See AMC E 920)

For Engines with 38econd and -Minute OEI Power ratings, the Engine must be run for a period
of 4 minutes at the maximum powam rotor speed with the turbine entry gas temperature at
least 19 °C higheahan the 30Second OEI Power rating operating temperature limit. Following
this test, the turbine assembly may exhibit distress beyond the limits for antewgperature
condition provided the Engine is shown by analysis or test or both to maintain #griiyt of the
turbine assembly.

[Amdt No: EL]
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SUBPARF1T TURBINE ENGINENVIRONMENTAL AND OPERATIONAL DESIGN
REQUIREMENTS

CSE 1000 General
(See AMC E 1000)

Compliance with thepecificatiors of C&E 1010 and CE 1020 may be mandatory for Enginpey
certification depending on thepecificatiors referencedunder CS34. Compliance with all or some
of the otherspecificatiors of thisQubpart is optional, at the request of the applicant.

Compliance with thespecificatiors of thisSubpart will be recoréd in notes in the Engine type
certificate data sheet.

[Amdt No: EL]
[Amdt No: EB]

CSE 1010 FuelVenting

The design of a turbine Engine must comply or, whereintigosedspecificatiors are directed at
the aircraft, incorporate provisions enabling thécraft in which it is intended to be installed to
comply with the fuel veting specificatios of CS 34.1

CSE 1020 EngineEmissions
(See AMC E 1020)

It must be demonstrated, by test or analysis or combination thereof, that the Engpedesign
comples with the emissiomspecificatios of CS 34.2n effect at date of Engine certification. The
resulting datamustbe recorded.

[Amdt No: EL]

CSE 1030 Time-Limited Dispatch
(See AMC E 1030)

(a) If approval is sought for dispatch with Faults preserdrinElectronic Engine Control System

(EECS), a tirdemited dispatch (TLD) analysis of the EECS must be carried out to determine

the dispatch and maintenance intervals.
(b) For each dispatchable configuratiaghmust be shown by test or analysis that:
(1) the Engine remains capable of meeting aHECspecifications for:
(i) the operability aspects covered by-ES00(a)CSE 745and CSE 750;
(ii) relight in flight covered by G910

(2) the ability to control the Engine within limits is maintained,;

(3) protection is maintained against Hazardous Engine Effects, if provided solely by the EECS

and shown to be necessary by the safety analyses required @&e50and CSE 510;
(4) ameans is maintained to provide necessary signals to identify EEGS Faul
(5) afurther single Failure in the EECS will not produce a Hazardous Engine Effect;

(6) the Engine continues to meet its certification specifications for external threats;
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(7) the proposed dispatch interval is justified.

(c) The timeweighted average of the Fullup Configuration and all allowable dispatch
configurations with Faults must meet the Loss of Thrust Control/Loss of Power Control
(LOTC/LOPC) rate for the intended application(s).

(d) The periods of time allowed prior to rectification of Faulhust be documented in the
appropriate manual(s).

(e) Provision must be made for any+dispatch configuration to be indicated to the flight crew.

[Amdt No: EL]
[Amdt No: E/5]

CSE 1040 ETOPS
(See AMC 26)

In order to be approved for ETOPS capabilihe engine shall achieve an IFSD rate that is
compatible with the safety target associated to the maximum flight duration and the longest
diversion time for which approval is being sought.

[Amdt No: E3]

CSE 1050 Exposure tovolcanicAoud Hazards
(See AMC E 1050)

(a) The susceptibility of turbine Engine features to the effects of volcanic cloud hazards must be
established.

(b) Information necessary for safe operation must be provided in the relevant documentation.
[Amdt No: E/4]
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CERTIFKTION STANDARD ATMOSPHERIC CONCENTRATIONS OF RAIN AND HAIL

Figure Al, Table Al, Table A2, Table A3 and Table A4 in this Appendix A specify the atmospheric
concentrations and size distributions of rain and hail for establishing certification, in accordance
with the specificatiors of CSEE 790(a)(2). In conducting tests, normally by spraying liquid water to
simulate rain conditions and by delivering hailstones fabricated from ice to simulate hail
conditions, the use of water droplets and hailstones havingpebasizes and distributions of sizes

other than those defined in this Appendix A, or the use of a single size or shape for each water
droplet or hailstone, can be acceptediopidedthe substitution does not reduce the severity of

the test. [Source of dat in Tables Al to A4: Results of the Aerospace Industries Association

CSE BOOK

APPENDIX A

Propulsion Committee Study, Project PC;338une 1990

Note: The unit for altitude has been kept $set(to be consistent with the source of data. This is

compatible with Annex 5 dCAO.
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FIGURE ATl - [Hlustration of Rain and Hail Threats.
Certification concentrations are obtained using Tables Al and A2.

The hail threat below 7,300 feet

and above 29,000 feet is based

on linearly extrapolated data.
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TABLE At CERTIFICATION STANDARD ATMOSPHERIC RAIN CONCENTRATIONS

Altitude (feet) Rain Water Content (RWC)

0
20 000
26 300
32700
39 300
46 000

(grams water/cubic metre air)

200
200
152
108
77
52

RWC values at other altitudes may be determined by linear interpolation.
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TABLE AR CERTIFICATION STANDARD ATMOSPHERIC HAIL CONCENTRATIONS

Altitude (feet) Hail Water Content (HWC)
(grams water/cubic metre air)

0 6-0
7 300 89
8 500 94
10 0@ 9.9
12 000 100
15 000 100
16 000 89
17 700 7-8
19 300 6-6
21 500 56
24 300 4.4
29 000 33
46 000 02

HWC values at other altitudes may be determined by linear interpolation. The hail threat below
7 300 feet and abav 29 000 feet is based on linearly extrapolated data.

TABLE AB CERTIFICATION STANDARD ATMOSPHERIC RAIN DROPLET SIZE DISTRIBUTION

Rain Droplet Diameter (mm) Contribution to total RWC (%)
0 ¢049 0
0-50¢ 099 2.25
1.00¢ 1-49 875
1.50¢ 1.99 1625
2.00¢ 249 1900
2.50¢ 2:99 1775
3-00¢ 349 1350
3-50¢ 399 9.50
4.00¢ 4-49 6-00
4.50¢ 4-99 3-00
5.00¢ 549 2.00
5.50¢ 599 1.25
6-00¢ 649 0-50
6-50¢ 7-00 0-25

TOTAL10000

Median diameter of rain dnalets is 266 mm.

TABLE A4 CERTIFICATION STANDARDOSPHERIC HAILSTONE SIZE DISTRIBUTION

Hailstone Diameter (mm)  Contribution to total HWC (%)
0

0 ¢ 49

50 ¢ 99 17.00
100¢ 149 2500
150¢199 22:50
20.0¢ 249 16:00
250¢ 299 975
300¢ 349 4.75
350¢ 399 2:50
40-0¢ 449 1.50
45.0¢ 499 0-75
50-0¢ 550 0-25

TOTAL10000

Median diameter of hailstones is 16 mm

1-App A2



CSE BOOK 2

EASA Certification Specifications
for
Engines

CSE
Book 2

Acceptable means afompliance



CSE BOOK 2

SUBPARAT GENERAL

In addition to the acceptable means of compliance in Book 2 of these Certification
Specifications, AMQ0 may also provide acceptable means of compliance to the specifications
in Book 1 of this G&.

AMC E 10f) Thrust Reersers

If a thrust reverser is declared as being part of the Engine type design unde2@3), it should
comply with all appropriate G5 specifications and therefore be certificated as part of the Engine.
However, the thrust reverser itself is, in atidn, required to comply with the relevant aircraft
specifications during the certification of the aircraft.

The intent of C& specifications is to give sufficient confidence that the use of the thrust reverser
has no detrimental effects on the Engineeilf, such as flutter in a fan, excessive vibrations or
loads induced in the Engine carcass, etc.

This is addressed mainly under-E850 and CE 890.

If the Engine is intended to be used with a thrust reverser which is not included in the Engine type
dedgn, these G& specifications should nevertheless be addressed for approval of the use of the
Engine with this thrust reverser. If this is not done, then the Engine certification documentation is
endorsed so that the use of the thrust reverser is proleithit

If CSE is complied with by the Engine/thrust reverser combination, the Engine data sheet would
contain a note to the effect that the Engine may be used with the specified thrust reverser.

[Amdt No: EL]

AMC E 20Engine Configuration and Interfaces

(1) The components and equipment listed in the Engine type design (sé&e 20&)) should
include those items necessary for the satisfactory functioning and control of the Engine.

(2) It is not necessary to include any items required to provide-mathanial inputs to the
Engine if the characteristics of these inputs (e.g. voltage, current, timing, fuel, dircantche
clearly specified.

(3) The components or equipment identified under-ES0(c) constitute interfaces for the
purposes of G& 20(d). Theffect of these components or equipment on the Engine should
be considered during the Engine certification, in normal Badurecases (see GS80). The
Engine instructions for installatiorequired under G& 20(d) should clearly specify the need
for such components or equipment to comply with-ESB0(c).

(4) The applicant should give the aircraft manufacturer the information on the assumptions
which were made during the Engine certification and which need to be taken into account
when designing the inatlation (see G& 30). The applicant should ensure, when appropriate
in coordination with the aircraft manufacturer, that Engine design considerations which
might be imposed by the assumed installation certification specifications are taken into
account.For example, all necessary provision should be made in the Engine for the fitment
and operation of at least the mandatory items of equipment prescribed by the use of the
g2NsRoul®r Ay (GKS | aadzySR LI AOFo6ftS I ANDONI Fi
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The Engine ingtictions for installation should include or make reference to installation
interface descriptions, limitations, and specifications for the Engine Control System. For
example, the Electronic Engine Control System (EECS) power specifications and quality,
including interrupt limitations, should be clearly defined for the installer. Another example is
that the impedance and buffering limitations for the signals provided by the EECS for display
and instrumentation, or signals used by the EECS, such as air fiataaition, should be
specified.

The trend toward system integration may lead to EECS that:

T have other control functions integrated within the Engine Control System, such as an
integrated Engine and Propeller Control System

T depend on aircraft reources.

Examples of these aircradupplied resources include recording Rétorcraft OneEngine
Inoperative data and aircraft central computers that perform some or all of the Engine
control functions.

The applicant is responsible for specifying thecsjpeations for the EECS for these aircraft
supplied resources in the Engine instructions for installation and substantiating the adequacy
of those specifications.

The Engine instructions for installation should include a description of all operhtirdes

of the Engine Control System and its functional interface with the aircraft systems including
Backup or Alternate Modes whether dispatchable or not, and including the Propeller when
applicable.

[Amdt No: EL]
[Amdt No: E/5]

AMC E 2(@) PowerAsauranceData for Engineswith One orMore OEIPower Ratings

1)

)

®3)

For Engines having one or more OEI ratings, the applicant should provide in the instructions
for installation the necessary Engine data to support the installer in meeting the power
availabilty specifications of C&7.45f) or CR9.45f).

These data should include the effects of those installation losses that can be defined at the
Engine level. Such installation losses should include customer bleed, customer power
extraction, and others as @popriate, up to and including the highest power rating.

The safety analysis of €€S510 should consider dormaRailures which could lead to nen
availability of the OEI ratings and the results of this review should be part of the data
required under GE 20(f).

The objective of the power availability procedures is to allow the installer to ensure that the
Engine is capable of obtaining and sustaining the OEI ratings within the associated ratings
operating limitations. The required Engine data amemnded to be used for establishing a
procedure for trending of individual Engine performance by the operator. These data should
support maintenance procedures, intervals and standards applicable to the Engine, including
sensors and indicating systems,detect those latent or dormant conditions which are not
detectable through the normal aircraft power assurance procedures (e.g. fuel control
maximum flow capability, turbine section distress), or because the power assurance
procedure will not include a tqpng check to the highest OEI rating power level.

The adequacy of these procedures, intervals and standards should be validated on the basis
of the Engine and Engine systefaluremodes and effects analysis (FMEA) required under
CSE 510. The Engine dai@se should include a thermodynamic model, the experience
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gained during development and certification testing, and the field experience gained with
this Engine type or witkngines of similar design, when applicable.

In order to satisfy the power avability specifications of CG&7/29.45(f) the data required
under C&E 20(f) should enable the installer to establish power assurance procedures in
which the extrapolation of power assurance results can be achieved, from a lower power
check level, up to thénighest OEI rating power. The performance extrapolation may be
accomplished by comparing the performance characteristics with the minimum acceptable
Engine performance in a deteriorated state. The establishment of the minimum acceptable
Engine performanceharacteristic depends on the existence of a reliable database. In a
mature Engine programme, it is possible to use the new production Engine acceptance test
data, Engindo-Engine variation and also testing &ngines prior to overhaul to determine

the effects of deterioration. Thus, an tp-date minimum Engine performance characteristic
can be maintained.

For a completely new Engine design, or a remote derivative of an existing design, it may be
somewhat difficult to establish the initial database. Tlexperience from Engine
development and certification tests should be used. This experience usually includes several
thousand hours of running time to schedules which are expected to be more rigorous than
normal commercial service. The information gatheriedm these tests could provide a
sufficient database for the assessment of-sgrvice Engines, including the rate of
deterioration. The testing oEngines in production will eventually establish Engiod=ngine
variation, but an estimated worst variatioshould be assumed initially, based on the
experience ofngines of the same or similar design.

The applicant should also provide information on methods by which to assure that Engine
limiter settings would not prevent the Engine from reaching the86ond or 2Minute OEI
Power which would be automatically available in compliance witFEG®(f). These limiter
settings may include Engine speed, measured gas temperature and fuel flow. Particular
attention should be given to takeff conditions with a cli-soaked Engine.

[Amdt No: EL]
[Amdt No: EB]

AMC E 25Instructions forContinued Airworthiness

1)

)

®3)

4

The maintenance actions are detmined through certification testing, including, where
applicable, endurance test§verspeedtests,Over-temperature ests, and supplemented by
development testing and service experienceEnfines of the same type or of similar design.
Servicing information should cover maintenance details regarding servicing points,
inspections, adjustments, tests and replacement of poments if required.

The mandatory inspection and maintenance actions considered under258)(1) may also
evolve after entering service, based on the service experience.

Where it is permitted to carry out certain tests with the engines instaltethé aircraft, the
relevant manual(s) should provide information on the way in which minimum installed
performance levels will be verified (if necessary) and related to the statitesehtestbed
ratings approved for the Engine.

The manuals requickunder C&E 25 should include, where applicable, details of the division
of the Engine into modules, giving the nomenclature and clearly defining the boundaries for
each module.

Inspection and maintenance actions for engines having&€tond and -Minute OEI Power
ratings éee CSE 25(b)(2))
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For Engines with 38econd and -Minute OEI Power ratings, théirworthiness
Limitations Section of the Instructions for Continued Airworthiness is required to
prescribe the mandatory podtight inspections ad maintenance actions which are
applicable following the use of either of these two ratings, or both, prior to next flight.

If the 2Minute OEI Power rating time period is extended ti:&inutes, as described in
paragraph (5) of AMC E 40(b), the additib 30Second period is considered as a
derated 30Second OEI Power rating and the maintenance actions prescribed for the
30-Second OEI rating should be used. Alternatively, the applicant may seek approval for
prescribing a different set of inspectionadamaintenance actions for time excestte

of Engine operation at the-Rlinute OEI Power rating if this is appropriately justified and
validated. For instance, if the Engine is essentially the same as one which has a
2 %>Minute OEI rating equivalent to ¢hnew 2Minute OEI rating, then the maintenance
considerations of the 2>Minute OEI rating might also be applicable after use of the
2-Minute OElI rating for up to 2.5 minutes.

If only the accumulated usage time is recorded unde@®(d)(2), the insmtion and
maintenance action prescribed as required byECE(b)(2) should be based on the total
recorded time duration regardless of the number of applications at the ratings used in
one flight.

The 36Second and -Minute OEI ratings were originaligtended to allow brief periods

of operation close to the limits of the Engine design. This may result in component
deterioration beyond serviceable limits so that they would not be suitable for further
use.

The extent to which use of the ratings causenponent damage or life reduction, in
particular the life of Engine Critical Parts, is primarily a function of Engine design
margins, application exposure level and duration, hardware condition prior to use and
operating environment. Because Engine opematiconditions and time recording are
specifications for this rating, the maintenance actions can be related directly to an
actual documented usage level, time and, if applicable, known condition prior to rating
application (hours/cycles/prior rating expas etc.).

Depending on the actual operating parameters such as temperature and time exposure
which are recorded during usage of these ratings in accordance with GXd), it is
possible to predefine a maintenance action and decrement of the remainirg liefore
overhaul or component replacement, based on the type, level and duration of exposure.
If the mandatory maintenance instructions result in no maintenance action, then the
minimum specification would be the interpretation of recorded event data and
documentation of the data in the maintenance log(s). Ths&tructions forContinued
Airworthiness should also include the definition of data to be provided by the operator
on the Engine during service to support the applicant in completing the Engieevioes
evaluation programme

Validation of mandatory postight inspection and maintenance actions.

(i) Under CS40(f), at any time during its service life, the Engisieould be
maintained in a condition which would assure that theS€cond and -Minute OEI
ratings can be attained and sustained. THpecificationhas a bearing on both
power assurance procedures ardstructions for Gontinued Airworthiness. The
mandatory maintenance following the use of-3@cond or Minute OEI rating
should be capble of identifying and correcting any component distress which
could significantly reduce subsequent Engine reliability or prevent the Engine from
achieving or sustaining further application of the OEI ratings.

2-A-4



(ii)

(iii)

CSE BOOK 2

The applicant should provide evidence byderance test results or analysis based
on test data of the endurance tests, and/or with other certification tests and
service experience of similar type and design of engines, to show that the power at
30-Second and -‘Minute OEI ratings is achievable anancbe sustained for the
respective duration at any time between overhauls or major maintenance of the
Engine.

Essential to the establishment of mandatory maintenance instructions is a
thorough knowledge of the potential damage incurred with use of 3@eSecond

and 2Minute OEI ratings and, more importantly, the remaining margin to
componentFailureor reduced Engine performance due to use of these OEI ratings.

The certification procedures for the @&®econd and -Minute OEI ratings emphasise
demonstrding design adequacy by endurance testing and by specific margin tests
for turbine temperature, rotor speeds, etc. An understanding of operating margins
to various Failure modes when operating at the 3Becond and -Minute OEI
ratings is needed for estabhing adequate Instructions for Continued
Airworthiness. TheseFailure modes should be determined and validated by
appropriate methods or experience.

The applicant should undertake the necessary actions, including instructions in
Engine manuals, to ake sure that the operators are aware of the need and
understand the procedures to properly collect and return the information
necessary for the applicant to monitor the adequacy of the prescribed mandatory
maintenance actions.

(d) In-service Engine evaltian programme

(i)

In order to comply with CE 25(b)(2), an iservice Engine evaluation programme
to assure the continued adequacy of thestructions forContinued Airworthiness
and of power availability datahouldbe provided and be approved by the éxgy
prior to certification.

The intent of this programme is to obtain relevant data concerning Engine
hardware condition and power availability at various stages in the life of the Engine
hardware critical to the achievement of the ratings and to compihia data to
corresponding data observed during the certification process that defined the
instructions for continued airworthiness

Differences may exist in hardware condition and power availability characteristics
from in-service engines that have nokgerienced any usage of the -B&cond or
2-Minute OEI ratings versus similar parameters that existed prior to the
2-hour additional endurance test of €E5740(c)(3)(iii).

Similarly, differences may exist in hardware condition and power assurance
characeristics from inservice engines after usage of the-88cond or 2Minute

OEI ratings versus similar parameters observed following 2theur additional
endurance test of GB 740(c)(3)(iii).

Proper definition of thelnstructions forContinued Airworthiness is expected to
have anticipated and accounted for suchservice conditions; this programme
should however, be structured to validate that such -Bervice differences are
properly accounted for. If the data obtained during the execution of the
programme indicates that the iservice differences are not properly accounted for,
then the data from the programme or from additional Engine testing should be
used to modify the instructions as appropriate.
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(i) The inservice Engine evaluation programrakouldinclude some type of service
Engine testing and/or evaluations of service usage of th&&tbnd/2Minute OEI
ratings, although equivalent service Engine test experience on engines of similar
design is acceptable as an alternative. This part of the pnogr@ would consist of
but not be limited to one or more of the following elements:

T Scheduled tests of imervice Engines imposing three applications of 30 seconds
OEI rated power, while either installed in tietorcraft or in an Engine test
cell. For skected representative aged engines, the programme would include
number and frequency of samples, as well as inspection and test specifications.
Such specifications should include the recording of data on the available power
and the identification of the haware condition before and aftethe
30-Second and-Minute OEI rating usage.

T Unscheduled tests of engines of opportunity imposing three applications of
30seconds OEI rated power. The programme may include actions to be taken
when Engines become awble that meet certain predetermined criteria.
Definition of selection criteria for representative aged engines should be
included in the programme. Inspection/test specifications on such engines
should include the recording of data on the available povesrd the
identification of the hardware condition before and aftére 30-Second and
2-Minute OEI rating usage.

T Service usage of 38cond/2Minute OEI rated power. This may include
recorded power available data, post usage power available data andéoitse
of the mandatory maintenance and inspection actions.

T The equivalent service test on engines of similar design is acceptable although
it should be demonstrated as being representative.

The aircraft certification testing of the 3Becond and/or 2Minute OEI ratings could
also provide additional recorded data with respect to available power,-psate
power data and results of hardware maintenance and inspection of the Engine, to
support the programme.

In addition to the tests on engines from servicthe inservice evaluation
programme may also include test evidence from development or certification tests
to reduce, but not eliminate, the required number of engines from service.

During the execution of the igervice evaluation programme, tHastructions for
Gontinued Airworthiness should be modified as necessary, based on the results.
Similarly, if circumstances warrant, the programme itself may be modified, as
additional inservice data become available.

(i) The information or actions needed from the enator to support the irservice
evaluation programme may be prescribed in thieworthinessLimitations Section
of the Instructions forContinued Airworthiness

(5) For an Engine with a 3@inute Power rating, the usage of this rating should be considién
the establishment of instructions for continued airworthiness. Usage limitations, such as the
cumulated time limit for the 3Minute Power rating, should be specified in the appropriate
section of the ICA. Instructions should also be included fomvthese limits are reached.

[Amdt No: FL]
[Amdt No: EB]
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AMC E 30Assumptions

The details required by €ES30 concerning assumptions should normally include information on,
at least, the items listed in Table 1.

TABLE 1
Specifications/References Assunptions
All Engines
Interfaces Applicable aircraft specifications
CSE 20 Flight and ground loads

Aircraft components and equipment not included in the
Engine definition

Attitudes.

Negative g duration

Physical and functional interfaces with the aatt.

Mount flexibility.

Type of aircraft installation

Engine Control System . . . .
9 y Conditions on the interfaces with the aircraft or the

CSE 50
Propellet
Environmental conditions
Instrumentation Instrumentation required and statement of accuracyor |
CSE 60 engines with 3@5econd/2Minute OEI ratings, condition
imposed @ the usage recording system
Strength Ultimate and limit loads

CSE 100 T out—of;_balance IIoads
CSE 520CSE 640 T operating envelope

Fire precautions Reliance placed otie installationof fire-zone partitioning for,
CSE 130 any part of the mounting structure or Engine attachme
points that are not Fireproof.

ElectricaBonding Reliance placed on aircraft provisions for electrical bondin

CSE 135 the Engine.

PropellerFunctioning Propeller system

Tests Levels of the Propeller vibrations

CSE 180

Failure Analysis Installation aspects and the assumptions made with respe

CSE 210CSE 510 any safety system that is required for the Engine and whig
outside the applit y 1 Q& O2y i NRf @

LowTemperature Minimum and maximum starting torque.

Sarting Tests

CSE 380CSE 770
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Turbine Engines

Freedom from surge

Operating envelope, i.e. altitude, temperature, aircraft spee

CSE 500 Permissible intake distortion.
LowCycleFatigue Engine Flight Cycle
CSE 515

ContinuedRotation
CSE 525

Aircraft conditions such as airspeed, flight duration 4
ambient conditions.

FuelSystem Fuel Specifications approved for use. Need for aircraft

CSE 560 anti-ice means or fuel withanti-ice additives. Assumption
made with respect to the maximum levels of contaminatior]
the fuel supplied to the Engine.

Oil System Oil(s) approved for use.

CSE 570

StarterSystems Reliance placed on aircraft provisions for any safetyesyst

CSE 20 GKIFIG Aa 2dziaiARS GKS | LILX AO

Vibration Survey
CSE 650

Intake conditions, exhaust conditions. Propeller or thr
reverser effects.

Contaminatedruel
CSE 670

Duration of flight with contaminated fuel following indicatig
of impending filer blockage, and critical temperature for te
of AMC E 67(paragraph 2.

Inclination and
Gyroscopic
LoadHfects
CSE 680

Flight manoeuvres.

Exces®©perating
Conditions
CSE 700

Operating envelope.

RotorLockingTests
CSE 710

Maximum torque from catinued flight.

Thrust or power
response
CSE 745

Minimum ground idle
Minimum flight idle

Flight envelope

Icing Conditions
CSE 780

Intake conditions and configuration. Aircraft speeds 4
appropriate Engine powers.

Engine ingestion capabilities
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Ingestion ofRain and Aircraft speeds, Engine speeds and altitudes. Intake throat
Hail areat Intake configuration.

CSE 790

Bird strikes Aircraft speeds, Engine speeds and altitudes. Intake throat
CSE 800 areat Intake configuration.

Relightngin Hight Flight relight envelope

CSE 910

Piston Engines

Deicing and anticing Temperature rise provided.
CSE 230

Filters Provision to be made in installation.
CSE 260

VibrationTests Propeller used.
CSE 340

Water Spraylests Installation cbtails.
CSE 430

[Amdt No: EL]
[Amdt No: E/4]
[Amdt No: E/%

AMC E 40Ratings

The Thrust and/or Power ratings to be approved should be adequately justified by the applicant,
using as appropriate the results of the calibration tests-ECI¥50 or G& 730) and ta values
substantiated by the endurance test (ES140 or G& 740) or other means.

[Amdt No:H1]
[Amdt No:E/5]

AMC E 40(b)(3nd (b)(4) 30-Second OER-Minute OEland 3GMinute Power
Ratings

(1) The 3BSecond and -Minute OEI Power ratings are tvggparate ratings. Howevgthey are
associated in a combined structure of 2anutes duration.

(2) The 306Second and -Minute OEI ratings are optional ratings that may be specifically
requested by the applicanandthey are intended for use only for céinuation of the one
flight operation after theFailureof one Engine in mukengined Rotorcraft during takeoff,
climb or landing. The 38econd OEI Power rating provides a short burst of power to
complete the takeoff or to effect a rejected takeff, should an Enginé-ailureoccur at the
critical decision point, so that thRotorcraft can lift clear of any obstruction in the flight path
and climb out or, alternatively, to reject the takdf. Similarly, this rating also provides
adequate power for theRotorcraft to execute a safe landing, or a baulked landing if an
Engine fails at any point down to and including the landing decision point.-Mielze OEI
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Power rating provides a further period of increased power to enable Rhorcraft to
complete theclimb out from takeoff or baulked landing to safe altitude and airspeed.

While the 30Second and -Minute OEIPower ratings were originally conceived as high
power ratings, using the available margins in the Engine design, and followed by a mandatory
Engine overhaul, experience has shown that the manufacturers provide engines with
differing capabilities and different margins. Therefoseme flexibility is possible in defining

the mandatory maintenance actions, provided they are appropriately validatedng
certification éee also AMC E 25)

These ratings have been intended for one usage per flight in an emergency during the take
off or landing phases. Nevertheledise certification specifications have been defined around

the worstcase scenarithat involves the possible use of these ratings three times in one
flight (i.e. the event at takeff, baulked landing and final landing). Whiltevas not initially
intended, it is recognised that tise ratings could also be inadvertently used in some
unexpected, norcritical conditions like an Engirféailurein a Rotorcraft flying at a high

speed cruise. In all cases, the required mandatory maintenance actions apply after any use of
the rating powers.

In some circumstances, the highest power used miyra 2.5minute duration OEI event
might be lower than the 3@econd OEI power bandut still within the certified power band

of the 2Minute OEIPower rating. In this case, it is permissible to extend the use of the
2-Minute OEIlPower rating to a totalduration of 2.5 minutes. However, that additional
30-Scond period will be considereid be a derated 36Second OHPower rating. For the
required mandatory maintenance actions, seeEC&b(b)(2) and AMC E 25.

The 36Second and -Minute OEIPower ratings should account foany deterioration
observed during the applicable portion of the2-hour additional endurance test of
CSE 740(c)(3)(iii).

Any available information from tests of €S740(c)(3)(iii) may be usemlestablish the Engine
characteristis throughout the operating envelopef the Engine In particular, thePower
ratings for the 36Second and -Minute OEI ratings should reflect the rated power
deterioration that is observediuring the pre-2-hour test calibration through and including
the third application of 365econd OEI rated power during the additional endurance test. The
power deterioration through the third application is expected to be the best indicator of the
worst-case power deterioration that could occur during actual usage ofdtiag, and thust
should be reflected in the data given to the aircraft manufacturer to detfir@gperformance
characteristics of the aircraft system. In the evenagiower deteriorationthat exceed 10 %

at the 38Second OEI rating over the coursetlod 2-hour test, the mode of deterioration
should be evaluated to ensure that the availability ofS€cond OEI rated power in service
will not be compromised bgny variability in the amount afeterioration.

ForRr 1 2 NONJ Tl (dzNDA-MBY @YSIAtySESNIPwWA & SRK S nl- LILINE O
developed under static conditions at specified altitudes and temperatures within the
operating limitations established for the Engine, and limited in use for periods of ho more

than 30 minutes.

The 3GMinute Power rating may be set at any level between MaximumGontinuous up to
and including the takeff rating, and may be used for multiple periods of up to 30 minutes
each, at any time between the tal@df and landing phases in any flight.

[Amdt No: FL]
[Amdt No: E3]
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AMC E 40(d)Operating Limitations

The Operating limitations established under-4D§d) should normally include those items listed
below.

(1) General
(@) Environmental conditiondlight envelope)

(b) Maximum declared Engine conditions f&eversible fch Propeller operationsif(
applicable)

(c) Types of Propellers approveid §pplicable)
(d) Equipment approved for use on the Engine
(2) Piston Engines
(@ Maximum Engine rotational speed and power setting for Tafkeonditions.

(b) Maximum Engine rotational speed and power setting for Maximum Continuous
conditions.

(¢ Maximum Engine Ovespeed

(d) Fuel, oil, and Engine coolant specifications, including additives.

(e) Maximum oil inlet temperature(s) (appropriate to each operating dood).
()  Minimum oil inlet temperature for starting.

(@ Minimum oil inlet temperature for acceleration from idle.

(h)  Normal operating oil inlet pressure at Maximum Continuous conditions.

()  Minimum oil inlet pressure for completion of flight at Maxim Continuous
conditions.

() Maximum cylinder temperature (if applicable)
(k)  Minimum cylinder temperature for acceleration from idiédpplicable)
()  Maximum Engine coolant temperatu(ié applicable)
(m) Minimum Engine coolant temperature for ademtion from idle if applicable)
(n) Maximum intake air temperaturef(@pplicable)
(0) MaximumOverspeedand associated time limit.
(p) Normal operating fuel inlet pressure.
(@ Minimum fuel inlet temperature for starting
(N Maximum fuel inlet terperature
(3) Turbine Engines
(@) rpm, indicated turbine gas temperature and time for:
T Takeoff conditions
T Maximum Continuous conditions
T Maximum Contingency conditioni &pplicable)
T Intermediate Contingency conditioni§ &pplicable)

T 30-minute Contingency conditionsf @pplicable)
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(b) Oil brand(s) and type(s).
(c) Fuel specification(s).
(d) Hydraulic fluid specification(sf épplicable)
(e) Inlet air distortion at the Engine inlet.
() Maximum and minimum fuel pressure.
(g) Maximum andminimum fuel temperature.
(h) Maximum indicated oil temperature for:
T Takeoff conditions
T Maximum Continuous conditions
T Contingency conditions
T Transient conditions and associated time limitation(s).
() Minimum indicated oil temperature for stadrtg.
() Minimum indicated oil temperature for acceleration from idle.
(k) Minimum oil pressure for completion of flight at Maximum Continuous conditions.
() Maximum normal oil pressure at Maximum Continuous conditions.
(m) Use of compressor bleed air.
(n) Maximum Power Turbine speed for Autorotation (if applicable).

(o) Maximum Power Turbine torque and maximum rpm at which use of maximum torque is
approved.

(p) Maximum Oveitorque transient and time limit.

(@) Maximum Oveispeed transient(s) and time lib(s) for each applicable operating
condition.

() Maximum Oveitemperature transient and time limit.
(s) Maximum refrigerant flow rate (if applicable).

() Maximum reverse thrust conditions and time limitations (including use in flight
applicable).

(u) Maximum rpm for application of Propeller brake (if applicable)

[Amdt No: EL]
[Amdt No: B5]

AMC E 50Engine Control System
(1) Applicability

CSE 50 is applicable to all types of Engine Control Systems. For instance, these systems might
be hydromechaical or hydromechanical with a limited authority electronic supervisor or
single channel full authority Engine control with hydromechanical fogckr dual channel

full authority Electronic Engine Control System with no baglor any other combination.

The electronic technology may be analogue or digital.

The Engine Control System includ@y system or device that controls, limits or monitors
Engine operation and is necessary for continued airworthiness of the Engine. This includes all
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equipment that isnecessary for controlling the Engine and ensuring safe operation of the
Engine within its limits as specified in-E$%0(a). This implies consideration of all Engine
Control System components including the electronic control unit(s), fuel metering unit(s),
variablegeometry actuators, cables, wires, sensors, etc. The main Engine fuel pump is often
Enginemounted and physically integrated with the fuel metering unit. However, it is not
usually considered part of the Engine Control System.

These specificatia cover the main Engine Control System as well as protection systems
against, for example, ovespeed, ovettorque or overtemperature.

When blade shedding or Engine design related means is used fosjpeed protection, this
would not be considered undeCSE 50 as being part of the Engine Control System, as this
protection is purely mechanical and is designed to work without influence from the Engine
Control System.

Engine monitoring systems are covered by thigcificationwhen they are physically or
functionally integrated with the Engine Control System or they perform functions that affect
Engine safety or are used to effect continugokration or returnto-service decisions. For
instance, lowcycle fatigue (LCF) cyateunters for Engine Critical Rauwould be included

but most trend monitors and devices providing information for maintenance would not.
Where a device is not functionally or physically integrated into the Engine Control System
and does not perform a function that affects Engine safietsthouldstill be considered under
CSE 170.

Objective

The purpose of GB 50 is to set objectives for the general design and functioning of the
Engine Control System and these specifications are not intended to replace or supersede
other specificatins, such as @S 560 for the fuel system. Therefore, individual components

of the Engine Control System, such as alternators, sensors, actuators, should be covered, in
addition, under other G& paragraphs such as-E80or CSE 170Qas appropriate.

ForEECSAMC 201 and AMC 26 provide additional and detailed interpretation of €350
with special consideration to interfaces with the aircraft, and the Propeller when applicable.

Rotorcraft Engines

ForRotorcraft Engine Control Systems that have avpoturbine speed governing mode, the
specification of G50(a)(3) for modulation of Engine power should be interpreted as the
ability to manage power as required to maintain power turbine speed within specified limits.

Integrity

The intent of C& 50€) is to establish Engine Control System integrity specifications
consistent with operational specifications of the various applications. In particular, the
introduction of Electronic Engine Control Systems should provide at least an equivalent level
of sdety and reliability for the Engine as achieved by Engines equipped with
hydromechanical control and protection systems, and magneto systems.

AircraftSupplied Power

Engine Control Systems implemented in hydromechanical technology or technology other
than electrical and electronic technology should inherently be compliant witk G8(h).
However, if the system has functions implemented electrically or electronically that depend
on aircraftsupplied electrical power, the system should be evaluated éongiance with

this rule (seAMC 201 and AMC 268 for relevant interpretation).

Air Signal Lines
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CSE 50(i) covers cases of ingress of foreign matter (e.g. sand, dust, water, or insects) which
could result in blockage of the lines and result in drease effect on Engine operation. For
example, the experience has shown that lines used for measuring the static pressure in the
compressor of turbine Engines could be blocked by frozen water, leading to a loss of power.
Precautions should therefore bekan, such as use of protected openings, filters, drains for
water, heating of the lines to prevent freezing of condensed water. Corrosion effects should
also be addressed.

[Amdt No: EL]
[Amdt No: B5]

AMC E 50(e)Rotor Integrity

The Engine control dews, systems and instruments referred to in-EE%0(e) are usually
provided in modern engines by ovepeed protection and/or circuits which although they may be
provided as independent devices are generally provided as part of the electronic Engine Control
System. One acceptable method for showing compliance withspieificationfor Yeasonable
assuranc@of providing functionality of the protection systems or circuits is to have them
periodically tested by builin test equipment (BITE) or a functionast.

In case of the ovespeed protection system, the BITE test should provide complete test of the
electrical/electronic part of the protection system. The need for inspections or tests of the
mechanical or actuating part of the protection system showdhsed on the results of the safety
analysis for this part.

[Amdt No: EL]
[Amdt No: B5]

AMC E 50(j)Controlst Engines having a 38econd OEI Power Rating

(1) The 306Second OEI rating is intended to provid&aorcraft with a power reserve in the
event of one Engine becoming inoperative. The flight and operating conditions requiring use
of this rating may create a high pilot workload to maintain safe flight. Therefibre
30-Second OEI ratirghouldbe applied and controlled by an automatic meanatthequires
no pilot input or control other than termination command. Once activated, it automatically
controls the 36Second OEPower and prevents the Engine from exceeding its limits,
specified in the Engirg type certificate data sheet and associatgith this rating. Because
the 30-Second OEI rating could already use almost all the available margins in the Engine
design, it is considered that exceeding the limits associated with this rating would likely result
in an EngineFailure which would be unamptable in a critical flight condition with an
already failed Engine.

The required automatic control of the 3Becond OEI power is intended to avoid the need for
monitoring Engine parameters such as output shaft torque or power, output shaft speed, gas
generator speed and gas path temperatures. Such means for automatic control within the
operating limitations should be effective during normal and abnormal operations.

(2) The means required by &ES50(j)) should not prevent the Engine from reaching and
maintaining its rated 365econd OEI Power. See also paragraph (5) of AMC E 20(f).

[Amdt No: FL]
[Amdt No: 5]
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AMC E 60Provision forlnstruments

1)

)

®3)

(4)

Under the specifications of &S 60(a), the Engine manufacturer should define the
instrumentation which isecessary for Engine operation within its limitations and also make
provision for installation of this instrumentation.

In addition to powerplant instrumentation required for aircraft certification, the Engine
safety analysis might show the need for sfieanstrumentation providing information to the
flight crew or maintenance personnel for taking the appropriate actions in order to prevent
the occurrence of &ailureor to mitigate any associated consequences.

Care should also be exercised in setecthe position on the Engine at which a particular
parameter, such as oil pressure, is sensed in order to ensure that the indication is
appropriate for the intended protection of relevant components. For example:

(a) The pickup point on the Engine fothe oil pressure gauge and the low oil pressure
warning device, where applicable, should be suitably chosen with due regard to all
critical components to ensure a satisfactory indication of the oil pressure to the main
Engine bearings.

(b) Unless otherwiseagreed, there should be no relief valve or other component liable to
Failurebetween the oil pressure gauge and warning device connection and the main
Engine bearings. Filters necessary to protect oil jets or metering orifices should be
suitably chosen taeduce the possibility of blockage to a minimum and should be
accessible for periodic inspection.

In complying with G& 60(c), for example, because the inadvertent deployment of a reverser
in-flight is a Hazardous Engine Effect, the thrust reversasition control and position
indicating systems should be separate, such tRatlures which couldaffect the thrust
reverser positionwould not cause loss of the correct flight deck indication of reverser
position.

In complying with CS E 60(d), theeoseding system should only be able to be reset by the
maintenance personnel and not by the flight crew, in order to prevent further Engine
operation without having taken the prescribed mandatory piigiht inspection and
maintenance action.

[Amdt No: EL]
[Amdt No: 5]

AMC E 60(d)Provision forinstruments

1)

)

For the purpose of complying with €%60(d), the 3&econd OEI power level is considered to
be used whenever one or more of the operating limitations applicable to tiirnite OEI
power level ae exceeded. The-Rlinute OEI power level is considered to be used whenever
one or more of the operating limitations applicable to the next lower OEI power rating or
other Engine rating (if applicable) are exceeded.

The required means, provided by themicant or by theRotorcraft manufacturer, are
intended to automatically record the entry into, and the subsequent usage of, the defined
power levels, and to enable the pilot to be automatically alerted of the entry into the power
levels and the correspating impending time expiration and the time expiration point. The
automatic recording should be compatible with the maintenance instructions prescribed for
these ratings. In particular, it should record the number of usages and time of each usage or
accumuated time, including any exceadce of 30Second OEI and/or-Kinute OEI
operating limitations or relevant time limitations. It should also provide a means to alert the
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maintenance personnel that usage and/or excamce of 36Second and/or Minute OEI
power have taken place. See also paragraph (5) of AMC E 40(b) regardingapreeefdthe
2-Minute time limitation at 2Minute OEI power.

(3) The objective is to ensure that the information needed for the mandatory maintenance
actions is available after thase of 36Second and/or 2Minute OEI power, thus avoiding
continued operation of the Engine in a potentially unsafe condition. The overall development
assurance level of the recording and retrieval system should be consistent with this objective.
The devéopment assurance level(s) of the components of the systems used to record usage
and to retrieve the record of the-Rlinute and 30Second OEI powers should be based on
the criticality of the function(s) performed within the recording and retrieval systam a
determined through the system safety analysis required undeE G8(d). The overall system
assurance level can be achieved based on an appropriate combination of system architecture
and component assurance levels.

If the recording and/or retrieval syst is not part of the Engine, the aircraft should still
comply with C&7/29.1305 specifications. The applicant should specify in the instructions for
installation that the objective of this recording/retrieval system is to ensure that the
information neead for the mandatory maintenance actions is available after the use -of 30
Second and/or 2Minute OEI power, thus avoiding continued operation of the Engine in a
potentially unsafe condition and that the overall development assurance level of the
recordingand retrieval system should be consistent with this objective.

(4) The recording systems should only be able to be reset by the maintenance personnel and not
by the flight crew in order to prevent further Engine operation without having taken the
prescribel mandatory posflight inspection and maintenance actions.

(5) An Engine can be approved with -S@cond/2Minute OEIl Powerratings and any
combination of Maximum Engine Ovemrque, Maximum Engine Ovapeed and Maximum
Exhaust Gas Ov@remperature in comliance with C& 820,CSE830, andCSE870. In such
a case, Engine operation above the TaKerating limits but within the limits established
under C&E 820,CSE 830, andCSE 870 need not be considered as usage ofSgzond/
2-Minute OEIl Powerratings if the event was a true owwrque, overspeed or over
temperature event and it can be demonstrated that the recording system is able to
distinguish between

(@ an Engine ovespeed, ovetorque or overtemperature with all Engines operatingnd
(b) use of the 38Second/2Minute OEI Poweratings with one Engine inoperative.

[Amdt No: EL]
[Amdt No: 5]

AMC E 70Castings, Forgings, Welded Structures and Welded Components
(1) Castings

The means of maintaining the required quality of all castingaikhbe established by such
methods as analysis for correct chemical composition, tests of mechanical properties,
microscopic examination, brealp examination, strenty tests, radiographic examination,
etc. While other forms of examination may be adequdt® most parts of castings,
radiographic examination, where practicable, should be carried out on the more highly
stressed portions in order to establish that the foundry technique is satisfactory.

When radiographic examination is called for, this shdutdcontinued until a satisfactory
standard of quality has been established. Subsequent relaxation may be introduced, in
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quantity production, at the Engine construc@®mdiscretion using a system acceptable to the
Agency.

All castings should be subjected dcsuitable flawdetection process. Such processes should
be completed subsequent to any heat treatment.

The drawings of each casting should contain information sufficient to identify the relevant
means of manufacture and quality control, either by detajlithe necessary information, or
guoting the relevant documents. Where necessary, areas of high stress should be identified,
but this may be done by a separate drawing.

No change of foundry (i.e. castings constructor) or significant change of foundryigaehn
should be made without the agreement of the Engine constructor, and such agreement
should involve review of the need for the repetition of certain tests and/or a revision of the
method of quality control.

Forgings

(a) Forgings should be classifiad Class 1, Class 2 or Class 3 parts in accordance with the
following:

T Class 1Those parts thé&ailureof which could hazard the aircraft.
T Clasg: Stressed parts not covered by the terms of Class 1.

T Class 3Unstressed or only lightly stressed fmarnot covered by the terms of
Clasdl.

The means of maintaining the required quality of all forgings should be established by
such methods as analysis for correct chemical composition, tests of mechanical
properties, microscopic examination, fracture exaation, strength tests, radiographic
examination, etc.

On the drawings of Class 1 parts, the direction of grain required should be indicated
clearly in a manner which will ensure that it is brought to the notice of the person
responsible for deciding théorging technique to be adopted. The agreed material
properties should also be identified.

All forgings should be subjected to a suitable crdetection process at an appropriate
stage. Additional craeHletection tests should be made after any subsequéeat
treatment has been completed. Where the level and location of residual stresses in
forged Engine Critical Parts could be significant in relation to the intended loads, and
cannot be assessed by experience on similar designs using similar matedidsging
methods, sufficient physical tests should be carried out to give adequate assurance of
the level of residual stress likely to be present and of freedom from unacceptable
variability.

When radiographic or ultrasonic examination is called for, shisuld be continued until

a satisfactory standard of quality has been established. Subsequent relaxation may be
introduced in quantity production at the Engine constru@odiscretion using a system
acceptable to the Agency.

The drawings of each forginghould contain information sufficient to identify the
relevant means of manufacture (e.g. the optimum fabrication method and sequence to
obtain the desired level of residual stress and the correct grain flow in the finished
forgings) and quality control #ier by detailing the necessary information or quoting the
relevant process control documents.
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The strength of forgings classified as Class 1 or Class 2 parts should be proved to be
satisfactory by calculation, by test, or comparison with a forging ofaimésign already
proved to be satisfactory.

(b) Tests

Each Class 1 and Class 2 forging should normally incorporate one or more projections
which, after heat treatment of the forging, can be used as test piece(s) to establish that
the material qualities bthe forging are satisfactory.

The location(s) and dimensions of the test piece(s) should be decided in consultation
with the forging manufacturer. The forging manufacturer should certify that the test
piece(s) achieve the required material properties.

In cases where the incorporation of test pieces is unpractical, or would adversely affect
the design, the drawing should indicate that such test pieces are not required. In such
cases a suitable technique of sample testing should be agreed.

(c) No change oforging constructor or significant change of forging technique should be
made without the agreement of the Engine constructor and such agreement should
involve review of the need for the repetition of certain tests and/or a revision of the
method of qualiy control.

Welded Structures and Welded Components
Fusion and resistance welds should be classified in accordance with the following:
T Group 1 Those welds thé&ailureor leakage of which could hazard the aircraft.

T Group 2 Highly stressed welds thieailureor leakage of which would not hazard
the aircratft.

T  Group 3All other welds.

The necessary means of maintaining the required quality of all welded structures and
components should be established. This may involve the verification of correatatjm of

the approved preparatory and welding techniques, by destructive and-destructive
inspection of representative test specimens, at prescribed intervals during weld production,
visual inspection of each weld produced, and pressure testing adsy&here applicable,

etc.

All welds should be subjected to a suitable crdekection process at an appropriate stage.
Additional cracldetection tests should be made after any subsequent heat treatment has
been completed.

When radiographic examination called for, this should be continued until a satisfactory
standard of quality has been established. Subsequent relaxation may be introduced in
guantity production at the Engine construc@®rdiscretion using a system acceptable to the
Agency.

The drawing®f each welded structure or component should contain information sufficient
to identify the relevant means of welding to be used and the quality control method either
by detailing the necessary information or quoting the relevant documents.

No significantchange of welding technique should be made without the agreement of the
Engine constructor and such agreement should involve review of the need for a revision of
the method of quality control or even modification approval action.

[Amdt No: FL]
[Amdt No:E/5]
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AMC E 80Equipment

1)

)

The need for additional specifications in the equipment specifications should be determined
when complying with GE 80 or be defined by the applicant on a general basis, for example
to covermore than one aircraft installain.

Consideration of general conditions, such as those of EUROGCHME/EHI CA/DQG60, allows

the certification of equipment in a consistent manner, independent from any installation
consideration. However, additional testing may be required in order tonglg with

CSE 80(b), depereht on the assumed installation conditions. All equipment, including all
electronic units, sensors, harnesses, hydromechanical elements, and any other relevant
elements or units, should be shown to operate properly in theilaed environment.

The manufacturer should consider the applicability of the items listed in the Tables 1 to 4
below, which are provided as a guide.

Documents that provide acceptable test procedures for each item are referenced in the same
table. The manufacturer may define other acceptable appropriate test and analysis
procedures. Compliance is normally demonstrated by test or analysis unless the equipment is
shown to be sufficiently similar to and operates in an environment which is the same or less
severe than previously certified equipment for which similarity is claimed.

The intent and applicability of each item of Tables 1 to 4 are also specified after each table.

The following list of applicable tests or procedures (or their equivalent) is aluepfor
evaluating equipment airworthiness.

(@) General Environmental Conditions

The following environmental conditions should be considered falipment

Table 1

Environmental Conditions ACCEPTABLE TESTS/PROCEDURE

1 High Temperature EUROCAE HE / RTCA/DAGO,
Section 4

or Mil-&5007 paragraph 4.6.2.2.5
2 Low Temperature EUROCAE HZ / RTCA/DQ60,
Section 4

or Mil-&5007 paragraph 4.6.2.2.7
3 Room Temperature EUROCAE HZ / RTCA/DQ60,
Section 4

or Mil-&5007 paragraph 4.6.2.2.6

4 Contaminated Fluids As a reminder.

See relevant CE specificationor fuel/oil/air
specifications

or
Mil-E5007 paragrapl3.73.3.2 Table X

(fuel test only)
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5 Vibration EUROCAE HZ / RTCA/DAQ60,
Section 8

6 Operational shock and cray EUROCAE HZ / RTCA/DQ60,

safety Sectiors 7.2 and 7.3.1

7 Sand and Dust EUROCAE H2 / RTCA/DQ60, Section 14
Category D or MISTB810

8 Fluid Susceptibility EUROCAE HZ / RTCA/DQG6O,
Section 11, Category F

9 Salt Spray EUROCAE HZ / RTCA/DAG0,
Section 14, Category S or MSI'D310

10 Fuel System Icing As a reminder. See E5560(e)

11 Induction Icing As a reminder. See 5230 &CSE 780

12 Fungus EUROCAE HE / RTCA/DA60,
Section 13, Category F

13 Temperature and altitude EUROCABH4 /| RTCA/DQGO,
Section 4

High Temperature

The high temperature demonstration is to verify that the equipment can function
properly in its maximum temperature environment and to identify any damage caused
by exposure to maximum temperature that cddead to equipmentailure Maximum
conditions should take into account ambient, external and internal fluid temperatures to
which the equipment is exposed. Historical specifications can be found H=5007
Paragraph 4.6.2.2.5. EUROCAELEIRTCA/DE60 Section 4 tests have been used to
show compliance.

Low Temperature

The low temperature demonstration is to verify that the equipment can function
properly in its minimum temperature environment and identify any damage caused by
exposure to minimum tempature that could lead to equipmenEailure Minimum
conditions should take into account ambient, external and internal fluid temperatures to
which the equipment is exposed. Historical specifications can be found HE=b007
Paragraph 4.6.2.2.7. EUROEEL4 /RTCA/DE1I60 Section 4 tests have been used to
show compliance.

Room Temperature

The room temperature demonstration is to identify any damage caused by extended
operation at room temperature that could lead to equipmédrdilure EUROCAE 882 /
RTCADO160, Section 4 tests have been used to show compliance. Historical
specifications can also be found in ME5007 Paragraph 4.6.2.2.6. This test may be
combined with the contaminated fluid tests, if applicable.

Contaminated Fluids
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The contaminated fluidlemonstration is to verify that the Engine systems can function
properly in a contaminated fluid environment. This can be achieved either by system
testing or individual item of equipment test/analysis. Refer to the applicable CS
specifications, such &SE 560 for fuel, GE 570 for oil and G5 580(a) for air for more
details. Testing may be combined with the room temperature demonstration.

Vibration

The vibration demonstration is to verify that exposure to the declared vibration
environment does notcause structuralFailures and to verify that the equipment
functions properly when exposed to that vibration. This can be addressed by either a
specific unbalanced Engine test or by equipment test. The equipment may not be
required to be operational duringquipment testing if the applicant can demonstrate by
other means that the equipment operate satisfactorily or do not adversely impact
system operation when subjected to the declared vibration environment. EUROCAE
ED14 / RTCA/DQ60, Section 8 tests arappropriate if the equipment vibration
environment can be correlated to the DIB0 standards.

Operational shock and crash safety

The operational shock demonstration is to verify that exposure to shocks experienced
during normal aircraft operations will laiv the equipment to continue to function
properly. The crash safety demonstration is to verify that exposure to shocks
experienced in crash conditions will not calsalureof the mounting attachment. This
demonstration applies to cases where separatimnthe equipment could lead to a
Hazardous Engine Effect. EUROCAHE4EDRTCA/DQGO, Section 2 and 7.3.1 tests
respectively are appropriate.

Sand and Dust

The sand and dust demonstration is applicable to all equipment that is not
environmentally sealedTesting should be performed according to EUROCAEED
RTCA/D€E160 Sction 12,Category D.

Fluid Susceptibility

The fluid susceptibility demonstration is to verify that the equipment can function
properly after exposure to specified fluids and identifigy damage caused by such
exposure that could lead to equipmeRailure Normally the fluids to be considered are
those likely to be encountered in service, such as fuel, oil, hydraulic fluids, cleaning
solvents, etc. Equipment testing may follow the prdares defined in EUROCAEED
RTCA/DE60 S*ction 11,Category F, paragraph 11.4.1 (Spray Test). At the conclusion of
the test, if the design of the unit allows, the unit under test should be opened and
inspected for entry of the test fluid. If evidemof fluid entry is detected, the applicant
should provide the rationale for accepting the test results based on the criticality of the
guantity and location of the fluid entry point.

Salt Spray

The salt spray demonstration is to verify proper equipmergragion after exposure to

a salt spray environment. For environmentally sealed equipmentspgezificationmay

be substantiated by an analysis that shows that the equipment external materials are
immune to a salt spray environment. Testing may be perfatraecording to EUROCAE
ED14 /| RTCA/DQ60 Sction 14,Category S.

Fuel System Icing
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Fuel system equipment normally substantiate their capability to operate in icing
environment through system test or analysis.

Induction Icing

Equipment exposed to Enginagypath or bleed system icing normally substantiate their
capability to operate in icing environment through an Engine test or analysis.

Fungus

The fungus demonstration is substantiated by test or an analysis which shows that no
materials which support thgrowth of fungus are used in the equipment. Testing may
be performed as defined in EUROCAELERTCA/DEL60, Section 13, Category F
(Fungus Resistance).

Temperature and Altitude

The purpose is to verify by test or an analysis that the equipment opepaeslesign
intent throughout the Engine flight envelope. Testing may be performed as defined in
EUROCAE HIZ/RTCA/D€160, Section 4.

General Environmental Conditions for Electrical/Electronic Equipment.

The following environmental conditions should bonsidered for all electrical/electronic
equipment or equipment with electrical/electronic subcomponents. Additional advisory
material on EMI, HIRF and lightning strikes may be fouddi@ 201 and AMC 2€B.
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Table 2

Electrical ENVIRONMENTAL CDNONS ACCEPTABLE TESTSIEHRORES

General

14 Thermal Cycle EUROCAE B2 / RTCA/DE160,
Section 5

15 Explosion Proofness EUROCAE H3 / RTCA/DQGO,
Section 9

16 Humidity EUROCAE B2 / RTCA/DAQ60,
Section 6 or

MIL-STB810

17 Waterproofness EUROCAE H3 / RTCA/DQGO,
Section 10 or

MIL-STB810 (RAIN)

18 EMI, HIRF & lightning SeeAMC 201 and AMC 28

19 Power Input EUROCAE B2 / RTCA/DA60,
Section 16 and 17

or MIL-STDB704

Thermal Cycle

The thermal cycle demonstration is to demonstrate that isem of equipment will
continue to operate and not fail or be damaged when exposed to temperature cycles
and thermal transients consistent with the declared temperature environment.
Equipment testing may follow the procedures defined in EUROCAE ERTCA/DQ

160, Section 5. If the equipment has electrical subcomponents, testing of the
subcomponents only may be acceptable.

Explosion Proofness

The explosion proof demonstration is to verify that an item of equipment cannot cause
an explosion of flammablduids or vapours. If applicable, explosion proof testing may
be performed as defined in EUROCAELED RTCA/D@Q60, Sction 9 (Explosion
Proofness). Environment | defines equipment mounted in fuel tanks or within fuel
systems. Environment Il is an atmospé in which flammable mixtures can be expected
to occur as the result of ®aultcausing spillage or leaka@e

For installations in a Fire zone, the Fire zone will have extinguishing provisions, so that
the explosion proof test given by Environment II®160D, Sction 9 is adequate.
However, Flammable Fluid Leakage areas may not havexiieguishing provisions or

any of the other safety specifications associated with Fire zones based on the
assumption that there are no ignition sources in these arelm these cases the
explosion proof test given by Environment | of-D&DD,Section 9 may be required for
aircraft installation.

Humidity

The humidity demonstration is to demonstrate that the equipment is not adversely
effected, operationally or structatly, by ingress of moisture. Testing may be performed
according to EUROCAE-ED/ RTCA/DQ60O, Sction 6.
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Waterproofness

The waterproofness demonstration is to verify that the equipment can function properly
after exposure to water and identify any dansagaused by water exposure that could
lead to equipmentFailure Water testing may be performed according to EUROCAE
ED14 / RTCA/DQ60 S*ction 10 Category S. Following the test, if the design of the unit
allows, the unit under test should be opened amtspected for entry of water. If
evidence of water entry is detected, the applicant should provide the rationale for
accepting the test results based on the criticality of the quantity and location of the
water entry point.

Power Input

The power input demostration applies only to electrical/electronic equipment or
equipment with electrical/electronic subcomponents that receive power directly from
the aircraft (e.g. EEC, HMU fuel shutoff solenoid). The purpose of this test is to
demonstrate that such equipant can accommodate the full range of power inputs
declared for the installation. For applicable equipment, thpecification may be
substantiated by the test defined in EUROCAELED RTCA/DAG60, Sctions 16 and

17.

(c) Mechanical Equipment
Other spedications of C& may affect some equipment as follows
Table 3
SUBJECT ACCEPTABLE TESTSIHRORES

20 Proof Pressure CSE 640(a)(1)

21 Burst Pressure CSE 640(a)(2)

22 Pressure Cycling AMC E 515(3)(e)

23 Fire CSE 130 (note: the Engine Control Syste

shouldalso comply with GE 130(e))

The related AMC E 130 and AMC E 640 are therefore relevant.

(d) Specialised Equipment Testing
Table 4
SUBJECT ACCEPTABLE TESTSIHROQRE
24 Overheat for Engine AMC 261 and AMC 268
electronic control
systems

Ovelheat

The purpose of this test or analysis is to verify that the electrical/electronic portions of
the Engine Control System, when subjected to an overheat condition leadiraltoe

will not cause a hazardous Engine effect. See AR 201 and AMC Q-3. If an
overheat test/analysis is not completed, this should be declared as an installation
limitation in the Engindanstructions for installatiorand the possibility of an overheat
should be addressed at aircraft certification.
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The provision of a ®ak link in the drive or the specification of a weak link in the equipment
will normally be an acceptable means of limiting excessive torque. Howéwersome
equipment which might be included under-€20(c) (e.g. a high output electrical generator)

a weak link might not provide an adequate safeguard against damage to the Engine from
overheating and breaklip of the equipment. In such a case other means of disconnect would
need to be provided or specified in order to permit disengagement of the equipnvéht

the Engine running.

Equipment with higkenergy rotors. Compliance with the specifications ofEC&)(d) can be
demonstrated by reference to the four containment categories in Table 5 relating to a
turbine-starter having air or gas supplied from axternal source and specifies the
specifications appropriate to each category. Other equipment will be considered on a similar
basis, using thé-aultanalysis of the whole system to determine the critical speeds which
may result fromFailures.

Table 5
CONAINMENT CATEGORY SECTION SPECIFICATIONS
DEMONSTRATED APPLICABLE (see Table 6)
1. Blade containment only a,b,c,dande

2. Trihub burst within the normal operatinf a, b, ¢ (a reduction of the fatigy
speed (i.e. at the highest permitted spe| scatter factor may be permissible),
without Failureof the system but includin| ande

maximum governor oveswing)

3. Trihub burst at the maximum#o load]
speed, under allFault or combination of
Fault conditions (including those affectir
fluid supply) otker than Extremely Remol
Faultconditions

aandb

4. Enginedriven case if more critical than 3

Hub burst containment at the maximu| aonly
driven speed or the maximum burst speq
whichever is the lesser

Table 6
REFERENCE SPECIFICATION
a Quality cantrol of containment means
b Establishment that drive mechanism will prevent

Engine driving the starter to a dangerous speg
unless such a probability is Extremely Reni
(see CE 590)

o Establishment of Approved Life and quality contrg
rotating Engine Critical Parts (see-E£S15,CSE 70
andCSE 110)

d Integrity test of rotating parts (see €5840)

e Clearance between rotating and fixed p3

(see CE 520(b))
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[Amdt No: EL]
[Amdt No: EB]

AMC E 130FireProtection

(1) Definitions

Drain and Vent Systems: Components which are used to convey unused or
unwanted qiantities of flammable fluid or vapour away
from the Engine.

External Lines, Fittings and

Other Components: Engine parts conveying flammable fluids and which are
external to he main Engine casings, frames and other
major structure. These parts include but are not limited
to fuel or oil tubes, accessory gearbox, pumps, heat
exchangers, valves and Engine fuel control units.

Fire Hazard: (1) The unintentional release or collami of a
hazardous quantity of flammable fluid, vapour or other
materials; or

(2) A Failure or malfunction which results in an
unintentional ignition source within a fire zone; or

(3) The potential for a Hazardous Engine Effect as the
result of exposured a fire.

Fireresistant, Fireproof: The definitions of Wireresistanf2and Pireprooflare
given inCSDefinitions they imply that the functioning
of the part under fire condition should not hazard the
aircraft.

Hazardous quantity: An amount of fluil, vapour or other material which
could sustain a fire of sufficient time and severity to
create damage potentially leading to a Hazardous Engine
Effect. In the absence of a more suitable determination
of a hazardous quantity of flammable fluid, this cam b
assumed to be 0.25 litesor more of fuel (or a quantity
of flammable material of equivalent heat content).

(2) General
(@) Intent

The intent of C& 130 is to give assurance that the design, materials and construction
techniques utilised will minimisené probability of the occurrence, the consequences
and the spread of fire.

(b) Obijectives

With respect to the above intent, the primary objectives aret@lyontain, isolate and
withstand a fire or prevent any sources of flammable material or air frondifeean
existing fire and (2) increase the probability that the Engine Control System and
accessories will permit a safe shutdown of the Engine or feathering of the Propeller (if
the Propeller control system is part of the Engine design) and subsequaathtain

that condition.

(c) Determination of level of fire protection
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CSE 130(b) requires that all flammable fluid conveying parts or components be at least
Fireresistant, whereas G5 130(c) requires flammable fluid tanks and associated
shutoff meansto be Fireproof. It should then be determined which level of fire
protection should be shown for each component requiring a fire protection evaluation.

The 5minute exposure which is associated with\Rireresistanf)status provides a
reasonable time péod for the flight crew to recognise a fire condition, shut down the
appropriate Engine and close the appropriate fuel shutoff valve(s). This cuts off the
source of fuel.

Oil system components of turbine Engines, however, may continue to flow oil after th
Engine has been shut down because of continued rotation. The supply of oil to the fire
might exist for as long as the continued rotation effects are present or until the oil
supply is depleted.

According to these assumptions, in general, components wdocley flammable fluids
can be evaluated to &re-resistant standard provided the normalpply of flammable
fluid is stoppedy a shutoff featurdseealsoCSE 570€)(1)).

Oil system components may need to be evaluated from the standpoint of firerthaza
(quantity, pressure, flow rate, etc.) to determine whethBre-resistant orFreproof
standards should apply. It should be noted that, historically, most oil system
components have been evaluated tddeeproof standard.

Other flammable fluid conveyingomponents (except flammable fluid tanks), such as
hydraulic and thrust augmentation systeprghould be evaluated in a similar manner.
Flammabile fluid tankshouldbe Freproof as required by G5 130(c).

(d) Pass/fail criteria
When a fire test iperformed, the following acceptance criteria should be considered:

T To maintain the ability to perform those functions intended to be provided in
case of fire

T No leakage of hazardous quantities of flammable fluids, vapours or other
materials

T No support ofcombustion by the constituent material of the article being
tested

T  No burn through of firewalls
T No other conditions which could produce Hazardous Engine Effects.
() Functions

The functions intended to be provided in case of fire will be determimea case

by-case basis. For example, Engine Control Systems should not cause a Hazardous
Engine Effect while continuing to operate but should allow or may cause a safe
shutdown of the Engine at any time within the required exposure time period.

A safe Egine shutdown at any time during the firesistance test is an acceptable
outcome for this type of component, provided the safe shutdown is maintained
until the end of the Bminute test period.

For a flammable fluid tank shutoff valve, the valve shouldperable (to close) or
should default closed, and be capable of maintaining this position without leakage
of a hazardous quantity of flammable fluid until the end of themifiute test
period.
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The above examples are included to illustrate the dageasenature of making
this determination.

(i) Leakage of flammable fluid

At no time during or at the end of the test should the test article leak a hazardous
quantity of flammable fluid.

(iii) Support of combustion

Consideration should be given to nealfextinguishing fire test events. This type of
event could be either combustion of the constituent material of the test article or
combustion of flammable fluid leaking from the component. In general, these
events should continue to be cause feailureof the test, unless it can be shown
that the constituent material supporting combustion is not a hazardous quantity of
flammabile fluid, vapour, or material as defined in this AMC.

This has been the case for certain electronic components. Current technology
eledronic components often use circuit board potting compounds internal to the
casings of the Engine Control System that may support combustion when heated
sufficiently or when exposed to fire. These compounds can also flow under high
heat and may leak througthe casings. Therefore, such materials may support a
small intensity fire internal and/or external to the casing for a limited period of time
after the test flame is removed.

(iv) Firewall

At no time during or at the end of the test should a firewalmpmnent fail to
contain the fire within the intended zone or area. Implied with this outcome is the
expectation that the firewall component will not develop a burn through hole and
will not fail in any manner at its attachment or fire seal points arouraphriphery

of the component and will not continue to burn after the test flame is removed.
There should not be backside ignition.

(v) Other conditions

At no time during or at the end of the test should a Hazardous Engine Effect result.

(3) Materials

(@)

(b)

Experience has shown that when using materials such as magnesium and titanium
alloys, appropriate design precautions may be required to prevent an unacceptable fire
hazard. Consideration should be given to the possibility of fire as a result of rubbing or
contact with hot gases.

Any material used for abradable linings needs to be assessed to ensure that fire or
explosion hazards are avoided. Consideration should also be given to the effects of
mechanicaFailureof any Engine component and to the effectsdirhensional changes
resulting from thermal effects within the Engine.

Use of Titanium

Many titanium alloys used for manufacturing Engine rotor and stator blades will ignite
and may sustain combustion, if the conditions are appropriate. In genemajuin fires

burn very fast and are extremely intense. The molten particles in titanium fires generate
highly erosive hot sprays which have burned through compressor casings with resulting
radial expulsion of molten or incandescent metal. In such casesndiépy on the
installation, the aircraft could be hazarded.
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In showing compliance with €55130(a)the applicant should assess the overall design
for vulnerability to titanium fires. If this assessment cannot rule out the possibility of a
sustained fire,then it should be shown that a titanium fire does not result in a
Hazardous Engine Effect.

Based on experience, the following precautions can reduce the susceptibility of Engines
to titanium fires:

T The type of alloyi.e. its constituents other than titsgum;

T Blade/casing coatings or mechanical linings which inhibit ignition or subsequent
combustion;

T The way in which the design minimises potentially dangerous rubs by such methods
as:

Large inter blade row clearances;

The use of appropriate abrad&blmaterials in areas of potential rub of
sufficient depth to accommodate predicted rotor or stator deflections
including those likely to occur Faultconditions;

Not using titanium for adjacent rotating and static parts;

Taking full account of rotor moweents under transient and bearingailure
conditions;

1 Ensuring that thin, easily ignited titanium sections are unlikely to be shed at
the front of the Engine.

(c) Use of Magnesium

Many magnesium alloys used in the manufacture of Engine components arey highl
combustible when in finely divided form, such as chips or powder. Thergferaise of
magnesium alloys in thin sections or where they are exposed to corrosion, rubbing or
high scrubbing speeds should be carefully evaluated.

In showing compliance withSE 130, the applicant should assess the overall design for
vulnerability to magnesium fires. If this assessment cannot rule out the possibility of a
sustained fire, then it should be shown that a magnesium fire would be confined to
areas within the Enginguch that it does not result in a Hazardous Engine Effect.

(d) Abradable Linings

Many fan, compressor and turbine modules have abradable linings between rotating
blade tips and stator casings. Depending upon the material used in the abradable lining,
expeaience has shown that fire or explosion can occur in the presence of an ignition
source if a significant amount of lining is removed during rubs between rotor and stator.
Under certain conditions, autmnition can occur in the mixture of small particles
extracted from the abradable linings and hot flow path gases.

These situations should be evaluated for each fan, compressor and turbine stage which
has an abradable lining.

(e) Absorbent Materials

Absorbent materials should not be used in close proximotyflammable fluid system
components unless they are treated or covered to prevent the absorption of a
hazardous quantity of such fluid.

(4) Specific interpretations
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(a) Test equipment and calibration

Acceptable procedures for calibration of the relevantrimrs for the tests, and the
standard flame, are defined in the ISO 2685 standard.

A pre test calibration to verify that the standard flame temperature and heat flux is
achieved is necessary for each test. To ensure that flame conditions are constant
throughout the test either the flow parameters should be shown to be constant
throughout the test or a postest calibration should be performed to show equivalency
with pre-test values.

(b) Flame impingement location

The test flame generally should be appli¢dl the test article feature(s) that is
determined by analysis or test to be the most critical with respect to surviving the
effects of the fire.

For this approach, determination of the flame impingement location(s) should consider,
as a minimum, the follwing potential factors: materials; geometry; part features; local
torching effects; vibration; internal fluid level, pressure and flow rate; surface coatings;
fire protection features; etc.

Alternatively, the applicant may consider all potential sourcedirefin the intended
installation when determining test flame impingement location specifications.

The intent is to identify locations or features which cannot be directly impinged by fire,
and evaluating critical features which can be directly impindfethe applicant chooses

this installation analysis approach, it should be based on the actual intended installation,
and should consider, as a minimum, the factors noted above, plus the following
potential installation specific factors: cowling and néealtructure; under cowl airflow;
aircraft Engine buildip hardware; etc.

Such installation analyses should avoid simple generalities, si#ffeanost likely flame
direction is vertical assuming fuel collects at the bottom of the €pand should be
coordinated with the installer. If this approach is utilised, each new installation will need
to be reevaluated against the original fire protection substantiation to confirm its
applicability to the new installationLastly, due consideration should be ajivto fire
protection features such as fire shields, fire protective coatings or other methods so as
not to discourage or invalidate their use with respect to compliance witk C30.

(c) Operating parameters for test articles

The operating characteriss and parameters of the test article should be consistent,
but conservative, with respect to the conditions which might occur during an actual fire
situation. For example, where a high internal fluid flow increases the heat sink effect,
and is less conseative with respect to fire susceptibility, a minimum flow condition
should be specified for the test. The same is true for examples relating to internal fluid
temperatures or quantity or other parameters.

(d) Electrical Systems components

For compliancewith CSE 130(c), the effects of fire on components of the electrical
system should be evaluated. Electrical cables, connectors, terminals and equipment,
installed in or on the Engine, in designated fire zostesuldbe at leastHre-resistant.

(5) Flammalte fluid tank fire test

In the absence of an acceptable installation assessment, the fire test flame should be applied
to the tank location(s) or feature(s) that hésave)been determined by analysis or test to be
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the most critical with respect to fire saeptibility (i.e. the location or feature least likely to
survive the test conditions or meet the test pass/fail criteria).

In selecting the flame application location, the tank installation and all features of the tank
assembly should be considered. Tgbitank features include but are not limited to tank
body, inlet and outlet assemblies, sight glass, drain plug, magnetic chip detector, quantity
sender assembly, vent line assembly, filler cap and scupper, mounts, shutoff valve,
temperature sensor, and idfluid separator assembly. Tanks can be designed and
manufactured with any combination of the above features, or other features not listed, and
of varying materials.

Therefore, in some instances, compliance withECE30 may need to be supported by data
from other fire tests, multiple location testing, subcompondenel tests, or service
experience, to cover all tank assembly features.

Also, other aspects of determining impingement location should be considered, such as vent
system performance (experieachas shown that oil tank fire tests have failed due to high
internal pressure and inadequate venting), the lack of heat sink effect for tank features at or
above the operating level of the tanks fluid contents and the effect of any special protective
features (shields, coatings, feature placement, etc.) incorporated into the design.

With respect to fluid quantity, the tank quantity at the start of the test should be no greater

than the minimum dispatchable quantity, unless a greater quantity is more seRalative

to flow rate, the first 5 minutes of the test should be conducted at the most critical operating
condition (typically a minimum flight idle flow rate) and the subsequent 10 minutes should

be conducted at an Engine shutdown flow rate with consatlen of the effect of any
O2yAydzSR NRUIFIGAZ2Yyd ¢KS (SadG YIre 0SS Nizyz |G
critical condition (worst case of Engine operating efligtht shutdown conditions).

With respect to fluid temperature, this shoulte at its maximum value (the greatest of
steadystate or transient limit) at the start of the test, unless a lower temperature is more
severe. The tank internal pressure should be the normal working pressure for the operating
conditions at the start of th test. It is understood that these values may change due to the
test conditions.

The tank design and its intended application should be reviewed to provide reasonable
assurance that the test seip reflects the most critical flame impingement orientatiand
operating conditions for the intended application.

(6) Drain and Vent Systems

CSE 130(b) allows certain parts to be exempt from the specifications because they do not
typically contain or convey flammable fluids during normal Engine operation. &feis 1to
normal operation in a typical flight mission. It is not intended to impose ardisestance
demonstration for all parts of the Engine which might contain, convey or be wetted by
flammable fluids in all possibkeailurescenarios.

An example of pas which might be exempted is a combustor drain system which typically
drains off residual fuel after an aborted Engine start. This might also be the case of the
majority of individual drains and vents.

However, a shrouded fuel line is considered as dpainsingle assembly which cannot be
dissociated into the main fuel line and its envelop (acting as a drain in cadeadtieein the

main fuel line) and should comply with-ES.30 as a component carrying flammable fluid. In
this particular case, aftehe exposure to the flame, the external envelope may be destroyed
provided the general pass/fail criteria described in paragraph (2)(d) of this AMC are complied
with.
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In the case of a drain and vent system which would flow a hazardous quantity of flammable
fluid during continued rotation after shut down of the Engine, thefiraproof standard may

be appropriate. The function of each drain or vent should be carefully reviewed in making
these determinations

Air Sources

In accordance with G5 130(a), theapplicant should evaluate the effect of fire on
components conveying bleed air and evaluate whetkailureof such components could
further increase the severity or duration of a fire within a fire zone.

Firewall

The overall intent of GE 130(d)(2)s to provide specifications for the proper functioning of a
firewall which are consistent with the aircraft specifications on firewalls. In no case should a
hazardous quantity of flammable fluid or vapour pass around the firewall. Also, the firewall
shoul contain the fire without resulting in a Hazardous Engine Effect.

Shielding

The overall intent of GE 130(b) specification concerning the shielding and location of
components is to minimise the possibility of liquid flammable fluids contactingiognit
sources and igniting. Ignition sources include hot surfaces with temperatures at or above
typical flash points for aviation fuels, oils, and hydraulic fluids, or any component that
produces an electrical discharge. Compliance with this specification meashown by
installation of drainage shrouds around flammable fluid lines or fittings; installation of spray
shields to deflect leaking fuel away from ignition sources, and general component location on
the Engine which minimises the possibility of stagtand supporting a fire. Therefore, the
overall substantiation should show that leaked flammable fluid would be unlikely to impinge
on an ignition source to the extent of starting and supporting a fire.

[Amdt No: EL]
[Amdt No: B5]

AMC E 135Electricd Bonding

Electrical bonding is a means to protect against the effects of elstatic discharges and
currents from electrical Faults. The overall intent ofECE35 is to ensure that:

(1) a main Engine earth is providgithis is generally achieved byating that all the elements of
the Engine carcass are electrically bonded together

(2) a current path for electrical bonding exists between certain components that are mounted
externally to the Engine and the main Engine earth.

With respect to the accumation of electrostatic or electrical charge, the applicant should show

that the modules, assemblies, components and accessories installed in or on the Engine are
electrically bonded to the main Engine earth. This may be accomplished by examination of the
type design drawings, electrical continuity checks, or actual inspection of a representative Engine.

[Amdt No: EL]
[Amdt No: EB]

AMC E 140Testt EngineConfiguration

For turbine engines, if the power turbine accessory drives are not loaded, theadeptipower
shouldbe added as required by €&5140(d){) to the required power at the output drive so that
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the power turbine rotor assembly is operated at or above the same level as it would be if the
power turbine accessory drives were loaded.

[Amdt No:H1]
[Amdt No: B2]
[Amdt No: EB]

AMC E 150(a)Testst GeneralConduct of Tests

For piston Engines, where the operating conditions of a test represent Maxi@ontinuous
Power at altitude, a higher grade fuel or any other approved-detonant may be ged if such is
required to suppress detonation during the test.

[Amdt No: EL]
[Amdt No: EB]

AMC E 170EngineSystems andComponent Verification

The intent of C& 170 is to define the additional tests or analysis which would be necessary for
those systms or components which are not necessarily tested during the endurance test of
CSE 440 or G& 740.

It is also recognised that the other specifications ofEC® not always provide sufficient testing

to cover all the conditions (pressure, temperaturgipration, etc.) which could affect the
airworthiness of a piece of equipment throughout the declared flight envelope and within all the
declared installation conditions.

Other reasons for testing under €SL70 include but are not limited to the followiegamples:

T When testing is required in support of €S50(a)for validation throughout the declared
flight envelope and within all the declared installation conditions.

T When a pressure relief valve, in the inlet manifold of a turbocharged Engingharaffect
of its operation on the Engine and turbocharger are untested during the scheduled test of
CSE 440.

T When, for example, an ovepeed protection system (or a torque limiter) is unlikely to be
tested during the scheduled tests of €£540.

T When an Electronic Engine Control System has a mechanicalipaekich is not normally
used during the endurance test.

T When demonstration that dailureindicating system, on which dependence is placed in
the Engine safety analysis, will function satisfeity when required.

The Engine manufacturer should define all necessary testing and/or analysis for those accessories
or systems that need specific substantiation, in addition to the certification tests performed on a
complete Engine, with attention paitb their location and operating conditions. Unless it is
necessary to test the functioning of a system itself, substantiation of individual components can
be made separately from the system they are part of.

The objective of GE 50(a), in conjunction WitCSE 80 or G& 170, is to demonstrate that the
Engine Control System can perform its intended function in its installed environment. In
particular, Electronic Engine Control Systems are sensitive to lightning and other electromagnetic
interference and hese conditions can be common to more than one Engine. Advisory material for
environmental effects other than lightning and electromagnetic effects can be found in AMC E 80.
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If, for compliance with GB 170, highntensity radiated fields (HIRF)/Lightnitests are carried

out on anything other than a representative complete Engine, the test results may depend on the
validity of the assumed electrical bonding between those elements of the Engine that are tested
and the main Engine earth. In such cases,applicant should demonstrate that these electrical
bonding assumptions are valid. This may be accomplished by examination of the type design
drawings, electrical continuity checks, or actual inspection of a representative Engine.

For compliance with GE170, the functional integrity of the Engine Control System should be
maintained when subjected to designated levels of electric or electromagnetic induction,
including effects from external radiation and lightning. The environment, including radiated and
conducted emissions, to which the Engine Control System and its components are qualified
should be entered into the Engine instructions for installation, and is considered to be an
installation limitation for the installer.

When the installer specifies ¢henvironmental conditions of the installation, compliance with this
specification may be demonstrated by meeting the specified installation specifications.

When the installation specifications are not specified or not known, environmental conditions of a
typical installation may be assumed.

It should be established by analysis or test that all components of the Engine Control System,
including all electronics units, sensors, harnesses, hydromechanical elements, and any other
relevant elements or units, opate properly in their declared environment. The environmental
limits are not imposed by the rules, but should be representative of the environments that are
expected to be encountered in the Engine installation.

Additional means may be found in AMC E 80ncAMC 201 and AMC 268 for Electronic Engine
Control Systems.

In meeting the above environmental concerns, due consideration should be given to dispatching
in each approved degraded state.

See AMC E 80 for additional specific means.

[Amdt No: EL]
[Amdt No: EB]

AMC E 180Propeller Functioning Tests

For Propeller approvathe remaining tests of G8 may be conducted on another Engine of the
same type providing the same Propeligiusedwithout further adjustment.

For Piston Engines, auxiliary coglimay be used during tests of-£9.80(b)(3) and (4).

[Amdt No: EL]
[Amdt No: EB]
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SUBPARBT PISTON ENGINEESIGN AND CONSTRUCTION

AMC E 210Failure Analysis

(1) TheFailureanalysis would normally include investigation of those Engine componeats th
could affect the functioning and integrity of the major rotating assemblies, and for the
control system, all manual and automatic controls such as refrigerant injection system,
Engine and fuel system speed governors, Engine-gpeed limiters, Propelte control
systems, Propeller thrust reversal systems, etc.

(2) TheFailureof individual components of the Engine and its installation need not be included
in the analysis if the Agency accepts that the possibility of Badhreis sufficiently remote.

[Amdt No: EL]
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SUBPART € PISTON ENGINHYPE SUBSTANTIATION

AMC E 300(f)Conditions Applicable to all Tests Torque Measurement

In establishing an acceptable method for determination of the Engine torque, consideration
should be given to the following

(1) Where a method of direct Engine torque measurement is to be used, the overall accuracy of
the torgue measurement system should be determined.

(2) Where no direct means for measuring Engine torque is available, an appropriate method for
establishinghe torque will be needed.

(&) Normally this requires the use of suitable Engine parameters (e.g. power setting, and
Engine speed) to correlate the Engine torque measured on a dynamometer with the
Engine torque achieved in the test configuration.

(b) The correlation should take into account any effect due to environmental changes
(e.g. temperature, humidity, ambient pressure) and of test bench configuration changes
(e.g. air inlet, exhausind engine cooling system differences between the dynamometer
ingtallation and the test configuration).

(c) The overall accuracy of the method used for determining Engine torque should be
determined.

[Amdt No: EL]

AMC E 320PerformanceCorrection

(1) An acceptable method for calculating performance corrections fmeé in ISO 1585:1992,
Road vehicles Engine test code Net power.

(2) Since the effect of free water on power output is withil % over the range of water/air
ratios normally encountered in operation, and the amount of free water is exceedingly
difficult to measure, no corrections for free water need to be made.

[Amdt No: EL]
[Amdt No: EB]

AMC E 340Vibration Tests

(1) Calculations during design of the engine

During the design stagéhe applicant should make calculations to determine the vibratio
characteristics of the coupled crankshaft torsional and Propeller flexural vibrations for the
Engine and Propeller system. For this purpéémittancelines for the Propeller should be
provided by the Propeller manufacturer.

The scope of these calctitans should be wide enough to reveal any serious criticals within
the operating speed range of the Engine and their relative magnitudes. These calculations
form an essential part of the subsequent analysis and interpretation of the tests required by
CSE340.

(2) Maximum Acceptable Stress

2-CG1



CSE BOOK 2

When considering the maximum stress in the Engine crankshaft and Propeller system the
vibration stress at the particular Engine speed and power conditions should be added to the
mean stress at the same speed.

In the absene of adequate evidence to the contrary, a maximum stress shown to be safe for
continuous use should be regarded as the maximum safe stress for Engine crankshafts and
Propeller shafts.

[Amdt No: EL]
[Amdt No: EB]

AMC E 350Calibration Tests

(1) In comgying with CSE 350(a), the following calibration testing should normally be
considered adequate.

(@) The sedevel power characteristics of the Engine should be established against
rotational speed and power setting. The following curves should be gergiratach
consisting of sufficient points for each characteristic to ensure the accuracy of the
interpolation. Normally, at least five points in each curve will be required:

(i) Power against rotational speed at constant power setting, starting from edittgra
to be declared, over the full range of rotational speeds appropriate to that rating.

(i) Power against power setting at constant speed, in at least five increments of
rotational speed between Maximum Takdf rated speed and 6@ of best
economy crusing speed, over the full range of power settings appropriate to that
speed. The increments selected should include all rated rotational speeds.

(b) The effect on Engine power should be established of all parameters that may affect the
power produced (e.galtitude, ambient air temperature, cylinder/coolant temperature,
mixture setting, fuel specification).

(2) In complying with G& 350(b), the calibration testing outlined in paragraph (1)(a) of this AMC
should normally be considered adequate.

[Amdt No:E1]

AMC E 380LowTemperature Starting Tests

The minimum tropical and temperate sével temperature as defined in @&finitions is;20 °C.
In order not to restrict operation of the aircraft in which the Engine is installed, it is recommended
that the minimum temperature declared for starting should be not higher tha@ °C.

[Amdt No: EL]
[Amdt No: EB]
AMC E 440 (b)(3Endurance Test Schedule for Engine Incorporating a Turbocharger

Altitude testing may be simulated provided it is shown that Bregine and turbocharger are being
subjected to mechanical loads and operation temperatures no less severe than if run at actual
altitude conditions.

[Amdt No: FL]
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AMCE470 Contaminated Fuel

In complying with G&470, the following contaminant spedifitions and levels are considertm
be acceptable:

(1) Solid Contaminants
(@) Contaminant with the characteristics detailed in MB5007D.
(b) A contamination rate of 1.0 g of contaminant per 1,000 litres.
(2) Water Contaminant

(a) Contaminated fuel inially saturated with water at a fuel/water temperature of 2C
into which a further @ ml of free water per litre of fuel has been evenly dispersed.

(b) The contaminated fuel mixture should be at the most critical conditions for fuel icing
likely to be ecountered in operation.

[Amdt No: EL]
[Amdt No: EB]
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SUBPART D TURBINE ENGINEHESIGN AND CONSTRUCTION

AMC E 500Functioningt Control of Engines (Turbine Engines for Aeroplanes)

It is normally acceptable that the control of Engines within theiitlitons may be achieved by
manual, as opposed to automatic, means provided that

(1) the likely rate of change of Engine conditions makes manual control practicable

(2) minimum thrust setting parameters for use during all critical flight phases (e.g-affikor

baulked landing) can be predetermined in a manner which will ensure that
(a) they are easily saip;
(b) the same instrument is used under all ambient conditjons

(c) they will normally prevent any other limit being exceeded (though normal crew
monitoring may be assumed to be adequate for detecting progressive slowly changing
excesses which may result from Engine deterioration in sefvice)

(3) the Engine is shown to be safe in the event of inadvertent opening of the throttle to its

maximum travein an emergency situation (see also AMC E @gatagraph 3).

[Amdt No: EL]
[Amdt No: EB]

AMC E 510Safety analysis

(1) Introduction.

)

®3)

Compliance with GE 510 requires a safety analysis which should be substantiated, when
necessary, by appropriate tes and/or comparable service experience.

The depth and scope of an acceptable safety assessment depend on the complexity and
criticality of the functions performed by the systems, components or assemblies under
consideration, the severity of relateBailue conditions, the unigqueness of the design and
extent of relevant service experience, the number and complexity of the identfididres,

and the detectability of contributin§ailures.

Examples of methodologies are Fault Tree Analysis (FTA), Faildeedvid Effects Analysis
(FMEA) and Markov Analysis.

Objective.

The ultimate objective of a safety analysis is to ensure that the risk to the aircraft from all
EngineFailure conditions is acceptably low. The basis is the concept that an acceptable
overall Engine design risk is achievable by managing the individual major and hazardous
Engine risks to acceptable levels. This concept emphasises reducing the likelihood or
probability of an event proportionally with the severity of its effects. The safeplyais
should support the Engine design goals such that there would not be Major or Hazardous
Engine Effects that exceed the required probability of occurrence as a result of Eagime
modes. The analysis should consider the full range of expectetiqes.

Specific means.
(a) Classification of effects of EngiRailures.

Aircraftlevel Failure classifications are not directly applicable to Engine assessments
since the aircraft may have features that could reduce or increase the consequences of
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an Enginérailurecondition. Additionally, the same typeertificated Engine may be used
in a variety of installations, each with different aircrgvel Failureclassifications.

CSE 510 defines the Engitevel Failureconditions and presumed severigvels.

Since aircraftevel specifications for individu&ailureconditions may be more severe
than the Engindevel specifications, there should be early coordination between the
applicant and the aircraft manufacturer to ensure Engine and aircraft ctbilitg.

(b) ComponenilLevel Safety Analysis.

In showing compliance with €E5510(a), a componetgvel safety analysis may be an
auditable part of the design process or may be conducted specifically for demonstration
of compliance with this rule.

The speific specifications of G50 for the Engine Control System should be integrated
into the overall Engine safety analysis.

(c) Typical installation

The reference tdtypical installatioiin CSE 510(a)(1)(i) does not imply that the aircraft
level effect are known, but that assumptions of typical aircraft devices and procedures,
such as fireextinguishing equipment, annunciation devices, etc., are clearly stated in the
analysis.

CSE 51@a)(1)(i)requires the applicant totake account of aircraftevel devicesin the
Engine safety analysisor example, the effects on the Engine of failure of aircraft air
ducts might be considered.

It is recognised that, when showing compliance withECS10(a)(3) and (4) for some
Engine effects, the applicant may na¢ in a position to determine the detaild@ailure
sequence, the rate of occurrence or the dormancy period of $tailures of the aircraft
components.

In such cases, for Engine certification, the applicant will assuFRalarerate for these
aircraft commnents. Compliance with €E5510(e) requires the applicant to provide, in
the Engine instructions for installatiprihe list of Failures of aircraft components that
may result in or contribute to Hazardous or Major Engine Effects. The mode of
propagation o this effect should be described and the assurkedurerates should be
stated.

During the aircraft certification, the Engine effect will be considered in the context of
the whole aircraft. Account will be taken of the actual aircraft comporkeilurerate.

Such assumptions should be addressed in compliance with 30S
(d) Hazardous Engine Effects

(i) The acceptable occurrence rate of Hazardous Engine Effects applies to each
individual effect. It will be accepted that, in dealing with probabilitieghis low
order of magnitude, absolute proof is not possible and reliance should be placed on
engineering judgement and previous experience combined with sound design and
test philosophies.

The probability target of not greater than ¥Oper Engine flighthour for each
Hazardous Engine Effect applies to the summation of the probabilities of this
Hazardous Engine Effect arising from individegluremodes or combinations of
Failure modes other than theFailure of Engine Critical Parts (e.g. discs, hubs,
spacers). For example, the total rate of occurrence of uncontrolled fires, obtained
by adding up the individuaFailure modes and combination oFailure modes
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leading to an uncontrolled fire, should not exceed’ler Engine flight hour. The
possible dormanperiod ofFailures should be included in the calculationsFailure
rates.

If each individuaFailureis less than 18 per Engine flight hour then summation is
not required.

When considering primaryailures of certain single elements such asiBagCritical
Parts, the numericdfailurerate cannot be sensibly estimated. If tRailureof such
elements is likely to result in Hazardous Engine Effects, relisimaeld be placed

on their meeting the prescribed integrity specifications, such ag& @%, among
others. These specifications are considered to support a design goal that, among
other goals, primary LCF (L@ycle Fatiguelrailureof the component should be
Extremely Remote throughout its operational life. There is no specification to
include the estimated primaryFailure rates of such single elements in the
summation ofFailures for each Hazardous Engine Effect due to the difficulty in
producing and substantiating such an estimate.

Non-containment of higkenergy debris.

Uncontained delis cover a large spectrum of energy levels due to the various sizes
and velocities of parts released in an Endiadlure The Engine has a containment
structure which is designed to withstand the consequences of the release of a
single blade (see €E8D(a)), and which is often adequate to contain additional
released blades and static parts. The Engine containment structure is not expected
to contain major rotating parts should they fracture. Discs, hubs, impellers, large
rotating seals, and other simildarge rotating components should therefore always

be considered to represent potential higimergy debris.

Service experience has shown that, depending on their size and the internal
pressures, the rupture of the highressure casings can generate hagtergy
debris. Casings may therefore need to be considered as a potential feehaghy
debris.

Toxic products.

CSE 510(g)(2)(ii)) concerns generation and delivery of toxic products caused by
abnormal Engine operation sufficient to incapacitate thiew or passengers during
the flight. Possible scenarios include:

T rapid flow of toxic products impossible to stop prior to incapacitation

T no effective means to prevent flow of toxic products to crew or passenger
compartments

T toxic products imposslie to detect prior to incapacitation.

The toxic products could result, for example, from the degradation of abradable
materials in the compressor when rubbed by rotating blades or the degradation of
oil leaking into the compressor air flow.

No assumption®f cabin air dilution or mixing should be made in this Enggwel
analysis; these can only be properly evaluated during aircraft certification. The
intent of CSE 510(g)(2)(ii) is to address the relative concentration of toxic products
in the Engine bled air delivery. The Hazardous Engine Effect of toxic products
relates to significant concentrations of toxic products, witlgnificanfdefined as
concentrations sufficient to incapacitate persons exposed to those concentrations.
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Since these concentratns are of interest to the installer, information on delivery
rates and concentrations of toxic products in the Engine bleed air for the cabin
should be provided to the installer as part of thagine instructions for installation

(v) Significant thrustri the opposite direction to that commanded by the pilot

EngineFailures resulting in significant thrust in the opposite direction to that
commanded by the pilot can, depending on the flight phase, result in a hazardous
condition relating to aircraft comollability. ThoseFailures, if applicable to CB
certification, that could be classified as hazardous events include:

T uncommanded thrust reverser deployment;

T unintended movement of the Propeller blades below the established minimum
in-flight low-pitch position;

T high forward thrust when reverse thrust is commanded.
(vi) Uncontrolled fire.

An uncontrolled fire should be interpreted in this context as an extensive or

persistent nacelle fire which is not effectively confined to a designated fire zone or
which cannot be extinguished by using the aircraft means identified in the

assumptions. Provision for flammable fluid drainage, fire containment, fire

detection, and fire extinguishing may be taken into account when assessing the
severity of the effectsfoa fire.

(vii) Complete inability to shut the Engine down.

Complete inability to shut down the Engine is regarded as a Hazardous Engine
Effect due the potential circumstances where continued running of the Engine,
even at low thrust or power, representshazard. These circumstances include the
inhibition of safe evacuation of passengers and crew, directional control problems
during landing due to the inability to eliminate thrust or power, or the inability to
ensure safe shut down when required followiaailure

It is acceptable to take account of aircrafipplied equipment (fuel cenff means,
etc.) to protect against th&#omplete inabilitflo shut down the Engine.

The inclusion of this item within the Hazardous Engine Effects should not preclude
hardware or software intended to protect against inadvertent Engine shutdown,
including aircraft logic to mitigate against the inadvertent shutdown of all engines.

(e) Major Engine Effects

Compliance with GE 510(a)(4) can be shown if the individ&allues or combinations
of Failures resulting in Major Engine Effects have probabilities not greater th&np&®
Engine flight hour. No summation of probabilitiesFafiluremodes resulting in the same
Major Engine Effect is required to show compliance whik rule.

Major Engine Effects are likely to significantly increase crew workload, or reduce the
safety margins. Not all the effects listed below may be applicable to all engines or
installation, owing to different design features, and the list is noemed to be
exhaustive.

Typically, the following may be considered as Major Engine Effects:

T Controlled fires (i.e. those brought under control by shutting down the Engine or by
on-board extinguishing systems).
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T Case burithrough where it can be shownhat there is no propagation to
Hazardous Engine Effects.

T Release of lovenergy parts where it can be shown that there is no propagation to
Hazardous Engine Effects.

T Vibration levels that result in crew discomfort.

T Concentration of toxic products imé Engine bleed air for the cabin sufficient to
degrade crew performance.

T Thrust in the opposite direction to that commanded by the pilot, below the level
defined as hazardous.

T Loss of integrity of the load path of the Engine supporting system withotital
Engine separation.

T Generation of thrust greater than maximum rated thrust.
T  Significant uncontrollable thrust oscillation.

The concentration of toxic products in the Engine bleed air may be interpreted as the
generation and delivery of toxic pradts as a result of abnormal Engine operation that
would incapacitate the crew or passengers, except that the products areestowgh
acting and/or are readily detectable so as to be stopped by crew action prior to
incapacitation. Possible reductions imew capabilities due to their exposure while
acting in identifying and stopping the products should be considered, if appropriate.
Since these concentrations are of interest to the installer, information on delivery rates
and concentrations of toxic prodtgin the Engine bleed air for the cabin should be
provided to the installer as part of tHengine instructions for installation

Minor Engine Effects.

It is generally recognised that EngiRailures involving complete loss of thrust or power
from the affected Engine can be expected to occur in service, and that the aircraft
should be capable of controlled flight following such an event. For the purpose of the
Engine safety analysis and Engine certification, Engaileirewith no external effect
other than loss of thrust and services may be regarded Railrewith a minor effect.

This assumption may be revisited during aircraft certification, where installation effects
such as Engine redundancy may be fully taken into consideration. Faianmg&naton
applies only to aircraft certification and is not intended to impact Engine certification.

The Failure to achieve any given power or thrust rating for which the Engine is
certificated should be covered in the safety analysis and may be regarded a®a mi
Engine effect. Similarly, this assumption may be revisited during aircraft certification,
particularly multiengined Rotorcraft certification.

Determination of the effect of &ailure

Prediction of the likely progression of some Endhaglures mgy rely extensively upon
engineering judgement and may not be proved absolutely. If there is some question
over the validity of such engineering judgement, to the extent that the conclusions of
the analysis could be invalid, additional substantiation mayréguired. Additional
substantiation may consist of reference to Engine test, rig test, component test, material
test, engineering analysis, previous relevant service experience, or a combination
thereof. If significant doubt exists over the validity oktsubstantiation so provided,
additional testing or other validation may be required underECS1L0(b).

Reliance on maintenance actions.
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For compliance with G5 510(e)(1)it is acceptable to have general statements in the
analysis summary that reféo regular maintenance in a shop as well as on the line. If
specificFailurerates rely on special or unigue maintenance checks, those should be
explicitly stated in the analysis.

In showing compliance with the maintenance error element ofECS10(e)(1)the
Engine maintenance manual, overhaul manual, or other relevant manuals may serve as
the appropriate substantiation. A listing of all possible incorrect maintenance actions is
not required in showing compliance with-€%10(e)(1).

Maintenance errors haw contributed to hazardous or catastrophic effects at the aircraft
level. Many of these events have arisen due to similar incorrect maintenance actions
being performed on multiple engines during the same maintenance availability by one
maintenance crew, ah are thus primarily an aircrafevel concern. Nevertheless,
precautions should be taken in the Engine design to minimise the likelihood of
maintenance errors. However, completely eliminating sources of maintenance error
during design is not possible; trefore, consideration should also be given to mitigating
the effects in the Engine design.

If appropriate, consideration should be given to communicating strategies against
performing contemporaneous maintenance of multiple engines.

Components undergoingrdfquent maintenance should be designed to facilitate the
maintenance and correct rassembly.

The following list of Engine maintenance errors was constructed from situations that
have occurred in service and have caused one or more serious events:

T Failue to restore oil system or borescope access integrity after routine
maintenance (oil chip detector or filter check). Similar consideration should be
given to other systems

T Mis-installation of, orFailureto refit, O-rings
T  Servicing with incorrectdids
T Failure to install, omitting to torque, undéorquing, or ovestorquing nuts.

Improper maintenance on parts such as discs, hubs, and spacers has Fedlut@s
resulting in Hazardous Engine Effects. Examples of this which have occurred in service
are overlooking existing cracks or damage during inspection Faildireto apply or
incorrect application of protective coatings (e.g. agmilant, anticorrosive).

In showing compliance with €E5510(e)(2), it is expected that, wherever speéifidure
rates rely on special or uniqgue maintenance checks for protective devices, those should
be explicitly stated in the analysis.

(4) Analytical techniques.

This paragraph describes various techniques for performing a safety analysis. Other
comparable techniges exist and may be proposed by an applicant. Variations and/or
combinations of these techniques are also acceptable. For derivative engines, it is acceptable
to limit the scope of the analysis to modified components or operating conditions and their
effects on the rest of the Engine. Early agreement between the applicant and the Agency
should be reached on the scope and methods of assessment to be used.

Various methods for assessing the causes, severity levels, and likelihood of pdtaiitied
conditions are available to support experienced engineering judgement. The various types of
analyses are based on either inductive or deductive approaches. Brief descriptions of typical
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methods are provided below. More detailed descriptions of analytical techsiquay be
found in the documents referenced in paragraph (5) of this AMC.

T Failure Modes and Effects Analysis. This is a structured, inductive, baticanalysis
which is used to evaluate the effects on the Engine of each possible element or
componentFalure. When properly formatted, it will aid in identifying lateRailures
and the possible causes of edeailuremode.

T Fault Tree or Dependence Diagram (Reliability Block Diagram) Analyses. These are
structured, deductive, toglown analyses which are ed to identify the conditions,
Failures, and events that would cause each defikailurecondition. They are graphical
methods for identifying the logical relationship between each particuailure
condition and the primary element or componemailures, other events, or their
combinations that can cause thEailure condition. A Fault Tree Analysis Railure
oriented, and is conducted from the perspective of whidilures shouldoccur to cause
a definedFailurecondition. A Dependence Diagram Analysisuccessriented, and is
conducted from the perspective of whicRailures should not occur to preclude a
definedFailurecondition.

(5) Related documents.
T AMC 25.1309 of G5, Bystem Design and Anal\@is
T Taylor Young Limite#ystematic Safe€py E Lloyd & W Tye

T Society of Automotive Engineers (SEEJROCAEDocument No. ARFP754A/EUROCAE
ED79A Buidelines for Development of Civil Aircraft and Systeéms

T Society of Automotive Engineers (SAE), Document No. ARPBaalFailure Analysis
Procedur®

T Society of Automotive Engineers (SAE), Document No. ARP YHdtlelines and
Methods for Conducting the Safety Assessment Process on Civil Airborne Systems and
Equipmen©

T Carter, A.D.S., Mechanical Reliability (2nd ed.). Macmillan, 1986.
(6) Definitions.

The following definitions are applicable. They should not be assumed to apply to the same or
similar terms used in other specifications or AMCs.

DormantFailure A Failurethe effect of which is not detected for a given
period of time.

Falure condition A condition with direct, consequential Engitevel
effect, caused or contributed to by one or mdrailures.
Examples include limitation of thrust to idle or oil
exhaustion.

Failure mode The cause of th&ailureor the manner in which aitem
or function can fail. Examples includailures due to
corrosion or fatigue, oFailurein jammed open position.

Toxic products Products that act as or have the effect of a poison when
humans are exposed to them.

[Amdt No: EL]
[Amdt No: EB]
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AMC E 35 Engine Critical Parts

(1) Introduction

Because thé-ailureof an Engine Critical Part is likely to result in a Hazardous Engine Effect, it
is necessary to take precautions to avoid the occurrenc&ailures of such parts. Under
CSE 510(c), they arequired to meet prescribed integrity specifications.

For that purpose, an Engineering Plan, a Manufacturing Plan and a Service Management Plan
are required under GB 515. These three plans define a cloek®rp system which link the
assumptions made irhe Engineering Plan to how the part is manufactured and maintained

in service; the latter two aspects are controlled by the Manufacturing and Service
Management Plans respectively. These plans may generate limitations which are published in
the Airworthiness Limitatios Section of the Instruction for Continued Airworthiness. This
AMC provides means for the establishment of such plans.

(2) General
(a) Identification of Engine Critical Parts

The safety analysis required under-E%10 identifies Engine CrilcParts that are
required to comply with C& 515. An Engine Critical Part is a Critical Part, by definition,
with regard to compliance with Part 21.

If a part is made of various subparts, which are finally integrated in an inseparable
manner into a uniqa part, and any one of the subparts is identified as an Engine Critical
Part, the entire part is then treated as an Engine Critical Part.

(b) Attributes of a part

WI GOGNRAOdzGSaQ AyOf dzRS o6dzi IINB y2id tAYAGSR
microstiucture, material anomalies, residual stress, surface condition, and geometric
tolerances. Processes such as alloy melting practise, ingot conversion to billet or bar,
forging, casting, machining, welding, coating, shot peening, finishing, assembly,
inspecton, storage, repair, maintenance and handling may influence the Attributes of

the finished part. Environmental conditions experienced in service may also affect the
Attributes.

(c) Content of a plan

The Engineering Plan, Manufacturing Plan and Servicagéamnent Plan should provide
clear and unambiguous information for the management of the Engine Critical Parts.

Wt tlyQry Ay GKS O2yiGSEG 2F GKA& NizZ Sz R2S:
information contained in a single document. If the relevainformation exists

elsewhere, the plan may make reference to drawings, material specifications, process
specifications, manuals, etc., as appropriate. It should be noted that these references

should be clear enough to uniquely identify the referenced doeamThe plan should

allow the history of the individual part number to be traced.

(3) Means for defining an Engineering Plan
(a) Introduction

The Engineering Plan consists of comprehensive life assessment processes and
technologies that ensure that eacimdine Critical Part can be withdrawn from service at

a life before Hazardous Engine Effects can occur. These processes and technologies
address the design, test validation, and certification aspeatsl alsodefine those
manufacturing and service managenigrocesses that should be controlled in order to
achieve the Engine Critical Part design intent.
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Elements of the Engineering Plan
The Engineering Plan should address the following subjects:

T Analytical and empirical engineering processes appliedetermine the Approved
Life

T Structured component andingine testing conducted to confirrengine internal
operating conditions and to enhance confidence in the Approved Life.

T Establishment of thattributes to be provided and maintained for the manafare
and service management of Engine Critical Parts.

T Development and certification testing, and service experience required to validate
the adequacy of the design and Approved Life. Armsenvice inspections identified
as critical elements to the ovelt part integrity should be incorporated into the
Service Management Plan.

Establishment of the Approved LifeGeneral

Determining the life capability of an Engine Critical Part involves the consideration of
many separate factors, each of which magvé a significant influence on the final
results.

It is possible that the final life calculated may be in excess of that consitteteslikely
for the associated airframe application. However, the life, in terms of cycles or,tasurs
appropriate, shouldstill be recorded in theAirworthiness Limitations Section in order
for the usage of the parto be properly tracked.

Establishment of the Approved LifeRotating parts

The following describes a typical process for establishing the Approved Lifeatihg
parts:

Methods and Life Development and Service Life and
Materials Data Estimation Validation Tests Product assurance

A‘rRCéaqurg;rineg:ge Changes in Requiremem%
Performance Measuremen|s
Performance Programs| Ps:)oﬁrlr:ance F."gyht | Flight Profile Monitoring |

Analysis Programs [—>»|  Basic Design Data: Design Changes

Primary Air System,
RPM, Temperature,
Pressure, Mass flow

Secondary Air Flow
Programs V

Internal, Secondary Air|
System Data: Flow,
Analytical Heat Transfe

Programs
. Component Temperature
- (— and Internal Air System
Analy"lcal Stress and Temperature Estimatiol Measurements
Vibration Programs j *

Secondary Air System
< Flow, Pressure Ratio,
Temperature Measuremenfs

Static Pressure Loads |
Temperature

- Stress & Vibration Vibratory Stress
Expenm_ental Sl_ress & Analysis Measurements
Vibration, Residual ¢ Manufacturing Changes
Stress, Aerelasticity o b
“— /l Cyclic Rig Tests
Life Estimation:
Material & Laboratory Routine, Special Cyclic Engine Tests Inspection, Natural
Data, Static Rig Tests t Circumstances Occurrences, Planned
Understand Behaviour ¢ Component a;1d Engine
Time Expired Parts, Specid|

Damage Tolerance Approved Life Circumstances
Assessments Certification

The major elements of the analysis are:

(i) Operating conditions.
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For the purposes of certification, an appropriate flight profile or combination of
profiles and the expected range of ambient conditions andraponal variations

will determine the predicted service environment. The Engine Flight Cycle should
include the various flight segments such as start, idle, -t#fke climb, cruise,
approach, landing, reverse and shutdown. The assumed hold times agtlmy
flight segments should correspond to the assumed limiting installation variables
(aircraft weight, climb rates, etc.).For Rotorcraft turbine Engines, the
representative usage of the 3@inute Power rating should be considered in the
Engine Flight ¥¢le when establishing th&pprovedLife of each Engine critical part.

A maximum severity cycle that is known to be conservative may be used as an
alternative.

The corresponding rotor speeds, internal pressures, and temperatures during each
flight segmentshould be adjusted to account f&ngine performance variation due

to production tolerances and installation trim procedures, as well Eagine
deterioration that can be expected between heavy maintenance intervals. The
range of ambient temperature and teloff altitude conditions encountered during

the Engine® service life as well as the impact of cold and BEagine starts should

also be considered.

The appropriateness of the Engine Flight Cycle should be validated and maintained
over the lifetime of thedesign. The extent of the validation is depentupon the
approach taken in the development of the Engine Flight Cycle. For example, a
conservative flight cycle where all the variables are placed at the most life
damaging value would require minimum wdtion, whereas a flight cycle which
more accurately represents some portion of the actual flight profile but is
inherently less conservative, would require more extensive validation. Further
refinements may be applied when significant field operation dagathered.

(i) Thermal analysis.

Analytical and empirical engineering processes are applied to determingntiine
internal environment (temperatures, pressures, flows, etc.) from which the
component steadistate and transient temperatures are deteimed for the Engine
Flight Cycle. Théngine internal environment and the component temperatures
should be correlated and verified experimentally duriBggine development
testing.

(i) Stress analysis.

The stress determination is used to identify theiting locations such as bores,

holes, changes in section, welds or attachment slots, and the limiting loading
conditions. Analytical and empirical engineering processes are applied to determine

the stress distribution for each part. The analyses evaluaesffects on part stress

of Engine speed, pressure, part temperature and thermal gradients at many
discrete By 3AyS 08 0fS O2yRAGAZ2Yyad CNRY (GKAAZ
constructed. All methods of stress analysis should be validated by expegime
measurements.

(iv) Life analysis.

The life analysis combines the stress, strain, temperature and material data to
establish the life of the minimum property part. Plastieiiyd creeprelated effects
should also be considered. Relevant service egpes gained through a successful
programme of parts retirement or precautionary sampling inspections, or both,
may be included to adjust the life prediction system.
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The fatigue life prediction system is based upon test data obtained from cyclic
testing of representative laboratory, subcomponent, or specific component
specimens and should account for the manufacturing processes that affeet low
cycle fatigue (LCF) capability, including fabrication from production grade material.
Sufficient testing should be epformed to evaluate the effects of elevated
temperatures and hold times, as well as interaction with other matdfailure
mechanisms such as highicle fatigue and creep. The fatigue life prediction system
should also account for environmental effectsich as vibration and corrosion, and
cumulative damage.

When the fatigue life is based on cyclic testing of specific parts, the test results
should be corrected for inherent fatigue scatter. The factors used to account for
scatter should be justified. Inrder to utilise this approachthe test should be
designed to be representative of the criticehgine conditions in terms of the
temperature and stress at the specific features, e.g. bore, rim or blade attachment
details, of the part being tested. Approgte analytical and empirical tools should
be utilised such that the fatigue life can be adjusted for any differences between
the Engine conditions and cyclic test. In the event the test is terminated by burst or
complete Failure crack initiation for thigarticular test may be defined using the
appropriate crack growth calculations and/or fracture surface observations. It may
also be possible to utilise the number of cycles at the last draekinspection to
define the crack initiation point. This apch requires an inspection technique
with a high level of detection capability consistent with that used by Ehgine
industry for rotating parts.

The test data should be reduced statistically in order to express the results in terms
of minimum LCF capdity (1/1000 or alternaitvely ¢3 sigma). The fatigue life
should be determined as a minimum life to initiation of a fatigue crack, defined
typically as a crack length of O.i8n.

An alternative way of using the data is to base the fatigue life on an dgrakety
margin to burst of a minimum strength part. Typicady2/3 factor has been applied
to the minimum (1/1000 or alternativelg3 sigma) burstife; however, any factor
used should be justified for a particular material.

Damage TolerancAssessrant.

Damage Tolerancassessments should be performed to minimise the potential for
Failurefrom material, manufacturing and servicenduced anomalies within the
Approved Life of the part. Service experience with gas turlingines has
demonstrated thatmaterial, manufacturing and servicenduced anomalies do
occur which can potentially degrade the structural integrity of Engine Critical Parts.
Historically, life management methodology has been founded on the assumption of
the existence of nominal mat@l variations and manufacturing conditions.
Consequently, the methodology has not explicitly addressed the occurrence of such
anomalies, although some level of tolerance to anomalies is implicitly-ibuilsing
design margins, factory and field inspects, etc. A Damage Tolerandssessment
explicitly addresses the anomalous condition(s) and complements the fatigue life
LINBRAOGAZ2Y &aeadSyo LG &akKz2dzZ R 0S y23iSR
part of the design process and not a method for retaghcracked parts to service
whilst monitoring crack growth.

The Damage Toleran@ssessment process typically includes the following primary
elements:

Anomaly size and frequency distributions
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A key input in thedbamageToleranceAssessment is the size amate of occurrence

of the anomalies. This type of information may be statistical in nature and can be
presented in a form that plota number ofanomaliesthat exceed a particular size

in a specified amount of material. Anomalies should be treated aspshar
propagating cracks from the first stress cycle unless there is sufficient data to
indicate otherwise.

Crack growthanalysis

This determines the number of cycles for a given anomaly to grow to a critical size.
This prediction should be based upon knovgedofthe part stress, temperature,
geometry, stress gradient, anomaly size and orientation, and material properties.
The analysis approach should be validated against relevant test data.

Inspection techniques and intervals.

Manufacturing and isservice mspections are an option to address the fracture
potential from inherent and induced anomalies. The intervals for each specified in
service inspection should be identified. Engine removal rates and module and piece
part availability data could serve as thHmsis for establishing the inspection
interval. The manufacturing inspections assumed in thamage Tolerance
Assessments should be incorporated into the Manufacturing Plan. Likewise, the
assumed irservice inspection procedures and intervals should legiated into

the Service Management Plan and included, as appropriate, irAitiveorthiness
Limitations Section of thelnstructions forContinued Airworthiness

Inspection Probability of Detection (POD).

The Probability of Detection (POD) of the indidbinspection processes, such as
eddy-current, penetrant fluid or ultrasonic, used to detect potential anomalies
should be based upon the statistical review of sufficient quantities of relevant
testing or experience. The relevance ofisthdata should be dsed upon the
similarity of parameters such as:

T the size, shape, orientation, location, and chemical or metallurgical character
of the anomaly

T the condition of thesurface and cleanliness of the parts

T the material being inspected (such as its cormajiion, grain size, conductivity,
surface texture, etc;)

T variations in the inspection materials or equipment (such as the specific
penetrant fluid and developer, equipment capability or condition,)etc

T gpecific inspection process parameters suchhgsscan index

T theinspector (such atheir visual acuity, attention span, training, etc.)
In addition, the following should be noted with regard to the above:

T appropriate Damage Tolerandssessments.

In the context of C& 515(a),‘dppropriate Darage ToleranceAssessmentQ
recognises that industry standards on suitable anomaly size and frequency
distributions, and analysis techniques used in Demage Tolerance Assessment
process are not available in every case listed in the paragraphs belouchreases,
compliance with the rule should be based on such consideratiortheaslesign
margins applied, application of damage tolerance design concepts, historical
experience, cracgrowth rate comparisons to successful experience, etc.
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Anomalies for widh a common understanding has been reached within the Engine
community and the Authorities should be considered in the analysis.

Material anomalies.

Material anomalies consist of abnormal discontinuities or -homogeneities
introduced during the productio of the input material or melting of the material.
Some examples of material anomalies that should be considered are hard alpha
anomalies in titanium, oxide/carbide (slag) stringers in nickel alloys, and ceramic
particulate anomalies in powder metallurgyaterials unintentionally generated
during powder manufacturing.

Manufacturing anomalies.

Manufacturing anomalies include anomalies produced in the conversion of the
ingot-to-billet and billetto-forging steps as well as anomalies generated by the
metal removal and finishing processes used during manufacture and/or repair.
Examples of conversierlated anomalies are forging laps and straiduced
porosity. Some examples of met@movatrelated anomalies are tears due to
broaching, arc burns from variowurces and disturbed microstructure due to
localised overheating of the machined surface.

Servicanduced anomalies.

Serviceinduced anomalies such as nogpaired nicks, dings and scratches,
corrosion, etc, should be considered. Similarity of hardwadesign, installation,
exposure and maintenance practice should be used to deterniaeelevance of
the experience.

(e) Establishment of the Approved LifeStatic pressure loaded parts

(i)

General Principles

The general principles which are used toaddish the Approved Life are similar to
those used for rotating parts.

However, for static pressure loaded parts, the Approved Life may be based on the
crack initiation life plus a portion of the residual crack growth life. The portion of
the residual lifeused should considethe margin to burst. If the Approved Life
includes reliance on the detection of cracks prior to reaching the Approved Life, the
reliability of the crack detection should be considerdas part of the Engineering
Plan, ay dependegeis placedupon crack detectiomo support the Approved Life,

this should result in mandatory inspections being included in the Service
Management Plan and in th&rworthinessLimitations Section of thelnstructions

for Gontinued Airworthiness Crack gswth analysis techniques should be validated
experimentally.

Some construction techniques, such as welding or casting, contain inherent
anomalies. Such anomalies should be considered as part of the methodology to
establish the Approved Life. Fracture maolts is a common method for such
assessments.

In determining the life of the part, the temperature of the part, any temperature
gradients, any significant vibratory or other loads (for examflight manoeuvre)
should be taken into account in addition time pressure loads.

Manufacturing and isservice inspections are an option to address the potential for
fracture. The intervals for each specifieds@rvice inspection should be identified.
Engine removal rates and module and piece part availability caiéd serve as the
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basis for establishing the inspection interval. The manufacturing inspections should
be incorporated into the Manufacturing Plan. Likewise, the assumeskrivice
inspection procedures and intervals should be integrated into the Service
Management Plan and included, as appropriate, in #vorthinessLimitations
Section of thelnstructions forContinued Airworthiness

(i) Tests

When using testing as part of the substantiation of the life of the part, the basic
load cycle should be fro substantially zero differential pressure to a value that
simulates the most critical operation stress condition and returning to substantially
zero differential pressure.

When a test is performed, the test pressure level should be adjusted to include the
effects of stress due to thermal gradients in actual operation. When this is
impossible, due to ovestress of regions other than the critical location or stress
reversal in the Engine Flight Cycle for example, the fatigue capability in operation
should I established by an additional analysis.

If the part is subject to loads in addition to those resulting from differential
pressure (e.g. flight manoeuvre loads)gine mounting loads, etc.), an analysis
should be made of these additional loads and thefeetf examined. If the effect of
these loads is smalt may be possible to simulate them by an addition to the test
pressure differential. However, if the loads are of significant magnitude or cannot
adequately be represented by a pressure increment,tést should be carried out
with such loads acting in addition to the pressure loads.

The part should be tested at the temperature associated with the most critical
stress case or alternatively the test pressure differential may be increased to
simulate theloss of relevant properties as a result of temperature.

Any fatigue scatter factors used should be justified.

During pressure testinghe methods of mounting and restraint by the test facility
or test equipment ofany critical section should be such assimulate the actual
conditions occurring on thEngine.

(iii) Analytical Modelling Methods

An analytical modelling method may be used to determine adequate fatigue
life, provided that the modelling method is validated by testing or successful field
experience with parts of similar design.

Establishment of the Approved LifeOther Parts

It is possible that the Safety Analysis required byECHBO0 may identify Engine Critical
Parts other than rotating parts or static pressure loaded parts. In sustances, a
methodology for determining the Approved Life will need to be agreed with the
Authority, using the general principles for rotating and static pressure loaded parts as a
guideline.

Maintaining the Approved Life

At certification, the Appreed Life is based on predictions thfe Ehgine operation,
material behaviour, environmengetc., which all can be expected to influence the life at
which the partshouldbe withdrawn from service to avoid Hazardous Engine Effects.

After certification it may be necessary to check the accuracy of such predictions,
recognising that many aspects, for example, the usage oftiygne and its operating
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environment, may change during its operational life, especially with a change of
ownership. It is important taise any servicéeedbackto confirm that any assumptions
made in the Engineering Plan remain valid, or are modified if required. The Engineering
Plan should describe not only the basis of the Approved hifé also those actions
subsequent to certificatin, which will be necessary to ensure that the Approved Life is
appropriate throughout the operational life of thengine.

A regular review of the assumptions made when establishing the Approved Life may be
required, depending on the conservative hature thfe assumptions made when
determining the Approved Life. The Engineering Plan should detail when such reviews
should occur and what information will be required in order to complete the review.

Aspects which may be considered include but need not bediirit:

T the frequency of Approved Life reviews

T detailed inspection of service run parts, including timeired parts
T review of flight plans

T findings during maintenance

T Engine development experience

T lessons learned from other engine projects

T anyin-sevice events

Influencing Parts

Engine Critical Parts are part of a complex system and other parts Bhtfiree can have

an impact on the Engine Critical Parts and their life capability. Therefore, the
Engineering Plan needs to address these partgl particularly changes to them.
Examples of influencing parts include a turbine blade, a mating part, and a static part
that impactson the environment (temperatures, pressures, etc.) around the Engine
Critical Part. Examples of changes to influencingspentiude a blade with a different
weight, centre of gravity, or root coating; a mating part maafea materialthat has a
different coefficient of thermal expansion; and a static part where changes in geometry
or material modify the thermal and/or mecharl response of the component and
could, as a result, affect the environment around the Engine Critical Part.

(4) Means for Defining a Manufacturing Plan

(@)

(b)

Introduction

The Manufacturing Plan is a portion of the overall integrity process intended taensu
the life capability of the part. The Engineering Plan includes assumptions about how
Engine Critical Parts are designed, manufactured, operated and maintained: each can
have an impact on the part life capability. Therefore, it is essential to ensutefiba
attributes required by the Engineering Plan are maintained.

Elements of a Manufacturing Plan

The partspecific Manufacturing Plan should consider #feibutes of the part delivered

by the manufacturing process from raw material to finished pand should highlight all
sensitive parameters identified as being significant with regard to part life which should
not be changed without proper verification. Such parameters may include but may not
be limited to: material controls, including any zonedeas for special properties
manufacturing method specificationsmanufacturing method order of applicatipn
inspection method and sensitivitand any special part rough machining methods or
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finishing method(s), especially any methods intended to impriatgue capability or
minimise induced anomalies.

Development and Verification of the Manufacturing Plan

The Manufacturing Plan should be reviewed and verified by the following key
Engineering and Manufacturing skills:

1 Engineering (Design & Lifing)
Material Engineering
Non-Destructive Inspection

1
1
1 Quality Assurance
1

Manufacturing Engineering (Development & Production)
Hence, this same skill mix should evaluate and approve process validation and the
procedures for manufacturing change control and remmformance disposition to

ensure that the product of manufacturing is consistent with the design assumptions of
the Engineering Plan. The intent is that:

T manufacturing processes are developed and applied with the appropriate level of
oversight to ensurehe part life capability assumed in the Engineering Plan is
consistently achievedubstantiation programmes are agreed upfront and executed
as part of the process validatipn

1 changes to such manufacturing processes and practices are visible and are not
made without crosgunctional review and approval

1 when a suspected neoonformance event occurs, it is reviewed with the
appropriate skill mix prior to disposition.

The level of detail in the Plan may vary depending on the specific process step being
consdered, the sensitivity of the particular process step, and the level of control
required to achieve the required life capability.

For instance, consider the case where a process specification exists to control the drilling
of holes. If the use of this spification produces a hole that meets the life capability
specifications for a flange bolt hole, ti#an may simply note that the flange bolt hole

will be produced per the specification. However, if a rim air hole requires cold
expansion, after drillinggr the specification, to meet the life capability specifications, it
may be necessary to reference the cold expansion process Fldhe

(5) Means for defining a Service Management Plan.

(@)

(b)

Introduction

The Service Management Plan forms part of theralgprocess intended to maintain

the integrity of Engine Critical Parts throughout their service life. The Engineering Plan
includes assumptions about the way in which the Engine Critical Parts are manufactured,
operated and maintained: each can have ampact on the life capability of the part.
Therefore, it is essential to ensure that these assumptions remain valid. The Service
Management Plan conveys the processes fosdrvice repair and maintenance to
remain consistent with the assumptions made ie tBngineering Plan.

Determining the acceptability of repair and maintenance processes
Repair and maintenance processes should be reviewed by the following key skills:

1 Engineering (Design & Lifing)
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1 Material Engineering

1 NonDestructive Inspection

1 Qualty Assurance

1 Product Support Engineering

1 Repair Development Engineering

The role of this croskinctional review is consistent with that laid out for the
Manufacturing Plan. The review should include process validation, change control and
non-conformarce to ensure the product of any repair or maintenance is consistent with
the engineering specification. The intent is that:

1 repair and maintenance processes and practices are developed with the
appropriate level of oversight, and with due regard to thedsgible impact on the
life capability of the part substantiation programmes are agreed upfront and
executed as part of the validation process

1 changes to such processes and practices are visible to all parties, and are not made
without crossfunctional review and approval

1 when a suspected neoonformance event occurs, it is reviewed with the
appropriate skill mix prior to disposition.

To achieve the necessary control of the application of those processes and practices, the
procedures for repair and maintance should be clearly articulated in the appropriate
section(s) of the engine shop manual. These procedures should also include clearly
delineated limits to these processes and practices that will ensure that Engine Critical
Parts maintain attributes caistent with those assumed in the Engineering Plan.

(c) Service Managemeraspects oftatic pressurdoadedparts orother parts

The difference in approach to lifing for static pressure loaded parts or other parts means
that in addition to the Approved 16, the Instructions forContinued Airworthiness may
typically contain:

adefined periodic inspection interval in th@rworthinessLimitations Section;
the inspection method(s) to be used

adetailed description of the area(s) to be inspected

inspectionresult acceptability limits

acceptable repair methods, if applicable

= =4 4 A4 A -

any other instructions necessary to carry out the required inspection and allowable
maintenance procedures.

(6) Airworthiness Limitations Section

(a) To ensure a closeldop between thein-service parts and the Engineering Plan, the
importance of the limits to the repair and maintenance of Engine Critical Parts should be
highlighted in the Engine manuals required byEC35. Further, since inappropriate
repair or maintenance could impaot the integrity of the part in a hazardous manner,
visibility should be provided through th&irworthinessLimitations Section (ALS) ahe
Instructions forContinued Airworthiness Wording as, or similar to, that shown below
should be placed in the apppriate section of the ALS.
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Whe following airworthiness limitations have been substantiated based on engineering
analysis that assumes this product will be operated and maintained using the
procedures and inspections provided in the instructions for ca@d airworthiness
supplied with this product by the Type Certificate holder, or its licensees. For Engine
Critical Parts and parts that influence Engine Critical Parts, any repair, modification or
maintenance procedures not approved by the Type Cert#itatider, or its licensees, or

any substitution of such parts not supplied by the Type Certificate holder, or its
licensees, may materially affect these linfis.

(b) For engines with OEI ratings, térworthiness Limitations Section should include a
method for accounting for the number of cycles used in operation at the OEI ratings.
This may be accomplished by adding a finite number of cycles to the expended life of
the affected Engine Critical Parts or by using appropriate life reduction factors for each
of the OEI power excursions.

[Amdt No: EL]
[Amdt No: EB]

AMC E 520(a)Strengtht HighCycle Fatigue

In order to minimise the adverse consequences$ailures due to unpredicted highycle fatigue
it is recommended that, normally, the relative fatigskeengths of the blade/disc are graded such
that they lie in the ascending order: blade form, blade root, disc blade attachment, disc rim.

[Amdt No: EL]
[Amdt No: EB]

AMC E 520(c)(1)strengtht Shedding of Blades

(1)

)

In order to reduce the risk of angjle bladeFailureleading to a multiple bladé&ailureand
possible norcontainment, particular attention should be paid to such items as blade
material, blade root fixing and the design of casing joints in vulnerable areas.

In providing containment focompressor and turbine blades account should be taken of the
possibility that the final trajectory of a failed blade may not be directly in the plane of its
rotation. This is particularly important when the final containment provisions are external to
the Engine casing and lie some distance from it (impact points on the aircraft structure of
failed blades have been experienced at angles up to + 30° from the point of intersection of
the Engine centre line and the plane of rotation) or where the Enginegasintainment
capability is reduced adjacent to the plane of rotation of the blades, e.g. by virtue-olutsit

for adjacent stator roots, bleed ports, etc. This AMC is not meant to impose an obligation on
the Engine constructor to provide containmenttime direction of the intake and exhaust,
provided the limits of the angles to which containment is assured are made available to the
aircraft constructor installing the Engine.

[Amdt No: EL]

AMC E 52(¢)(2) Engine Model Validation

(1) Validated data spsifically for blade loss analysis typically include:

1 finite element model

9 out-of-balance

1 component failure

9 rubs (bladeto-casing, and intershatft)

2-D-18



)

®3)

(4)

(5)

(6)

()

CSE BOOK 2

resulting stiffness changes

aerodynamic effects, such as thrust loss and engine sarge

variaionsg AG K GAYS 2F GKS NROGFGA2YIlf &ALISSROA0
after failure.

= =4 =

Manufacturers whose engines fail the rotor support structure by design during the blade loss
event should also evaluate the effect of the loss of support onnengtructural response.

The model should be validated based on vibration tests and results of the blade loss test
required for compliance with G5 810, giving due allowance for the effects of the test mount
structure. The model should be capable axfcurately predicting the transient loads from
blade release through rudown to steady state. In cases where compliance witle@30 is
granted by similarity instead of test, the model should be correlated to prior experience.

Validation of the engie model static structure is achieved by a combination of engine and
component tests, which include structural tests on major load path components, or by
analysis, or both. The adequacy of the engine model to predict rotor critical speeds and
forced respose behaviour is verified by measuring engine vibratory response when
imbalances are added to the fan and other rotossgl CEE 650). Vibration data is routinely
monitored on a number of engines during the engine development cycle, thereby providing a
sold basis for model correlation.

Correlation of the model against the €810 blade loss engine test is a demonstration that
the model accurately represents:

initial blade release event loads

any rundown resonant response behavipur
frequencies

failure sequencesand

general engine movements and displacements.

= =4 -8 A A

To enable this correlation to be performed, instrumentation of the blade loss engine test
should be used (e.g. use of higheed cinema and video cameras, accelerometers, strain
gauges continuity wires, and shaft speed tachometers). This instrumentation should be
capable of measuring loads on the engine attachment structure.

The airframe and engine manufacturers should mutually agree upon the definition of the
model, based on tesind experience.

[Amdt No: B]
[Amdt No: EB]

AMC E 520(d)Strengtht Local Failures

Local Failures of the Engine casing may include localised cracking. For any casing design that
allows for residual crack growth:

@)

(b)

it should be demonstrated that theondition of the casing, including the maximum
predicted crack size, will not lead to a Hazardous Engine Effect;

if the Failure of the casing, for instance as theult of ultimate crack growth, could result

in a Hazardous Engine Effect, then the psinbuld be classified as a Critical Part in
accordance with GB 510(a)(2) and be in compliance with the Integrity Specifications of
CSE 515.

[Amdt No: E/5]
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AMC E 525ContinuedRotation

1)

)

©)

(4)

Continued rotation can be either due to windmilling or due teadhanical effects such as
clutch drag in the case of a multhginedRotorcraft. Compliance with this specification may

be established by test or analysis and should take into account the conditions imposed on
the Engine by a typical aircraft installation.

The conditions imposed on the Engine aftefflight shutdown and their maximum duration
should include consideration of all expected aircraft applications for the Engine, e.g.
rotorcraft, turbo-propeller, subsonic aircraft and supersonic aircraft.

Conditions that should be considered and addressed, if determined to be applicable, should
include but are not limited to those identified below:

T complete loss of Engine oll
T rotor unbalance resulting from blade loss and subsequent rotor damage.

Consideation should be given to extended periods of continued rotation under these
conditions in conjunction with the assumed flight envelope with one Engine shut down,
including, where applicable, supersonic and supersonic to subsonic transition flight
conditiors.

The conditions imposed at the Engiteaircraft interface as a result of the rotor unbalance
and rotational speed associated with continued rotation of an Engine following an Engine
blade loss and subsequent rotor damage should be determined dysisa&r test or both by

the applicant as required by €&5520(c)(2), covering the entire flight envelope, and be
provided in the installation documents required by-E 0.

[Amdt No: EL]
[Amdt No: EB]

AMC E 540Strike andingestion ofForeign Matter

1)

()

When complying with GBE 540(a), the substantiation of the strike and ingestion effects of
foreign objects such as cleaning cloths, hand tools, rivets, bolts and screws needs only to be
carried out if these are likely to be more severe than those @& #ingle large bird
strike/ingestion.

As well as being part of the demonstration of compliance witie®3&0(a), the effects of the
large bird ingestion test of @S800 on the spinner or any Engine static part, as a result of a
bird strike, should be asssed against the criteria of €5510. Main frame struts or
bifurcation strut fairings may be exposed to impact from birds or bird debris. Such frame
struts or strut fairings may house fuel, oil, hydraulic, Higessure bleed air lines, or wiring
associted with the engine control system. The applicant should consider the potential for
bird induced damage to these ducts, lines or wires with regard to the objective 6f528.

In order to verify the Extremely Remote criteria for Hazardous Engine Effiectsé of bird
strikes as required in @540(a), consideration should be given to the possibility of aircraft
operation at speeds higher than 200 knots, associated with the corresponding probability of
occurrence of encountering a single bird under soehditions.

CSE 540(b) is intended to address for example rain, hail, ice, gravel, sand, small and medium
birds. For some threatghe interpretation of the specifications of €E5540(b)should be

made in relation to other GB specifications, sucts &S 800 for birds or CE 790 for rain

and hail, which may quantify the safety objectives ofEC510(b). These related paragraphs

are therefore intended to be sufficient for demonstrating compliance witFECBI0(b) for

the considered subject. Neverthess, any unusual finding made during these demonstrations
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of compliance should be assessed against the safety objective-l6f3@8(b) continued safe
flight and landing.

[Amdt No: EL]
[Amdt No: EB]

AMC E 560FuelSystem

1)

)

®3)

(4)

()

(6)

)

More than one type of fuemay be allowed: CE 560(a) applies to each type and covers
additives in the fuel (for example, fuel system icing inhibitor).

SomeEngines may use other fluids, such as water methanol: when appropriate, the word
Yuel(n CSE 560 should be interpretedsaovering these fluids as well.

If the Engine may be adversely affected by a parameter of the fuel specification, such as
sulphur or gum content, this should be identified in the appropriate documentation.

When defining the fuel specifications under-E$60(a), CE 90 should also be considered
for effects induced in the fuel system by the fuel itself, fuel additives or water in the fuel.

To comply with G& 560(b)(1), contaminants likely to be present in the fuel delivered to the
Engine from the acraft should be considere@s well as contaminants resulting from wear
of a part or component of the Engine fuel system (such as fuel pump bearing).

In compliance with GE 560(e), any means provided for protection against icing in the fuel
system ma either be in operation continuously or commence operation automatically when
required.

In compliance with CBE 560(d) and (e), the applicant should consider the effect on Engine
operability of the transient fuel icing conditions likely to be enceuat in service. In the
absence of a completed threat assessment by the aircraft manufacturer, the applicant should
make an assessment of the potential threat, or declare that no capability has been
demonstrated. The limitations on the demonstrated capiéhilany related assumptions, and
potential effects on operability should be documented in the Engine installation manual, as
required under C& 30(a) and G 20(d). This should include but should not be limited to
the quantity of ice, and the fuel tempature at the critical conditions for transient fuel icing.
The compliance evidence should address the possibility of a blockage of Engine fuel system
components, and the consequences of the resultant activation of any bypass features, under
the minimum fiel heating conditions and with the worstaise Engingo-Engine variability.

Note: A transient fuel icing condition is considered to be a storation exposure to high
concentrations of (water) ice in the fuel delivered to the Engine that is caused ey th
accumulation and subsequent shedding of ice within the aircraft fuel system.

In complying with G& 110(d), because a fuel leakage is considered as a potential fire hazard,
design precautions should be taken to minimilse possibilities of incorrecassembly of fuel
system components, including pipes and fittings, especially if parts of the system have to be
removed during the routine maintenance procedures.

For compliance with G5 130(a), in order to minimise the possibility of occurrence and
spread of fire, each filter or strainer should be mounted so that its weight is not supported by
the connecting lines or by the inlet or outlet connections of the filter or strainer, unless
adequate strength margins under all loading conditions are provitstedhe lines and
connections.

Each filter or strainer requiring regular servicing should

T be accessible for draining and cleaning or replacement
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T incorporate a screen or element that is easily removaaie

T have a sediment trap and drain exdep the filter or strainer is easily removable for
drain purposes.

Any restriction in bypass operation condition should be specified in the appropriate manuals.

CSE 560(9g) is intended to cover any likely changes in settings caused by vibrat@nedt
maintenance, mechanical interference when installed or during handling, etc. Examples of
design precautions are: locking devices, sealing, inaccessible installation.

[Amdt No: EL]
[Amdt No: EB]

AMC E 5700il System

(1)

)

®3)

(4)

®)

Each filter or strainerequiring regular servicing should be accessible for draining and
cleaning or replacement. For complying with-E%70(a)(1) in order to avoid possible
leakage, each filter or strainer should be mounted so that its weight is not supported by the
connectirg lines or by the inlet or outlet connections of the filter or strainer, unless adequate
strength margins under all loading conditions are provided in the lines and connections.

In complying with G& 570(a)(1), each oil tank should have an expangianes Experience
has shown that 1@er centof the tank capacity is adequate. It should be impossible to fill the
oil tank expansion space inadvertently.

In complying with G& 570(a)(2)(i), filling and drainage provisions should be accessible and
have manual or automatic means for positive locking in the closed positions. Each oil tank
filler connection that can retain any significant quantity of oil should have provision for
drainage to the outside of the Engine cowling.

In complying with G& 57@a)(2), access points include but are not limited to Magnetic Chip
Detectors and gearbox access cover plates.

WHazardous quantiti€das referred to in GE 570(e)(1), is defined in AMC E 130.

[Amdt No: EB]
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SUBPART E TURBINE ENGINBYPE SUBSTANTION

AMC E 600(e)Testt General

The applicant should justify any difference between the Engine attitude during the tests and the
Engine attitude in the intendeBotorcraft installations.

[Amdt No: EL]
[Amdt No: EB]

AMC E 620Performance: Formulae

(1) The following corrections from the observed test conditions to the assumed atmospheric
conditions of pressure and temperature should be used within the range of conditions
appropriate to the particular type of Engine, i.e. taking into account the dbariatics of the
Engine Control System, and the possible effect of Reymoiiber, unless more accurate or
additional corrections for a particular type of Engine have been agreed or required by the
Agency.

Gas Pressures
S.1. Units

1013@5

Pc =Po x

Gas Temperatures

Tc=Tox 288
q

Rotational Speed

Nc=Nox1f@
q

Thrust
S.1. Units

101325

Fc=Fox

Mass Air Flow

S.1. Units

101#5 [¢
WeW o x|t
B 288

In cases where certain proprietary types of air flowmeter are employed, itldhmel noted
that Wo is the actual air consumption of the Engine during test.
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Fuel Flow
S.I. Units Wc=Wox1013d5 x| 288
B q
Power
S.1. Units
Pc =Po x 1013 @5 X 1/@
B q
(2) Notation
B = Barometric pressure in test chamber hPa
q = Observed intake temperature, corrected for
instrument temperature and scale errors onhK
P = Pressure hPa
T = Temperature K
N = Rotational speed rpm
F = Thrust kN
W = Mass air flow kg/s
w = Fuel flow kg/h
P = Power kw
(3) Suffixes

{dFARSY2(0S58 +ty 20aSNWSR NBadA Gz O2NNBOGSR 7
2ytfted {dZFFAE WwWOQ RSy20GSa | dzt &G O2 NNBOUGSH
temperature conditions of GE 620.

[Amdt No: EL]
[Amdt No: EB]

AMC E 640Pressurd_oads

(1) Definitions. For the purpose of &S640(a)the following definitions apply and should be
related to the Engine when installed in a typical installation.

Normal Working Pressure  The maximum pressure differential likely to occur on
most flights including any pressure fluctuations as a
result of the normal operation of valves, cocks, .gtc
where these could produce significant surge pressures.

Maximum Working Pressure The maximum pressure differential which could occur
under the most adverse perational conditions (e.g.
forward speed, altitude, ambient temperature, Engine
speed, use of OEI ratings) likely to be encountered in
service, including any pressure fluctuations as a result of
the normal operation of valves, cocks, etc., where these
coud produce significant surge pressures.

Maximum Possible Pressure The maximum pressure differential which could occur
under the most adverse combination of operational
conditions (e.g. forward speed, altitude, ambient
temperature, Engine Speed, use of|l@&ings) likely to
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be experienced in service, together wikailureof any
relevant parts of the Engine or control system, or
combinations ofFailures which are more likely than
Extremely Remote. Consideration should be given to any
pressure fluctuationsis a result of normal or emergency
use of valves, cocks, etc., where these could produce
significant surge pressures.

Static Parts subject to significant

gas or liquid pressure loads The components subject to higiressure loads or
whose design is ihfenced by the gas or liquid pressure
loads to be contained. Examples might include the
compressor, combustor and turbine casings, heat
exchangers, bleed valve solenoids, starter motors or
fuel, oil and hydraulic system components. Special
attention shouldbe given to any filler cap.

Static Pressure Tests (seef-640(a))

The anticipated Engine manual serviceable limits may be used as the criteria to judge the
acceptability of any permanent distortion.

When a test is performed on a part which is sabgel in service to a varying pressure
throughout its length, it is permissible to simulate the pressure conditions by suitably
dividing thepart into zones and applying the maximum pressure for each zone including the
appropriate factors of GBE 640(a).

Testst General

If the part is subject to loads in addition to those resulting from differential pressure (e.g.
flight manoeuvre loads, Engine mounting loads, etc.), an analysis should be made of these
additional loads and their effect examined. If th&feet of these loads is small it may be
possible to simulate them by an addition to the test pressure differential. However, if the
loads are of significant magnitude or cannot adequately be represented by a pressure
increment the test should be carried bwith such loads acting in addition to the pressure
loads.

The part should be tested at the temperature associated with the most critical stress case or
alternatively the test pressure differential may be increased to simulate the loss of relevant
properties as a result of temperature.

During pressure testing the methods of mounting and restraint by the test facility or test
equipment of any critical section should be such as to simulate the actual conditions
occurring on the Engine.

Analytical Modellig Methods

An analytical modelling method may be used to determine adequate strength and fatigue life
provided that the model is validated by testing or successful field experience with parts of
similar design.

[Amdt No: EL]
[Amdt No: EB]

2-E3



AMC E 650Vibration Surveys

CSE BOOK 2

(1) Definitions. The following are defined for the purpose of this AMC:

Vibration Survey:

Baseline Test:

Validated Analysis:

Module:

Physical Rotational Speed (Nr):

Minimum Rotational Spak(Min Nr

Corrected Speed (Nc):

A vibration survey is a test or series of tests which, eit
alone or in conjunction with validated analysis, establis
the vibratory characteristicef Engine components.

A baseline test is one which was performed for 1
purpose of establishing experimentally the dynan
characteristics of Engine components using hardw;i
and/or under conditions, different from those for whic
approval is currently sought, and is an essent
requirement for a complementary validated analysis.

A validated analysis is one with demonstrated predict
capability within a specified domain of applicability tF
encompasses one or momomplementary baseline tests.

A module is either a compressor or a turbine which may
single or multi-stage, or a gear box. If multtage, the
rotating elements are mechanically joined and rotate
the same speed. The gas path entry and exiints are
clearly defined and are frequently nodal points in
performance model.

Note A single stage or subset of stages isolated frol
multi-stage compressor or turbine does not constitute
module.

The physical rotzonal speed of the rotating elements of
module is the raw uncorrected rotational speed. It
rotational speed as normally understood. The descrig
YIKeaAOrtQ A& FRRSR Ay 2|
corrected speed.

The minimum rotational speed of the rotating elements
a module is the lowest steaeltate rotational speed whict
can be obtained within the limits imposed by the Eng
Control System under Fault free conditions throughout !
declared fligh envelope.

The corrected speed of the rotating elements of a mod
is the rotational speed normalised to damdard inlet
temperature of 15°C in accordance with the formula:

Nc = Nr/(T inlet/288)
where T inlet is the module gamth inlet temperature in
Kelvin and the exponent e is determined empirically |
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has a typical value of 0.5. Corrected speed is a param
widely used in performance modelling.

Declared Flight Envelope: The declared flight envelope is the setalfairborne and
ground conditions of operation to be approved, includi
start-up, shutdown and windmilling rotation in flight.

Resonance: Resonance ia condition that occurs when an oscillato
force applied to a component has a frequency tt
coincides with 2 y' S 2 7F 0KS 02Yl
frequencies, resulting in an elevated vibratory response
uniquevibratory mode exists for each natural frequency.

Flutter: Flutter is a sefexcited vibration of a component in a gi
flow, caused by a continuous interamti between the gas
flow and the structure, in which energy from the flow
diverted to the structure such that the vibratory respon
is sustained or increased. In turbomachinery, it usu
occurs at a natural frequency of the structure and in 1
associted mode shape.

Significant Response: A significant response is one in which a vibratory str
exceeds the level that has been previously agreed by
Agency as providing acceptable margin undet=C€8 and
CSE 100 for the type of feature concerned.

Endurance Limit: The endurance limit of a component is the maximum va
of alternating stress that, when repeated for an essenti:
infinite number of cycles, will not result in high cyc
fatigue failure of the componentl0’ cycles have generall
beenl OOSLIISR a wSaaSyuaal fi
is a function of steadgtate stress, temperature, geomett
and material properties.

(2) Introduction

The intent of the rule is to ensure the acceptable dynamic behaviour of all components and
assembliesin a gas turbine Engine. More specifically, the rule is aimed at the avoidance of
damaging higktycle fatigue failures.

(3) Selection of Components

CSE650(a) requires that the survey covers all components that may be subject to mechanically or
aerodynamicdy induced vibrations. Component selection for the survey should be based on an
appropriate combination of experience, analysis, and component Tst. selected components
would normally include:

T the most critical blades and vanes, from a vibration pahtiew, in the fan and each
compressor and turbine module;

T all blade rows adjacent to variable incidence vanes;

T all fan, compressor and turbine discs and spacers;
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T all main rotor shaft systems (and gears, when included in such systems);
T any other componentspecifically identified as requiring Engine test to substantiate
analysis and/or to supplement component tests.

(4) Test Conditions

A test or series of tests is an essential element of the survey. Whether the tests are new or
baseline, the following conditianapply:

(@) Rig testing

Normally, a full Engine test is the preferred means to complete the survey. However, a
applicant may elect to use rig tests for overcoming limitations associated with a full Engine
test, such as the amount of instrumentation capablebeing fitted or the range of inlet
conditions that can be tested. Rig tests generally consist of testing full or part of Engine
modules. If rig tests are employed, the applicant should demonstrate that all pertinent
interface conditions and physical havdre closely replicate actual Engine conditions.

(b) Speed requirements

It should be the goal of the test programme to cover at least the ranges of conditions
required under C&650(b) and (c).

CSE650(b)(1) requires consideration of 103 of the maximum rattional speed permitted

for rating periods of2 minutes or longer, but where it proves physically impracticable to
achieve the appropriate extended test conditions, the Agency may accept an alternative that
complies with the intent of the requirement. Hsically, the 3% margin has been imposed

to account for transient overshoot. If it can be demonstrated that the characteristics of the
Engine Control System are such that the maximum rated speed cannot be exceeded in fault
free operation,the required maimum tested speed may, with the agreement of the Agency,
be adjusted downward, but may not be less than 260

Where an extension to the range required by-EX%0(b) is considered necessary for the
identification of the effects of a rising vibratory stsepeak, as required under €850(c),

but it proves physically impracticable to achieve the appropriate extended test conditions,
the Agency may accept an alternative that complies with the intent of the requirement.
Historically, the requirement has beemposed to account for Engifte-Engine variability.

The Engine manufacturing and build tolerances can result in peak vibratory stresses occurring
at slightly different rotor speeds for Engines and Engine parts (for example blades) of the
same type designif tested components are deliberately selected to cover an adverse range
of manufacturing variability or any other effect normally captured by increasing the test
maximum speed by a further @, the required maximum tested speed may, with the
agreement @ the Agency, be adjusted downward, but may not be less than the maximum
speed established for compliance with-E&50(b).

Any reduction in the speed range requirements ofEBS0(b) and (c) proposed for the test
programme should be justified by the afgaint and agreed by the Agency. Normally, it would

be expected that any test shortfall is covered by validated analysis.

WSFSNJ +Ffaz2z G2 LI NIFINILK o6p0 W fGAGAdZRS YR
complementary guidance on affecting speeds.

(c) Instrumentation

To acquire the data required under €850 when conducting vibration surveys, the
applicant should use suitable instrumentation, data acquisition, and analyser systems.

Vibrationspecific instrumentation may include dynamic strain gauges, awcekters,
dynamic pressure gauges and tirokarrival sensors.
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Vibratory stresses are most commonly calculated using dynamic strain gauges placed at
predetermined locations and oriented to measure specific directional strains. These strain
gauges should matain their accuracy throughout the test conditions, particularly when
repeatedly exposed to high temperatures for extended periods. The applicant should aim to
take measurements at locations which are sensitive to the peak responses of interest but are
also tolerant of a degree of mislocation/alignment variability. When these locations are not
suitable or accessible for that purpose, stresses may be measured nearby provided that the
relationships between the stresses at these locations and those atatritcations are
known and predictable. To identify the accessible locations that best represent the critical
stresses, knowledge of each natural mode and associated stress distributions is required,
which may be gained from a combination of experiencealgses, or testing. This
investigation is usually conducted before the certification test.

Timeof-arrival sensors, such as optical sensors or light probes, may prove convenient
alternatives to strain gauges provided they are properly calibrated and tagiabilities are
clearly understood. The most common application for tiaferrival sensors is to estimate
blade tip displacements, which may then be converted to stresses at specific blade locations.
Converting measured displacements or gauge straingti@tory stresses requires a detailed
knowledge of the blade normal mode frequencies, mode shapes, modal stress/strain
distributions and associated tip displacements. This conversion should be shown to be
sufficiently accurate or at least conservativen&iof-arrival data for vibratory modes where
measured displacements have low sensitivity in relation to stresses in critical areas should
not be used in order to avoid excessive uncertainty in endurance limit calculations.

(d) Instrumentation survivability

Where the Engine operates at such high rotor speeds and gas path temperatures that test
instrumentation can only survive the environment for short periods of time, validated
analysis would be expected to complete the substantiation. The loss of instrumentatio
should be minimal and the associated analysis should be primarily based on the surviving
instrumentation data.

(e) Engine modifications

During testing, the Engine may be modified or adjusted in an effort to achieve the desired
physical and corrected speeds; any other test conditions. Any alterations made to the
Engine for these purposes should be evaluated to show that their effects are not detrimental
or do not compromise the intent of the test and the test results.

Altitude and Temperature Effects

CSE650(a) requires that conditions throughout the declared flight envelope are evaluated
when establishing that the dynamic behaviour of components and systems is acceptable.

Changes in operating conditions associated with ambient temperature and altituddioas

affect Engine performance and airflow characteristics. This can have a significant effect on
aerodynamic forcing and damping, which, in turn, affects the vibratory response and
behaviour of certain componentsiAppropriate justification should be pvided by the
applicant that the worst operating conditions in the declared flight envelope have been fully
explored.

Engine tests may be conducted by means of flight test or in altitude facilities or in other
facilities such that the effects of altitude driemperature are properly represented and can
be evaluated. Suitable test equipment and instrumentation should be used for each
situation. The dependency of certain vibratory phenomena on temperature and altitude can
be characterised as a dependency omreoted speed, which enables such phenomena to be
investigated by means of sdevel testing, provided that the entire required corrected speed
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range can be achieveth general, a high corrected speed implies that the airflow over the
blading has a high &h number, which is associated with higher aerodynamic forcing and
lower aerodynamic stability.

Fault Conditions

A number of common Fault conditions can have the effect of introducing additional
excitation sources or changes to those existing under Feaét conditions. Any change in
vibration response should be evaluated and shown not to result in a Hazardous Engine Effect.

CSE650(g) applies to those Fault conditions that would cause abnormal vibrations that are
difficult to identify in a timely manneso that appropriate mitigating action can be taken.
Notwithstanding the provisions of €60 and C&510 with regard to instrumentation,
certain lowlevel vibrations caused by Fault conditions may not be recognised as associated
with an Engine Fault anday not prompt an immediate response. Subsequently, these Faults
may escalate to Hazardous Engine Effects. For example, the loss ef#oil dip would be

likely to result in a change in vibration due to the increasedadtlialance. Even if indicated

by the means required under 50 and CE510, this vibration might not be immediately
recognised as abnormal or may not prompt immediate action, and could cause further
damage. Other Faults include incorrectly scheduled compressor variables, statos vane
blockages or enlargement, and blockages of fuel nozzles. These Faults could produce local
airflow distortions and changes in the airflow or pressure distributions that in turn may affect
component vibratory response and characteristics. To address thasé conditions, the
applicant may use prior experience with Faults that occurred on other similar Engines.
Successful experience is such that, after exposure to a Fault condition, the Engine was able
either to continue in safe operation or to be shut dowithout creating a Hazardous Engine
Effect. Applicants may also use field experience or other means to show that certain Fault
conditions are Eremely Remotebecause of specific Engine configurations, design features
or operating conditions. The requireents of CE650(g) apply to the same components that
are considered under G650(a). When the effects of these Fault conditions extend to the
rest of the Engine, they must be addressed under the requirements #1068 Strength
and/or CSE520 Strendh (for example, the oubf-balance effects on the Engine structural
components).

Inlet Airflow Distortion

Fan and compressor vibration can be sensitive to inlet airflow distortion, and conditions
consistent with the most adverse pattern declared by the lmamt should be taken into
account. Inlet airflow distortion may be associated with the air intake, crosswinds, or other
operating and aircraft installation conditions. When an Engine test is performed, whether in
a test cell or on a flight test bed, thelet distortion may be achieved by various means, such
as external crosswind devices, inlet distortion plates or suppression screens.

Flutter

Testing required to demonstrate satisfactory vibratory clearance from flutter boundaries may
be accomplished byig and/or Engine sekevel or altitude test, subject to the following
considerations:

(a) The presence of flutter may be acceptable in some circumstances, for example in a
speed range encountered only briefly or infrequently, or where the flutter amplitude is
limited to a safe level. However, the resulting vibration stresses must always satisfy the
requirements of G&650(f). A thorough investigation of the flutter response and its
effects should be completed to show that the flutter does not result in a Hiazer
Engine Effect. The investigation may include testing as required under paragraph (10)
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below for a significant response.

Ly Ittt OFraSasz GKS GSad LINPOSRI2NBE ySSRa (2
flutter will not be revealed during testif the relevant operating conditions are not
sustained long enough for the flutter to develop

As flutter is a phenomenon which can be sensitive to small variations in those factors
which could influence the response of the system, due considerationldhadso be
given to possible variations between the nominal and extreme values of, for example,
tip clearancesmechanical damping, operating lines and bleed flows. Experience has also
shown that there are differences in susceptibility to flutter from obkde set to
Fy203KSNJ FyR GKIFG WidzySRQ o6f RS aSda YAIAKG
If tests will be conducted at sea level only, the applicant should propose a procedure
acceptable to the Agency to account for altitude effects. For certain Engine modules,
especiay fans and compressors, it is expected that this will be achieved by testing
throughout the range of corrected speed that the module will encounter in service, in
which case the requirements of €650(b) and (c) with regard to physical rotational
speed hould be considered to apply also to corrected speed. The provisions of
paragraph (4)(b) of this AMC are also applicable.

For some turbines, the propensity to flutter is not increased at maximum corrected
speed, and other methods of demonstrating the absenof damaging flutter
throughout the declared flight envelope may be more appropriate. It is important to
ensure that the maximum stage inlet pressure at each physical speed is achieved, or
compensation is provided. The strength of aerodynamic forcinghany turbine blades

is predominantly driven by the total pressure levels, and the highest pressures are
expected at the highest mechanical speed. Where turbines operate in aerodynamically
choked conditions and the mass flow through the turbine is dictabgdthe fixed
geometry of the blading, the corrected speed is essentially constant. Higher corrected
speed (at an aerodynamic work level) will lower the blading Mach numbers (Mn) and,
conversely, a lower corrected speed will increase blading Mn. This ntleatisn such
cases, running up to 10® of maximum mechanical speed will cover the waeste
(highest forcing) condition.

In general, the methods used to verify the absence of damaging levels of flutter
throughout the declared flight envelope should imdé consideration of applicable
combinations of the following:

(i) the ranges of physical and corrected rotational speeds for each rotor module;

(i) the simultaneous occurrence of maximum fan or compressor inlet air total
temperature and maximum corrected rotatiah speed(i.e. maximum reduced
velocity);

(iif) the range of fan or compressor operating lines within the flight envelope;

(iv) the most adverse of other fan or compressor inlet air conditions encountered
within the flight envelope (e.g. applicable combinations ofatoair pressure,
density, temperature, and inlet distortion); and

(v) the hardware standard, the intake conditions and margins to account for Engine
deterioration.
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(9) Variations in Material Properties and Natural Frequencies

Allowance should be made as falle for the permitted variations in material properties,
critical dimensions and resulting natural frequencies of production components when
interpreting test results or making analytical predictions:

(@)

(b)

(€)

Material allowable stresses

The material property thatsiimportant in relation to the requirements of E850(f) is

the endurance limit associated with specific combinations of mean stress and
alternating stress, usually represented on a Goodman diagram. The influence on the
endurance limit of manufacturing rpcesses, the local geometrical features, and
temperatures should also be taken into account.

Stress margins

Section CE&650(f) requires suitable stress margins for each part evaluated, usually
represented by the stress margins at the critical or limilimgations. The stress margin

is the difference between the material allowable at a particular location and the
measured vibratory stress at that location. The criteria for stress margin suitability
should account for the variability in design, operationdaother mitigating factors
identified during the certification test.

Modal response

The total vibratory stress at any given location is the sum of the resonant stresses
associated with all active and concurrent normal modes, plus any other vibratory
stresses that occur at that particular rotational speed. Due to variability in properties
(material and geometry) the frequencies and separation of the modes may be different
from blade to blade (or other component). The applicant should consider the stress
amgplitudes that occur within permitted blad®-blade variations of natural frequency.

For example, if for a particular blade design the natural frequency (fn) range is fn
+2.5%, then the combined amplitudes within this range should be considered.

Where thee is potential for more than one mode to be excited at the same time/speed,
the overall amplitude will be a combination of contributions from each individual
response. The combined stress is typically calculated by breaking down the vibratory
stress of eah mode into its stress components and then combining the modal
contributions in proportion to the individual measured responses to obtain the overall
principal or equivalent vibratory stresses.

(10) Dwell Testing

The applicant should determine all sigodint responseswithin the operating conditions
prescribed in G&650 and allow sufficient time for any associated resonant modes to
respond. This is usually accomplished during slow acceleration and deceleration speed
sweeps covering the range of requirspleeds.

If any significant response is found, then the relevant components should be subjected to
sufficient cycles of vibration close to, and/or on, the response peak to demonstrate
compliance with G&650(f). This dwell testing would normally be ingorated into

the incremental periods of the @S740 Endurance Test as required I§SE740(g)(1).
Components subjected to such dwell testing should subsequently also meet the strip
inspection requirements of GES740(h).

(11) Transient Response
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Consideation should also be given to the speed range from zero to minimum rotational
speed, especially in the case of supercritical shafts. Some predicted potentially damaging
transient responses may require an aggressive control input to provoke a representativ
response.

(12) Instrumentation Incompatibility

If the dimensions ofthe componentsto be testedare incompatible with the necessary
instrumentation, instrumented Engine tests to substantiate the vibration characteristics of
thesecomponentsand the varitgion of the Endurance Test incremental running as prescribed
in CSE740(g)(1) may be waived wholly or in part if the Agency is satisfied that the total
hours of operation accumulated on test beds or in flight, under representative conditions,
prior to cetification are sufficient to demonstrate that the vibration stress levels are
acceptable.

(13) Installation Compatibility

The intent of C&650(h) is to ensure vibratory compatibility between the Engine and each
intended installation configuration when ¢hEngine is installed and operated in accordance

GAGK GKS YIydzFl OGdzZNENR& | LIWINB PSR AyadaNdzOGAz2y
provide sufficient information in the Engine instructions for installation to enable the aircraft
manufacturer(s)tacSa G of AakK GKFdG GKS AyadlfttlriArzy R2Sa
vibration characteristics. In establishing vibratory compatibility between the Engine and the
installation, consideration should be given to the need to declare operating limitatinds

procedures. Where appropriate, at least the following aspects and installation features

should be considered:

T each Propeller approved for use on the Engine;

T each thrust reverser approved for use on the Engine;
T installation influences on inlet and exiist conditions;

T mount stiffness; and

T rotor drive systems.

(14) Modelling and Analysis

Acceptable analytical methods are based on the complementary concepts of a baseline test
and validated analysis. The general principle is that a baseline test in caajumweith
validated analysis is equivalent to a new test.

(a) Baseline test
A baseline test is usually one of the following:

() An Engine or rig test run on the first model of an Engine type during the type
certification programme. The validated analysis devetbpa the basis of this test
may then be used for derivative models that are added to the same type certificate.

(i) An Engine or rig test run on a previously certified Engine type. The validated
analysis developed on the basis of this test may then be use#&rgmes whose
design characteristics and operating conditions are shown to be sufficiently similar
to those of the Engine in the baseline test.

(i) An Engine or rig test specifically run to support the creation of the validated
analysis.

The design charactatics and operating conditions run in the baseline test(s) should be
shown to be sufficiently similar and inclusive of the domain of applicability for the
Engine being certified, as defined in this AMC, paragréph)(b)(i), (ii) and (iii).
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A test from wiich the results are used to calibrate an analysis is not in general eligible to
be considered a baseline test in relation to the validation of that analysis. The same test
results cannot be used both to calibrate and validate an analysis.

(b) Validated Analysi

(i) Development of the Validated Analysis.
The analytical model should be validated against one or more baseline tests.

For each baseline test on which the validation is based, it should be shown that the
analysis consistently predicts the observed behaviand vibratory responses of

the components investigated to an acceptable precision and accuracy.
Alternatively, it could be shown that predictions reliably overpredict the vibratory
response.

The applicant should clearly define the domain of applicabditythe analysis,
comprising the ranges of design characteristics and operating conditions for which
the analysis will be deemed to be validated. Typical design characteristics and
operating conditions which may constitute a definition of the domain of
applicability are as follows:

T Engine architecture:

1 general configuration, for example2- or 3-shaft design, turboshatft,
turbofan, open rotor, geared fan;

1 secondary air system;

1 number, location and type of bearings, including installation (inner/outer
race gounded, intershaft, damped, etc.), and associated support
structures.

T Module type, for examplehigh or low-pressure turbine, axial or radial
compressor.

T Component geometry, for example shrouded or unshrouded blades, aerofoil
FSNEREYIFIYAO WKS QBd O0WH5Q 2NJ

T  Structural dynamic characteristics:

1 natural frequencies, which will influence the resonance speeds and
aerodynamic stability (flutter);

1 mode shape similarity, for example a measure of accuracy that is often
employed is the Modal Assurance CriteridhAC). Typically, a MAC value
greater than 0.9 indicates there is close agreement between measured
and calculated mode shapes. Close matching of mode shapes implies that
response to the same forcing will be similar;

1 mechanical damping levels; any differenwill be directly reflected in the
resonant response level or flutter suppression;

1 mistuning levels; the degree of scatter in frequency between blades will
strongly influence the vibration amplitudes variability in a bladed disc and
will have a stabilisipinfluence on flutter.

T  All structural dynamic characteristics affected by:
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1 materials and construction technique, for example composites,
anisotropic metals, joining methogs

T restraints, for example blade or vane attachment design, snubbers or
dampers, flages.

Similarity of the structural dynamic characteristics is frequently demonstrated by a
combination of comparative analysis and modal testing in a laboratory.

T Aeroelastic characteristics:

1 The Strouhal number (k) or reduced frequency which charactettses

variation of flow with time, 8 KSNB | r . ®0k !
¢ = component length in flow directipand U = flow velocityis relevant
for flutter.

T Sources of vibratory excitations and forcing strength:

1 upstream or downstream rotors, stators or ste,tfor example numbers
off, aerodynamic style, axial gapping;

f gas stream characteristics, inlet or flow path asymmetry, main gas path
and secondary flows;

1 power or thrust levels, air density, Mach number and Reynolds number
that can affect both flutter andorced response amplitudes

1 combustion system
1 mechanical sources, for example gearbox and rotoradttialance.
T Operating conditions:

1 rotational speeds, temperatures and gas pressures experienced by the
subject components throughout the declared fligmvelope.

The validated analysis and its domain of applicability should be acceptable to the
Agency.

Use of the Validated Analysis

Similarity of the Engine, module or component(s) to be certified with previously
tested and certified designs should be justif. For each new Engine certification
programme, for which the use of validated analysis is proposed, the applicant
should show that the design characteristics and operating conditions of the Engine
fall within the domain of applicability of the analygiseviously established and
accepted by the Agency.
The demonstration of compliance will be considered to be the combination of the
baseline test(s) used to create the validated analysis, and the analysis performed on
the Engine for which approval is curtBnsought.
Examples where validated analysis may be used include but are not limited to the
following:

T Where test speeds required by €€850(b) and (c) are not achieved, by
agreement with the Agency as described in paragraph (4)(b) of this AMC. The
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validated analysis would be expected to cover the speed range(s) or operating
conditions not achieved during testing.

T Where instrumentation has been lost, for example due to the extreme test
conditions. The validated analysis would be expected to cover thedspee
range(s) or operating conditions for which instrumentation was lost.

T Where stresses are not measured directly at critical locations. In that case, the
peak stresses may be derived based on measurements taken at reference
locations. This requires a detd understanding of the modal composition of
the response and the associated mode shapes to derive the relationship
between each location.

T Where it proves necessary to justify the acceptability of any significant
responses whether observed or predicted.

(i) Update of the Validated Analysis

It is expected that the applicant may regularly update the validated analysis, for
instance following new testing performed or service experience. The updated
validated analysis and/or its domain of applicability should beiesged and
accepted by the Agency.

(15) Inspection Specifications

The precertification activity necessary for determining which Engine components require
verification by Engine test and also for determining the proper location of Engine test
instrumentaton will typically include substantive tests and analyses for determining
component (or system) natural frequencies, mode shapes, ststatg mean stress and
vibratory stress distributions. These development activities will generate engineering data
essental to supporting the certification test and should be exempt from formal Agency
approval of test plans and reports. Inspection of type design hardware in accordance with
the requirements of 21.A.33 of Pa®l should be limited to only those pertinent Engi
components and associated instrumentation that constitute the certification Engine test or
the baseline tests supporting the validated analysis.

[Amdt No: EL]
[Amdt No: E/4]
[Amdt No: EB]

AMC E 660Fuel Pump Tests (Turbine Engines for Aeroplanes)

When testing equipment susceptible to cavitation erosion (e.g. Engine fuel pumps) the paossibility
of such erosion being relieved by dissolved air in the test fluid should be considered and, if
appropriate, some testing should be carried out with fuel at thest critical temperature and
pressure with regard to cavitation erosion and having the minimum amount of air in solution that
is likely to occur during normal operating conditions.

[Amdt No: FL]

2-E14



CSE BOOK 2

AMC E 670Contaminated Fuel Testing

(1) Solid Contamiants

(@) A contaminant with the characteristics detailed in the following table is acceptable.

CONTAMINANT PARTICLE SIZE QUANTITY

FERROSOFERRIC 0¢5 microns 0.40 g/1000 litres
Iron oxide (FgDs)
Magnetite (Black)

FERRIC iron oxide 0¢5 microns 7.13 g/1000 litre
(Fe0s) Hematite

FERRIC iron oxide 5¢10 microns 0.40 g/1000 litres
(Fe0s) Hematie

Crushed quartz 10001500 microns 0.07 g/1000 tres
Crushed quartz 420c1000 microns 0.46 g/1000 litres
Crushed quartz 300¢420 microns 0.26 g/1000 litres
Crushed quartz 150¢300 microns 0.26 g/1000 litres
Prepared dirt conforming to Mixture as follows: 2.11 g/1000 litres
ISO 12103 A4 0¢5 microns  (9.2%6)

(Arizona test dust, coarse) 5¢10 microns (10.2%0)

10¢20 microns (14.50)
20¢40 microns (2346)
40¢80microns (29.90)
80¢200 microns (11.50)

Cotton linters Below 7 staple (US Dept o 0.03 g/1000 litres
Agriculture Grading
Standards SRAMS 180
and 251)

Crude Napthenic Acid 0.03per centby volume

Salt water prepared by dissolving | 4 parts by weight of NdC | 0.01per centby volume
salt in distilled water or other water
containing not more than 200 parts| 96 parts by weight of 4D
per million of total solids
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Additionally, for engines to be fitted to Aircraft with Carbon Fiboen@osite Material
Fuel Tanks:

Carbon fibre rods of tensile 5 microns nominal diameter 0.54 g/1000 litrs
strength 5.59 GPa nominal. 0 to 2000 microns in length

Population distribution:

0¢25 microns (436° 5 %)
25¢50 microns (286° 5 %)
50¢75 microns (136° 5 %)
75¢125 microns (126° 5 %)
>125 microns (%° 5 %)

Maximum fibre length
2000 microns

(b)

(€)

(d)

A test on the complete fuel system should be carried out either on a running Engine, or
on a rig, using fuel continuously contaminated at aeraf 4.5 g of contaminant per
4500 litres.

The point at whichmpending filterblockage will be indicated to the flight crew should
also be established and the fuel system should be shown to be capable of continuing to
operate without causing Engineatfiunction for a further period equal to at least half
the maximum flight duration of the aircraft in which it is likely to be installed. Once this
has been established, it is permissible to clean or replace filter(s) as frequently as
necessary for the reainder of the test. If blockage has not occurred by the time the
total quantity of contaminant has reached the level specified in paragraph (d) below, the
objective of this paragraph (c) may be considered to have been met.

The test should then be contied at typical running conditions with respect to
Rotational Speeds, pressures, fuel flow, etc., for a sufficient time to ensure that the total
weight of contaminant passing into the system would be equivalent to 500 hours of
normal operation with fuel cotaminated to a level of 0.5 g per 4 500 litres. At the
conclusion of the test, the fuel system should be functioning satisfactorily.

Water Contaminant

A test on the fuel system should be carried out, using the fuel contaminated with water,
either on arunning Engine or on a rig.

The contaminated fuel should consist of fuel initially saturated with water at a fuel/water
temperature of 27°C into which a further 0.2 ml of free water per litre of fuel has been
evenly dispersed.
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The test should be condudalewith the contaminated mixture cooled to the most critical
condition for icing likely to be encountered in operation.

(3) Transient Fuel Icing Conditions

In compliance with CBE 670(a), the applicant should consider the effect on Engine
operability of tre transient fuel icing conditions likely to be encountered in service in
accordance with AMES560(4).

[Amdt No: EL]
[Amdt No: EB]

AMC E 680Inclination and Gyroscopic Load Effects

Normally, inclination and gyroscopic load effects will be proved dufiigpt testing but in certain
cases some supplementary running or rig testing, to an agreed schedule, may be required before
flight tests can be permitted.

[Amdt No: EL]

AMC E 690EngineBleed

For reducing test complexity, and for improved flexibilitgeded to attain the key parameters
(speed, temperature and torque) during thehdur test of CE 740(c)(3)(iii), maximum air bleed

for Engine and aircraft services need not be used if the applicant can show by test or analysis
based on test that the EngeQ ability to meetstrip examinatiorspecifications of GE740(h)(2)is

not enhanced. The analysis should include

T the effect of the bleed air extraction to the Engine secondary air system which provides
cooling air to various Engine components

T the thermodynamic cycle effects of bleed (e.g. gas generator speed to output shaft speed
changes).

[Amdt No: EL]
[Amdt No: EB]

AMC E 700Excess Operating Conditions (Turbine Engines for Aeroplanes)

(1) Case at VMO(* For light aeroplaneghe speed WE is normally used)

The Engine should be run at the excess pressures and thrusts which would result from
operation at VMO under the most critical ambient pressure and temperature conditions,
with Maximum Continuous Power and/or Thrust selected.

The duraton of the test should be related to the likelihood of the conditions occurring and
the frequency of the occurrence in respect of a representative type of aeroplane. If
limitations are declared and provision made for the necessary instrumentation, the test
conditions may be modified accordingly.

On conclusion of the test, the Engine should be subjected to a strip examination and should
not reveal features that could lead to a significant increase in the risk of ERgiluee
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(2) Case at VD.
The Engine shad be run for 5 minutes (comprising fivendinute runs or fewer longer runs
of equal total duration) at the excess pressures and thrusts, which would result from
operation at VD under the most critical ambient pressure and temperature conditions, with
Maximum Continuous Power and/or Thrust selected, followed by the demonstration of
ability of the Engine to complete a flight in which such circumstances have occurred. This
latter demonstration may consist of running the Engine at typical cruising conditores
period equal to the maximum likely flight time following such an incident on a representative
type of aeroplane. The value should be established in consultation with the Agency.

(3) Case offhrottle Slan®
The Engine should be rapidly acceleratszhf minimum flight idle conditions in simulation
of throttle slam (i.e. opening the throttle as rapidly as is physically possible) and then run for
2minutes to cover the excess conditions (e.g. rpm, pressure, thrust, temperature), which
result from operaing the Engine with the power control lever in the maximum forward
position under the most critical ambient conditions likely to exist within the range of
aerodrome altitudes for which performance is scheduled. If desired, the 2 minutes test may
be made upf separate tests, each of not less thizminute duration. At the end of the test
the condition of the Engine should be such as to enable it to complete a flight in which such
circumstances have occurred. This may be shown by demonstrating that thes Evijirun
satisfactorily at typical cruising conditions for a continuous period of 30 minutes (see also
AMC E 50Qparagraph 3).

(4) When exceednce of an Engine operating limitation has occurred during the bird tests of
CSE 800(c) or (d), it should lEemonstrated in compliance with €E5700 that the value of
the exceeded parameter which was reached during the testing has been adequately
validated by other tests of GIS or by specific additional test if needed. The maintenance
actions associated with sh exceednces for a similar k3ervice event should also be
adequately validated and documented in the appropriate manuals. Compliance wih7GS
might include consideration either of a change in the finally certified limit so that the value
achieved dring the test would no longer be an exceede, or of an approval of a transient
under CSE 820, C& 830 or C& 870 as appropriate.

[Amdt No: EL]

[Amdt No: EB]

AMC E 710Rotor LockingTests

1)

)

The applicant has the option to incorporate a rotocking device into the type design of the
Engine in order not to have to comply with-E$25. Activation of the device will stop and
prevent subsequent continued rotation of the Engine rotor(s) during flight when the Engine is
not operating. The device isapg of the Engine type design and is subject to the same test
criteria as other components on the Engine. In addition, the rioking deviceshould
satisfy the operational and endurance test specifications identified i @30 while the
Engine is subgted to the environmental conditions that result in the maximum rotational
torgue. The assessment of the maximum rotational torque should consider both damaged
and undamaged Engine rotors.

An Engine that is shut down and that has a rdamking devie but continues to rotate due
to Failureof the rotor-locking device might not satisfy the safety objectives ofECR5.
Therefore the design of the rototocking device should be assessed for all possibiire
modes under G& 510. The effects of aincommanded or inadvertent activation of the
rotor-locking device in flight should be considered.
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(3) Due to the expected infrequency of using the retocking device, it should be designed such
that under normal Engine operating conditions it will notteféorate beyond serviceable
limits to the extent that it fails to perform its intended function when activated during an
Engine shut down (see also-ES$10(e)).

(4) The rotorlocking device should be designed in such a manner that it is possible fibigtite
crew to unlock the Engine rotor(s) in order to initiate Engine restart attempts. In the event
these attempts are unsuccessful, the flight crew should be able to relock the Engine rotor(s).

(5) The effects of the temperature of the induction air aedternal surfaces of the Engine
should be considered where relevant to the design.

[Amdt No: EL]
[Amdt No: EB]

AMC E 720(a)Continuous Ignition

The necessity for a continuousbperated system may arise, for example, in consideration of
water or slushingestion at takeoff, ice ingestion, or for compliance with the icing specifications.

[Amdt No: EL]

AMC E 730Calibration Tests

(1) The parameters used for the calibration curves are those appropriate to, and compatible
gAGKZ (KS 9y 3k \Poem Toigue aARomEtral Sped\HPR (Engine Pressure
Ratio), EGT (Exhaust Gas Temperature), are typical parameters of known Engine designs.

(2) The Calibration Test should be run to cover the maximum possible rotational speed range,
but at least to ceer the range from minimum idle to the normal maximum compatible with
the ambient external atmospheric condition of the test day.

(3) The pre and posttest calibration curves required by €S730 should be established up to
the highest rating to be appred for a duration of more than 2 minutes prior to the
additional endurance test of €20(c)(3)(iii). Because the Engine operation at the&s86ond
and 2Minute OEI Power ratings could significantly affect Engine hardware conditions, these
Engineratings ae therefore not required to comply with the calibration specifications of
CSE 730.

[Amdt No: EL]
[Amdt No: EB]

AMC E 740(c)(2)(iEndurance Tests 30-Minute Power Rating

ForRotorcraft turbine Engines to be approved with a-Blnute Power rating:

(@) An applicant may propose either to include the required additional 25 hours within the
overall test normally required by €40, or to perform a complementary test on the
same test article used for the test required by-ES40, or a combination of teke
methods. If the additional 25 hours are included within the overall test normally required
by CEE740, the modified test periods should be uniformly distributed throughout the
endurance testing.

(b) Credit may be sought for time ered during testing tathe 30-Minute OEI rating required
byCETnnd ¢KAa Ffft26Fy0S SEOf dzR&PowerkiSshoiild Y S
then be shown that these sequences were run with operating limitations that are equal to
or more stringent than the 3®linute Paver rating operating limitations.
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It is possible that the intended usage and performance characteristics of the Engine may be
such that its power will be subject to mechanical limitations for a certain portion of its
missions. In that case, it may becaptable to run the Engine for a representative
percentage of the time that is required at the-Binute Power rating at these mechanical
limitations, but not to exceed 5% of the required addition&5 hours (i.e. 12.5 hours). For

the remaining percentag of the time, the Engine should be run at the higher thermal
limits. The proposal must be substantiated and proposed to the Agency for acceptance.
These assumptions will be recorded in the instructions for installing and operating the
Engine, in accordarawvith CSE 30(a).

No specific maintenance action is normally expected following the use of thdird@te
Power rating. This will be justified by compliance witrECB10(h)(1).

[Amdt No: E/5]

AMC E 740(c)(3ErduranceTests

1)

)

®3)

Two procedures for rumng the tests required under €E5740(c)(3) are acceptable:

(a) After the basic 15our endurance testhe Engine may be subject to a strip inspection
in accordance witlCSE 740(h)(1)

The Engine is then reassembled using the same parts used for GHleols endurance
test except as otherwise allowed b€SE740(h)(2)(ii))and the additional zhour
endurance test is run to @S740(c)(3)(iii).

Completion of the additional-Bour endurance test would be followed by compliance
with the strip inspection spafications ofCSE 740(h)(2)(iij)or

(b) The 2hour additional endurance test of €E5740(c)(3)(iii) may be run immediately after
the basic 15hour endurance test without Engine disassembly.

The strip inspection standards that will be applied after ctetipn of the additional
2-hour endurance test will be those prescribedd®E 740(h)(2)

Per CE 50(f), the Engine contrahould prevent exceednce of the speed limitation
associated with the 3@econd OEI Power rating. Nevertheless, for ensthnieghortest time

of establishment of the corresponding power, it might be necessary to design the Engine
control in such a manner that a short overshoot of the speed will occur at the beginning of
the 30-S=econd period. This is acceptable if this is vatidahroughout the CE& 740(c)(3)(iii)

test.

In the event of a stop occurring during the four test sequences e @80(c)(3)(iii), the
interrupted sequence needs to be repeated in full or can be restarted from the interrupt
point if there is a techial justification acceptable to the Agency. If it is determined that the
sequence need not be repeated in its entirety, the test should be restarted from a point
where the Engine thermal condition would be the same as at the time of interruption
(see CSE740(b)(1))

[Amdt No: EL]
[Amdt No: EB]

AMC E 740(f)(1)Multi-spool Engines

Where an Endurance Test is conducted in accordance with 21f)(1) supplementary evidence
is required to substantiate any rotational speed limitations higher than thosered in that test.
This AMC indates an acceptable basis for conducting such supplementary tests.
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The Engine on which the supplementary tests are conducted may be the same Engine as that
which completed the Endurance Test, or an Engine of a starsdanithr in all those aspects
which could be affected by the increased rotational speed.

Where increased rotational speed limitations are desired in respect of both-dfakend
Maximum Continuous Power/Thrust conditions, the supplementary testing dhprdvide

for running at the increased rotational speed of equal duration to, and in all other relevant
respects as severe as, the conditions prescribed in the type endurance test schedule for
running at Takeff and Maximum Continuous Power/Thrust conalits.

Where increased rotational speed limitations are desired in respect of either-Gfala
Maximum Continuous Power/Thrust conditions only, the supplementary testing should
provide for

(a) where the test is conducted on parts which have alreagiypleted the Endurance Test
(or its equivalent)running at the increased rotational speed of equal duration to, and in
all other relevant respects as severe as, the conditions of the Endurance Test schedule
for running at the Takeff or Maximum Continuosi Power/Thrust conditions as
appropriate

(b) where the test is conducted on parts which have not completed an Endurance Test (or
its equivalent) running of equal duration to, and in all other relevant respects as severe
as, the conditions of the EnduraamcTest schedule for running at the Tadki® and
Maximum Continuous Power/Thrust conditions, but with only that period of running for
which higher limitations are desired, conducted at the increased rotational speed.

[Amdt No: EL]
[Amdt No: EB]

AMC E 74@)(1) Endurance Tests Incremental Periods

As an alternative to revising the incremental running as indicated & C&0(g)(1), separate
Engine running of appropriate severity may be completed (see also AMC jgaé&fraphl0).

[Amdt No: EL]
[Amdt No: E/4]

AMC E 740(h)(2)EnduranceTestst InspectionChecks

1)

)

®3)

If relevant, the level of Engine disassembly, component cleaning and replacement prior to
rebuild for the additional endurance test sequence should be agreed with the Agency
(see C&E 150(B). It should be shown that any cleaning or replacement of consumable parts
during the strip examination or replacement of consumable parts will not enhance the
Engin® ability to meet the specifications of the additional endurance test of
CSE 740(c)(J)ii).

For complying with the structural integrity specification ofEE340K)(2)(iii), the applicant
should show that no Failure of any significant Engine component occurs during test or during
shutdown, or becomes evident during the subsequent sésamination. In the event that

any Failure becomes evident, this should be analysed and corrective actionsdakentain
limitations imposed on the Engine as appropriate. For the purpose of this specification, the
Engine parts deemed significant ateose that can affect the structural integrity, including
but not limited to mountings, casings, bearing supports, shafts and rotors.

The Engine condition exhibited after the additional endurance test required by
CSE 740(c)(3)(iii) may be used to dalie the mandatory maintenance actions after use of
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30-Second and -Minute OEI ratings as required by -ES25(b)(2) and described in the
associated AMC material.

(4) For components which are distressed beyond serviceable limits during the test of
CSE 74@c)(3)(iii), it should be shown that the inspections and mandatory maintenance
actions for these components, as specified in the Instruction for Continued Airworthiness,
are adequate. The instructions should include means for proper identification of these
component conditions, and appropriately defined maintenance actions.

The component deterioration as it affects performance during the test, and the component
condition after test, should be determined. The distress seen as a result of-tiloair2test

shauld not create a potentially hazardous condition. In addition to visible physical damage,
non-visible damage should be assessed. Such damage may include but not necessarily be
limited to the effects of creep, stress rupture, metallurgical effects, lifegasatc. This
overall evaluation should then be considered when defining and justifying the inspections
and mandatory maintenance actions fibie Instructions forGontinued Airworthiness.

[Amdt No: EL]
[Amdt No: EB]

AMC E 745Engine Acceleration

(1) Campliance with C& 745 may be demonstrated during tests performed to meet other
sections of G&.

(2) In complymg with G& 745(a)(1) and (a)(2) for evaluation of a potent&? @SNILIS NI (i dzNB Q.
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being any exceahce of the steadystate and transietivalues which are substantiated under
CSE 740.

B) ¢KS WYAYAYdzY (GSail 0SR ROBICEAMENGNESAIIORS 7456) oNB T S NB

other CSE paragraphs is the minimum practically possible power extraction from the Engine
in the test facility wile the output shaft is at the governed speed.

(4) If, when complying with CB 745(a)(3), an acceleration time longer than 5 seconds is
experienced, the justification should address operational aspects as well as aircraft
certification specifications forthe intended installation. For example, this would be
considered for the very large engines which could have a difficulty in meeting exactly the
5 seconds because of the inertia of their rotors or other reasons.

[Amdt No: EL]
[Amdt No: EB]

AMC E 750(b)Starting Tests

Thedeclared drainage perideifter a false start referred to in €E750(b) is the minimum period
necessary to allow surplus fuel to drain from the Engine prior to making a further attempt to start
the Engine. The period is measured frtme time at which the starter is switched off and/or the
Engine fuel cock is closed during a false start.

[Amdt No: EL]
[Amdt No: EB]
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AMC E 770LowTemperature Starting Tests

It is normally acceptable in each of the tests ofEC%70(b) and (c) to allothe Engine to inspire
uncooled intake air.

Theconstructor may declare a Minimum oil temperature which, with any associated conditions,
may be used for the purpose of opening up from ground idle for warming up imgax

[Amdt No: FL]
[Amdt No: EB]

AMC E 780Icing Conditions

(1) Introduction

This AMC provides Guidance Material and Acceptable Means of Compliance for showing
compliance with G& 780.

Test evidence is normally required for Supercooled Liquid Water (SLW) icing conditions. For other
applicable icing conditions, compliance may be demonstrated by a combination of test, analysis
and service experience.

(1.1)Definitions

Auto-Recovery Systems: Engine systems that ensure that Engines operate just before or
immediately after an upset (that iggower loss or stall) without operator intervention. Auto
recovery systems include autelight systems, stall recovery systems, and other Engine systems
intended to recover the operability of an Engine following a flameout, surge, stall, or a
combination d these.

Freezing Fraction: The ratio of the mass of water that freezes at a point on a surface to the total
mass of incoming water at that point.

Highlight Area: The area bounded by the leading edge of the nacelle inlet. This may be different
for turboshdt installations where complex inlet schemes are utilised.

Ice Formations: Ice formations resulting from the impact of supercooled water droplets on
propulsion system surfaces are classified as follows:

(@) Glaze Ice: This is a transparent or transluceatformed by liquid water droplets that do
not freeze immediately on impact and has horns. Droplets impacting the surface do not
freeze immediately, but run back along the surface until freezing occurs. Glaze ice
typically has a nofaerodynamic shape and imore susceptible to aerodynamic forces
that result in shedding. Glaze ice typically has both a lower freezing fraction and lower
adhesive properties than rime ice. Glaze ice is often a concern for static hardware while
rime ice is often a concern for rating hardware.

(b) Rime Ice: This is a milky and opaque ice formed by liquid cloud droplets that freeze
immediately on impact. Rime ice typically forms in an aerodynamic shape, on both
rotating and static Engine hardware. The freezing fraction is highirfar ice, typically
approaching a value of 1.0. Rime ice typically has greater adhesion properties than glaze
ice but often a lower density. Adhesion properties increase with lower temperature up
to a test point where no additional adhesion gained with additional lower
temperature.

Ice Shed Cycle: The time period required to build up and then shed ice on a propulsion system
surface for a given power and icing condition. A shed cycle can be identified vifradlyample,

with highspeed cameras), andvith Engine instrumentation (such as vibration pickups,
temperature probes, pressure probes, speed pickups, etc.). The ice shed cycle for rotating
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surfaces, such as fan blades, is strongly influenced by rotor speed and the adhesive strength of
the ice to the surface. In general, ice adhesive strength increases as surface temperature
decreases.

Icing Conditions: The presence of supercooled liquid water drops and temperature conducive to
aircraft icing. These conditions are defined by the following parameters

T Liquid Water Content (LWClhe total mass of water contained in liquid drops within a
volume or masanit of cloud or precipitation, usually given in units of grams of water
per cubic meter or kilogram of dry air (g?ng/kg)

T Median Volumetric DiametefMVD): The dromliameter which divides the total liquid
water content present in the drop distribution in half, i.e. half the water volume will be
in larger drops and half the volume in smaller droplsq sometimes called Median
Volume Diameter). Note #t1MVD used in Appendices O and P t&2B8$% equivalent to
the MED used in Appendix C to-Z& and CR9, CDefinitions for a assumed
Langmuir type droplet distribution;

T Mean Effective Diameter (MED): A term used with the rotating multicylinder method fo
measuring LWC in clouds. A droplet diameter which, when assigned to the midpoint of
one of the Langmuir distributions, gives the best agreement between the computed and
measured differential ice mass accumulations on a set of rotating multicylinders. The
MED is approximately equal to the MVD,;

T Total Air Temperature (TAT): The ambient air temperature plus the ram air temperature
rise. For icing testing in test cells, the total Engine inlet temperature includes the static
air temperature of the cloud from # applicable icing environment, plus the assumed
flight airspeed; and

T Static Air Temperature (SAT): The local measured air temperature minus the air
temperature risefrom velocity effects.

Power/Thrust Loss Instabilities: Engine operating anomalies thetec&Bngine instabilities. These
types of anomalies could include noecoverable or repeating surge, stall, rollback, or flameout,
which can result in Engine power or thrust cycling.

Scoop Factor (concentration factor): The ratio of nacelle inlet hightighd (AH) to the area of

the captured air stream tube (AC) [scoop factor = AH/AC]. Scoop factor compares the liquid water
available for ice formation in the Engine inlet to that available in thepogssure compressor or
Engine core, as a function of aiaft forward airspeed and Engine power condition. The scoop
factor effect depends on the droplet diameter, the simulated airspeed and the Engine power level
as well as the geometry and size of the Engine. This may be different for turboshaft installations
where complex inlet schemes are utilised.

Sustained Power/Thrust Loss: This is a permanent loss in Engine power or thrust. Typically,
sustained power loss is calculatatrated takeoff power.

Water Impingement Rate: The rate of water collection on agif& surface during a specific
period of time. The units of the water impingement rate are ¢hmin.

Note: Additional definitions can be found in Reference SAE ARP 5624.

(1.2)References
1. MixedPhase Icing Condition: A review (DOT/FAASBR6), Dr.Riley, James T, Office of
Aviation Research, Washington D.C. 20591, U.S. Department of Transportation, Federal
Aviation Administration, December 1998.

2. SAE Aerospace Recommended Practice (ARP)X5624 A NONJ Fd Ly Ff A3IKG
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issued on 3.2008, reaffirmed on 23.4.2013.

(1.3) Test Configuratiom Engine

Becausdahe Engine behaviour cannot easily be divorced from the effects of the Engine air intake
and Propeller, where possible, it is recommended that the tdmtsconducted on an Engine
complete with representative air intake, Propeller (or those parts of the Propeller which affect the
Engine air intake), and Engine air data probes. Separate assessment and/or testing of the air
intake, Propeller and air data probes are not excluded but shatircumstances, the details of

the assumed Engine installation will be defined in the manuals containing instructions for
installing and operating the Engine (underE30(d)). It would then finally be the responsibility of

the aircraft manufacturer tshow that the Engine tests would still be valid for the particular air
intake and Propeller, taking into account:

T distortion of the airflow and partial blockage of the air intake as a result of, for example,
incidence or ice formation on the air intake aRdopeller;

T the shedding into the Engine of air intake and Propeller ice of a size greater than the
Engine is able to ingest;

T the icing of any Engine sensing devices or other subsidiary air intakes or equipment
contained within the Engine air intake; and

T the time required to bring the protective system into full operation.

Apart from tests carried out under paragraph (6) of this AMC, the icing tests should be carried out
with all ice protection systems (IPS) operating. When dispatch is to be permittecsoviik ice
protection systems inoperative, then the tests should address all configurations approved for
aircraft dispatch.

CSE780(b) requires that Engine bleeds and mechanical power offtakes permitted during icing
conditionsbe set at the level assumed tge the most critical, or their effect must be simulated by
other acceptable means. If it is not possible to establish clearly which test configuration is most
critical, the test should be repeated, if necessary, in order to ensure satisfactory operatdin i
permitted configurations.

(1.4)Test Configuratiom Facility

The tests may be completed with adequately simulated icing conditions either in an altitude test
facility capable of representing flight conditions, or in flight, or under-attitude test conditions.

Where nonaltitude testing is used to simulate altitude conditions, appropriate justification
should be presented to demonstrate that the test conditions are not less severe for both ice
accretion and shedding than the equivalent altitudstt@oints. The effects of density, hardness,

and adhesion strength of the ice as it sheds should be assésgedlistic flight conditions. For
example, in realistic flight conditions, the ice shed cycle for rotating surfaces, such as fan blades, is
strongly influenced by the rotor speed and the adhesive strength of the ice to the surface. The
adhesive strength of ice generally increases with decreasing surface temperature. The ice
thickness, ice properties and rotor speed at the time of the shed defiagmipact threat.

(1.5)Flight Testing

Flight testing is an acceptable method of demonstrating Engine operation in icing conditions.
Under these conditions, two important fligisting considerations are the measurement of
ambient meteorological data arttie ability to correlate the measured Engine performance to the
most critical icing point.
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In practice, it may not be feasible to test the Engine in flight under natural icing conditions.
However, testing in flight with simulated icing conditions coulgbssible and is not excluded. In

this case, the applicant should define an acceptable means to establish and control the icing
conditions.

(1.6) Applicable Icing Environments

The applicable icing environments are those applicable to the aircraft on wiedBngine is to be
installed, defined in CS 23.1093(b), CS 25.1093(b), CS 27.1093(b) and CS 29.1093(b), as
appropriate. This includes atmospheric icing conditions (including freezing fog on ground) and
falling and blowing show conditions. Falling andwbiag snow conditions are defined in
AMC25.1093(b).

The test altitude need not exceed any limitations proposed for aircraft approval, provided that a
suitable altitude margin is demonstrated, and the altitude limitation is reflected in the manuals
containing instructions for installing and operating the Engine.

(1.7)Compliance of Rotorcraft Engines with Icing Conditions

Specific provisions fdRotorcraft Engines are currently not included in this AMC. Until guidance
has been established, the necessary ptince method required foRotorcraft Engines should
be agreed by the Agency.

(2) Supercooled Liquid Water (SLW) Icing Conditions
(2.1)Critical Points Analysis (CPA)
(&) General Principle

A Critical Points Analysis (CPA) is one analytical approacheioniiee suitable Engine
test conditions in view of showing compliance of the Engine with Certification
Specifications in  Supercooled Liquid Water (SLW) icing conditions (including
Supercooled Large Drops, if applicable).

Compliance evidence should includelescription of the methodology and tools used as
part of the CPA. The validation of tools should also be addressed.

Whilst the CPA is primarily intended to identify whether test points should be added to
those defined in paragraph (2.2), the principlestlined below may also be used for
justifying the testing necessary for approval of ground operation in SLW icing conditions.

Where a CPA test point is in a similar condition to a Table 1 test point, the more severe
of the two should be demonstrated.

The applicant should consider pertinent service experience as well as the anticipated
use of the aircraft when selecting critical icing test points.

Compliance with the requirements of €380 includes identifying, through analysis,

the critical operatingést points for icing within the declared operating envelope of the
Engine. The CPA should relate icing conditions to the aircraft speed range and Engine
Powers/Thrusts as defined by the applicant. It should also include prolonged flight
operation in icingconditions (for example, #light hold pattern), or a repetition of icing
encounters. These combined elements within the CPA should identify the most critical
operational icing conditions:

(i) Applicants should ensure that their analysis is supportedebydata. It should also
include environmental and Engine operational effects on accumulatioaretion
locations, and the most critical Engine operating conditions for ice shed and
ingestion. The CPA may also be supplemented with development test fata (
example wet and dry testing with thermocouple components).
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The CPA should include ice accretion calculations that account for freezing fraction
and aerodynamic effects of the ice as it moves into the air.illet examplewater
ingestion into &n module and core inlets, water impingement rates for critical
surfaces, forward aircraft airspeed effects, Engine configuration effects such as
inter-compressor bleed, and altitude effects such as bypass ratio effects. The CPA
should also include an ergy balance of critical Engine surfacésr (example,

latent heat and heat of fusion effects, metal-ice heat transfer effects, and ice
insulating effects).

For antiiced parts, the CPA should identify a critical test point determifrech
energy bdance calculations of required heat loads encompassing the range of
possible combinations of icing conditions and Endtaeer or Thrust. The effects

of nonaerodynamic ice formations and their shedding as well as runback ice
shedding should be assessed.

(iv) As part of the analysis, the CPA should also contain an assessment of the

assumptions and any limitations of the models used as well as their validation.

(b) Elements of the CPA
The CPA should address, at a minimum, the following icing issues:

(i)

Ice Shed Damage.

Shed ice can cause Engine damage if it impacts an Engine surface with sufficient
mass and velocity. The following types of damage are common, and applicants
should include them in their CPA with an assessment of each:

(A) Fan Module

Varbus parts of the fan module, both newotating and rotating, are
susceptible to ice shed damage. For example, acoustic panels, fan rub strips,
and fan blade tips are susceptible to ice shed from air intake probe(s), spinner,
and fan blade roots.

In determining the critical conditions for fan module damage, the surface
temperature, exposure time and rotor speed are important considerations as
well as the atmospheric icing conditions and scoop factor. In particular,
extended operation in a holding conditian very cold continuous maximum
icing conditions will maximise the adhesion of ice on rotating fan components.
This can result in large ice accretions aedultingsheds which can damage
the Engine or causéower or Thrust loss.

(B) Compressor Damage

When ice formations on static components shed, they often result in damage
to the next downstream rotor stage. For instance, this type of damage has
occurred on the first blade set ie high-pressure compressor (intermediate
pressure compressor for threepsol Engines). Establishing the critical
conditions for these ice accretionberefore requirescareful consideration as
the critical condition may occur at specific limited conditions of low freezing
fractions over a range of local Mach numbers and aimsitees. The critical
conditions may not occur during any of the power settings discussed in this
AMC for example flight-idle, 50, 75 or 1006 ofMaximumGContinuousPower
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or Thrust), and so thdower or Thrust settingat the critical condition should

be evaluated. Applicants should evaluate any Engine compressor damage that
results from ice testing against the possibility of multiple occurrences, since
icing is a common environmental condition.

(i) Engine Operability.

The applicant should consider Ergimperability as part of their CPA. Engine
accelerations and decelerations relative to operability challendes dxample,
surge and stall) should also bensidered The most adverse Engine bleed settings
for the condition being analysed should be assdnte minimise the operability
margin. The establishment of CPA points should consider those conditions where
the minimum operability margin is expected.

(iii) Core and Booster Ice Blockage.

Ice accretion on internal Engine varfesm glaze ice accretionsay affect airflow
capacity and rematch of the Engine cycle. This should be considered in the CPA. At
EnginePowers/Thrusts that can sustain flight, ice accretion should be reconciled
through a demonstration of several ice build/shed cyclesd&monstrate no
adverse operating effects of either the ice builds or sheds.

(2.2)Establishment of Test Points forftight Operation

The test conditions outlined below are intended as a guide to establish the minimum testing
necessary to comply with €€580. Thesdest points should be supplemented or, if applicable,
replaced, by any test points identifidy the CPA as applicable

The conditions of horizontal and vertical extent and water concentration defined below are
somewhat more severe than those implied blget SLW Icing Conditionia CSDefinitions,
Appendix C to G& and Appendix C to €9. Encounters with icing conditions more severe that
those defined are considered possible, and it is therefore appropriate to ensure that a margin is
maintained.

(a) Teds points to demonstrate icing capability atRower or Thrust at or above that
required for sustained flight

One test point should be run to simulate each of the conditions of Table 1 at the Engine
minimum Power or Thrust to maintain sustained flight ithe intended installation. For
turbofan Engines, a second point should be atia higherPower or Thrust condition, if

it is predicted to result in a higher energy of ice shed from the fan blades. If an
acceptable means to predict the critical fan spesdcot available, tests at 50, 75 and
100% ofMaximum@QontinuousPower or Thrust should be run.

The minimum duration of each test point should be determined by repetitions of either
the cycle:

() 28km horizontal extent in the LWC conditions of Tabledu@n (a), appropriate
to the temperature, followed by &m in the LWC conditions of Table 1, Column (b),
appropriate to the temperature, for a total duration of 45 minutes, or 30 minutes if
clear evidence of repeat build/shed cycles has been observed;

or the cycle:

(i) 6 km horizontal extent in the LWC conditions of Table 1, Column (a), appropriate to
the temperature, followed by &m in the LWC conditions of Table 1, Column (b),
appropriate to the temperature, for a total duration of 20 minutes, or 1Qumes if
clear evidence of repeat build/shed cycles has been observed.
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At the conclusion of each test point, the Engine should be run up to the maximum
Power or Thrust corresponding to the test conditions, usindl&econd thrust/power

lever movement, tademonstrate any effect of ice shedding. If repeat build/shed cycles
have been established, the acceleration should be delayed to maximise the impact
energy of the ice shed.

Table It Standard test points

Ambient Air Altitude Liquid Water @ntent (LWC) (g/f) | Mean Effective
Temperature (°C Droplet
P v () (m) (@) (b) Diametper( m)
Continuous Max Intermittent H
Max

c¢l10 17000 | 5182 0.6 2.2 20

20 20000 | 6096 0.3 1.7 20

¢30 25000 | 7620 0.2 1.0 20

(b) Tests points aPower or Thrust below that required forisstained flight

(€)

An additional test at the minimunfPower or Thrust associated with descent in icing
conditions should be conducted at an ambient temperaturec@d°C or lower if
necessary to ensure splitter/core inlet icing, consisting of repetitions effthlowing
cycle:

A 28km horizontal extent in the LWC condition of Table 1, Column (a), appropriate to
the temperature, followed by &m in the LWC condition of Table 1, Column (b),
appropriate to the temperature, for a sufficient duration to cover atigipated descent

of 3000m.

If the temperature required to ensure core icing is below an ambient temperature of
¢10°C, the LWC should be determined by interpolating between the conditions defined
in Table 1.

At the conclusion of the test, the Engineositd be subjected to an acceleration, using a
1-S=cond Power or Thrust control lever movementto maximum Power or Thrust
conditions, so as to simulate a balked landing. The maxiffauwer or Thrust conditions
should then be maintained for a sufficient pedi to ensure all ice is shed or,
alternatively, it may be established by visual inspection that any remaining ice is
insignificant.

Whenever a minimunPower or Thrust is required for safe operation of the Engine in
icing conditions, the applicant should smre that this minimunPower or Thrust will be
selected when the aircraft is operating in icing conditions. If any action is required from
the installer to fulfil this requirement, then the minimuower or Thrust should be
declared as a limitation in thenanuals containing instructions for installing and
operating the Engine.

Test Installation Considerations

Altitude and ram effect have a significant impact on the Engine operating conditions, ice
accretion and ice shedding. Therefore, the use of aitudk test cell is the most direct
method of compliance because this approach enables the test to be carried out in the
most representative way, requiring the minimum of correction to correlate Engine and
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icing test conditions with the real operating eramiment. It also allows accurate control

of the icing conditions. However, it is recognised that such facilities are not always
available, and alternative test methods are also considered acceptable, providing that
evidence demonstrates that such testingatdeast as severe.

When a noraltitude test is used, any differences in Engine operating conditions, LWC
and ice accretion between the altitude condition to be simulated and the test
conditions, which could affect icing at the critical locations for etban or shedding,
should be taken into account when establishing the test conditions. This could involve
modification of other test conditions of this paragraph in order to generate equivalent
ice accretion. Effects which should be considered and corgeftteinclude but are not
limited to:

T Engine shaft speeds;

T ice concentration and dilution effects at Engine and core inlet (i.e. scoop factor);
T mass flow (total and core Engine); and

T temperature effects.

Justification should be provided to demonstrate thattitude conditions for ice
accretion and shedding are adequately replicated under test conditions at all critical
Engine locations. If there is more than one critical location for any given test condition,
and it is not possible to adequately simulateetlicing conditions at both locations,
separate test points may need to be run.

(2.3) Establishment of Test Points for Ground Operation

The Engine should demonstrate the abilitydperate acceptablyat minimum ground idle speed

to be approved for use irting conditions for a minimum of 30 minutaseach of the following
icing conditions shown in Table ®jth the available air bleed for ice protecticat its critical
condition, without adverse effect. An acceleration to tadfé power or thrust should be
performed at the time when the maximum ice accretion is likely to have occurred. During the idle
operation, the Engine may be run up periodicdtlya moderatePower or Thrust setting in a
manner acceptable to the Agency.

Normally, the conditions establied during the test in terms of time, temperature and fup
procedures will be deemed to be the limitations necessary for safe operation in the applicable
environment provided that the acceptance criteria ofEB0(a) are met.

However, an analysis mée used to demonstrate that ambient temperatures below the tested
temperature are less critical.

Moreover, the applicant may demonstrate unlimited time operation if complete ice shedding is
shown to have occurred during the test, either through repeatadbée build/shed cycles or by
using a rurup procedure.

In order to avoid any unsafe condition resulting from operation outside the demonstrated
conditions, these limitations will be defined in the manuals containing instructions for installing
and operatinghe Engine.

For rime and glaze ice conditions as defined in Table 2, approval for operation {#36@® may
be substantiated by analysis. A reduced liquid water concentration may be acceptable subject to
appropriate substantiation.

The applicant should esnonstrate, taking into consideration expected airport elevations, the
following:
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Table 2t Demonstration Methods for Specific Icing Conditions

Condition Total Air Liquid Mean Effective | Demamstration
Temperature Water/Snow Particle Diameter
Concentrations
(minimum)
1. Rime ice ¢l8tog9°C Liquidt 15¢25um ByEnginetest
condition (0 to 15°F) 0.3g/m3
2. Glaze ice ¢9togl°C Liquidt 15¢25um ByEnginetest
condition (15 to 30°F) 0.3g/m3
3. Snow conditior] ¢3to 0°C Snowt 0.9g/m3 100pum By test, analysis
(26 to 32°F) (minimum) (including
comparative
analysis) or
combination of
the two.

4. Large drop ¢9togle°C Liquidt 100¢3 000um By test, analysis
glaze ice (15 to 30°F) 0.3g/m3 (including
condition comparative
(turbojet, analysis) or

turbofan, and combination of

turboprop only) the two.

(3) Mixedphase/lce Crystal Conditions

This paragraph is provided for certification of turbine Engines to be installed on aircraft which

have mixedphase and ice crystal icing conditions included in t@eitification Specifications

Until validated fulscale ground test facilities for mixgzhase and ice crystal icing conditions are
compliance should be based on flight test and/or analysis (supported by

available,

Engine/component tests, as necessary).

(a) Design Precautions. The applicant should show that design precautions have been taken

to minimise the susceptibility of the Engine to mixgltase/ice crystal accretions.

The analysis should also identify remaining features or locations in which iceiacret
could not be excluded. Design features which may increase the susceptibility include but

are not limited to:
(i) stagnation points which couldrovidean increased accretion potential;
(i) exposed core entrance (as opposed to hidden core);

(ii) highturning rates in the inlet, booster and core flow path (particularly compound

turning elements);
(iv) protrusions into the core flow pathfdr example, bleed door edges and

measurement probes);

(v) unheated surfaces on booster and front core stages;

(vi) narrow vaneto-vane circumferential stator spacing leading to a small stator
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passage hydraulic diameter;
(vii) variable stator vanesan accrete ice and shed it when rotated,;
(viii) extraction capability of bleeds; and
(ix) runback ice formed downstream afternal Engine heated surfaces.

(b) Comparative Analysis. If service experience of comparable Engine design(s) is available,
the applicant should perform a comparative analysis between previous designs and the
new designin mixedphasel/ice crystal icingoaditions. The analysis should compare
both design features and operational factors.

Where the analysis under paragraph (a) above identifies potential for ice accretion due
to design features, the applicant should conduct an analysis to review the service
experience of the comparable Engine design(s) in order to identify any evidence
indicating susceptibility to ice crystal/mixgihase accretion.

The applicant may demonstrate that the identified potential susceptibility to ice
accretion is acceptable basedn the good service experience demonstrated on
comparable Engine design. Good service experience means the absence of any event
involving Engine malfunctioor unacceptable damage caused by ice crystal or mixed
phase conditions. To validate the credibom the comparable Engine design, the
applicant should demonstrate that the design feature on the new design is similar in all
pertinent aspects.

When the comparable Engine design has experienced field edettsmined to have

been caused by mixeghhase orice crystal icing conditions, the analysis should show
that measures have been taken on the new design to address these field events and
result in acceptable Engine operation. Acceptable operation includes the absence of
rollback, rundown, stall, flameousnd unacceptable compressor blade damage.

(c) Novel Design Features. Where the analysis under paragraph (a) above identifies
potential for ice accretion due to novel design features for which a comparative analysis
cannot be performed, additional testshould be madeto establish satisfactory
operation

(4) Ice Ingestion

(@) Intent of Ice Slab Ingestion Test
The intent of the ice slab ingestion test required by-EZ80(f) is to demonstrate
tolerance to ice ingestiofrom ice shedding from nacelle surfss In addition, it also
establishes limits for ice released from other aircraft surfaces in the frame-28 @8
CS25 certification.
The minimum ice slab dimensions for the ice slab ingestion test are provided in Table 3
below. The dimensions are redat to Engine siz@efined by inlet highlight areabased
on service experience. The applicant should determine the ice slab dimensions by linear
AYOUSNLREIFIGAZ2Y 0SG6SSy GUKS @GlFfdsSa 2F ¢l o6t S ¢
area.
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Table 3t Minimum ice slab dimensions based on Engine inlet size

Engine Inlet Highlight Thickness (inch/mm) Width (inch/cm) Length (inch/cm)
Area (inchz/m?)

0/0 0.25/6.35 0/0 3.6/9.144
80/0.0516128 0.25/6.35 6/15.24 3.6/9.144
300/0.193548 0.25/6.35 12/30.48 3.6/9.144
700/0.451612 0.25/6.35 12/30.48 4.8/12.192

2800/1.806448 0.35/8.89 12/30.48 8.5/21.59
5 000/3.2258 0.43/10.922 12/30.48 11.0/27.94
7000/4.51612 0.50/12.7 12/30.48 12.7/32.258
7900/5.096764 0.50/12.7 12/30.48 13.4/34.036
9500/6.12902 0.50/12.7 12/30.48 14.6/37.084
11300/7.290308 0.50/12.7 12/30.48 15.9/40.386
13300/8.580628 0.50/12.7 12/30.48 17.1/43.434
16500/10.64514 0.50/12.7 12/30.48 18.9/48.006
20000/12.9032 0.50/12.7 12/30.48 20.0/50.8

(b)

Note: Applicants should use a minimum icebstiensity equivalent to a 0.9 specific
gravity unless a different value is considered more appropriate.

The applicant should also include in its compliance plan an analysis of the potential
installation effects of the Engine induction system.

The applicantand the installer should closely coordinate the ice slab sizing. This
coordination ensures that potentiairframe ice accumulatiothat can be ingested by
the Engine are addressed under-EB0(f).

Compliance Considerations

Compliance may be dematnated through the standard Engine ice slab ingestion test or
by means of a validated analysis procedure that uses an equivalent soft body testing.
The test demonstration should use ice slab trajectories aimed at critical Engine
locations. Applicants shadl pick locations based on the ice accretion and shed
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characteristics of the induction system likely to be installed on the Engine. The most
critical impact location should be tested.

Engine operation will be at the maximum cruise power or thrust unleserigower or
thrust is shown to be more critical.

Elements of a Validated Analysis

This analytical model may be used alone or in conjunction with the results of a
certification medium bird ingestion test. A validated analysis should contain sufficient
elements to show compliance. These elements may include:

T full fan (fan Bgines) orifst stage compressor (nefian Ehgines) blade model using
the latest technigues such as finite element analysis;

blade material properties for yield or failure, or both,a&spropriate;

dynamic and time variant capability;

thrust or power variance prediction if required to account for blade damage; and
appropriate Engine or component testing, or both, with impact at the outer 1/3 of
the first stage blade span location. Thanfis the firs stage blade row for turbofan
Engines.

-~ A A

() The analysis of the ice slab impact on the fan should properly account for critical
controlling parameters:
T relative kinetic energy normal to the leading edge chord
T incidence angle relative slabspeed and blade speed
T slab dimensions
T dab orientation and
T impact location.
(i) Any predictedPower or Thrust loss or blade damage (distortion, cracking, tearing)
should be assessed against the criteria of this AMC.

(iif) The relative kinetic energy fothe ice slab should be determinefom an
assessment of the flight conditions that control Engine rotor speed versus ice slab
velocity. Engine test results from previous ice slab testing may be used to support
the predicted ice slab velocity. The appyica Q& | yI f @ 3A & &aK2dz R
critical orientation, unless it can be shown that an alternate ice slab orientation is
more conservative for ice slab testing.

(iv) Ice Slab Brealp. Typically, the ice slab breaks up into smaller pieces during an ice

106 Ay3ISadAzyod ¢KS LLXAOIYGEQE Fylfean
GAGK | O2yaSNDI GAQS HBERSHEXKYEY OFFT 2008

stream ahead of the fan. Data derived from a number of tests shows that the

largest ice pece is typically 1/3 to 1/2 of the original size. For analysis purposes, the

applicant may assume 1/2 of the original slab greatest dimension unless evidence
suggests that this is not conservative relative to the ice slab testing.

Test Results
CSE B0(f)(2) requires that, following ice ingestion, the Engine must comply with
CSE 780(a). The below elements should be considered:

(i) Engine Loss of Performance. Applicants should evaluate the impact of any first
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stage blade bending or damage on potehsastained EnginBower or Thrust loss.
SustainedPower or Thrust loss associated with first stage damage from the slab
should be less than ¥5® LOS |yR O0ANRA NB waz2z¥id o2
behaviour, i.e. they are both highly deformable on amp and flow over the
structure, spreading the impact load. They also have similar densities; thus they
create similar strain footprints and, consequently, similar damage. As soft body fan
damage icommon frommedium bird ingestion, applicants may use timedium

bird ingestion test results to show compliance with this requirement. If the medium
bird ingestion test results in less than ZbpermanenPower or Thrust loss, and no
cracks, tears or blade piece breakout occur due to a bird ingested at the 88i%é

of the first stage blade span, then the-ES80(f)(2) requirement is met.

(A) If Power or Thrust loss exceeds 1% when utilising the bird test, the applicant
should provide a validated analysis that shows consistency with the bird test
results. Tie applicant should also demonstrate that the standard ice slab
would produce less than the 1% Power or Thrust loss.

(B) Applicants should also demonstrate by test that any cracks, tears or blade
LIASOS ONBF {1 2dzi oAff y2i LRI 2 NI yi KWNdali
within 100 flight cycles (considered sufficient to allow Engine operation until
GKS ySEG &40KSRdzZ SR WwWI Q OKSO|luv®d CdzNIiKSN
test should be documented in the manuals containing instructions for ingjallin
and operating the Engine.

(i) Engine Operability/Handling Characteristics. Ice slab ingestion should not cause
surge, flameout, or prevent transient operation.

(iif) In-Service Capability. Engine damagsulting fromice slab ingestion should not
resut in a failure or a performance loss that would prevent continued safe
operation for a conservative flight operations scenario (for example, within the
time periodfor an WAheck or greaterif appropriate testing validates a continued
period of inservce capability). The period of -Bervice capability to be
demonstrated may vary with installation if the damage is not readily evident to the
crew or visible on prdlight inspection (for example, taihounted Engines).

(iv) Other Anomalies. Ice slab ingie® should not result in any other anomaly (for
example, vibration) that may cause the Engine to exceed operating or structural
limitations.

(v) Auto-Recovery Systems. If during ice slab ingestion testing, an Engine incurs a
momentary flameout and auteelight, then the acceptance of that test is
predicated on including the autelight system as a required part of the Engine
type design. However, additional dispatch criteria would also be required where the
ignition system is fully operable before eackmitch. The reason for the additional
RAALI GOK ONROGSNRI A& (2 SyadNNB GKIFIG GKS
reliably available during the subsequent flight. The use of an-gagovery system
is allowed during ice slab ingestion certificat testing, in order to account for ice
accretion and shedding as a result of an inadvertent delay in actuating the ice
protection system. This is considered as an abnormal operational result where
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operability effects, like momentary flameout and relightay be accepted.

(e) Communication to the Installer. The manuals containing instructions for installing and
operating the Engine should provide information on the Engine ingestion capability such
as size, thickness and density of the ice slab ingested.

(5) Engine Air Data Probe Icing

In accordance with paragraph (1.3) of this AMC, the accretion and shedding of ice from the Engine
air data probe(s) should be evaluated either as part of the Engine test, or by separate assessment
and/or testing.

In addition,if data from an Engine air data probe is critical to ensure acceptable Engine operation,
then the applicant should demonstrate that the Engine air data probe will operate normally
without any malfunction under icing conditions. The icing conditions agaihgh the Engine is
tested may not cover the icing conditions that are critital the Engine air data probe, in
particular if high airflow conditions liklaximum Continuous Thrust/Powerere notaddressed
during the Engine tests in paragraph (2.2) al® The applicant should determine those critical
probe icing conditionsin that respect, thguidance material of AM25.1324 of G5 should be

used along with appropriate consideration of the instidla effects and dependence dingine
airflow. In dang that, the substantiation may be limited to the icing environment applicable to
the aircraft on which the Engine is to be installed.

In assessing whether data from an Engine air data probe is critical, the Engine system(s) response
to erroneous irrange data and to data during transitions to/from icing conditions should be
considered.

Note: If Engine air data probe signals are used by the aircraft system(s) eR5aa€f®plane, the
aeroplane manufacturer will be responsible for showing that the involzrdine air data probe
complies with C85.1324 (including rain conditions).

(6) Inadvertent Entry into Icing Conditions or Delayed IPS Activation

The ice ingestion demonstration of paragraph (4) of this AMC addresses the threat of ice released
from proteded airframe surfaces, including the Engine air intake, following a delay in the
selection of theice protection system such as might occur during inadvertent entry into icing
conditions.

However, if satisfactory operation in any icing conditions reliesn@anual activation of Engine ice
protection system(s), such as a raised idle function and/or an internal ice protection system, it
should be demonstrated that the Engine characteristics are not unacceptably affected by the
introduction of a representativelelay in the initiation of operation of the Engine ice protection
system(s).

In assessing the representative delay, the applicant should consider all factors that contribute to a
delay in activation of the ice protection system(s).

This assessment shoduilitlude the time for ice condition detection, pilot response time, time for
the system to become operational, time for the system to become effective.

In lack of other evidence, a delay ®fminutesto switch on the IPS should be assumed. For
thermal IPSthe time for the IPS to warm up should be added.

(7) Instructions forinstalling andOperating the Engine

The applicant should declare all identified limitations to the installer in the manuals containing
instructions for installing and operating the Emgi These should include but are not limited to
the following items (see background in the previous paragraphs of this AMC):

T theicing environment in which the engine has been certified,;
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T details of the assumed Engine installation, including protectionce¢s);
T operational altitude limitation;
T Engine ingestion capability such as size, thickness and density of the ice slab ingested,;

T Engine ice ingestion protection device to be provided by the installer (when not part of
the Engine configuration);

1 effects hat may be observed during or after the encounter of icing conditions, such as
vibrations, temporaryPower or Thrust loss, change ithe Engine Power or Thrust
response;

T anomalous Engine behaviour that has been found acceptable following ice shed
ingestion

T minimum Power or Thrust required for safe operation of the Engine in icing conditions
(if necessary); and

T for ground icing operation, the conditions established during the test in terms of time,
temperature (if any limitation exists) and rwp procedure.

If the Engine is certified under the assumption that the protection device considered under
CSE780(f)(3) is provided by the aircraft installation, and if (with respect to ice formed forward of
the protection device) the compliance with €380(f)(1)to (f)(2) is waived, then the Engine
approval would be endorsed accordingly and the Engine instructions for installation would need
to impose the conditions of @&S780(f)(3)(i) to (ilito the installation

[Amdt No: E/1]
[Amdt No: E/4]
[Amdt No: EB]

AMC E 790Rain and Hail Ingestion

(1) C2NJ GKS LizN1J22asSa 2F AYyGSNIINBGAy3I (GKS g2NRa
Wdzy I OOSLIiF 6t S LI B BNCSE2 RED(a)ijlk NEpR)i (b)f @hdi {c), see
paragraphs (5)(c)(vi), (5)(c)(vi)(A) and (B) in AMC @){2p

(2) C2NJ GKS LlzN1Xl2asSa 2F AYGSNIINBGAYy3I (GKS g2NRa
NEO2@FSNI ot S & damRS(a)(2)Nhd&h), Iséef paragraphs (1) fand (5)(c)(vi) in
AMC E 790(a)(2).

8) C2NJ GKS LizN1J2&asSa 27F A y3ohdasiENED@)RKasd the 2 NR a
g2NRa WadzRRSyf & -BOPOVW),SsE payagraphs A5)(c)(iV)(DP) and (G) in
AMC E 790(a)(2).

(4 C2NJ GKS LlzN1)l2asSa 2F AYGSNIINBGAy3a GKS g2NRa
CSE 790(b)(2) an¢b)(4) should be interpreted as meaning a throttle movement in not more
than 1 second.

(5) If the Engine is certified under the assumption that the protection device considered under
CSE 790(d) is provided by the aircraft installation and if the compéamith CSE 790(a) to
(c) is waived, then the Engine approval would be endorsed accordingly and the Engine
instructions for installation would need to impose the conditions ofECB®0(d)(1) to (3) to
the installation.

[Amdt No: EL]
[Amdt No: EB]
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AMC E 790(a)(1)Rain and Hail Ingestion Certification for Design Changes Radvative
Enginest Turbine Engne Power/Thrust Loss and Instability in Extreme
Conditions of Rain and Hail

CSE 790(a)(1) allows, as an alternative to conducting a full Engine test, the certification of design
changes or derivative Engines based on alternative evidence provided apptieant (such as
other Engine test(s), rig test(s), analysis, or an appropriate combination of these); however,
alternative evidence is not intended to be used for the certification of new Engines.

Any parametric analysis used to substantiate desigmgbla or derivative Engines should fall

within a 10% variation in the critical impact parameter (CIP) that was used to substantiate the
original base Engine. The CIP(s) is (are) often associated with the impact load at the point of
contact between the haénd the rotor blade. This is generally a function of the impact speed, the

rotor speed, and the blade twist angle. This 10 % variation in the CIP(s) should not be assumed to

60S I RANBOGO (2t SNYyOS 2y GKS -bffiBoderrodd theidntust LINE LI2
ratings themselves.

[Amdt No: EB]

AMC E 90(a)(2) Rain and Hail Ingestion Turbine Engine Power/Thrust Loss and
Instability in Extreme Conditions of Rain and Hail

(1) Definitions
The following terms are defined for the purpose of this AMC:

Critical point(s) Operating conditions within the Emge flight envelope
at which an Engir@ operability margin is reduced to a
minimum level. Operability margin includes compressor
surge and stall margin, fuel control rundown margin,
combustor flameout margin and instrumentation
sensing errors.

Flameout The total extinction of flame within the combustor,
resulting in a rundown and, ultimately, a shutdown of
the Engine.

Hait Water in a solid granular state, either in its naturally

occurring form or in a fabricated form, for the purpose
of testing Engines.

Hail water content (HWC)  The concentration, in the air, of water in the form of
hail, expressed in grams of hail per cubic metre of air.

Rain Water in liquid droplet state, either in its naturally
occurring form, or created artificially by discharging
water from spray nozzles, for the purpose of testing
Engines.

Rain water content (RWC) The concentration, in the air, of water in the form of
rain, expressed in grams of rain per cubic metre of air.

Rundown The uncommanded reduction of Engine rotor spéteat
will result from the fuel control steadgtate operating
line coinciding with the fuel control acceleration
schedule.
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Scoop factar The ratio of nacelle inlet highlight area (Ah) to the area
of the captured air stream tube (Ac) (Scoop factor =
Ah/Ac).

Stall An airflow breakdown at one or more compressor

aerofoil stages.

Surge The response of an entire Engine that is characterised by
a significant airflow stoppage or reversal in the
compression system.

SustainedPower orThrust loss A permanent redation in Power or Thrust at the
Engin@&® primary Power or Thrust set parameter (e.g.
rotor speed, Engine pressure ratio, torque, shaft power).

(2) PowerLoss and Instability Phenomena

(a)

(b)

(€)

General

There have been multiple Engine powess and instability eents, forced landings, and
accidents attributed to turbine Engine malfunction in extreme conditions of rain or hail.
Investigations have revealed that ambient concentrations of rain and hail can be
amplified significantly through the Engine core at certaombinations of flight speed

and EnginePower or Thrust condition. In some instances, the resulting increased
amounts of ingested rain and hail have been sufficient to produce Engine anomalies
such as surging, power loss and Engine flameout.

Meteorological Data

Appendix A to CE defines the atmospheric conditions of rain and hail for the purpose
of establishing certification test standards. Note that the water concentrations defined
for rain and hail in Appendix A represent ambient conditions, met tonditions at the
Engine inlet.

Rain and Hail Concentration Amplification and Attenuation Effects

During inflight encounters with rain and hail, changes in Endfowver or Thrust and
flight speed can alter the rain or hail concentration withiretEngine for any given
atmospheric rain or hail content.

(i) Scoop Factor Effeatefer to Figure 1)

The inlet capture stream tube for airflow varies widely across the spectrum of
EnginePower or Thrust and flight speed. At low Engimewer or Thrust and ligh

flight speed, the air intake specifications are minimal in comparison to the available
ram air. Consequently, a significant portion of the air in front of the inlet spills
outside the inlet lip (see Figure 1). Due to their mass, large rain dropletfaihd

are relatively unaffected by this spillage and will be captured by the inlet. The
amount of rain or hail captured through the inlet will be established by the inlet
highlight area. The amount of this amplification effect is equal to the ratio of the
nacelle inlet highlight area (Ah) to the captured air stream tube area (Ac). This ratio
is the scoop factor and it increases with decreasing Engine speed and increasing
aircraft speed, due to the increase in inlet airflow spillage resulting from a smaller
captured air stream tube. Further, bypass turbofan engines may have an additional
internal scoop factor effect due to the divergence of the Engine core stream tube
from the nacelle inlet to the core inlet at low Engine power and high flight speed.
Therefoe, although the scoop factor effect generally results in concentration
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amplification, the amplification is greatest when high flight speed is combined with
low Power or Thrust.

Figure It Scoop Factor

(i) Relative velocity centrifuging effects

Some ofthe rain and hail will be centrifuged away from the Engine core by a fan
and, to a lesser extent, away from the Engine by a Propeller. This beneficial effect is
dependent upon the fan or Propeller geometry and rotational speed, inlet design
and location,Engine design, aircraft velocity and on the sizes of the rain droplets
and hailstones.

(A) Turbofan and turbojet aeroplane Enginesfér to Figure 2)
T Rain

The inlet diffusing flow field pressure gradients act to shear large droplets into
small droplés that decelerate and enter the fan at velocities close to the inlet
air velocity. As depicted in Figure 2, the majority of droplets that enter the
Engine at gas path speeds will strike the fan and be centrifuged away from the
Engine core.
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