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FOREWORD

Thisdocument provides, in ateaching form, all the information
required for the operation and the maintenance of the ARRIEL
2B - 2B1 Turboshaft engine for training purposes only.

It will not be updated, and if required, modifications will be
Included in a new issue.

TURBOMECA Training Centre

This document is the property of TURBOMECA and it may not be copied without the express authority of TURBOMECA.
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LIST OF ABBREVIATIONS

The abbreviations / symbols shown below may be used during training:

AIC ............... Aircraft EC.oovveviee Kinetic energy
AC..coiiee Alternating Current EECU............ Engine Electronic Control Unit (=CNR)
ACMS........... Automatic Control Monitoring System EGT ..o Exhaust Gas Temperature
ACW............ Anti-clockwise FAA ... Federal Aviation Agency
AEO............. All Engines Operating FADEC......... Full Authority Digital Engine Control
ATA ... Air Transport Association FCU ... Fuel Control Unit
BITE ............. Built In Test Equipment FLI oo First Limit Indicator
CorTg.......... Torque FMU ............ Fuel Metering Unit
cc/h i Cubic centimetres per hour FOD ............. Foreign Object Damage
CH.ooorre Fuel consumption | T Feet
CNR.....cc.... Calculateur Numérique de Régulation FWD ............. Forward

(=DECU=EECU) (C Massair flow
CSt.iiiiienene Centistoke o [P Gram
CW ..o Clockwise HE ..o High Energy
CWP ............. Control Warning Panel (| = Horse Power
daN ............... DecaNewton HP o High Pressure
dB ..o Decibel HUMS........... Health and Usage Monitoring System
DC..covvvreee. Direct Current [ AR Hertz
DDR.............. DECU Digital Read-out ICP ... Intermediate Contingency Power
DECU ........... Digital Engine Control Unit (=CNR) ID o |dentification
DGAC........... Direction Générale de |'Aviation Civile IFDS ............. Integrated Flight Display System
EBCAU......... Engine Back-up Control Auxiliary Unit ILS .o Integrated L ogistic Support
For training pur poses only 0-7
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ISA ..o International Standard Atmosphere MTBF ...........
ISV e Servo-valve intensity MTBUR........
kHz ............... Kilohertz MTCP ...........
KPa............... Kilopascal MTOP...........
KW ..o Kilowatt MV e
[ o I Pound N
Ib/HP.hr ........ Pounds per Horse Power per hour N1 ..o
Ib/hr............... Pounds per hour N2 e
Ib/sec. ............ Pounds per second NFT...ccceeee..
LRU .............. Line Replaceable Unit NMD..............
LTT .o Learning Through Teaching NOVRAM

LVDT ........... Linear Voltage Differential Transducer NR...coine
10 [ Metre OfS..ciiinn
MA ..o Milliampere (O] = [
MAX ..o Maximum P
MCP.............. Max Continuous Power P3 e,
MCQ .....ccoe... Multi Choice Questionnaire PH...coooeees
MGB ............. Main gearbox POS...............
MHz .............. Mega Hertz PPM ..............
MIN .............. Minimum PSI ..o
MM e Millimetre PSIA .............
MP...cooceeene Micro-processor PSID .............
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Mean Time Between Failure
Mean Time Between Unscheduled Removal
Maintenance Test Control Panel
Max. Take-Off Power

Millivolt

Rotation speed

Gas generator rotation speed
Power turbine rotation speed
Free turbine speed

Navigation and Mission Display
Non Volatile Read Only Memory
Rotor rotation speed

Overspeed

One Engine Inoperative

Pressure

Compressor outlet pressure

Oil pressure

Position

Parts per million

Pounds per Square Inch

Pounds per Square Inch Absolute
Pounds per Square Inch Differential
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LIST OF ABBREVIATIONS

PSIG ............. Pounds per Square Inch Gauge
PT e Power Turbine

(@ R Fuel flow

RAM ............. Random Access Memory
ROM ............. Read Only Memory
RPM............... Revolutions Per Minute

RTD .............. Resistive Temperature Device
SFC ..cveee Specific Fuel Consumption
Shp o Shaft horse power
Sl International System

| Time

T/Oeee Take-Off

TBO ..o Time Between Overhauls
TET e Turbine Entry Temperature
™ e Turbomeca

TgorC.......... Torque

1 e Temperature

t°4 Gas temperature
t°Ho Oil temperature
USG............. USGallon
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(CONTINUED)

VAC............ Volt, Alternating Current

VEMD .......... Vehicle Engine Multifunction Display

VDC.............. Volt, Direct Current

W Power

XTL oo N2 trim signal

XCP .. Collective Pitch Signal

XMV ............. Metering needle position

Lo Altitude

A o DR Pressure altitude

S ORI Degrees Celsius

F e, Degrees Fahrenheit

b | QU Degrees Kelvin

F o Positive and negative for electrical circuits

Q i Ohm

/A Difference

AP ... Pressure difference

T Percent

e Islower than

> e Is higher than

0.9
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CONVERSION TABLE

UNIT International System British or American Systems
Lengih 11mm i 0.039 irlch
m = 3.28ft=1.09yard
Volume 1dmd=1litre = 0.26 USgdlon
Mass 1 kg = 22Ibs
Power 1 kW = 134HP
— 5 e,
Pressure 1 kPa = 0.01 bar = 0.145PS
Flow (air, ail, fuel) 1 kg/s = 2.2 lbg/sec.
Specific Fuel Consumption 1 g/kW.h = 0.00164 Ib/HPhr
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GENERAL INFORMATION

«The power of knowledge»

Adequate training is essential for obvious safety reasons,
but also to reduce additional maintenance costs incurred
by unjustified removals and excessive downtime.

"Greater knowledge leads to greater efficiency”.

Objectives of training

The main objective is the acquisition of the knowledge
required for the tasks to be achieved (know and know
how).

Further information is also communicated to widen the
skill and the experience of the trainee.

Training approach

- Performance based training according to task
analysis, with classroom sessions, student invol vement,
practical work and troubleshooting techniques

- Advanced training aids: training manual, Computer
Aided Presentation (or overhead projection), multimedia
courseware and demonstration mock-ups

- Experienced and formally trained instructors

- Courses are taught in English and French and, in
special circumstances, in German and Spanish.

For training pur poses only
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Training Centre

The Training Centre islocated in one of the buildings of
TURBOMECA's TARNOS factory.

TARNOS .. 5 kms north of the BAYONNE -
ANGLET - BIARRITZ district - Access
by train (BAYONNE station), by plane
(BIARRITZ-PARME airport), by road
(A63 highway, exit 7: ONDRES-

TARNOS).
Address .... TURBOMECA - 40220 TARNOS
FRANCE
Telephone  (33) 559 74 40 07 or 05 59 74 40 07
Fax ........... (33) 5597445 16 or 0559 74 45 16
E-mail ....... training.centre@turbomeca.fr

www.turbomeca-support.com
"T.O.0.L.S" (TURBOMECA
OPERATOR ON-LINE SUPPORT).

The training centre is organized in order to answer to

training demands (administration, training aids,
instructors).

Training sites
Training courses are also conducted in subsidiaries, in

approved training centres and on site:

- by a TURBOMECA qualified instructor, in certain
subsidiaries and approved training centres

- or by aninstructor detachedfrom TURBOMECA France,
in our subsidiaries and in the clients' premises.

1.2
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TRAINING
«The power of knowledge» <>

Adequate training is essential for obvious safety
reasons, but also to reduce additional
maintenance costs incurred by unjustified
removals and excessive downtime.

"Greater knowledge leads to greater efficiency". :

OBJECTIVES OF TRAINING

TRAINING APPROACH

TRAINING CENTRE,
TURBOMECA Tarnos
(FRANCE)

1
2
g
@
a
....... o
................... A% (‘:Wk
“
— : 1\;\, )
Training courses are also 3
conducted in subsidiaries, in
approved training centres and on site.
GENERAL INFORMATION
For training pur poses only 1-3
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TRAINING METHOD

Knowledge transmission process

Therequired knowledgeistransmitted in such amanner
that the student may use it efficiently in various
circumstances.

Thetraining is conducted in accordance with a process
which considers:

- A phase of explanation for understanding

- A phase of assimilation |eading to the compl ete acqui-
sition and long-term retention of the knowledge.

Continuous checking of knowledge helps to ensure the
information is assimilated. It is more a method of work
than atesting in the traditional sense (refer to chapter 16).

For training pur poses only
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Training method

Thetraining method isacarefully balanced combination
of:

Lecture

Exercises

Discussions

Practical work.

1.4
INTRODUCTION
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EXPLANATION

ASSIMILATION

D
'~./
KNOWLEDGE TRANSMISSION,
PHASES:
- Explanation
- Assimilation
SN )
CHECKING OF KNOWLEDGE: O
- Continuous checking, treated in
chapter 16 &
N— N/
INSTRUCTOR STUDENT
KNOWLEDGE

TRANSMISSION PROCESS

For training pur poses only
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S

- LECTURE

- EXERCISES

- DISCUSSIONS

- PRACTICAL WORK

A WO DN P

TRAINING METHOD

1.5
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TRAINING AIDS

Training manual
The training manual is the basic source of information.

It contains, in a teaching form, all required information
and explanations, following a layout derived from the
ATA 104 standard. Thus each subject istreated following
aplanwhich allowsthe material to be adapted to different
levels of training.

Typical plan:

- Generd (function, position, main characteristics, main
components)

- Description (general and detailed)
- Operation (phases, synthesis).

Other technical publicationsare al so used during acourse.

Computer Aided Presentation

Computer Aided Presentation consists of a file which
permitsthe display of all the training manual illustrations
by a computer for projection.

The Computer Aided Presentation replaces the
transparencies which were used before to display these
same illustrations.

For training pur poses only
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Multimedia cour seware

ThemultimediacoursewareisaComputer Based Training
software following the training manual layout. It gives
information in ateaching and interactive manner.

This multimedia system uses text, photos, illustrations,
sounds, animation and video. Questionnairesareal so used
for check-up of knowledge.

It forms the essential support of training courses and
ensures their uniformity.

This system with quick and easy access can be very
efficient for maintainingknowledgelevel sintheworkpl ace.

However, only a course delivered by a TURBOMECA
instructor or TURBOMECA qualified instructor would
lead to the issue of an engine maintenance authorisation
card.

Note: The multimedia courseware and the Computer
Aided Presentation are available on CD-ROM
(contact thetraining centrefor saleconditionsand
availability).

Demonstration mock-ups

Demonstration mock-ups are also used for component
identification and maintenance procedures.

Note: Theinformation contained inthe Training Aidsis
considered for training purposes only.

1.6
INTRODUCTION
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Note: The
information contained in
the Training Aids must be
considered for training
purposes only.

MULTIMEDIA DEMONSTRATION
COURSEWARE MOCK-UPS
TRAINING AIDS
For training purposes only 17
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TRAINING PROGRAMME

The cour se programme followsthe manual. However, it
should be noted that the "classroom sessions' alternate
with periods devoted to demonstrations and practical
work.

According to the contents, each session ismainly devoted
to description and operation.

The engine maintenance aspect is mainly covered by the
last part of the manual, which also deals with various
elements related to maintenance (standard practices,
technical publications, logistics and mainly trouble
shooting).

For training pur poses only
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Examples of programme:

The following pages provide examples of training
programme:

- Familiarization course

- 1%linemaintenance (O level): preventiveand corrective
maintenance

- 2" |ine maintenance (I level): modules, SRU

- 3 line maintenance (H level): deep maintenance
- Refresher

- Trouble shooting

- Fuel and control system

- Engine documentation.

1.8
INTRODUCTION
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FAMILIARIZATION COURSE

Objective:  Attheendof thiscourse, thestudent will beableto describetheengine, toexplainitsprincipleof operation
and to identify the main components of the engine and systems.

Programme:

| ntroduction

General presentation of the engine
FIRST DAY

Engine description

Engine systems

Engine systems (continued)

SECOND DAY M ain aspects of maintenance

Revision - Checking of knowledge

For training pur poses only o 19
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1 LINE MAINTENANCE COURSE (O LEVEL): PREVENTIVE AND CORRECTIVE MAINTENANCE

Objective: At the end of this course, the student will be able to identify the engine components, to describe and to
explain the operation of the engineand its systems, to carry out maintenance procedures (engineinstalled
in the airframe) and to diagnose operating failures.

Programme:
- Introduction - General
FIRST DAY
- Engine presentation - Engine description - Oil system - Air system
- Fuel system - Control system - Indication - Starting
SECOND DAY
- Electrical system
- Engineinstallation - Operating limitations and procedures
THIRD DAY
- Various aspects of maintenance - Pratical work
- Pratical work
FOURTH DAY
- Trouble shooting
- Vigits- Revision
FIFTH DAY
- Examination - Cour se conclusion

For training pur poses only 110
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2" LINE MAINTENANCE COURSE (I LEVEL): MODULES, SRU

Objective: At theend of this course, the student will be able to identify the engine components, to carry out all the
mai ntenance procedures (engineremoved fromtheai rframeg, mainly theremoval/installation of modules
and shop replaceable units.

Programme:  The programme mainly includes practical work. This programme can be carried out after the 1% line
mai ntenance programme.

| ntroduction

Revision (if this course is not conducted directly after the 1% line
FIRST DAY cour se)

Removal of modules

Removal of modules

SECOND DAY
- Inspection and check of modules
THIRD DAY - Installation of modules
- Inspection and checks after installation
For training pur poses only lll
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39LINE MAINTENANCE COURSE (H LEVEL): DEEP MAINTENANCE

Objective: At the end of the course, the trainee will be able to carry out the intramodular maintenance procedures
(deep maintenance).

Programme:

- Introduction

FROM 3DAYSTO 3WEEKS | - Definition of procedures
- Practical work

For training pur poses only 112
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REFRESHER

Objective: At the end of this course, the trainee will have a greater understanding of the engine and its systems.

Programme:
- Introduction
FIRST DAY o o
- Revision of the 1st line maintenance cour se
SECOND DAY - Rewsu.)n (c.ontlnued). |
- Fleet situation - Engine upgrade - Cour se conclusion

Note: This course is recommended for technicians who have attended the first line maintenance course, after
about one year of experience on an engine type.

TROUBLE SHOOTING

Objective: At the end of this course, the trainee will be able to better identify and correct operating problems.

Programme:
FIRST DAY - Introduction
- Revision of all engine systems
SECOND DAY - Fault f_|nd|r_19 and re_stlflcatmn |
- Fleet situation - Engine upgrade - Cour se conclusion

Note: This course is recommended for technicians who have attended the first line maintenance course, after
about one year of experience on an engine type.

For training pur poses only o 113
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FUEL AND CONTROL SYSTEM

Objective: At the end of this course, the trainee will have an in-depth understanding of the engine fuel and control

systems.
Programme:
FIRST DAY - Introduction
- Fuel and control systems
SECOND DAY - I\/Iegsurement and indicating syst.ems
- Engine upgrade - Cour se conclusion

Note: This course is recommended for technicians who have attended the first line maintenance cour se, after
about one year of experience on an engine type.

ENGINE DOCUMENTATION

Objective: At the end of this course, the trainee will be able to understand and use the engine documentation.

Programme:
FIRST DAY - Introduct_lon | |
- Presentation of the engine documentation
SECOND DAY | ~Ex&rdses
- Course conclusion

Note: A general knowledge of enginesis recommended.

For training pur poses only 114
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2-POWER PLANT

- Power plant ... 2.2
o GaNEral ..o 2.2
® DESCIIPLION ..o 2.4
3@ 0 1< = 11 o o [ SR 2.6
- Principle of adaptation to the helicopter ..................... 2.10
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POWER PLANT - GENERAL

Function

The power plant provides power by transforming the
energy contained in the air and fuel into shaft power.

Main characteristics

Type: Free turbine turboshaft engine, with forward
power drive, external power transmission shaft

Concept: Modular

Max take-off power (engine installed):
e 2B: 547 KW (733 Shp)
» 2B1: 557 KW (746 Shp)

Specific fuel consumption: 376g/kW.h at 400 kW
Output shaft speed: 5990 RPM (at 100 %)

Mass: 130 kg (286 Ibs) dry with "specific equipment”.

"Specific equipment”: without starter and exhaust pipe
extension, with Engine Electronic Control Unit and
corresponding electrical harness.

For training pur poses only .
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Main components

- Turboshaft engine with its equipment

- Engine Electronic Control Unit (EECU).

2.2
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POWER PLANT

- Free turbine type

5990 RPM at 100 % - Modular

- Mass: 130 kg (286 Ibs)

ENGINE ELECTRONIC
CONTROL UNIT
(EECU)

Max take-off power:
(engine installed)
- 2B: 547 kW (733 Shp)
-2B1: 557 kW (746 Shp)

Specific fuel consumption:
376 g/kW.h at 400 kW

POWER PLANT - GENERAL
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POWER PLANT - DESCRIPTION

Thisdescription consi dersthemainfunctional components Transmission shaft
of the engine.
- External shaftlocatedinaprotectiontubewhich connects

Gas gener ator the reduction gearbox to the accessory gearbox

- An output shaft with front and rear drives is fitted co-
axially inthetransmission shaft which drivesit through
afree wheel unit.

Single stage axial compressor

Centrifugal compressor

Annular combustion chamber with centrifugal fuel Accessory gear box
injection

, _ _ - Gearbox contai ningtheaccessory drivetrain (accessories
Single-stage axial turbine. driven by the gas generator) and the main power drive.

Power turbine

- Single-stage axial turbine.

Exhaust pipe

- Elliptical, axial exhaust pipe.

Reduction gear box

- Reduction gearbox comprising three helical gears.
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GAS GENERATOR POWER EXHAUST
p, A\ \ TURBINE PIPE
Axial Centrifugal Combustion Turbine
compressor compressor chamber

/

ACCESSORY
GEARBOX :|
A %
Accessory = E
drive train g —
—=
Main power g —
drive ==
==

=

FREE WHEEL TRANSMISSION REDUCTION
UNIT SHAFT GEARBOX

POWER PLANT - DESCRIPTION
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POWER PLANT - OPERATION

This part deals with the basic operation of the engine.

Gas generator

Admission of air through the aircraft air intake

Compression of the air in the axial and centrifugal
COMPressors

Combustion of the fuel/air mixture in the annular
combustion chamber

Gas expansion in the single stage turbine which drives
the compressors and engine accessories.

Power turbine

Expansion of the gas in the single stage turbine which
drives the output shaft through the reduction gearbox.

Exhaust

End of expansion and discharge overboard of the gas.

Reduction gear box

Reducesthe power turbine rotation speed and transmits
the power forwards

The reduction gearbox provides a power driveto drive
the tail rotor gearbox.

For training pur poses only
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Transmission shaft

- Transmission of the power from the reduction gearbox
to the output shaft.

Accessory gear box
- Power take-off to drive the helicopter main gearbox

- Drive of the accessories by the gas generator through a
bevel gear, avertical drive shaft and a gear train.

Engine Electronic Control Unit

- Control and monitoring of the engine operation.

2.6
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POWER TURBINE
AND EXHAUST
I\

N\

EXpanSion/

GAS EXHAUST

Il =N

GAS
GENERATOR
A
' A Y '
Compression Combustion Expansion
A e
hyr ==\
j\_/'/A ()
Z \
jm=l N
2 L i
= |
%—'P i
ACCESSORY ‘W) W, =N
GEARBOX
A
'
Accessory
drive
Power
drive

TRANSMISION SHAFT

I\

4 N

Forward
power transmission

ENGINE ELECTRONIC
CONTRQL UNIT

N
Engine control and monitoring

REDUCTION GEARBOX

A\

4 N
Drive speed

reduction

POWER PLANT - OPERATION
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POWER PLANT - OPERATION -
ADAPTATION

This part deals with the parameters and the adaptation of
the gas generator and power turbine.

Component adaptation

For theengineoperation, two functional assembliescanbe
considered:

- The gas generator which provides kinetic energy

- Thepower turbinewhich transformsthe gasenergy into
mechanical power on a shaft.

The two assemblies have different rotation speeds.

Gas generator

The gas generator operation is defined by:

- Theair massflow G (air flow which enters the engine)

- The air pressure P3 and air temperature t3 at the
centrifugal compressor outlet

- Thefuel flow Q injected into the combustion chamber
- The gastemperature TET at the turbine entry
- Therotation speed N1 of the gas generator

- Thekinetic energy Ec supplied to the power turbine.

For training pur poses only
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Power turbine

The power turbine operation is defined by the balance
between thepower received fromthegasgenerator andthe
torque applied on the shaft, that is the torque C and the
rotation speed N2.

Operation

Theoper ation isrepresented by the diagram which shows
the power W, the rotation speeds N1 and N2 and the max
torque limit C imposed by the mechanical transmission:

- Thetorque C is afunction of the N2 rotation speed

- The power W is equal to the torque C multiplied by the
angular velocity w

- At constant N2 speed, the power isonly afunction of the
torque

- Theengine parameters can be represented as afunction
of areference parameter; N1 for example.

2.8
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GAS GENERATOR

N\

POWER TURBINE

N\

4 NS A Y
(rotation speed) —p (shaft torque)
G /\ Ec N2
(air mass (kinetic === (constant rotation speed)
flow) ¥ energy)
—p W
shaft power
P3, t3 TET

(compressor outlet

(turbine entry temperature)

pressure and temperature)

(fuel flow)
ENGINE
W ch LPARAMETERS
— Isospeeds
e — N1
. —
- [
[
[
[
! - - -

P3/P0O: Compression ratio
CH: Hourly fuel consumption
SFC: Specific fuel consumption

Power W and speeds N1, N2 Torque as a function of N2

POWER PLANT - OPERATION - ADAPTATION

2.9
POWER PLANT
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PRINCIPLE OF ADAPTATION TO THE
HELICOPTER

Power transmission in a single engine configuration
The mechanical power supplied by the engine, isused to
drive the helicopter rotors through a mechanical
transmission.

This power drives:

- The main rotor (approximately 82 %)

- Thetail rotor (approximately 10 %)

- The main gearbox (approximately 8 %).

In asingle engine configuration, the engineisinstalled at
the rear of the main gearbox.

Thepower turbineof theengineismechanically connected
to the main gearbox which drives the main rotor.

A drive from the rear of the engine drives the tail rotor
drive shaft.
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I nstallation requirements
The main functional requirements of the installation are:

- Constant rotor rotation speed NR in all operating
conditions

- Max torque limit C (usually imposed by the aircraft
transmission)

- Complete engine protection (N1 and N2 speeds, TET,
acceleration control AN1/At...).

Adaptation to requirements

To haveaconstant rotation speed of the power turbine N2,
the power supplied by the engineisautomatically adapted
to the demand. This adaptation is ensured by the control
system which meters the fuel flow injected into the
combustion chamber so as to deliver the required power
(variation of the gas generator N1 rotation speed) while
keeping the engine within its operational limits.

2.10
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MAIN ROTOR
82%

<:| ENGINE
‘ 100%
/
MAIN GEARBOX 8% TAIL ROTOR
10%

POWER TRANSMISSION
IN SINGLE ENGINE CONFIGURATION

N2 W - Power

A A
—_— _ J:AW
NR
V1, N2, TET, AN1/At , . I —
hd AN2 / \
‘ ENGINE ANZ}‘ ~
A e ‘
- . Time
Max torque At
INSTALLATION REQUIREMENTS ADAPTATION TO REQUIREMENTS
PRINCIPLE OF ADAPTATION TO THE HELICOPTER
2.11

For training pur poses only

© Copyright - TURBOMECA Edition;: March 2003 POWER PLANT



3@ Turbomeca

snecma group

Training Manual

ARRIEL 2B - 2B1

MAIN CHARACTERISTICS (1)

Engineratings

The engine ratings correspond to given conditions of
helicopter operation. The ratings are generally defined
under determined speed and temperature conditions.

The following ratings are considered:

* Max take-off power: max rating which can be used
during take-off. This rating has a limited duration
(5 minutes continuous)

e Max continuous power: rating which can be used
without timelimitation (thisdoesnot imply that itis
used permanently).

Engine performance

Theperformanceval uesspecified correspond to minimum
values defined under the following conditions:

- |SA conditions at sealevel on test bed

- Engineequipped with atest bed air intakeand aprimary
exhaust pipe

- No air bleed

- No extra power taken (other than those of the engine
accessories)

- Under determined conditions of speed

For training pur poses only
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- With agiven calorific power of fuel
- Without torque limitations.

Thepower isthe power available on the output shaft. Itis
expressed in kilowatt (kW) or shaft horse power (Shp).

Thefuel consumption (CH or WF) isthe quantity of fuel
consumed inaunit of time. It isexpressed in kilogrammes
per hour (kg/hr).

The specific fuel consumption (SFC) is the quantity of
fuel required to produce one unit of power in one unit of
time(SFC = CH/W). Itisexpressedingrammesof fuel per
kilowatt per hour (g/kW.hr).

Note: 1kw= 1.34 Shp.

2.12
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Nl‘

MTOP (5 min)

2B: 547 kW

2B1: 557 kW MCP
Continuous

Ratings

Power
kW | Shp

Specific fuel
consumption SFC

2B: MTOP (5min) | 547 | 733
2B1: MTOP (5min) | 557 | 746

MCP

522 | 700

Cruise

400 | 536

376 g/kW.h at 400 kW
(0.827 Ib/HP.hr)

ENGINE RATINGS

ENGINE PERFORMANCE

ENGINE RATINGS AND PERFORMANCE
MAIN CHARACTERISTICS (1)
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Note: The power indicated corresponds to the following configuration: engine installed,
max. torque in the corresponding rating, ISA conditions at sea level.

2.13
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MAIN CHARACTERISTICS (2)

Engine oper ating envelope

The engine is designed to operate within a given climatic
envelope.

The envelope is defined by:

- The atmospheric temperature tO

- The pressure dtitude Zp

- And lines of standard atmosphere.
Flight envelope

Theflight envelopeisillustrated by thetO/Zp diagram and
the lines of standard atmosphere, with the max tropical
zone and the min arctic zone.

Starting and relight envelope
The starting and relight envelope is defined in the same

way, but it isalso affected by the specifications of oil and
fuel used, and sometimes by particular procedures.
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The engine operates within various limitations:
rotation speeds, temperatures, pressures...

Refer to corresponding chapters and official

publications.

2.14
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Also function of oil and fuel
specifications. Can also depend

PRESSURE PRESSURE upon particular procedures
ALTITUDE Zp ALTITUDE Zp
A A
7012m | _ ISA +35°
(23000 ft)
6100 m
(20000 ft) [
TEMPERATURE TEMPERATURE
0 to 0 to
-610m | _ _ -610m |
(200010) | g4 ec +55 °C (20001) | g5 oc +55 °C
(-58 °F) (+131 °F) (-58 °F) (+131 °F)
FLIGHT ENVELOPE STARTING AND RELIGHT
ENVELOPE
ENGINE OPERATING ENVELOPE
MAIN CHARACTERISTICS (2)
2.15
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DESIGN AND DEVELOPMENT

Principles of design

The engine is designed to meet the aircraft propulsion
requirements and particularly for the new generation of
helicopters.

The engine design is based on:

- An optimised thermodynamic cycle which gives high
performance

- Simple and reliable components giving a good
supportability, and agood maintainability to reducethe
costs.

Development steps

- Launch ARRIEL 2: 1992
- ARRIEL 2B certification: Nov. 97 (JAA)

- Introduction into service:
* December 1997 - ARRIEL 2B
e March 2001 - ARRIEL 2B1.

Applications

The ARRIEL 2B and 2B1 are actually provided to power
the single engine helicopters:

- Squirrel AS350B3 - ARRIEL 2B
- Squirrel EC 130 B4 - ARRIEL 2B1
but other applications can be expected.

For training pur poses only
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M aintenance concept

The ARRIEL 2 isdesigned to provide ahigh availability
rate with reduced maintenance costs.

The main aspects of the maintenance concept are the
following:

Full modularity

Good accessibility
- Reduced removal and installation times
- "On condition" monitoring
Highinitial TBO
Low cost of ownership:
 Low production costs
» Durability (TBO, defined and proven life limits)
» High reliability
 Low fuel consumption.

Engine designation

ARRIEL - According to TURBOMECA tradition: name
of aPyrenean lake for the turboshaft engines.

- 2. Type

- B: Variant

- 1: Version.

2.16
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Engine design

4 4

Optimised Simple and reliable
thermodynamic cycle components

I v

Supportability |

Maintainability

v

MAINTENANCE CONCEPT

- Full modularity
- Good accessibility
- Reduced removal and installation times
- "On condition” monitoring
- High initial TBO
- Low cost of ownership:
e Low production costs
e Durability (TBO, defined and proven
life limits)
e High reliability
e Low fuel consumption.

ARRIEL lake

Example: ARRIEL 2B1
ARRIEL: Name of a Pyrenean lake for
the turboshaft engines
2: Type
B: Variant
1: Version

ENGINE DESIGNATION

High Cost
performance reduction
PRINCIPLES OF DESIGN
SQUIRREL AS 350 B3
ARRIEL 2B (x 1)
A
_p 1997 > 2001
Introduction Introduction
into service into service L
g 19]?'4 A (2B) (2B1) SQUIRREL EC 130 B4
L= ARRIEL 2B1 (x 1)
APPLICATIONS

\

DEVELOPMENT STEPS

DESIGN AND DEVELOPMENT
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3-ENGINE

SENQGING o 3.2

- Axial compressor (72-00-32) ......ceeeevecvieeeeeeeiieeee e 3.8

- Centrifugal compressor (72-00-43) ....ccceeevevveeeeeennnee. 3.14
- Combustion chamber (72-00-43) ........ccccooeeeviceeeecinenn, 3.20
- Gasgenerator turbine (72-00-43) .....cccccceevvvveeeeeecnnee, 3.26
- Power turbing (72-00-54) ......cccooeeeiieee e 3.32
- Exhaust system (72-70-00) .......cccceeeveciieeeee e 3.38
- Reduction gearbox (72-00-15) ........cccccveeeeviiiieeeeceenee, 3.40

- Transmission shaft and accessory gearbox (72-00-61) 3.44t0 3.55

(XX-XX-XX): Page references which deal with the subject in the maintenance documentation.
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ENGINE - GENERAL

Function Main components
Theenginetransformstheenergy containedinthefuel and - Gas generator
in the air into mechanical power on a shaft. e AXxid compressor
» HP section
Main characteristics - Centrifugal compressor
- Annular combustion chamber
- Type: Free turbine with forward drive via an external - Single stage turbine

shaft _ .
- Single stage power turbine

Gas generator speed (N1): 52110 RPM (100 %)

e Direction of rotation: anti-clockwise - Exhaust pipe

- Reduction gearbox

Power turbine speed (N2): 39095 RPM (100 %)
» Direction of rotation: clockwise - Transmission shaft

Output shaft speed: 5990 RPM (100 %) - Free wheel

» Direction of rotation: clockwise - Accessory gearbox.

Note: Direction of rotation given viewed fromtherear.
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CENTRIFUGAL TURBINE EXHAUST
COMPRESSOR PIPE

COMBUSTION POWER

AXIAL

COMPRESSOR CHAMBER TURBINE

A g

ACCESSORY
GEARBOX

Type:
Free turbine

Gas generator (N1):
52110 RPM (100 %), ACW

Power turbine (N2):
39095 RPM (100 %), CW

Output shaft:
5990 RPM (100 %), CW

FREE WHEEL TRANSMISSION REDUCTION
SHAFT GEARBOX

ENGINE - GENERAL
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ENGINE - DESCRIPTION

Modular layout Note1l: A module is a sub-assembly which can be
replaced on-site (2ndlinemai ntenance) without

The engine comprises 5 modules: complex tooling or adaptation work.

- ModuleMO1: Transmission shaft and accessory gearbox Each module has an identification plate. The
engine identification plate is fitted on the left

- Module M02: Axial compressor hand side of the MO1 protection tube.

Module M03: Gas generator HP section

Note2: Some accessories are provided with each

Module M04: Power turbine
module.

Module M05: Reduction gearbox. Inthismanual, those componentsaredealt with

in the chapters corresponding to the main
systems.

Note 3: The exhaust pipeis not a module.
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MODULE M02
Axial compressor

ANNANNANNN

MODULE MO03
Gas generator
High pressure section

=

e
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MODULE M01
Transmission shaft
and accessory gearbox

ENGINE - DESCRIPTION
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MODULE M04
Power turbine

[

I

=

—

MODULE MO05
Reduction gearbox
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ENGINE - OPERATION

The engine provides power by transforming the energy in
the air and fuel into mechanical energy on a shaft.

The process comprises compression, combustion,
expansion and the transmission of the power.

Compression

The ambient air is compressed by an axial supercharging
compressor and a centrifugal compressor.

This phase is essentially characterised by the air flow
(approx. 2.5 kg/s; 5.5 Ibs/sec.) the temperature increase
and the compression ratio (approx. 8.2).

Combustion

The compressed air is admitted into the combustion
chamber, mixed with the fuel and burnt in a continuous
process.

The air is divided into two flows:

- A primary flow for combustion

- A secondary flow for cooling the gas.
Thisphaseisessentially characterised by the temperature
rise, flametemperature approx. 2500 °C and turbine entry

temperature of approx. 1100 °C, and a pressure drop of
about 4 %.

For training pur poses only
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Expansion

- The gas expands in the gas generator turbine which
extractstheenergy requiredto drivethe compressor and
accessories

- Thereisafurther expansion inthe power turbinewhich
extractsmost of theremaining energy to drivethe output
shaft

During this phase the pressure and temperature of the gas
drop, whilst the velocity increases.

After the power turbine the gas is discharged overboard
viathe exhaust pipe, giving aslight residual thrust.

Power transmission

The power istransmitted forward by areduction gearbox
and an external transmission shaft.

Note: The engine reference stations are:

0 - Ambient air
1 - Air intake
2 - Axial compressor inlet

2.4 - Centrifugal compressor inlet
3 - Centrifugal compressor outlet
4 - Turbineinlet

4.5 - Gas generator turbine outlet
5 - Power turbine outlet.

3.6
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= Primary air « Residual thrust
—» Gas =15 daN (33 Ibs)

— Secondary air

—
AIR FLOW —p> Exhaust
2.5kgls
(5.5 Ibs/s) -
52110 RPM
00%) £
39095 RPM
(100 %)
© @ ZNE) ®
POWER TRANSMISSION
1100 (power transmitted forward
820 (2012) 818(?16 670 by a reduction gearbox
(118.9) ( ) (1238) and an external shaft)
800 w0
(116)
160 IC=2 P
101.3 (23.2) 335 x ab LT
P kPa |(14.7 (635) dmmmmyp oy
(PSI) — e 108 pbl
oc 0 (15.7)
to _/ 65 q”
(°F) |15 (149) R
(59) R
V -y, L4
~~...-----.__.“-_'o Values given
for information at a
given reference rating
Combustion
Compressors chamber Turbines Exhaust
AIRINLET COMPRESSION COMBUSTION EXPANSION

ENGINE - OPERATION
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AXIAL COMPRESSOR - GENERAL

Function Main components

The axial compressor ensures afirst stage of compression - Rotating components

to supercharge the centrifugal compressor. « Airinlet cone

e Axial wheel, shaft, bearing and accessory drive

Position shaft
- Atthefront of theengine(theaxial compressor assembly - Stationary components
forms the module M02). .
* Diffuser
» Casing.

Main characteristics

- Type: single stage axial compressor
- Air flow: 2.5 kg/sec (5.5 Ibs/sec.)

- Rotation speed: N1; ACW.
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WHEEL DIFFUSER SHAFT

Type:
single stage axial compressor

Air flow:
2.5 kg/s (5.5 Ibs/sec.)

AIR INLET

Rotation speed: CONE

N1, ACW

BEARING CASING ACCESSORY
DRIVE SHAFT

AXIAL COMPRESSOR - GENERAL
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AXIAL COMPRESSOR - DESCRIPTION

The axial compressor module (module M02) includes
rotating and stationary components.

Rotating components

The rotating assembly comprisesthe inlet cone, the axial
wheel and the accessory drive gear.

Theinlet cone, made of light alloy, is screwed into the
front of the shaft.

The compressor wheel isfitted to the shaft. It isadisc
made of titanium alloy with blades cut from the solid.

Theshaft connectsthe centrifugal compressor totheaxial
compressor. Theshaft issecured by anut onto thetie-bolt.

Thisassembly issupported by two bearings: aball bearing
at the rear of the axial compressor and a ball bearingin a
flexible cage at the front of the centrifugal compressor.

Theaccessory drive consists of abevel gear on the shaft
which drives avertical drive shaft.

For training pur poses only
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Stationary components

The stationary assembly includes the diffuser and the
casing.

The diffuser (diffuser-straightener) welded inside the
casing has two rows of stedl stator vanes which form a
divergent passage for the air.

The casing, made of steel, houses all the compressor
components. It has afront flange for the mounting of the
air inlet duct and a rear flange for the attachment to the
module M03. The inner hub of the casing provides the
location for the bearings.

The casing has aboss for the mounting of the compressor
bleed valve.

The module identification plateis located at the top of
the casing.

3.10
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WHEEL DIFFUSER NUT

BEARING

Identification
plate

DIFFUSER

BEARING

CASING

CASING

CONE

AXIAL COMPRESSOR - DESCRIPTION
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AXIAL COMPRESSOR - OPERATION

Theaxia compressor ensuresafirst stage of compression
in order to supercharge the centrifugal compressor.

Compressor air flow

The ambient air, admitted through the air intake duct and
guided by the inlet cone, flows between the blades of the
axial compressor. Theair isdischarged rearwardswith an
increased axial velocity.

The air then flows through the vanes of the diffuser. Due
to the divergent passage, the air velocity is transformed
into pressure.

Theflow is straightened by the stator vanes before being
admitted, through an annular duct, to the centrifugal
COMpPressor.

For training pur poses only

Note:

© Copyright - TURBOMECA Edition: March 2003

In order to avoid compressor surge, a valve
discharges overboard a certain amount of air in
certain operating conditions (refer to "AIR
SYSTEM" chapter for further details on the
compressor bleed valve).
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AIR DISCHARGED
THROUGH THE COMPRESSOR

COMPRESSION AND . / BLEED VALVE
STRAIGHTENING OF THE AIR

ADMISSION
OF AMBIENT AIR

SUPERCHARGING OF THE
ACCELERATION CENTRIFUGAL COMPRESSOR

OF THE AIR

AXIAL COMPRESSOR - OPERATION
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CENTRIFUGAL COMPRESSOR - GENERAL

Function

The compressor supplies the compressed air required for
combustion.

Supercharged by the axial compressor, it ensures the
second stage of compression.

Position

- At the front of the module M0O3.
Main characteristics

- Type: centrifugal

- Air flow: 2.5 kg/s (5.5 Ibs/sec.)
- Rotation speed: N1; ACW.

For training pur poses only

Main components
- Rotating components (wheel, shaft, bearing)

- Stationary components (diffusers, casings).
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l CASINGS DIFFUSERS

L

Vi

—_—

Centrifugal _
=T
Air flow: = /
2.5 kgls (5.5 Ibs/sec.) ! /
Rotation speed: il

N1; ACW

CENTRIFUGAL \
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CENTRIFUGAL COMPRESSOR -
DESCRIPTION

The centrifugal compressor assembly (part of module
MO03) includes rotating and stationary components.

Rotating components

The centrifugal wheel is the main rotating component.
Thewheel hasbladeswhich arecut fromthesolidinadisc
of titanium alloy.

Thefront part of thewheel connectstotheaxial compressor
shaft. This shaft is supported by aball bearing.

Therear part hasacurvic-coupling for the mounting of the
centrifugal fuel injection wheel. Therotating components
are secured by a central tie-bolt.
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Stationary components

The stationary assembly includes the diffusers and the
casings.

Thecompr essor front cover ismountedinsidetheexternal
casing by means of aring of bolts which also secure the
axial compressor casing, the front cover and the diffuser
assembly.

The external casing of the centrifugal compressor is
bolted to the turbine casing. It is provided with severa
bosses for air bleeds.

Thediffuser assembly comprises the first stage diffuser
(radial stator vanes) and the second stage diffuser (axia
stator vanes). The diffuser holder plate forms a partition
between the compressor and the combustion chamber. Its
inner hub supports a carbon seal and the fuel distributor.

Thecarbon seal isafloating ring seal fitted in atungsten
steel holder and it runs on the forward extension of the
injection wheel.
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CENTRIFUGAL COMPRESSOR -
OPERATION

The centrifugal compressor ensures the main stage of
compression.

Compressor air flow

The air supplied by the axial compressor flows between
the blades of the centrifugal compressor. The air pressure
increases dueto the divergent passage between the blades
and the air velocity increases due to the centrifugal flow.

The air leaves the tips of the blades at very high velocity
and then flowsthrough thefirst stage diffuser vaneswhere
the velocity is transformed into pressure.

Theair then passesthrough an elbow and theflow becomes
axial. In the second stage diffuser, the velocity is again
transformed into pressure. Theair isthen admitted intothe
combustion chamber.
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COMBUSTION CHAMBER - GENERAL

Function Main components

The combustion chamber formsan enclosureinwhich the - Outer part (front swirl plate and mixer unit)
air/fuel mixtureis burnt.

Inner part (rear swirl plate and shroud)
Position

Fuel injection system

- Central section of the gas generator. - Casing.

Main characteristics

- Type: annular with centrifugal fuel injection.
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COMBUSTION CHAMBER - DESCRIPTION

The combustion chamber assembly (part of module M03)
includes the outer part, the inner part, the turbine casing
and the fuel injection system.

Outer part

The outer part includesthe front swirl plate and the mixer
unit. The front swirl plate is provided with calibrated
orificesfor the passage of primary air; it is secured to the
mixer unit with special rivets.

Themixer unit isprovided with calibrated orificesfor the
passage of dilution air; it isbolted to therear flange of the
turbine casing.

Inner part
Theinner partincludestherear swirl plate and the shroud.

Therear swirl plateisprovided with calibrated orificesfor
the passage of primary air.

Theshroud, integral withtherear swirl plate surroundsthe
shaft; it is bolted to the turbine nozzle guide vane.

Note: The two parts are made of special alloy. The
calibrated orifices are drilled using the electron
beam process.
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Fuel injection system

The main fuel injection system includes. the fuel inlet
union, the radia fuel tube, the fuel distributor and the
centrifugal injection wheel.

The injection wheel is mounted by means of curvic
couplings between the compressor and the turbine shaft
(refer to "FUEL SY STEM™ chapter for further details on
the fuel injection system).
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COMBUSTION CHAMBER - OPERATION

The combustion chamber forms an enclosureinwhich the
fuel/air mixtureis burnt.

Combustion chamber flow

In the combustion chamber, the compressed air isdivided
into two flows: aprimary air flow mixed with the fuel for
combustion and asecondary air flow (or dilution air flow)
for cooling of the burnt gases.

Primary air
Onepart flowsthrough the orificesof thefront swirl plate.

A second part flows through the hollow vanes of the
turbine nozzle guide vane (cooling of the vanes) and
through the orifices of the rear swirl plate.

The primary air is mixed with the fuel sprayed by the
injection wheel. The combustion occurs between the two
swirl plates. Theflametemperaturereachesapproximately
2500 °C (4532 °F).
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Secondary air

The secondary air (or dilution air) flows through the
orifices of the mixer unit. It is calibrated to obtain flame
stability, cooling of the burnt gases, and distribution of
temperature on the turbine.

Gas

The gas produced by the combustion is directed into the
turbine nozzle guide vane.

Operating parameters

The fuel/air ratio for combustion (primary air) is
approximately 1/15; thetotal ratio is approximately 1/45.

The pressure drop in the combustion chamber is
approximately 4 %.
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GAS GENERATOR TURBINE - GENERAL

Function Main components
Theturbine extracts sufficient energy fromthegasflow to - Rotating components (wheel, shafts, bearing)

drive the compressor and the accessories.
- Stationary components(nozzleguidevane, containment

Position shield, casing).

- At therear of the gas generator.

Main characteristics

- Type: axial, single stage

- Turbineinlet temperature: 1100 °C (2012 °F)
- Rotation speed: N1; ACW.
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GAS GENERATOR TURBINE - DESCRIPTION

The gasgenerator turbine assembly (part of module M03)
includesrotating components and stationary components.

Rotating components
The main rotating component is the turbine whesl.

Theturbinewheedl consistsof adisc and fir-tree mounted,
single crystal blades.

At the front, the wheel is coupled by a curvic-coupling to
theturbineshaft . At therear, thewheel iscoupledto astub
shaft.

The rear part is supported by a roller bearing. Rotating
labyrinths provide sealing.

A tie-bolt secures the rotating assembly.
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Stationary components

The main stationary components are the nozzle guide
vane, the turbine shroud and the exhaust diffuser.

Thenozzleguidevaneincludesarow of hollow vanes. Itis
bolted to the combustion chamber inner part and to the
containment shield.

Theturbineshr oud accommodatestheturbinecomponents
and the containment shield. It isbolted to the nozzle guide
vane and to the inner flange of the turbine casing.

The outlet diffuser ensures the gas flow between the gas
generator and the power turbine. Itsinner hub providesthe
locationfor therear bearing. It alsoincorporatesthe power
turbine nozzle guide vane.

Thepower turbinecontainment shield secured to the outlet
diffuser is part of the module M03.

The turbine casing houses the combustion chamber and
theturbine. It hasvariousbossesand, particularly the boss
for the combustion chamber drain valve at the bottom of
the casing.
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GAS GENERATOR TURBINE - OPERATION

The gas generator turbine transforms the gas energy into
mechanical power to drive the compressors and various
accessories.

The operation is characterized by the first phase of
expansion.

Turbine gas flow

The burnt gasfirst flows through the nozzle guide vanes.
The gas velocity increases due to the convergent passage.

The flow on the blades results in aerodynamic forces
whose resultant causes the rotation of the wheel.

The gas, still containing energy, is directed to the power
turbine.
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POWER TURBINE - GENERAL

Function Main components

The turbine extracts the energy from the gas to drive the - Rotating components (wheel, shaft, bearings)

power shaft through the reduction gearbox. . _ .
- Stationary components(nozzleguidevane, containment

Position shield, casing).
- Between the gas generator and the reduction gearbox.

It forms the module M 04.

Main characteristics
- Type: axia, single-stage
- Rotation speed: N2; CW.
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POWER TURBINE - DESCRIPTION

The power turbine assembly forms the module MO4. |t
includesrotating components and stationary components.

Rotating components

The main rotating component is the power turbine wheel
with its shaft.

The power turbine wheel includes a disc (integral with
the shaft) and fir-tree mounted directionally solidified
blades.

The shaft is supported by two bearings. a front ball
bearing and arear ball bearing.

The front bearing sealing is ensured by a pressurised
labyrinth seal (pressurisationwith compressor air directed
to the power turbine through an external pipe and inner
ducts).

The power is transmitted to the reduction gear by a muff
coupling.
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Stationary components

The main stationary components are the turbine nozzle
guide vane, the power turbine casing and the bearing
housing.

Thenozzle guide vaneincludes arow of vanes. It is part
of the module M03.

Thepower turbinecasing engagesintheexhaust diffuser
andisretained by 3 screws. It isbolted to the containment
shieldtogether with theexhaust pipe. It comprisesan outer
casing and an inner hub supported on four struts.

Two sealingringsareused for sealing between the power
turbine casing and the power turbine nozzle guide vane.

The bearing housing isinstalled in the inner hub of the
casing. Itsrear part isengaged in the reduction gearbox. A
fork shaped steel plate preventsrearward movement of the
power turbine in case of overspeed; it is secured to the
reduction gearbox front cover.

Theidentification plateislocated onthebearing housing.
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POWER TURBINE - OPERATION

The power turbine transforms the gas energy into
mechanical power to drive the reduction gearbox.

The operation is characterised by the second phase of
expansion.

Turbineflow

The gas supplied by the gas generator flowsfirst through
the nozzle guide vane. In the nozzle guide vane, the gas
velocity increases due to the convergent passage.

The gases are directed onto the turbine wheel and the
resultant of the aerodynamic forces on the blades causes
thewhesel to rotate. The gases arethen expelled overboard
through the exhaust pipe.
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EXHAUST SYSTEM

Function

The exhaust pipe continues the expansion phase and
expels the gas overboard.

Position

- Behind the power turbine, around the reduction gear.

Main characteristics
- Type: €elliptical
- Non-modular part

- Gastemperature: 670 °C (1238 °F).

Main components
- Exhaust pipe
- Heat shield.

Note: Theexhaust pipeisconsideredtobean SRU (Shop
Replaceable Unit).
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Description

The exhaust pipe, which has an elliptical outlet, is made
from stainless stedl. It is bolted to the rear flange of the
power turbine casing with the containment shield.

A heat shield is fitted between the exhaust pipe and the
reduction gearbox to protect the gearbox from the exhaust
heat.

The exhaust pipe has adrain at the bottom.

Operation
Functionally it should be noted that the exhaust gas till

contains a certain amount of energy which produces a
small residual thrust.
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REDUCTION GEARBOX - GENERAL

Function

The reduction gearbox provides a reduced speed output
and transmits the drive forwards.

Position
- At the rear of the engine

- It forms the module MO5.

Main characteristics

- Type: 3 stage, helical gears

- Drive gear speed: N2

- Output gear speed: 5990 RPM.
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Main components

- Drive gear

Intermediate gear

Output gear

Casings.
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REDUCTION GEARBOX - DESCRIPTION -
OPERATION

The reduction gearbox module mainly includes three
gears contained in two half casings.

Drive gear

The drive gear is driven by the power turbine through a
muff coupling. It is supported by two roller bearings.

Inter mediate gear

The intermediate gear is a double helical type gear: one
gear meshes with the drive gear, the other one with the
output gear. The intermediate gear is supported by two
roller bearings. A piston isfitted to the intermediate gear
with its head located in the gearbox front casing. It is
supplied with oil pressure to balance the load on the gear.

Output gear

Theoutput gear isasimplegear supported by aball bearing
at the front and aroller bearing at the rear.

The hub isinternally splined to receive the transmission
shaft. It rotates at 5990 RPM.

Note: The output gear isalso used asa phonic wheel for
detection of power turbinerotation speed. Refer to
"MEASUREMENTAND INDICATING SYSTEMS'
chapter for further details.
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Reduction gearbox casing

Thegearsarehousedinalight alloy casing (front and rear
casings). A fork shaped steel plateis mounted on thefront
face of the casing to prevent rearward movement of the
power turbine in the event of overspeed.

Themoduleidentification plateislocated at the bottom of
the casing.

Operation of thereduction gear

The reduction gear provides a forward output drive at a
reduced speed.

Thedrivegear isdirectly driven by the power turbine shaft
(muff coupling drive). It transmits the movement to the
intermediate gear.

Theintermediategear drivestheoutput gear which provides

the power drive at a speed of approximately 5990 RPM,
clockwise.

3.42

Edition: March 2003 ENGINE



E@ Turbomeca Training Manual ARRIEL 2B - 2B1

snecma group

FORK SHAPED Muff DRIVE INTERMEDIATE INTERMEDIATE GEAR
PLATE coupling GEAR GEAR

FRONT
CASING

FORK SHAPED

OUTPUT REAR
GEAR CASING

OUTPUT GEAR Identification
(5990 RPM) plate

REDUCTION GEARBOX - DESCRIPTION - OPERATION

For training pur poses only o 343
© Copyright - TURBOMECA Edition;: March 2003 ENGINE



3@ Turbomeca

snecma group

Training Manual

ARRIEL 2B - 2B1

TRANSMISSION SHAFT AND ACCESSORY
GEARBOX - GENERAL

Function

The shaft transmits the power to the front of the engine.

The accessory gearbox provides the drive for the engine
accessories.

Position
- Shaft beneath the engine
- Accessory gearbox at the front of the engine

- This assembly forms the module MOL1.

Main characteristics

- Type of gears: bevel and spur gears.
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Main components

- Transmission shaft

Torquemeter reference shaft

Free wheel

- Power drive

Accessory drivetrain

Casings

Engine front support casing.

Note1l: Thealternator drivegear alsoincludesaphonic
wheel for detection of thegasgenerator rotation
speed. Refer to "MEASUREMENT AND
INDICATING SYSTEMS' chapter for further
details.

Note2: The transmission shaft also includes a
torquemeter. Refer to "MEASUREMENT AND
INDICATING SYSTEMS' chapter for further
details.
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TRANSMISSION SHAFT AND ACCESSORY
GEARBOX - DESCRIPTION (1)

The module MO1 comprises mainly the output shaft
protection tube, the accessory gearbox and the engine
front support. It isthismodulewhich providestherigidity
of the engine.

Attherear of theprotectiontubeistheflangefor attachment
to module MO5.

The accessory gearbox is provided with mounting flanges
for various accessories.

The engine front support casing is bolted to the accessory
gearbox front face.

Theoutput driveshaftislocatedintheenginefront support
casing.

The engine front support casing is installed on the front
face of the gearbox.

Themoduleidentification plateislocated ontheprotection
tube right hand side.

Theengineidentification plateislocated onthe protection
tube left hand side.
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TRANSMISSION SHAFT AND ACCESSORY
GEARBOX - DESCRIPTION (2)

Transmission shaft

Theshaft assembly takesthe drivefrom thereduction gear
to the accessory gearbox. The shaft itself is located in a
protection tube bolted to the reduction gearbox at the rear
and to the accessory gearbox at the front. The front of the
shaftissupported by aball bearing. Thepower driveflange
is mounted on the shaft splines. Sealing of the oil which
lubricates the bearing is ensured by a carbon seal.

Three oil tubes are located in the protection tube.

Accessory gear box

The gearbox assembly includes atrain of gearshoused in
alight alloy casing. Thegearbox isinstalled under theaxial
compressor by means of four bolts.

Thefront face of the gearbox accommodatesthefollowing
drives:

- Starter-generator
- Fuel pumps
- Main output drive.

Therear face of the gearbox accommodatesthe following
drives:

- Oil pumps

- Alternator.
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TRANSMISSION SHAFT AND ACCESSORY
GEARBOX - DESCRIPTION (3)

Function

The shaft transmitsthe power from the reduction gearbox
to the helicopter.

Position
Lower part of the engine.
Main characteristics

- Hollow steel shaft with co-axial output shaft

- Drivethrough freewheel unit.

Main components
- Transmission shaft

Protection tube

Output shaft

Freewhedl unit.
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Description

The front of the transmission shaft is supported by a ball
bearing in the accessory gearbox and the rear by the
reduction gearbox output gear. Sealing is ensured by
carbon magnetic seal at the front and the rear.

A triangular flange is fitted on the shaft front splines. A
freewheel unit is mounted on the flange to drive the co-
axial output shaft which inturn drivesthe helicopter main
gearbox and tail rotor.

The output shaft is supported at the front by the triangular
flange and at the rear by a bearing in the hub of the
reduction gearbox output gear.

Three oil tubes are fitted inside the protection tube to
transmit oil between thereductionand accessory gearboxes.

Operation
Thetransmission shaft drivesthe output shaft through the

freewhedl unittodrivetheM GB andtail rotor. Intheevent
of autorotation the free wheel disengages.

Note: Thefreewheel unit and shaft assembly is supplied
by the aircraft manufacturer.
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TRANSMISSION SHAFT AND ACCESSORY GEARBOX - DESCRIPTION (3)
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TRANSMISSION SHAFT AND ACCESSORY
GEARBOX - DESCRIPTION (4)

Sealing of drives Note 1:

Sealing of the various drives is ensured by seals fitted
either in the support casing or in the accessory.

Main power drive Note 2:

This is ensured by a magnetic carbon sedl fitted in the
accessory gearbox front casing.

Tail rotor drive

This is ensured by a magnetic carbon sedl fitted in the Note 3:

reduction gearbox rear casing.
Starter-generator drive

A magnetic carbon sedl isfitted in asupport onthegearbox
front casing.

Centrifugal breather gear (rear half of the starter-
generator gear)

Seal ed by amagnetic carbon seal mounted in asupport on
the rear face of the gearbox.
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Fuel pump drive

Sealsfitted in thefuel pump casing (see"FUEL
SYSTEM")

Alternator drive

No seal on thedrive shaft. The alternator cover
is sealed by an O'ring on the mounting flange
(see "ELECTRICAL SYSTEM).

Oil pump drive
No seal onthedrive shaft. An O'ring isfitted on
the mounting flange (see "OIL SYSTEM").
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TRANSMISSION SHAFT AND ACCESSORY GEARBOX - DESCRIPTION (4)
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TRANSMISSION SHAFT AND ACCESSORY
GEARBOX - OPERATION

The operation is considered during engine starting and in
normal running.

Operation during engine starting

During starting, the starter motor drives the accessory
gearbox and thus the gas generator rotating assembly.

The compressor supplies air to the combustion chamber
and the starting sequence continues.
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Operation in normal running

At self-sustaining speed (approximately 45 % N1) the
electrical supply to the starter motor is automatically cut.
The starter motor is then mechanically driven by the
engine and operates as a generator to provide DC current
to the aircraft electrical system.

The gas generator drives the accessory gear train through
the bevel gear located between the axial compressor and
the centrifugal compressor.

The following accessories are driven:

- Starter-generator

Fuel pumps

Oil pumps

Alternator / phonic whesl.
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ENGINE STARTING

DRIVE OF THE
ACCESSORIES
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ACCESSORIES
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TRANSMISSION SHAFT AND ACCESSORY GEARBOX - OPERATION
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(XX-XX-XX): Page references which deal with the subject in the maintenance documentation.
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OIL SYSTEM - GENERAL

Function

The oil system ensures |ubrication and cooling of the
engine.

Position

All thecomponentsarefitted on the engine except thetank
and cooler.

Main characteristics

- System type: variable pressure, full flow, dry sump,
synthetic oil

- Max oil temperature: 115 °C (239 °F)
- Min ail pressure switch setting: 130 kPa (18.85 PSIG)
- Low ail pressure: 980 kPa (142.1 PSIG)

- Max oil consumption: 0.2 I/h.
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L ubrication requirements
Lubrication is required for the following components:

- Gas generator front bearings
» Axial compressor bearing
 Centrifugal compressor bearing
» Accessory drive bearings

Gas generator rear bearing

Power turbine bearings

Reduction gearbox

Accessory gearbox.
Sealing

Gas generator and power turbine bearings are sealed by
pressurized labyrinths, which are provided with abradable
deposits.

4.2
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4 N

ENGINE ENGINE
LUBRICATION COOLING

Type:
Variable pressure, full flow,
dry sump, synthetic oil

Max oil temperature:
115 °C (239 °F)

Low oil pressure switch setting:
130 kPa (18.85 PSIG)

Max oil pressure:
980 kPa (142.1 PSIG)

Max oil consumption:
0.21/h
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Sealing:
Gas generator and power turbine bearings are sealed

by pressurized labyrinths, which are provided with
abradable deposits.

OIL SYSTEM - GENERAL
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OIL SYSTEM - DESCRIPTION

The system contains all the components necessary for
engine lubrication: tank, pumps, filter, cooler, breather
and indicating devices.

Oil tank

Theoil tank containsthevolumeof oil requiredtolubricate
the engine. It is supplied by the aircraft manufacturer.

Oil pumps

The oil pump pack contains one pressure pump and three
scavenge pumps. Thegerotor typepumpsaredriven by the
accessory gearbox. The pressure pump isequipped with a
pressure relief valve.

Oil valve assembly

Theoil valve assembly housesacheck valve, an electrical
magnetic plug and the strainer for the gas generator rear
bearing.

Oil filter

Theoil filter retainsany particleswhich may bepresent in
the oil. It is provided with a by-pass valve and a pre-
blockageindicator. It also formsaheat exchanger with the
fuel system.
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Scavenge strainers

The scavenge strainers protect the scavenge pumps from
debrisin the system.

Magnetic plugs
Mechanical magnetic plugs are fitted upstream of the

scavenge pumps. An electrical magnetic plug isfitted at
the scavenge outlet.

Oil cooler

Theair cooled oil cooler coolstheoil. It issupplied by the
aircraft manufacturer.

Centrifugal breather

The centrifugal breather separates the oil from the air/oil
mist and vents the system.

Indicating devices

Oil temperature probe

Low oil pressure switch

Oil pressure transmitter

Electrical magnetic plug.
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OIL SYSTEM - OPERATION

Themainfunctionsof theoil systemare: supply, scavenge,
breathing and indicating.
Supply

The pressure pump draws the oil from the tank and
suppliesthesystem. A pressurerelief valvelimitsmaximum
pressure by returning oil to the pump inlet.

The oil isthen delivered to the oil filter and restrictors to
the engine sections which require lubrication:

- Gas generator front bearings

- Gas generator rear bearing

- Power turbine bearings

- Reduction gearbox andintermediategear balancepiston

- Accessory gearbox (supply upstream of the calibrated
orifice).

Theoil issprayed by jets onto the partsto be lubricated. It
also supplies a squeeze film for the gas generator rear
bearing and the power turbine front bearing.
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Scavenge

After lubrication, the oil falls by gravity to the bottom of
thesumps. Theoil isthenimmediately drawn away by the
scavenge pumps and returned to the tank through a check
valve and the oil cooler (dry sump system).

Thescavengestrai nersprotect thescavenge pumpsagainst
any particles which may be held in the oil. The magnetic
plugs retain magnetic particles which may bein the ail.

Breathing

The oil mist which results from lubrication is returned to
the accessory gearbox, wherethe oil is separated from the
air by acentrifugal breather which vents overboard.

Indicating

The system ensures the following indications: pressure,
temperature, low pressure, electrical magnetic plug and
filter pre-blockage.
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OIL TANK

Function
The tank contains the oil required for engine lubrication.
Position

- In the system: between the oil cooler and the pressure
pump

- Ontheaircraft: it isinstalled on the decking beside the
MGB.

Main characteristics

- Aircraft manufacturer's supply.

For training pur poses only

Main components

Filler cap

Level sight glass

Drain plug

- Temperature probe

Unions (supply, return and vent)

- Fan thermostatic switch.

Note: Refer to the aircraft manual for the description
and operation.
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OIL PUMPS- GENERAL - DESCRIPTION

Function

The pumps ensure oil circulation.

Position
- Inthe system: on engine oil system inlet and outlet

- Ontheengine: the pump unit ismounted by boltson the
rear face of the accessory gearbox.

Main characteristics

- Type: gerotor

- Quantity: 4

- Pressurerelief valve setting: 1500 kPa (217.5 PSI).
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Description

The pump unit comprises a body containing four pumps
(one pressure pump and three scavenge pumps), and a
pressure relief valve.

The four pumps are driven by means of a common shaft
connected to the accessory drive (N1 drive).
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OIL PUMPS - OPERATION

Operating principle of a gerotor pump

A gerotor pump isapump which comprises an inner rotor
driving an outer rotor.

Theinner rotor is eccentric to the outer rotor and has one
less |obe than the outer rotor has spaces.

Because of the eccentricity, the size of the chambers
formed between the two rotors varies with rotation.

Thusthe oil isdrawn in as the low pressure chamber size
isincreasing and is forced out under pressure as the high
pressure chamber size decreases.

The process is continuous for each chamber, ensuring a
smooth, positive flow.

Operation of the pressure pump

The pressure pump drawsthe oil from the tank and forces
it out under pressure in the supply system.

The whole pump flow is used (full flow; pressure is
function of the rotation speed, oil viscosity and oil
temperature).
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Pressure relief valve operation

If theoil pressureexceedsthevalvesetting theval veopens
and allows the oil to return to the pump inlet.

In normal operation the valveis closed and only opensin
exceptional circumstances, e.g. starting with very low
temperature.

Operation of the scavenge pumps

Three scavenge pumps, onefor thereduction gearbox, one
for the gas generator bearing, one for the compressor
bearings and the accessory gear train, return the oil to the
oil cooler and the tank.

The pump flow is higher than that of the pressure pump
(dry sump type system).
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OIL VALVE ASSEMBLY

Function

The assembly houses a check valve and an electrical
magnetic plug and the strainer for the gas generator rear
bearing.

The check valve prevents oil flow from the cooler to the
engine when the pressure is very low (engine stopped).

The electrical magnetic plug collects ferrous particles
which may bein the ail.

Position

- Inthe system: downstream of the scavenge pumps

- Ontheengine: ontherear face of the accessory gearbox.

Main characteristics

- Check valve setting: 15 kPa (2.17 PSl).

Main components
- Check valve
- Electrical magnetic plug and strainer

- Scavenge strainer for the gas generator rear bearing.
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Check valve description
The check valve comprises:
- A piston
- A spring

- A cover.

Check valve operation

Enginerunning

The outlet pressure of the scavenge pumps pushes the
piston, compressing the spring thus allowing flow to the
cooler.

Engine stopped

The scavenge pump outlet pressure is very low or zero.

Spring pressure closes the valve and prevents any flow
from the cooler into the engine.
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OIL FILTER AND HEAT EXCHANGER -
GENERAL
Function

Thefilter retains particlesthat may beintheoil. Thefilter
housing forms a fuel/oil heat exchanger.

Position
- In the system: downstream of the pressure pump

- On the engine: on the left rear face of the accessory
gearbox.

Main characteristics

Type: fibreglass cartridge

Filtering ability: 20 microns

Mechanical pre-blockage indicator setting: AP 120 kPa
(17.4 PSID)

By-pass valve setting: AP 420 kPa (60.9 PSID).
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Main components

The filter contains the interchangeable filtering element,
accessible by a cover, and the fuel/oil heat exchanger.

It also provides the support for accessories (pre-blockage
indicator, low oil pressure switch, oil pressuretransmitter,
outlet unions).
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OIL FILTER AND HEAT EXCHANGER -
DESCRIPTION - OPERATION

Description

Themaincomponentsof thefilteringunit arethefollowing:
- Filter base

- Filter cover (screwed onto the filter base)

- Fuel/oil heat exchanger fitted with walls which permit
fuel flow around the oil filter casing

- Fibreglass cartridge (filtering element)

- By-passvalve (fitted inside the filter housing)
- Pre-blockage indicator

- Spring.

The filter base incorporates:

- Mounting points for the following:
» Low ail pressure switch

* Oil pressure transmitter

 Oil outlet unions (compressor bearing lubrication
and rear bearing lubrication)

* Fud inlet and outlet unions.

O'ring seals ensure the ail filter sealing.
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Operation
Filtering (normal condition)

The oil supplied by the pressure pump passes through the
filter from outsideto inside. Thefiltered oil then passesto
the engine for lubrication.

The oil is also used to heat the fuel through the heat
exchanger as the fuel flows around the ail filter.

Pre-blockage

If thefilter beginstobecomeblockedthepressure difference
acrossthefilter increases. At agivendifference (120 kPa/
17.4 PSID) ared mechanical indicator pops out. The oil
continues to flow through the filter.

Blockage

If the pressure difference exceeds 420 kPa (60.9 PSID),
the by-pass valve opens and unfiltered oil passes to the
system.
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OIL FILTER PRE-BLOCKAGE INDICATOR

Function
The indicator detects the onset of filter blockage.

Position
- In the system: between inlet and outlet of the oil filter

- On the engine: on the filter housing cover.

Main characteristics

- Type: differential
- Setting: AP 120kPa (17.4 PSID).

Description

Thepre-blockageindicator comprisesthefollowing parts:

- Indicator body including:
* Mounting flange
 Filter upstream pressure inlet
 Filter downstream pressure inlet

Red indicator piston
AP piston
Transparent cover
Thermal lock
O'ring sedls.

For training pur poses only
© Copyright - TURBOMECA

Edition: March 2003

Operation

Nor mal condition

Filter downstream pressure plus spring pressureisgreater
than upstream pressure. Thetwo pistons are held together
by magnetic force. The indicator is not visible.

Pre-blockage condition

Filter upstream pressure exceeds downstream plus spring
pressure and the AP piston displaces.

This breaks the magnetic hold and the indicator pistonis
pushed out by its spring. The indicator isvisible.

The bi-metallic thermal lock ensures that the indicator
doesn't operate when a large AP is caused by low
temperature (locked below 50 °C (122 °F)).

The indicator isre-armed by pushing in the indicator.
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OIL COOLER

Function

The oil cooler coolsthe oil after it has passed through the
engine.

Position
- Inthesystem: between the scavenge pumpsand thetank

- On the aircraft: it is installed in front of the main
gearbox.

Main characteristics
- Supplied by the aircraft manufacturer
- Type: air/oil cooler

- Differential and thermostatic by-pass valve.
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Main components

Oil cooler

Differential and thermostatic by-pass valve

Unions (oil inlet and outlet)

Cooling fan.

Note: For further details, refert to the aircraft
documentation.
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CENTRIFUGAL BREATHER

Function

The centrifugal breather separates the oil from the air/ail
mist created by the oil system.

Position
- Inthe system: beforethe general vent line of the system

- Ontheengine: itisformed by the starter/generator drive
gear in the accessory gearbox.

Main characteristics

- Type: centrifugal

- Air vent: through the rear part of the gear hollow shaft,
connected to the exhaust.

Description

Thecentrifugal breather isformed by the starter-generator
drivegear. Thisgear isformed in one piecewith ahollow
shaft and has holes which provide a passage between the
gearbox and the air vent.

The gear is supported by two ball bearings and has a
magnetic carbon seal at each end.

Thebreather air outlet isat therear end of the shaft, where
the air passes into the gearbox outlet.
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Operation

Thecentrifugal breather isdriven by theintermediate gear
of the accessory drive.

When the engineisrunning theair/oil mist passesthrough
the breather:

- Centrifugal force throws the oil droplets out into the
gearbox where they fall to the bottom of the casing

- The de-oiled air passes out through the shaft, via a
gearbox passage, into an external pipewhichdischarges
into the exhaust.
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ELECTRICAL MAGNETIC PLUG

Function

Theelectrical magnetic plug attracts magnetic particlesin
the oil system and provides a cockpit indication.
Position

- In the system: downstream of the scavenge pumps

- On the engine: mounted on the oil valve assembly.

Main characteristics

- Type:
» Magnetic with electrical indication
* Self-sealing housing with strainer
* Optional chip pulse system

- Indication: light on the aircraft instrument panel.

Description

The electrical magnetic plug comprises a magnetic probe
which has two parts which are electrically insulated from
one another and have asmall gap between them.

Theplugisconnected, viatheengine el ectrical harness, to
the aircraft instrument panel.
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The plug isfitted into ahousing which is provided with a
self-sealing valve and a mounting flange.

A bayonet type locking pin system ensures the locking of
the electrical magnetic plug.

The housing is bolted onto the oil valve assembly where
the scavenge oil can flow across the magnetic probe.

Operation

The magnetic probe attracts magnetic particles present in
the ail.

If it attracts sufficient particlesto form abridge acrossthe
gap, thiswill complete the electrical circuit between the
two magnetic parts and thus provide indication on the
aircraft instrument panel.

Note1l: Theoil systemal sohastwomechanical magnetic
plugs, one located on the lower part of the
accessory gear box and oneonthelower part of
the reduction gearbox.

Note2:  Anoptional chip pulse systemmay beinstalled
by theaircraft manufacturer. Thisallows plug
debristo be burnt off.

4.26
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MECHANICAL MAGNETIC PLUGS

Function Description
The magnetic plugs retain magnetic particles which may The magnetic plug includes. a magnet, O'ring seals and
bein the oil. locating pins.
Position The magnetic plug is installed in a self-sealing housing

- In the system:

» One on the reduction gear scavenge return

» One on the accessory gearbox scavenge return.
- On the engine:

* One at the bottom of the reduction gearbox

» One at the bottom of the accessory gearbox.

Main characteristics
- Type: single magnetic probe. Self-sealing housing
- Quantity: 2

For training pur poses only .
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(valve, spring).
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SCAVENGE STRAINERS

Function

The strainers protect the scavenge pumps against large
particles which might be in the oil.

Position

- Inthe system:
» Onestrainer isfitted in each scavenge line upstream
of the scavenge pump

» One strainer islocated downstream of the scavenge
pumps.

- Ontheengine:
e Two different strainers are located on the accessory
gearbox casing:
- one to the reduction gearbox
- one to the accessory gearbox scavenge

» Onestrainer islocated ontheoil valveassembly (gas
generator rear bearing scavenge).

Main characteristics
- Type: wide mesh filter
- Quantity: 3
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Description

Each strainer includes the following components: awide
mesh filter, amounting flange and an O'ring sedl.

Operation

A strainer is a wide mesh filter which retains any large
particleswhich may be presentintheoil in order to protect
the scavenge pumps.

Note: The electrical magnetic plug, mounted on the oil
valve assembly, is fitted with its own strainer.

4.30
OIL SYSTEM



E@ Turbomeca Training Manual ARRIEL 2B - 2B1

snecma group

WIDE MESH
FILTER

Type:
Wide mesh filter

GAS GENERATOR
REAR BEARING

Quantity:

3
STRAINER
|
ACCESSORY GEARBOX MOUNTING "r@,:<):
SCAVENGE STRAINERS FLANGE | izl From
) | engine
o
Scavenge : | |
pumps Lol
=D !
\\ REDUCTION GEARBOX
To scavenge V M __— SCAVENGE STRAINERS
T ==
SCAVENGE STRAINERS
For training pur poses only 431

© Copyright - TURBOMECA Edition;: March 2003 OIL SYSTEM



3@ Turbomeca

snecma group

Training Manual

ARRIEL 2B - 2B1

LOW OIL PRESSURE SWITCH

Function

Thelow oil pressure switch provides cockpit indication of
low oil pressure.

Position
- In the system: downstream of the filter

- On the engine: mounted on the filter base.

Main characteristics
- Type: diaphragm pressure switch
- Setting: 130 kPa (18.9 PSI)

- Indication: light on instrument panel.

Description

Thepressure switch comprisesthefollowing components:

amounting flangeand an el ectrical connector (connection

with the instrument panel).

The pressure switch is secured by means of two screws

onto thefilter base.

One O'ring seal ensures the sealing between the pressure

switch and the filter base.
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Operation

The pressure switch microswitch is open during normal
engine operation.

If the oil pressure reducesto lessthan 130 kPa (18.9 PSI),
the diaphragm moves down. This causes the electrical
contact to close, completing the circuit of the low oil
pressure warning light.
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OIL PRESSURE TRANSMITTER

Function
The transmitter provides asignal of oil pressure.
Position

- Inthe system: in the supply system, downstream of the
filter after the restrictor.

- On the engine: mounted on the filter base.

Main characteristics

Supplied by the aircraft manufacturer

Type: resistive

Output signal: voltage proportional to the oil pressure

Indication: on instrument panel.
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Description
The transmitter includes:
- A mounting flange (mounting on the filter base)

- Anéelectrical connector (connectionwith theinstrument
panel).

Operation

Theoil pressuretransmitter incorporatesabridgeof resistors
printed on aflexible support.

Thedeformation of thesupport producesan output voltage
proportional totheoil pressurefor aconstant input voltage.

4.34
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EXTERNAL OIL PIPES

This description deals with the external pipes of the oil
system.

Function
The il pipes ensure the oil circulation between the ail

system components and the lubricated parts of the engine
(bearings).

Main characteristics

- Type of pipelines: rigid (one flexible)
- Type of union: flanged union.
Description

Lubrication

Oil inlet (from oil tank to pressure pump; aircraft
manufacturer's supply)

From pressure pump to filter base

Supply of the gas generator front bearings

Supply of the gas generator rear bearing.
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Scavenge
- Scavenge of the gas generator rear bearing

- Scavenge of the power turbine bearings (from power
turbine to reduction gearbox; flexible pipe).

Breathing
- Gas generator rear bearing (external pipe).
Air vent

- External pipe from centrifugal breather to the exhaust
pipe.

4.36
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- Air system (75-00-00).......cccoeeeeiiiiieeee e 5.2

- Internal air system (75-00-00)........ccccecveeeiiveennnne 5.4

- Air tappings (75-00-00).......cccceeeviiieeeeeecreeee e 5.6

- Compressor bleed valve (75-31-00) .......cccccuveee.e 5.8

- P3 pressuretransmitter (75-41-00).........ccc.......... 5.12

- Air tapping unions (75-00-00) ........cccccccveeeeiveeennne, 5.14

- External air pipes(75-29-00) .......ccccceevvvvveeeeennee. 5.16t05.17

(XX-XX-XX): Page references which deal with the subject in the maintenance documentation.
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AIR SYSTEM

Function
The engine air system includes:

- Aninternal air system which ensures:
* The pressurisation of the labyrinth seals
» The cooling of the engine internal parts
e The balance of forces on the rotating assemblies

- Air tappings which ensure:
» Theair pressuremeasurement for thecontrol system
The start injector ventilation
The aircraft air system supply
2B : Theair supply to the pump and metering unit
assembly (metering unit)
The air for the bleed valve operation

The air for the pressurisation of the power turbine
labyrinth seals.

- The compressor bleed valve.

Note: Refer to the various systems for the location, the
characteristics, the description and operation.
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AIR TAPPINGS
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INTERNAL AIR SYSTEM

Function

The internal air system pressurises the labyrinth seals,
cools certain parts and provides a balancing of forces.

Position
All the parts of the system are internal except the

pressurisation of the power turbine labyrinth which is
supplied by an external pipe.

Main characteristics

- Type: air tapping with a calibrated flow

- Air pressures used:
« P2.4. centrifugal compressor inlet pressure
« P2.6: centrifugal compressor wheel outl et pressure
* P3: centrifugal compressor outlet pressure.

Note: Theinternal air systemis also referred to as the
secondary air system.

Functional description

Theinternal air system canbeconsideredinthreeparts: the
front section, the gas generator HP section and the power
turbine section.

Front section

Air tapped from the centrifugal compressor inletisusedto
pressurise the front bearing labyrinths. There is a very
small flow of air intothebearing chamber. Air tapped from
thesame point isdischarged through the compressor bleed
valve, mounted on the compressor casi ng (see compressor
bleed valve).
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Gasgenerator HP section

Air tapped from the centrifugal compressor wheel outlet
passesdowntherear faceof thecompressor wheel, through
thecurvic-couplings, thehollow shaft andinternal passages.
Itisused to:

- Cool therear faceof thegasgenerator turbine(discharging
into the gas flow)

- Pressurise the labyrinth seal of the gas generator rear
bearing (small flow into the bearing housing)

- Cool thefront face of the power turbine (discharge into
the gas flow).

The air from the centrifugal compressor outlet flows
through the hollow nozzle guide vanes and through holes
in the shroud. It isused to cool the nozzle guide vane and
thefront face of the gasgenerator turbine. A small amount
of air isalso used to cool the turbine shroud.

Thecentrifugal compressor casingisfittedwithair tapping
points. Thisairiscalled cleanair asitisout of themainair
flow stream.

Power turbine section

The air is tapped from the front face of the centrifugal
compressor casing (clean air) and is taken by an external
pi peto thereduction gearbox casing. It then passesthrough
internal passages to pressurise the labyrinth seal on the
power turbine shaft and to cool the rear face of the power
turbine.

5.4
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AIR TAPPINGS

Function

Air tappings are used for:

- Fuel control

2B: The pump and metering unit assembly (metering
unit)

Start injector ventilation

Aircraft services

- Bleed valve operation

Pressurisation of the power turbine labyrinth seals.

Main characteristics

- P3air: 820 kPa (118.9 PSl) / 335 °C (635 °F)
- Air tapping limited by restrictors.

Functional description

Fuel control

A P3 pressure transmitter measures the centrifugal
compressor outlet air pressure.

The signal of pressureis transmitted to the EECU.

2B: Airtappingfor thepumpandmeteringunitassembly.

Theair tapped fromtheoutl et of thecentrifugal compressor
suppliesthe metering unit through an external pipe (anti-
surge function for manual control).
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Start injector ventilation

Compressor delivery air is used to ventilate the start
injectorsto avoidblockageby thecarbonisation of unburnt
fuel.

Thesysterm comprisesatapping union and api peconnected
to the start electro-valve.

Aircraft services

Compressor delivery air is tapped off for use in various
aircraft systems.

Theenginehastwo air tapping unions (used for theaircraft
services) located on the centrifugal compressor casing.

Note: The use of this bleed is restricted during take-off
and in single engine mode.

Bleed valve operation

Compressor delivery air istapped to operatethecompressor
bleed valve.

Pressurisation of the power turbinelabyrinth seals

Refer to page 5.4
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COMPRESSOR BLEED VALVE - GENERAL

Function

The valve prevents compressor surge by bleeding off a
certain quantity of air tapped from the axial compressor
outlet. When thevalveisopen, the discharge of air causes
theair flow through the axial compressor to increase thus
moving the operating line away from the surge line. The

operation of this valve depends on the P3/PO pressure
ratio.

Position

- In the system: between the axial and centrifugal
COMPressors

- Onthe engine: at the top of the counter casing.

Main characteristics
- Type: pneumatic, butterfly valve

- Control: by P3/P0 pressure ratio.

For training pur poses only

Main components

- Pneumatic control system

Butterfly valve

Rack and pinion mechanism

Microswitch (connected to the EECU)

P2.4 air outlet

P3inlet filter.

Note: The air can be discharged under the cowling in
order to improve cooling of the engine
compartment.

5.8
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COMPRESSOR BLEED VALVE -
DESCRIPTION - OPERATION

Description

The compressor bleed valve includes 3 main parts: the
detection capsule, the intermediate stage and the bleed
valve.

Detection capsule

It is subjected to P3/PO pressure ratio and controlsthe air
discharge downstream of the calibrated orifice B.

It isfitted with afilter at the inlet.

Intermediate stage

It includes adiaphragm which is subjected to the pressure
downstream of B. The diaphragm controls the discharge
whichdeterminesthepressuredownstream of thecalibrated
orifice A.

Bleed valve

It includesaspring loaded piston subjected to the pressure
downstream of restrictor A. Thepistonactuatesthebutterfly
valve by means of arack and pinion mechanism.

It aso includes a microswitch, operated by the piston,
which sends a position signal to the EECU.

The EECU outputs a position signal to the cockpit.
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Operation

Open position

The P3/PO pressure ratio is not sufficient to activate the
capsules and there is an air discharge downstream of the
calibrated orifices. The piston is not actuated and the
butterfly valve is open.

A certain amount of air, tapped from the centrifugal
compressor inlet, is discharged overboard.

The microswitch contact is closed and sends an open
signal to the EECU.

Closed position

When the gas generator rotation speed N1 increases, the
compression ratio P3/PO increases and beyond a certain
value:

- Thepressurebecomessufficient to deform thedetection
capsule which closes the discharge

- The pressure downstream of the calibrated orifice B
increases

- The diaphragm of the intermediate stage closes the
discharge

- The pressure downstream of the calibrated orifice A
increases

- The piston moves down under P3 pressure and rotates
the butterfly valve through the rack and pinion
mechanism. The valve closes and stops the air bleed.

The microswitch contact, actuated by the piston, opens.
This provides a closed signal to the EECU.

5.10
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P3 PRESSURE TRANSMITTER

Function Operation
The P3 pressure transmitter senses the compressor outlet Thetransmitter producesan el ectrical voltageproportional
air pressure and supplies asignal to the EECU. to the P3 air pressure.

- Thepressuresignal isused by the EECU for enginecontrol
Position P J y Y

(fuel flow limit, surge control).

- In the system: connected to the EECU

- On the engine: on the ignition unit support.

Main characteristics
- Type: resistive
- Output signal: voltage proportional to the air pressure

- Supply voltage: 10 VDC.

Description

The P3 pressure transmitter system comprises the P3
tapping, an air pipe and the pressure transmitter.

The transmitter is secured on the ignition unit support by
2 screws.

The electrical connector providesthe connection with the
EECU.
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AIR TAPPING UNIONS

Function

The air tapping unions allow air to be tapped from the
centrifugal compressor outlet.

Position

They are located on the centrifugal compressor casing
front face. Theair inthiszoneisconsidered clean air asit
is out of the main air stream and thus contains very little
debris.

Main characteristics

At 100 % N1, in standard conditions:
- Air pressure: 820 kPa (118.9 PSl)
- Air temperature: 335 °C (635 °F).

Functional description

Start injector ventilation

Standard union.
Air flow: very low.

Power turbine labyrinth pressurisation

Standard union.
Air flow: very low.
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P3 pressuretransmitter
Standard union.

Air flow: nil.

Aircraft services
Standard union.

Max air flow: 100 g/s (0.22 |b/sec.).
Compressor bleed valve
Standard union.

Air flow: negligible.

2B: Metering unit supply
Sandard union.

Air flow: nil.

5.14
AIR SYSTEM



5@ Turbomeca

snecma group

Training Manual

ARRIEL 2B - 2B1

START INJECTOR
VENTILATION

Standard union
Air flow: very low

POWER TURBINE
LABYRINTH PRESSURISATION

Standard union
Air flow: very low

P3 PRESSURE
TRANSMITTER

Standard union
Air flow: nil

At 100 % N1,
in standard conditions

Air pressure:
820 kPa (118.9 PSI)

Air temperature:
335 °C (635 °F)
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COMPRESSOR BLEED VALVE

Standard union
Air flow: negligible

AIRCRAFT SERVICES

Standard union
Max air flow: 100 g/s (0.22 Ib/sec.)

METERING UNIT SUPPLY
(2B)

AIR TAPPING UNIONS

Edition;: March 2003

Standard union
Air flow: nil
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EXTERNAL AIR PIPES

Thispart considersthe external air pipesof theair system.

Function

The air pipes ensure the air supply from/to the various
system components.

Main characteristics
- Type: rigid, stainless steel

- Unions: standard (connecting flange with bolts).

Description of the pipes

The air system uses the following external pipes:

- P3air pipefor thecontrol of the compressor bleed valve
- Air pipefor the ventilation of the start injectors

- Air pipe to supply the P3 pressure transmitter

- Air pipe for the pressurisation of the power turbine
labyrinth

- 2B: Air pipe to supply the pump and metering unit
assembly (acceleration controller).
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BLEED VALVE
CONTROL

;—/ L\; /

T —
\_U_\ J Lt \
AIR PIPE TO SUPPLY THE
PUMP - METERING UNIT
ASSEMBLY (2B)
Type of pipes: X
Rigid, stainless steel =

START INJECTORS
VENTILATION

-~

7 b

/

Type of unions:
Standard (connecting

flange with bolts)

PRESSURISATION OF
THE POWER TURBINE LABYRINTH

EXTERNAL AIR PIPES
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P3 PRESSURE TRANSMITTER
SUPPLY
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(XX-XX-XX): Page references which deal with the subject in the maintenance documentation.
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FUEL SYSTEM - GENERAL

Function Main components
Thefuel system ensuresfuel supply, distribution, control, - Pump and metering unit assembly:
metering and injection.  LP pump
* Filter
Position e HP pump

. * Metering unit
All the system components are mounted on the engine 9

except the EECU. - Fuel valve assembly

Main characteristics - Injection system.

Supply by the aircraft system and the engine pumps

Centrifugal maininjectionandstartinjectionby injectors

2B: Manual control

2B1: Automatic back-up control

Fuel control: digital control unit controlling a metering
device.
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ENGINE

ELECTRONIC [~

CONTROL UNIT

MANUAL
CONTROL (2B)
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AUTOMATIC BACK-UP
CONTROL (2B1)

METERING

UNIT

HP PUMP

FILTER

LP PUMP Qf) N1

PUMP AND METERING UNIT
ASSEMBLY

Aircraft —|-s— Engine

© Copyright - TURBOMECA

SENSORS

FUEL VALVE
ASSEMBLY

7N
Ay

N

Supply:
- aircraft system
- engine pumps

Injection:
- centrifugal main injection
- start injection by injectors

Manual control (2B)

Automatic back-up
control (2B1)

Fuel control:
Digital control unit
controlling a metering device

FUEL SYSTEM - GENERAL

Edition;: March 2003

FUEL INJECTION
SYSTEM
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FUEL SYSTEM - DESCRIPTION

This part shows the main components of the fuel system.

Low pressure pump (LP)

Centrifugal typepumpwhichgivesaninitial pressurerise.
Oil/Fuel heat exchanger (oil filter)

Filter

Fitted between the LP and HP pumps, this filter has a
blockage indicator and a by-pass valve.

Start purgevalve

To eliminate air from the system before start.

Fuel filter pre-blockage pressure switch

Provides a cockpit indication of the onset of the filter
blockage.

L ow fuel pressure switch

Sensingthefilter outlet pressure, it givesacockpitindication
of system low pressure.

High pressure pump (HP)

Spur gear type pump which provides the high pressure
supply. It isfitted with a pressure relief valve.

For training pur poses only
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Metering unit

- Automatic control (stepper motor, resolver, metering
needle, constant AP valve)

- 2B: Manual control: twist grip on collective lever

- 2B1. Automatic back-up control: by-pass valve and
actuator (the actuator is supplied by the aircraft
manufacturer).

Additional check valve

Thevalve permitsthe correct operation of the constant AP
valve in low fuel flow conditions (particularly during
starting).

Fuel valve assembly
Start electro-valve
Stop electro-valve

- Pressurising valve

- Stop purge valve.

Fuel injection system

- Start injectors (2)

- Main injection (centrifugal wheel)

- Engine fuel inlet union

- Combustion chamber drain valve.

Note: A fuel flowmeter, supplied by the aircraft

manufacturer, can befitted between the metering
unit and the fuel valve assembly.

6.4
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Stop Stop Pressurising Centrifugal
purge valve electro-valve  valve wheel
Constant AUTOMATIC AUTOMATIC "= | ] _'
AP valve BACK-UP CONTROL ' —
CONTROL purge
FUEL FILTER (to tank)

(with by-pass valve
and blockage indicator)

IIIIL

4

OIL/FUEL HEAT FUEL FILTER o
EXCHANGER PRE-BLOCKAGE - :
(oil filter) PRESSURE SWITCH ) I N
/ = Engine /| o
| I - : fuel inlet union | ‘ N
T
[
| T—69 P3| FUEL
/ | ﬁ Purge : 550 | INJ ECTION
| (to tank) I : | SYSTEM
ﬁ | i | FUEL VALVE -
| ) MANUAL | lASSEMBLY
LP PUMP | —
| \ CONTROL |  \ —————f——— —'/.F
; \ (2B) | Start
\
: \ :p:l]’_g | injectors
| N | Start
: PUMP AND : electro-valve
METERING UNIT .
| e oSenmLy | ADDITIONAL Combustion
____________________________ CHECK VALVE chamber drain valve
Fuel inlet LOW FUEL HP PUMP START PURGE
(from aircraft PRESSURE SWITCH (with pressure VALVE — .
. — Restrictor
fuel system) relief valve)
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FUEL SYSTEM - OPERATION (1)

This part deals with the following operating phases: pre-
start, purge, starting, normal running, back-up control and
shut-down.

Pre-start

- The LP and HP pumps do not operate and there is no
pressure in the system

- The constant AP valveis closed

- The stop electro-valveis closed

- The pressurising valve is closed

- The additional check valveis closed
- The start purge valveis closed

- The stop purge valveis closed

- The start electro-valveisin the ventilation position (no
electrical supply).

2B: At power-up the metering valve is positioned to
permit theengagement of themanual control should
this be necessary.
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STOP STOP PRESSURISING
PURGE VALVE ELECTRO-VALVE VALVE
(closed) (closed) (closed)
ADDITIONAL
CHECK VALVE
(closed)

0

AP VALVE

(closed) \_,-—L%

I
I
CONSTANT | [
I
I

0 0 O 00

II—||

0

| [
= L |

START
ELECTRO-VALVE
(in ventilation position)

_ e \—_— — — — e — M A —

LP PUMP HP PUMP START
(stopped) (stopped) PURGE VALVE — .
(closed) — Restrictor
PRE-START

FUEL SYSTEM - OPERATION (1)
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FUEL SYSTEM - OPERATION (2)

Fuel system purge

Before starting, the booster pump isswitched on. Thelow
pressurefuel flowsthrough the LP pump and filter, and is
returned to the tank through the start purge valve.

This purge must be carried out before each start, for 15 to
20 secs.
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BOOSTER PUMP PRESSURE

Rl

— Restrictor

| |
| e
| Purge
m : LP PUMP
|

(stopped)

\
\

[@% _______ / o

i

S

Fuel inlet HP PUMP START PURGE
(booster pump pressure) (stopped) VALVE
(open)

FUEL SYSTEM PURGE
FUEL SYSTEM - OPERATION (2)
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FUEL SYSTEM - OPERATION (3)

Starting

When start isselected, the start accessoriesareelectrically
supplied.

The pumps are driven at a speed proportional to N1. First
they supply the start injectors and then the centrifugal
injection wheel.

The start purge valve closes.

Theconstant AP valve operates and returnsthe excessfuel
to the LP pump outlet.

The additional check valve ensures the operation of the
constant AP valvewhenthe HP pump pressureisvery low.
ItincreasestheHPfue pressureduring starting, particularly
at altitude.

Thefuel flow ismetered by the metering unit according to
control laws determined by the Engine Electronic Control
Unit.

Attheendof starting, thestart accessoriesarede-energised
and the start injectors are ventilated by P3 air pressure.

Thegasgenerator rotation speedisstabilisedat acontrolled
value.
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PRESSURISING CENTRIFUGAL
BOOSTER PUMP PRESSURE VALVE (open) WHEEL
(supplied)

LOW PRESSURE
HIGH PRESSURE
METERED FUEL
Restrictor

—_— e — — — —

ADDITIONAL
CHECK VALVE

CONSTANT
AP VALVE
(in control)

|

T

I

I

I

| LP PUMP
: (driven)
1

Fuel inlet

For training purposes only
© Copyright - TURBOMECA

STOP
ELECTRO-VALVE
(electrically supplied)

INJECTORS
(supplied)

START
ELECTRO-VALVE
HP PUMP START PURGE (electrically supplied)
(driven) VALVE
(closed)
STARTING
FUEL SYSTEM - OPERATION (3)
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FUEL SYSTEM - OPERATION (4)

Normal running

Therequired fuel flow ismetered by the metering needle.
The metering needle position is determined by the Engine
Electronic Control Unit (refer to"CONTROL SY STEM"
chapter).

The HP pump always supplies more fuel than the engine
requires. The excess fuel returns to the LP pump outlet
through the constant AP valve.

The start injectors are continuously ventilated by P3 air
circulation.

Back-up control

2B: The manual control provides a back-up control of
the fuel flow in case of a control systemfailure.

2B1: Intheeventofacontrol systemfailure, an automatic
back-up control systemwill ensurethe correct fuel
flow.

For training pur poses only

© Copyright - TURBOMECA Edition: March 2003

6.12
FUEL SYSTEM



% Turbomeca Training Manual ARRIEL 2B - 2B1

snecma group

AUTOMATIC BACK-UP PRESSURISING CENTRIFUGAL
—___ BOOSTER PUMP PRESSURE CONTROL (2B1) \(/A'-V')E (WHEll'EIE)
open supplie
LOWPRESSURE |~ | - -
In the event of a control system failure, r !
—___ HIGH PRESSURE an automatic back-up control system | |
I METERED FUEL will ensure the correct fuel flow. | |
(R |
BN P3AR N\ . |
= Restrictor [l | ‘
CONSTANT Ml e S
AP VALVE I | :
(in control) el
| i Il o
e I E | ‘ i
. | | m
| | <—P3| I
| - | il
| | VAVA'AY} |
, |
(=== | ——=—
| LPPUMP |
| (dnve\n) :,_.‘—‘—_ﬁ [ N AN _I/ —
; ADDITIONAL
= 3 ) CHECK VALVE N .JsgéTR(;rRS
open
(open) (ventilated)
START
ELECTRO-VALVE

(ventilation position)

S )

) MANUAL CONTROL (2B)
Fuel inlet HP PUMP

(driven) The manual control provides a back-up control of
the fuel flow in case of a control system failure.

NORMAL RUNNING - BACK-UP CONTROL
FUEL SYSTEM - OPERATION (4)
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FUEL SYSTEM - OPERATION (5)

Shut-down

The engine stop command electrically supplies the stop
electro-valve and the stepper motor to close the metering
valve.

Thefuel supply totheinjection wheel iscut and theengine
stops.

The stop purge valve opens briefly to drain the fuel from
the injection line to the tank.

Note: Theelectrical signal tothestepper motor isdelayed
inorder todetect afailuretocloseof thestop valve.
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STOP STOP PRESSURISING
=R . PURGE VALVE ELECTRO-VALVE VALVE
— Restrictor (open) (electrically supplied) (closed)

Momentary purge
(to tank)

U —

(stopped)

I
|
I
c==i
| LPp PUMP
I
I
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ADDITIONAL
CHECK VALVE
(closed)

(I

The electrical signal to the stepper motor is
HP PUMP delayed in order to detect a failure to close
(stopped) of the stop valve.

SHUT-DOWN
FUEL SYSTEM - OPERATION (5)
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PUMPAND METERING UNIT ASSEMBLY -
GENERAL

Function

The pump and metering unit assembly ensuresfuel supply
and fuel flow metering.

Position
- Inthe system: before the fuel valve assembly

- On the engine: on the left front face of the accessory
gearbox.

Main characteristics
- Mounting: clamping ring

- Replaceable components (LRUS):
* Filter
 Pre-blockage pressure switch
e Low fuel pressure switch
* Fuel filter blockage indicator.
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Main components

LP pump

Filter

Pre-blockage pressure switch
Blockage indicator

Low fuel pressure switch
Start purge valve

HP pump

Constant AP valve

Metering unit

Additional check valve.

6.16
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FILTER Pump and metering unit
assembly (2B1) Mounting:
START Clamping ring
PURGE VALVE
Replaceable components:
LOW FUEL Filter

PRESSURE SWITCH Pre-blockage pressure switch

Low fuel pressure switch

CONSTANT METERING ADDITIONAL
AP VALVE UNIT CHECK VALVE

BLOCKAGE PRE-BLOCKAGE To fuel
METERING INDICATOR PRESSURE SWITCH — valve
UNIT assembly
To HP<=| ______
LOW FUEL FILTER ) pump inlet |
PRESSURE SWITCH N2 |
) I

|
|
|
HP PUMP |
|
|
|

[ ———— 1 START

Heat =1— |
exchanger ¢Q :ﬂ:&‘@\ IPURGE VALVE
| ) I
| M=~ LOW FUEL
START I D { | PRESSURE
PURGE VALVE NN ~  SWITCH

LP PUMP Fuel inlet LP PUMP HP PUMP
METERING Pump and metering unit (from aircraft
UNIT assembly (2B) fuel system)
PUMP AND METERING UNIT ASSEMBLY - GENERAL
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PUMPAND METERING UNIT ASSEMBLY -
FUEL PUMPS - GENERAL - DESCRIPTION
Function

The pump assembly supplies fuel under determined
conditions of pressure and flow.

Position
- In the system: before the metering unit

- On the engine: on the right side of the pump and
metering unit assembly.

Main characteristics

- Type:
e LP pump: centrifugal type

* HP pump: spur gear type.
Description

Thepump assembly includesan L P pump and an HP pump
fitted with a pressure relief valve.

For training pur poses only
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L ow pressure pump (LP)

Thelow pressure pump isacentrifugal pump. It includes
an impeller driven at a speed proportional to N1. The
impeller ismounted on ashaft supported by bearings. This
shaft also drives the high pressure pump.

The pump has an g ector supplied by fuel from the pump
outlet in order to improve the pump suction efficiency.

The pump is capabl e of operating with contaminated fuel
so thereis no filter at theinlet.

The shaft of the LP and HP pumpsis a shear shaft.
High pressure pump (HP)

Thehigh pressure pumpisagear typepump. It hasadriven
gear and adrive gear driven at aspeed proportional to N1.

The drive shaft is fitted with two lip seals with a drain
chamber between them. Any fuel leakage will thus be
drained overboard and no fuel can enter the accessory
gearbox.

The high pressure pump also includes a pressure relief
valve which returns the excess fuel to the HP pump inlet.
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HP FUEL PUMP
I\

, .
Driven gear

i N
Drive gear

RELIEF VALVE Filter

jﬂ

Fuel inlet [
(from aircraft g
fuel system) %__C//_\/ I
. Ejector Impeller , | M\ DRAIN
Vv SYSTEM
LP FUEL PUMP (FE]:
MOUNTING
PRESSURE FLANGE

To start
purge valve
exchaijger :ﬂ:ﬂ,.@
/ 4 (oil filter) :@L _, To metering
‘ it
|——r : ” uni
Type: HP PUMP $ \ \
LP pump: centrifugal type Fuel inlet LP PUMP HP PUMP
HP pump: spur gear type LP PUMP @~ (from aircraft fuel system) (with pressure
relief valve)
PUMP AND METERING UNIT ASSEMBLY -
FUEL PUMPS - GENERAL - DESCRIPTION
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PUMPAND METERING UNIT ASSEMBLY -
FUEL PUMPS - OPERATION

Fuel from the aircraft system enters the LP pump which
provides an initial pressure increase to supply the HP
pump. The HP pump gives a second pressure rise and
supplies the metering unit.

The LP pump is capable of drawing fuel from the aircraft
tank and therefore booster pumps are not necessary after
starting.

L P pump operation

The centrifugal impeller drawsthefuel inandforcesit out
towards the heat exchanger.

The pump efficiency isimproved by an gjector pump at its
inlet, supplied from the centrifugal impeller outlet.

The LP pump is said to be "transparent” as fuel can flow
through it when it is not turning.
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HP pump operation

Thefue arrivingfromtheL P pump, viathefilter, isforced
out under pressure by the HP pump to the metering unit.

Theamount of fuel supplied by thepumpisalwaysgreater
than that required by the engine.

The HP pump is provided with a pressurerelief valve. In
theevent of overpressurethevalveopensandreturnssome
of the flow to the pump inlet. Thisvalveis closed during
normal engine running.
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BOOSTER PUMP PRESSURE
LOW PRESSURE
HIGH PRESSURE Fuel filter

[ lﬁ To start
=> purge valve

Heat —> T
exchanger 0=

(oil filter) <=

T ==D> To metering unit

Fuel inlet LP PUMP HP PUMP
(from aircraft fuel system) (Wltlh ?reslsure
relief valve)
PUMP AND METERING UNIT ASSEMBLY -
FUEL PUMPS - OPERATION
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PUMPAND METERING UNIT ASSEMBLY -
START PURGE VALVE
Function

The start purge valve permits a purge of air from the fuel
system before engine start.

Position

- Inthesystem: betweenthefilter andthereturnlinetothe
fuel tank

- On the engine: on the upper part of the pump and
metering unit assembly.

Main characteristics

- Type: ball valve controlled by a piston and a spring.

Description
- Avave
- A piston

- A spring.
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Operation

When the aircraft booster pump is swiched on, fuel is
supplied to the engine.

Assoon asenginestart isselected, HP pump pressure acts
on the piston to close the start purge valve.

The start purge valveis open. The fuel passesthrough the
LP pump, the filter and return to the tank.
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Purge
START (tO tAank)
_ PURGE VA%J—, =T
! o
Low = I_\— From
pressure '::> « metering unit
—\\_/ |
VALVE SPRING PISTON Erom
- - metering unit
From Pump and metering unit |
fuel filter assembly (2B1)
START START
— PURGE VALVE
L ] (closed) =

PURGE VALVE
(open) \

l:h[ Purge -
L1/ NN il
PURGE VALVE B
O - o
L )\ Booster N

Low
pump => =>
pressure :ﬂ:ﬂ’—8 pressure
To
il Al == metering
HP pump — [ HP pump — [
(engine stopped) (engine running)
FUEL SYSTEM NORMAL
PURGE OPERATION
Pump and metering unit (before engine start)

assembly (2B)

PUMP AND METERING UNIT ASSEMBLY - START PURGE VALVE
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PUMPAND METERING UNIT ASSEMBLY -
METERING UNIT (2B) - GENERAL -
DESCRIPTION

Function

Themetering unit controlsthefuel flowinautomatic mode
in response to signals from the EECU.

In the event of control systemfailure, it permits fuel flow
control in manual mode.

Position
- In the system: downstream of the HP pump

- Ontheengine: at thefront part of the pump and metering
unit assembly.

Main characteristics

- Automatic control by an electrical actuator (stepper
motor) driving a metering needle

- Manual control by a mechanical unit.
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Description

Constant AP valve (common)

Additional check valve (common)

Automatic control system

Manual control system.

Note: The position transmitter can also be called the
resolver.
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Automatic control by an electrical actuator (stepper
motor) driving a metering needle

Manual control by a mechanical unit

ADDITIONAL
CHECK VALVE

MANUAL CONTROL
(connection with
the twist grip)

|
|
CONSTANT

AP VALVE To fuel valve

=> assembly

Retur.n to _ — —
HP pump inlet

Low

pressure
METERING
NEEDL%////////

POSITION ELECTRICAL

|
I
| MANUAL
L = | CONTROL
I
/ |
TRANSMITTER ACTUATOR

PUMP AND METERING UNIT ASSEMBLY -
METERING UNIT (2B) - GENERAL - DESCRIPTION

AUTOMATIC
CONTROL
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PUMP AND METERING UNIT ASSEMBLY -
METERING UNIT (2B) - OPERATION (1)

This unit incor por ates the automatic and manual control
systems in one unit.

Themanual control isconnected to atwist grip control on
the collective pitch lever

Automatic control system (normal operation)

The twist grip and manual system are in the "neutral”
notch.

The manual control mechanism is "clutched" and,
consequently, theupper end of themetering needlecontrol
lever isfixed. On the other hand, the acceleration control
lever iskept away fromthe stops; thusit doesnot offer any
resistance to the displacement of the metering needle.

The metering needle position is controlled by the stepper
motor.

When the EECU commands a fuel flow increase the
stepper motor rotates and through the rack and pinion
mechanism, drives the metering needle open. The upper
endof thevertical lever actsasapivot point. Thehorizontal
metering needle rod has a rack and pinion mechanism
which drives the position resolver which provides a
metering needle position signal to the EECU (XMV). For
a fuel flow decrease, the system operates in the opposite
sense.
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The constant AP valve returns the excess fuel to the HP
pumpinlet and maintainsaconstant AP acrossthemetering
needle. Thusfuel flowisonly afunction of metering needle
position, unaffected by change of AP.

During shut-down the metering needle is moved to the
closed position by the EECU.

During power-up, the metering needle is positioned to
permit engagement of the manual control.
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PUMP AND METERING UNIT ASSEMBLY -
METERING UNIT (2B) - OPERATION (2)

Manual control system

Fuel flow increase demand (+ range)

The stepper motor is "frozen". The lower end of the
transmission system is then fixed and acts as a pivot.

When the manual control is moved, the acceleration
controller lever is engaged onto the metering needle
control lever.

Thus the metering needle moves according to the manual
control until it reaches the P3 capsule stop.

This provides an instant step of fuel flow increase caused
by the opening of the metering needle.

Should the manual control continue to move, the
transmission system would temporarily declutch.

The metering needle opening is afterwards controlled by
thecapsulecompression caused by theprogressiveincrease
of the P3 air pressure.

Thus, the fuel flow required is obtained without surge or
exceeding the limits.

The acceleration ends when the metering needle control
lever reachestheflow stop or thetwist grip cable position.
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METERING UNIT (2B) - OPERATION (3)

Manual control system (continued)

Fuel flow decrease demand (- range)

The stepper motor is "frozen". The lower end of the
transmission system is then fixed and acts as a pivot.

Theclutch transmission systemis pushed by thetwist grip.

The acceleration controller lever is engaged onto the
metering needle control lever.

Thusthe metering needlemoveswith to themanual control
until it reaches the fixed low stop.

If themetering needl er eachesthelow stop, thetransmission
system is declutched in order to limit the stresses on the
mechanical lever.

In the case of sudden control movement, the load limiter
reducestheload on the pump and metering unit assembly
internal mechanism.
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PUMP AND METERING UNIT ASSEMBLY -
METERING UNIT (2B) - OPERATION (4)

Manual control system (continued)

"Mixed" mode

During normal operation (automatic mode), if the twist
grip is moved out of the neutral notch:

- Theneutral position switch sendsa signal to the EECU
- The stepper motor continues to operate
- The EECU outputs a signal to the cockpit.

Anyvariation of fuel flow commanded by thetwist gripwill
be automatically compensated by the EECU.

Consequently the N1 and the power delivered by the
engine will still be controlled by the EECU.
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Forced idle mode

To permit autorotation training, a microswitch (forced
idle) is operated at the end of movement of the twist grip
intheflowdecreasedirection. Whenthisswitchismadeits
output to the EECU causes the softwar e to decelerate the
engineto idle (67 % N1). The engine no longer supplies
power to the aircraft transmission and autorotation is
possible. Return to normal flight power ismadeassoon as
the twist grip is moved off the minimum stop and the
microswitch opens.
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PUMPAND METERING UNIT ASSEMBLY -
METERING UNIT (2B1) - GENERAL -
DESCRIPTION

Function

Themetering unit controlsthefuel flowinautomatic mode
in response to signals from the EECU.

In the event of control systemfailure, it permits fuel flow
control in automatic back-up mode.

Position
- In the system: downstream of the HP pump

- Ontheengine: at thefront part of the pump and metering
unit assembly.

Main characteristics

- Automatic control by an electrical actuator (stepper
motor) driving a metering needle

- Back-up control by an automatic unit which operatesa
back-up by-pass valve.
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Description

Constant AP valve (common)

Automatic back-up control system

Additional check valve (common)

Automatic control system.

Note: The position transmitter can also be called the
resolver.
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Automatic control by an electrical actuator
(stepper motor) driving a metering needle

Back-up control by an automatic unit

AUTOMATIC ADDITIONAL
BACK-UP CHECK VALVE
CONTROL

CONSTANT
AP VALVE | To fuel valve
i => assembly
Returnto _ — —

HP pump inlet

I
I
METERING I
NEEDLE I
Low I
pressure |
I}I=> == | AUTOMATIC
| CONTROL
%ﬁnmn? :
/ AUTOMATIC L _\ __________ |
BACK-UP
POSITION ELECTRICAL CONTROL HP pump
TRANSMITTER ACTUATOR
PUMP AND METERING UNIT ASSEMBLY -
METERING UNIT (2B1) - GENERAL - DESCRIPTION
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PUMP AND METERING UNIT ASSEMBLY -
METERING UNIT (2B1) - OPERATION (1)

This unit incor porates the automatic control system and Note: NPS Neutral position switch
the mechanical part of the back-up control systemin one
unit.

Automatic control system

Normal operation

In normal operation, theby-passvalveisclosed to by-pass
and fully open to metering needle supply. This is the
neutral position.

The metering needle position is controlled by the stepper
motor.

When the EECU commands a fuel flow increase, the
stepper motor rotates and through the rack and pinion
mechanism, drivesthemetering needleopen. Themetering
needle rod movement drives the resolver through a rack
and pinion which provides a metering needle position
signal to the EECU. For a fuel flow decrease, the system
operates in the opposite sense.

The constant AP valve returns the excess fuel to the HP
pump inlet and maintainsa constant pressure drop acr oss
the metering needle. Thus fuel flow is only a function of
metering needle position, unaffected by changes of AP.

During shut-down the metering needle is moved to the
closed position by the EECU.
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PUMP AND METERING UNIT ASSEMBLY -
METERING UNIT (2B1) - OPERATION (2)

Automatic control system (continued)

Forced idle mode

To permit autorotation training, a microswitch (forced
idle) is operated at the end of movement of the twist grip
in the flow decrease direction. When this switch is closed
its output to the EECU causes the software to decelerate
the engineto idle (67 % N1).

The engine no longer supplies power to the aircraft
transmission and autorotation is possible.

Return to normal flight power ismade as soon asthetwist
grip ismoved off the microswitch.
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PUMP AND METERING UNIT ASSEMBLY -
METERING UNIT (2B1) - OPERATION (3)

Automatic back-up control system Note: Theedlectrical control unit(EBCAU: Engine Back-
up Control Auxiliary Unit) and the electrical
Theautomatic back-up systemincludesanel ectrical control actuator aresupplied bytheaircraft manufacturer.

unit (EBCAU) in the aircraft and an electrical actuator
fitted on the pump and metering unit assembly linked to a
metering needle by-pass val ve.

In the unlikely event of a total EECU failure, the stepper
motor will befrozen and the back-up systemwill maintain
N2 at 100 %. The electrical control unit receivesa signal
of N2 from the engine.

If the N2 decreases, it will command the actuator to open
the by-pass thus permitting an increased fuel flow in by-
pass of the metering needle.

If the N2 increases, the control unit will command the
actuator torotatetheby-passval veintheoppositedirection.
This will reduce the flow to the main metering needle
without opening the by-pass.

The rate of engine acceleration and deceleration is a
function of the speed of movement of the actuator whichis
designed to avoid the possibility of surge or flame-out.
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FUEL FILTER - GENERAL

Function

The filter retains any particles that may be in the fuel in
order to protect the metering unit components.

Position
- In the system: between the LP and HP pumps

- On the engine: on top of the pump and metering unit
assembly.

Main characteristics

Type: fibreglass cartridge

Filtering ability: 20 microns

By-pass valve setting: AP 120 kPa (17.4 PSID)

Pre-blockage pressure switch setting: AP 70 kPa
(10.2 PSID).

For training pur poses only

Main components

Filter

Blockage indicator

By-pass valve

Pre-blockage pressure switch

Cover with union (supply to start purge valve).
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Type:
Fibre glass cartridge

Filtering ability:
20 microns

By-pass valve setting:
AP 120 kPa (17.4 PSID)

Pre-blockage setting:
AP 70 kPa (10.2 PSID)
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FUEL FILTER - GENERAL
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FUEL FILTER - DESCRIPTION

Theassembly comprisesthehousi ng, thefiltering el ement,
the by-pass valve, the pre-blockage pressure switch and
the blockage indicator.

Filtering element

It is a fibreglass cartridge with a filtering ability of 20
microns.

O'ring seals ensure the sealing between the cartridge and
the filter housing.

The filter cover isfitted with a purge outlet union.

By-passvalve

Thisvalve ensures afuel flow to the metering unit in the
event of filter blockage. It issubjected on onesidetofilter
upstream pressure and on the other side to downstream
pressure plus the force of a spring.

Note: The by-pass valve is fitted inside the pump and
metering unit assembly body.
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FUEL FILTER - OPERATION

The operation is considered in normal operation, pre-
blockage and blockage.

Nor mal operation

Thefuel provided by the L Pfuel pump entersthefuel filter
and flows through the filtering element (from outside to
inside).

The filtering element retains particles larger than 20
microns. The fuel then flows to the HP pump.

Note: Before entering the fuel filter, the fuel passes
through the heat exchanger formed by theail filter
housing.

Pre-blockage

When the filter becomes dirty, the pressure difference
across the filtering element increases.

If the pressure difference becomes higher than 70 kPa
(10.2 PSID), the electrical contact of the pressure switch
closesand suppliesthe"fuel filter pre-blockage™ indication
in the cockpit.
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Blockage

When the pressure difference across the filtering el ement
exceeds120kPa(17.4 PSID), theby-passvalveopensand
causes:

- Thered indicator to pop out

- Thefuel flow to by-passthefilter.

Note: Refer to the following pages for the pre-blockage
pressure switch operation.
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OPERATION OF THE FUEL FILTER
PRE-BLOCKAGE PRESSURE SWITCH
AP: 70 kPa (10.2 PSID)
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I:Irt”:b—‘—hght illuminates
FILTER //l\\ (cockpit)

BLOCKAGE LU AL
ONSET | ||‘ ||‘
— —
T T
t . :
From | —
LPpump'::> ‘l—JE—lL' => —>T0 HP pump
FILTERING ELEMENT FILTER
OPERATION PRE-BLOCKAGE BLOCKED

(20 microns) \\ | // Pre-blockage

\— / —@9—ight illuminated
IV\\ ,j 2, ' 4N (cockpit)

LLi BLOCKAGE OPENING OF
|

INDICATOR OPERATION BY-PASS VALVE

_(the red visual AP: 120 kPa (17.4 PSID)
indicator appears)

o =

F _ = | = DS |
P pump => LL—= —>ToHPpump LP pump = ﬂ;;_‘ == =>To HP pump
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FUEL FILTER - OPERATION
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FUEL FILTER PRE-BLOCKAGE PRESSURE
SWITCH
Function

The pre-blockage pressure switch provides an indication
of the onset of filter blockage.

Position

- In the system: between the fuel inlet and outlet of the
filter

- Ontheengine: on the pump and metering unit assembly
beside the fuel filter.

Main characteristics

- Type: differential pressure switch
- Setting: AP 70 kPa (10.2 PSID)
- Indication: light in the cockpit.

For training pur poses only
© Copyright - TURBOMECA

Edition: March 2003

Description

The pre-blockage pressure switch includes the following
components:

- The pressure switch body which houses the electrical
contact

- Themounting flange: the pre-blockage pressure switch
issecured by two screws on the pump and metering unit
assembly

- Electrical connector (connectedto anindicatinglightin
the cockpit).

Two O'ring seals ensure the sealing between the pre-
blockage pressure switch and the pump and metering unit
assembly body.

Operation

Normal operation

Thefiltering element is clean. The pressure difference on
each side of the filtering unit is lower than the pre-
blockage pressure switch setting: the electrical contact is
open and thereis no indication.

Filter pre-blockage

When the filtering unit becomes dirty, the pressure
difference across the filter increases. When the pressure
difference exceeds the pressure switch setting (70 kPa/
10.2 PSID) the electrical switch closes and lights the fuel
filter pre-blockage light in the cockpit.
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FUEL FILTER BLOCKAGE INDICATOR

Function

The blockage indicator provides a visual indication of
filter blockage.

Position

- In the system: between the fuel inlet and outlet of the
filter

- Ontheengine: on the pump and metering unit assembly
beside the fuel filter.

Main characteristics
- Type: differential pressure, magnetic arming device
- Setting: AP 120 kPa (17.4 PSID)

- Indication: red indicator.

Decription

The indicator comprises:

- A body with a mounting flange

- A red indicator

- A removable transparent cover (manual reset)
- O'rings.
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Operation

Normal operation

Thefiltering element is clean. The pressure difference on
each side of thefilter islower than the blockage indicator
setting: the indicator doesn't protrude (armed)

Filter blockage

When the filter becomes dirty, the pressure difference
increases.

Whenthepressuredifferenceexceedsthesetting (120 kPa/
17.4 PSID) it causes the by-pass valve to open and the
indicator to pop out.

Note: The indicator is reset, after the removal of the
cover by pushing it back into its housing.
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LOW FUEL PRESSURE SWITCH

Function

Thelow fuel pressureswitch detectslow pressureat theL P
pump outlet.

Position
- Inthe system: upstream of the HP pump

- Ontheengine: on the pump and metering unit assembly
front face above the LP pump.

Main characteristics

- Type: diagphragm
- Setting: 60 kPa (8.7 PSI)

- Indication: light on the instrument panel.
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Description

The pressure switch includes:

- A fud inlet orifice

- A diaphragm and a microswitch

- Aneéelectrical connector (connectionwith theinstrument
panel).

Thelow fuel pressure switchissecured by 2 screwsonthe
pump and metering unit assembly front face.

Operation

Normal enginerunning

In normal operation the fuel pressureis sufficient to hold
the electrical contact open.

Thewarning light on theinstrument panel isextinguished.

L ow pressure operation

If the fuel filter downstream pressure drops below 60 kPa
(8.7 PSl), the electrical contact closes and completes the
circuit to the low fuel pressure warning light.
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FUEL VALVE ASSEMBLY - GENERAL -
DESCRIPTION

Function

Thefuel valveassembly distributesthefuel totheinjection
system.

Position

- Inthesystem: betweenthemetering unit andtheinjection
system

- On the engine: on a support at the upper part of the
centrifugal compressor casing.

Main characteristics

- Assembly which comprises electro-valves and
hydromechanical valves

- Setting of the pressurising valve: 300 kPa (43.5 PSI)
- Setting of the stop purge valve: 1300 kPa (188.5 PSl).

Description

This assembly includes the start electro-valve, the stop
electro-valve, the pressurising valve and the stop purge
valve (injection wheel purge).

For training pur poses only
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Start electro-valve

This valve alows either fuel or air to flow to the start
injectors. It isa3-way, mono-stable valve. It consists of a
solenoid which controls a double valve. The three ways
are: thefuel inlet, theair inlet and theoutl et totheinjectors.

Stop electro-valve
Thisvalve controlsthefuel flow to theinjection system. It

isabi-stabletypeval veand consistsof asolenoid withtwo
coils (open and close) and atwo position valve.

Pressurising valve

During starting it ensures priority of flow to the start
injectors. It isaball valve which is spring-loaded closed.

Stop purgevalve

Itisaball valvewhichisspringloaded closed. It purgesthe
centrifugal injection wheel during engine shut-down to
prevent carbonisation of residual fuel.
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STOP
ELECTRO-VALVE

Fuel valve assembly:
- Electro-valves
- Hydromechanical valves

Pressurising valve setting:
300 kPa (43.5 PSI)
PRESSURISING STOP

Stop purge valve setting: VALVE PURGE VALVE

FUEL VALVE 1300 kPa (188.5 PSI) PRESSURISING

ASSEMBLY

Purge
(to tank) -

0)

From
metering unit

0 0 O 0O

0

sTOP m
ELECTRO-VALVE
injection

I
I
| Fuel
I
| system

START
ELECTRO-VALVE

FUEL VALVE ASSEMBLY - GENERAL - DESCRIPTION
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FUEL VALVE ASSEMBLY - OPERATION

The following phases are considered: starting, normal
running and shut-down.

Starting

When startissel ected, thestart electro-valveiselectrically
supplied. The double valve opens the fuel supply to the
start injectors. At the same time the stop electro-valveis
energised to the open position to admit the fuel flow from
the metering valve.

Whenthereissufficient fuel pressure (300 kPa/43.5PSl),
thepressurising valveopensandfuel flowstothecentrifugal
injection wheel.

When the engine reaches self-sustaining speed (approx.
45 % N1) the electrical supply to the start electro-valveis
cut. Thevalvemovesacrossunder spring pressure, closing
the fuel supply and opening the P3 air supply to ventilate
the injectors.

Normal running

In this condition the fuel is supplied to the centrifugal
injection wheel and the start injectors are still ventilated
with P3 air.
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Shut-down - Injection wheel purge

When shut-down is selected the closing coil of the stop
electro-valveissupplied. Thevalve closesand thereisno
further supply to the injection system. The pressurising
valve closes and the engine begins to run down. The
sudden but brief pressurerise, upstream of thestop el ectro-
valve, causes the purge valve to open against its spring.
Thisallows combustion chamber air pressureto purgethe
residual fuel from the centrifugal injection wheel supply
line. Thispreventscarbonisation of theresidual fuel which
might cause the blockage of theinjection system. Thefuel
isreturned to the fuel tank.

As the fuel pressure decreases, the purge valve closes
under the action of its spring.
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END OF STARTING (N1 > 45 %), NORMAL RUNNING SHUT-DOWN - INJECTION WHEEL PURGE

FUEL VALVE ASSEMBLY - OPERATION
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MAIN INJECTION SYSTEM

Function

The injection system sprays fuel into the combustion
chamber to give stable and efficient combustion.

Position
- In the system: downstream of the fuel valve assembly
- On the engine: inside the combustion chamber. The

injection wheel is mounted between the centrifugal
compressor and the turbine shaft.

Main characteristics
- Type: centrifugal injection

- Radial fuel supply.

Description

The main injection system comprisesthefuel inlet union,
the internal supply pipe and the centrifugal injection
assembly.

Enginefuel inlet union

Fitted at the lower right front face of the compressor
casing, it has arestrictor and aleak test plug.
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I nternal supply pipe
This pipe connects the inlet union to the fuel distributor.
Centrifugal injection assembly

This assembly consists of a stationary distributor and an
injectionwheel. Thedistributor isdrilled with holeswhich
deliver thefuel tothewheel. Theinjectionwheel, mounted
between the compressor and the turbine shaft, is drilled
with holes which form the fuel spraying jets. Sealing
between the distributor and the wheel is achieved by
pressurised |abyrinth seals.

Operation

Astheinjection whedl isrotating at high speed (N1) the
fuel is centrifuged out through the radial holes and is
sprayed between the two swirl plates.

It should be noted that theinjection pressureissupplied by
thecentrifugal forceandthereforethefuel system doesnot
require very high pressures.

Theinjection wheel fuel chamber is sealed by pressurised
labyrinth seals. There is a small air flow into the fuel
chamber. During shut-down the fuel remaining in the
system is purged viathe fuel valve assembly.
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Type:
Centrifugal injection,

radial fuel supply

To stop

CENTRIFUGAL
INJECTION WHEEL

T\,

g

urge valve
P g' | U cenTRIFUGAL —
N WHEEL [T
From ey [l
metering unit™— i CENTRIFUGAL -] 'E>
) / - INJECTION WHEEL /
ressurising (with spraying jets) Y,
valve m AN ///I
W\ Fuel spraying
ENGINE FUEL DISTRIBUTOR oy into the
INLET UNION L Bl combustion
chamber
INTERNAL
SUPPLY PIPE
Fuel '

DISTRIBUTOR inlet —

ENGINE FUEL Restrictor Leak test INTERNAL
INLET UNION . plug SUPPLY PIPE

A4
ENGINE FUEL
INLET UNION
6.59
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ENGINE FUEL INLET UNION

Function

The union ensures transfer of the fuel from the external
pipe to the internal supply pipe.

Position
- In the system: downstream of the pressurising valve

- Ontheengine: itisfitted at the lower right front face of
the compressor casing.

Description

The device comprises.

- A body with amounting flangeand aninternal restrictor
- A leak test plug

- Seals (O'rings and copper seal).
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Operation

The union ensures the fuel transfer between the external
and internal fuel ducts of the main injection system.

The restrictor is used to increase the union upstream
pressure thus to improve the pump and metering unit
assembly AP valve operation.

Theleak test plug helpsto check theinternal sealing of the
union (there should not be any leak).
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seals plug seal supply pipe
\ v /
ENGINE FUEL
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START INJECTORS - GENERAL

Function

The two start injectors spray fuel into the combustion
chamber during engine starting.

Position
- In the system: downstream of the start electro-valve

- Ontheengine: ontheupper half of theturbine casing at
2 o'clock and 10 o'clock

- They penetrate into the mixer unit.

Main characteristics
- Type: simple injector
- Quantity: 2

- Ventilation: by air flow.
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Main components

Mounting flange

Fuel inlet union

I njector body

Spraying jet.
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START INJECTORS - GENERAL
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START INJECTORS - DESCRIPTION -
OPERATION

Description

Theinjectors are mounted on the upper part of the turbine
casing. They penetrate into the combustion chamber
through holes in the mixer unit.

They are secured by two bolts onto bosses with seals and
spacersto prevent |eaksand adj ust thedepth of penetration
into the combustion chamber.

Injector components

- Injector body

- Fuel inlet (threaded to receive a union)
- Spacers and seals (depth adjustment)

- Mounting flange (secured by 2 bolts)

- Filter

- Nut

- Jet

Shroud.
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Operation

Starting
During starting the injectors are supplied with fuel.
Thefuel isatomised and isignited by the sparks from the

igniter plugs. The flame thus produced, ignites the fuel
sprayed by the centrifugal injection wheel.

Normal running

When the engine reaches self-sustaining speed (approx.
45 %) the fuel supply to the injectorsis shut off.

P3 air is then blown through the injectors to avoid
carbonisation of the residual fuel.

It should be noted that ventilation is continuous during
engine running.
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COMBUSTION CHAMBER DRAIN VALVE

Function

Thevalvedrainsoverboard any unburnt fuel remainingin
the combustion chamber.

Position

- Onthe engine: at the bottom of the turbine casing.

Main characteristics
- Type: piston valve
- Setting: closing threshold as a function of N1 and PO.

Description
The drain valve includes the following components:

- A mounting flange (secured by two boltson amounting
pad located at the bottom of the turbine casing)

- A piston valve held open by a spring

- An outlet union which connects to the drain system.
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Operation

The valve has two positions: open and closed.

Open position

When the engine is not running and at the beginning of
start, the valve is held open by the action of the spring.

Any unburnt fuel in the combustion chamber will drain
through the valve overboard to the drain system. This
ensuresthat nofuel accumul atesinthecombustion chamber
which could cause starting problems (e.g.:
overtemperature).

Closed position

As the engine starts the combustion chamber pressure
increases. This pressureisfelt on the upper surface of the
valve which moves down to close the drain.

Thevalveclosesduring starting when the pressurereaches
agiven threshold as a function of N1 and PO.

6.66
FUEL SYSTEM



% Turbomeca

snecma group

Training Manual

ARRIEL 2B - 2B1

-~
\Turbine

casing
/ SPRING .L_
(keeping the E MOUNTING FLANGE
valve open) |\° R (secured by 2 bolts)
/0/
PISTON L I OUTLET
Type: VALVE mil UNION
Piston valve /
DRAIN J:[/
Setting: VALVE
Closing threshold as a function of N1 and PO DESCRIPTION
Unburnt P3 air
fuel pressure

¥

/

Fuel

injection
—

system
|

/

Valve
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DRAIN
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OPERATION

COMBUSTION CHAMBER DRAIN VALVE
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EXTERNAL FUEL PIPES

Function

The fuel pipes ensure the circulation of fuel between the
components of the system.

Main characteristics

- Type: rigid, stainless stedl.

Main pipes

- From LP pump to oil filter (heat exchanger)

- From oil filter to fuel filter

- Frompumpandmetering unit assembly toval veassembly
- From valve assembly to start injectors (x2)

- From valve assembly and pump and metering unit
assembly to tank (injection wheel and start purgevalve)

- From valve assembly to injection whesl.
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CONTROL SYSTEM - GENERAL

Functions Main components

The system is designed to adapt the engine to the aircraft - Engine Electronic Control Unit
power requirementswhilst remaining withindefinedlimits.
- Engine and systems
The main functions are:
- Aircraft: various systems (control, indication, supply).

Starting

Speed control

Various limits

2B: Manual control

2B1: Automatic back-up control

System monitoring and fault management.

Main characteristics

2B: - Sngle channel digital electronic control system
- Manual control

2B1: - Dual channel digital electronic control system
- Automatic back-up control

- Redundant electrical supply (fromtheaircraft and from
the engine alternator).
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CONTROL SYSTEM (2B) - DESCRIPTION

Thecompletesystemincludesair craft components, engine - Electrical components:
components and the EECU. e Control system sensors
] * Indication system sensors
Aircraft components « Dedicated alternator
- Switches, buttons, etc. (logic and analog signals) * Position transmitter
_ _ _ * Sepper motor
- Indicators, warning lights, etc. » Bleed valve position microswitch

e Forced idle microswitch

» Stop electro-valve
Start and stop selection logic. e Sart electro-valve

» Neutral position switch.

EECU power supply

Engine components

- Hydromechanical components: Engine Electronic Control Unit (EECU)
) :;F; pump Computer which controls and monitors the engine.
* Filter
e HP pump - DIgIta'

* Metering unit (with manual control)

» Check valve
e Start injection - Serial data link with the aircraft.

* Main injection system

- Mounted in the aircraft

For training pur poses only 74
© Copyright - TURBOMECA Edition: March 2003 CONTROL SYSTEM



% Turbomeca

snecma group

Training Manual

ARRIEL 2B - 2B1

/
A/C CONTROLS AND A/C 28 VDC
e S STy A/C START AND STOP LOGIC
A A A A A A
°
sl s S
AIRCRAFT « 2| © 2
(0] 5 8
(@] bt o
C = IS4
S|o@ i o ¢
o 8 3 ol &
Q| 5 1 \/ n h| &
(0] —
= 7]
o =}
gz EECU
| 3
T I-l—\ N TN T T ~
LT T T T T 2 2
o =
INDICATION ALTERNATOR CONTROL || s 3 S| BLEED IGNITION N
SENSORS SUPPLY SENSORS gl & 2| VALVE UNIT
| (] (] _le
I
o g g |2
El o o o 8_
ol E| &£ ®T|w
8: sl 3| 2|5
5 o © <
g = = =&
ENGINES /-~~~ |-~~~ |77~~~ ~======~~ -—-|--|--]-- el e b il Bt | %
| | | Yy v
! Y ! STOP ,
. LP HP I | PRESSURISING Main
Fuel inlet > — =1 FILTER —— > : ELECTRO- inecti
| pumP PUMP METERING | VA VALVE injection
|
. |
L PUMP - METERING UNITASSEMBLY ' _
L | START = Start
I FUEL ELECTRO-VALVE | __ injection
\ " VALVE ASSEMBLY l =~
MANUAL L ____. 1 __________ a
CONTROL P3

For training pur poses only
© Copyright - TURBOMECA

Edition;: March 2003

CONTROL SYSTEM



E@ Turbomeca Training Manual ARRIEL 2B - 2B1

snecma group

CONTROL SYSTEM (2B1) - DESCRIPTION (1)

Thecompletesystemincludesair craft components, engine - Electrical components:
components and the EECU. « Control sensors

* Indication sensors
Aircraft components « Dedicated alternator

 Position transmitter

* Sepper motor

Indicators, warning lights, etc. » Sop electro-valve

» Sart electro-valve

* Neutral position switch (NPS)

Start and stop selection logic. » EBCAU back-up control unit (fitted in the aircraft)
* Electrical actuator.

Switches, buttons, etc. (logic and analog signals)

EECU power supply

Engine components
Note: EBCAU = EngineBack up Control Auxiliary Unit.

- Hydromechanical components:

* LP pump Engine Electronic Control Unit (EECU)

* Filter

e HP pump Computer which controls and monitors the engine.
» Metering unit (with automatic back-up) - Digital, dual channel

« Check valve ’

e Sart injection - Mounted in the aircraft

* Main injection system _ Serial data link with the aircraft.
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CONTROL SYSTEM (2B1) - DESCRIPTION (2)

The EECU has two independent channels A and B. Both
channels have the same software.

Analog inputs

Thetwo channel sreceivethefollowinganaloginputs. P3,
t4.5, resolver position, Tg, N2 trim, PO, tO, collective pitch
and conformation resistances Tq and t4.5.

The inputs ar e shared between the two channels. The N1
and N2 inputs are independent for each channel.

Thereis a data link between the two channels.

This configuration ensures that if all the acquisitions on
one channel fail the acquisitions of the other channel are
sufficient to control the engine safely.

Discrete inputs and outputs

The discrete inputs are received and shared by the two
channels and the discrete outputs are controlled by the
selected channel. The resources of each channel receive
their power supply from the corresponding channel. The
shared resources receive their power supply from both
channels.
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Channel sdlection

A channel selector inthe EECU will select which channel
will control theenginedepending onthesignalsitreceives
fromthe two channels. The normal channel isA. Ifit fails,
the system changes automatically to channel B.

If both channelsare unableto control the engine, the dual
stepper motor is frozen.
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CONTROL SYSTEM - OPERATION (1)

Main functions of the control system

The control system ensures the following functions:
starting, speed control, manual control (2B) and monitoring.

Starting

This function guarantees a quick and safe start under all
operating conditions:

- Sequential control

- Control of the fuel flow required to start.

Speed control

This function maintains the aircraft rotor rotation speed
constant (almost constant) in all operating conditions.

It al so protectstheenginewithvariouslimitations: rotation
speeds, acceleration, deceleration, fuel flow...

2B: Manual control

This function permits manual engine control in the event
of failure of the automatic control system.
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2B1: Automatic back-up control

Thisfunction permits automatic fuel control asa function
of N2, by-passi ng the main metering needle, in the event of
amagjor failure.

Monitoring

Thisfunction ensuresenginemonitoring, fault management
and maintenance aid.

M aintenance aid

The EECU permanently records and memorises the
parameters and engine events.

They can be transmitted to the displays and indicators in
the cockpit, for maintenance aid purposes.

Note: The operation described in the following pages
consider s the following modes:

- Sarting

- ldleand Transition fromidle to flight
- Fuel control - Generalities

- Speed control

- N1 limits

- Fuel flow limits

- Selection and indication of ratings

- 2B:Manual mode training

- Indication and monitoring

- 2B:Manual control.
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CONTROL SYSTEM - OPERATION (2)

Functions ensured by the electronic control Monitoring
system

Engine power check

This part mentions in a general way the main functional

electronic blocks. - AN1 indication calculation

- Cycle counting

Note: Inthe ARRIEL 2B1, both channelscan performall - EECU hours counting
of these operations.
- Definition of serial messages
Control mode deter mination

- Fault detection and management
Starting

. - Databus interfaces with the aircraft
N2 datum selection

N2 speed control - Bleed valve monitoring

Anticipation - Maintenance aid.
N1 datum selection
Limitations (N1, torque...)
N1 speed control

Flow datum selection
Flow limitation

M etering needle control.
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Determination of
control mode

N1 speed

Starting

A 4

control

N2 N1
datum datum
selection selection
A \ 4
N2 speed Limitations
control
Anticipation
[ >
AN1 Fault detection Engine
calculation and management power >
T check
Bleed valve R
monitoring
Maintenance R
aid
Cycle EECU hours N
counting counting

\ 4

4 TM>»XxT0ODV—>

\ 4

Flow
datum
selection

y

Flow
limitation

|

Metering
needle
control

Note:

In the ARRIEL 2B1, both
channels can perform all of
these operations.

FUNCTIONS ENSURED BY THE ELECTRONIC CONTROL SYSTEM
CONTROL SYSTEM - OPERATION (2)
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CONTROL SYSTEM - OPERATION (3)

Starting

This function includes the starting sequence, the starting
fuel flow control, idling, the transition from idle to flight
and relight in flight.

Starting sequence

Thesystem ensuresthecranking (starter), ignition (ignition
unit) and the fuel supply.

Start is selected using the Stop / Idle / Flight selector:
- Stop (selection of engine shut-down)
- ldle (start control up to idle)

- Flight (normal contral).

Note: Refer to "FUEL SYSTEM" and "STARTING"
chapters for more details on engine starting.

In-flight relight

The sequence is identical to a ground start, but only
permitted below 17 % N1.
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Starting fuel flow control

During starting, the fuel flow CH is metered so as to
provide arapid start without overtemperature.

To this end, the fuel flow is controlled according to
different laws:

- Basic flow law as afunction of tO and residual t4.5 gas
temperature

- Starting flow law as a function of N1 acceleration
(ANL/AY)

- Flow correction law as a function of t4.5 indexed
proportional to N1

- t4.5survelllancelaw: automatic engineshutdownif t4.5
does not exceed 100°C before 27 % N1.

The e aborated fuel flow datum CH* isused to control the
metering needle via:

- Choice of datum
- Flow limitation stage

- Metering needle control, depending on the datum and
the actual position signal XMV.
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Control mode

STARTING FUEL
FLOW CONTROL LAWS

1 - Basic flow

2 - Starting

3 - t4.5 correction

4 - t4.5 surveillance

Stop - Idle - Flight

N1 (%) ! /
Starting
A N1 —» Starting » accessory
P ldling PO = control
= t0 —» In-flight Control
t4.5 —»] relight Starting CH* mode
R Self-sustaining speed datum ¢
=45 (de-energisation of CH
starting accessories) N1 q datum
spee ; *
control CH* datum selection CH
. datum
Cranking
Ignition
Fuel supply R
: Metering needle Control
t0 — Fuel flow position S* datum mode
PO —»| limitation ¢
0 . P3 —» (CH)
. . »|  Meterin
Selection Time N1 —» needleg — Metering
XMV —>{ control needle
STARTING CONTROL SEQUENTIAL STARTING FUEL FLOW CONTROL
STARTING
7.15

For training pur poses only
© Copyright - TURBOMECA

Edition;: March 2003

CONTROL SYSTEM



3@ Turbomeca

snecma group

Training Manual

ARRIEL 2B - 2B1

CONTROL SYSTEM - OPERATION (4)

Starting (continued)

Idle

When startingiscompl eted, therotation speed stabilisesat
idlewhich is 67 - 68 % (function of t0).

Transition from idleto flight
Thisiseffected by moving the selector fromidieto flight.

This transition is prohibited until a given increase of N2
has been registered.

During the transition, the torque and N2 acceleration are
limited.

The transition is completed when the system enters into
nominal speed control. The control loop comprisesthe N2
control which elaboratesan N1 datum, and the N1 control
which elaborates a fuel flow datum CH*.
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Control functions

Elaboration of the N1 idle datum as a function of tO

Transition control

Speed control (N2, N1, limitations, etc)

Selection of fuel flow datum CH*

Flow control

Metering needle control.
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A 0
___________ Flight (N2 100 %) ¢
N1 idle datum
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Starting
CH datum
N1 Tq
Controlled acceleration — l l
from Idle to Flight Speed control P
and Speed control | gelection CH* datum
P s _ldle limitations CH* datum _
Starting
Metering needle .
Fuel flow o Metering .
P3_,| limitation | ROSItion STdatum | “peeqie Metering
(CH) control needle
PO |
0 - f
Time XMV
IDLE AND TRANSITION FROM IDLE TO FLIGHT
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Control - General

I nstallation configuration

The gas generator supplies power to the power turbine
which is connected to the helicopter main rotor.

I nstallation requirements

- Aircraftrotor speed (NR) almost constantinall operating
conditions(becauseof therotor efficiency) whatever the
load applied

- Max torque limitation (imposed by the mechanical
transmission and the helicopter main gearbox)

- Power turbine rotation speed (N2) within given limits
(infact almost constant, asit is connected to the rotor)

- Limitation of the gas generator rotation speed N1:
e Max N1

e Min N1 (to avoid engine flame-out and critical
speeds)

- Protection against surge, flame-out, overtemperature...
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Adaptation to requirements

The control system ensures the engine adaptation to the
requirements by metering the fuel flow CH sprayed into
the combustion chamber.

Thus, the gas generator adapts automatically to the
requirements (N1 demand) to maintain the power turbine
rotation speed N2 constant whilst keeping all the other
parameters within determined limits.

This adaptation isillustrated by:

- Thediagram W/N1, N2 which illustrates the power W,
the max torque C and the rotation speeds N1 and N2

- ThediagramN1/N2whichillustratestheN1/N2relation
curve.
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¥ v L |
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TET engine |
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CH : Min N1
' D>
Control N2
t
system NlA
Max ]
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REQUIREMENTS —
-NR ! .
- N2 1 Operating
I | —range
- Max torque 1
- N1 . 1
. Min
- Protection
-
INSTALLATION CONFIGURATION N2
AND REQUIREMENTS ADAPTATION TO REQUIREMENTS
CONTROL - GENERAL
CONTROL SYSTEM - OPERATION (5)
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Speed control - General

Control loop

The control 1oop comprises essentially:

- An anticipator linked to the helicopter collective pitch
lever

- A power turbine speed (N2) controller
- AnN2l1datumlimiter formax andminN1, acceleration...
- An N1 controller

- A fuel flow limiter (CH) for max and min flow, anti
flame-out, anti-surge

- A fud flow controller to control the fuel metering
needle.

Operating principle

Inthistype of control system the position of the helicopter
collectivepitchlever, whichrepresentsthe power required,
determines the basic N1 datum. This function, which is
called the anticipator, permits an initial adaptation of the
gasgenerator speed to balancethe power suppliedwiththe
power required and thus maintain the N2 constant.
Furthermore the anticipator suppliesan instant signal of a
load variation, which reduces the detection time and
provides arapid reaction of the control system. However,
thisfirst reaction is not sufficient, as the power required
depends on other factors.
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The basic datum is modified by the N2 controller, which
isaproportional controller, after comparing thedifference
between adatum (the nominal NR) and the measured N2.
ThustheN2, andthereforetheNR, aremaintained constant
without static droop.

The N1 datum is thus elaborated as a function of the
anticipator and the N2 controller.

The N1 datum is then limited in order to assure certain
functionssuch asrating stops, accel eration and decel eration
control.

The N1 controller is proportional/integral and treats the
difference between the N1 datum and the actual N1. It
translates the difference into a fuel flow datum CH, in
order to maintain the N1 constant with the datum without
static droop.

Thefuel flow limiter then modifies this datum in order to
assure certain protection functions such as anti-surge, anti
flame-out, torque limitation, etc.

Finally thefuel flow datumistreated to giveasignal tothe
metering unitwhich determinestheactual fuel flow injected
into the combustion chamber, which determines the
operation of the gas generator, particularly the rotation
speed N1.
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SPEED CONTROL - GENERAL
CONTROL SYSTEM - OPERATION (6)
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Speed control

The control loop comprises N2 control, anticipation, N2
datum selection, limitations and N1 control.

N2 contr ol

2B: TheN2controller isaproportional controller which
treats the difference between the actual N2 and a
datum N2* . Thisdatumis elaborated as a function
of a signal XTL. This signal comes from a
potentiometer inthecockpit whichpermitsservicing
adjustment of N2.

2B1: TheN2 controller isa proportional type controller
which treats the difference between the actual N2
and a datum N2*. This datum is elaborated as a
function of a signal XTL (rudder position), PO and
NFT. The NFT signal comesfroman adjuster inthe
cockpit which permits servicing adjustment of N2,
during certain maintenance tasks.

PO varies NR with altitude for noise reduction in
proximity to the ground.

Note: Ifthe XCP signal islost the N2 controller becomes
proportional/integral.
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Anticipation

Load variations are anticipated by a signal from a
potentiometer linked to the collective pitch lever.

Thissignal, XCP, acts on the N1 datum.
N1 datum selection

This stage chooses the N1* datum as a function of the
control mode, that is: N1 idle or N1* datum.

N1 limiter

The N1 datum is limited to assure various limitations
(details on the following pages).

N1 control

TheN21 controllerisaproportional/integral controller, that
iswithout static droop. Thiscontroller treatsthedifference
between the datum and the actual N1 and elaborates the
necessary fuel flow datum CH*.

Acceleration and deceler ation control

During acceleration, therate of change of the N1 datumis
limitedin order to avoid surge caused by overfuelling. The
rate of change (AN/At) ismodified asafunction of PO and
t0. The system includes a more limiting recovery law
which it uses in the event of the P3 signal becoming
defective.

During deceleration, therate of change of the N1 datumis
limited to prevent flame-out during rapid deceleration.
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¢ i datum y
datum >
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SPEED CONTROL
CONTROL SYSTEM - OPERATION (7)
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Fud flow limitation

The system has severa fuel flow limitations to control:

- Transient overtorque of the power turbine shaft: max
flow limitation signal as a function of a constant

- Surge: max flow limitation as a function of N1, tO, P3
and PO with back-up law in the event of l1oss of tO or PO
signals

- Flame out: min flow limitation as a function of N1, tO,
and PO, with back-up lawsin the event of lossof tO or PO
signals.

Thefuel flow datum CH* coming from the speed control
loop passes first through a datum selection stage which
makes the choice between starting CH* and speed control
CH*. The choice depends on the control mode, that isthe
present state of control. The output from the selector is
passed to aflow limiter which treats the flow datum as a
function of t0, PO and P3 to assurethelimits. It elaborates
a metering needle position datum which is transmitted to
the metering needle control stage. This control stage
receives a signal of metering needle position XMV and
elaborates a control signal for the stepper motor which
positions the metering needle.
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Transient overtorque
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FUEL FLOW LIMITATION
CONTROL SYSTEM - OPERATION (8)
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Principle of limitations

Theprincipleof limitationsisbased ononelimit parameter:
the gas generator rotation speed (N1 or NQ).

This speed is therefore the essential piloting parameter.

The other parameters (TET, N2, torque) are kept within
given limits by the control system.

Max N1 limitation

ThemaximumNZ1islimited automatically, inthefollowing
manner:

There is no automatic limitation of the take-off rating
which is controlled by the pilot. However a stop prevents
any exceedance of the max N1.

If thesand filter isactive, the EECU deratesthe N1 limits;
the EECU aso takes into account the sand filter active
signal for the power check calculation.

Max continuous power is also controlled by the pilot.
Torqgue limitation

The pilot aso controlsthe max torque applied to the main
gearbox, however asasaf ety measurethe EECU elaborates

a max fuel flow (CH) limit as a function of torque to
prevent overtorque of the MGB and free wheel unit.

For training pur poses only .
© Copyright - TURBOMECA Edition: March 2003

7.26
CONTROL SYSTEM



E@ Turbomeca

snecma group

Training Manual

ARRIEL 2B - 2B1

Qs JED
4 L
:' FUEL FLOW @
CONTROL

PRINCIPLE OF LIMITATIONS

AN1

INDICATION

Max
N1

| EECU max stop

T/O f (PO and t0)

Max continuous f (PO and t0)

MAX N1 LIMITATION

CONTROL SYSTEM - OPERATION (9)
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Manual mode

This mode permits manual control of the engine in the
event of complete failure of the control system.

Manual reversion

If theelectronic control failsthesystemisautomaticallyin
manual control. In this mode the fuel flow will only alter
if the manual control is moved.

Manual control

Thetwist grip inthe cockpit is connected by a mechanical
linkage to the pump and metering unit assembly.

It has a neutral position, automatic flow control; a flow
increase range (the plus range), and a flow reduction
range (the minus range).

For more detailsrefer to "FUEL SYSTEM".

Note: The aircraft electrical power should be switched
on before moving the twist grip.
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Fuel metering in manual mode

Themanual control hasarange between minflowand max
flow.

It allows:

- Engine accel eration without surge (e.g. from minimum
power to 95 % of T/O power inlessthan 5 seconds) and
engine decel eration without flame-out

- The engine to be reduced to idle by means of a stop on
the twist grip.

Notel: It is possible to return to automatic mode at
anytime, however it is recommended to do so
from a stable condition.

Note2: The2B1 version systemisalso equipped with a
twist grip. The sole purpose of thisisto permit
autorotation training viatheforcedidleswitch.
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Manual mode training

The systemis designed to allow training in manual mode
by simulating a compl ete failure of the electronic control
system by freezing the stepper motor.

The mode is selected using a manual/automatic selector
and an indicator gives the status of the system.

The system can be returned to automatic at any time.

Note1l: Manual control iscarried out by displacing the
twist grip out of the neutral position (flight
position). Refer tothe" manual control function”
p. 7.28 and to thechapter "FUEL SYSTEM" for
details.

Note2: Theabove procedure does not apply to the 2B1
version. The"Auto" / "Manual” selector isonly
used for periodic maintenance testing of the
automatic back-up control system.
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Operating principle

Inthistype of control system the position of the helicopter
collectivepitchlever, whichrepresentsthepower required,
determines the basic N1 datum. This function, which is
called the anticipator, permits an initial adaptation of the
gasgenetator speed to balancethe power supplied with the
power required and thus maintain the N2 constant.
Furthermore the anticipator suppliesaninstant signal to a
load variation, which reduces the detection time and
providesarapid reaction. However thefirst reaction isnot
sufficient, asthe power required depends on other factors.

The basic datum is modified by the N2 controller, which
isaproportional controller, after comparingthedifference
between adatum (the nominal NR) and the measured N2.
ThustheN2, andthereforetheNR, aremaintai ned constant
without static droop.

The N1 isthus elaborated as a function of the anticipator
and the N2 controller.

The N1 datum is then limited in order to assure certain
functionssuch asrating stops, accel eration and decel eration
control.
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The N1 controller is proportional/integral and treats the
difference between the N1 datum and the actual N1. It
trandates the difference into a fuel flow datum CH, in
order to maintain the N1 constant with the datum without
static droop.

Thefuel flow limiter then modifiesthis datum in order to
assure certai n protection functions such as anti-surge, anti
flame-out, torque limiting, etc.

Finally thefuel flow datumistreatedto giveasignal tothe
metering unitwhich determinestheactual fuel flow injected
into the combustion chamber, which determines the
operation of the gas generator, particularly the rotation
speed N1.
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CONTROL SYSTEM - INDICATION AND
MONITORING (1)

The system ensures the indication of engine parameters,
performanceindication, cyclecounting, rating exceedance
time counting, fault indication and maintenance aid.

Engine parameter indication

Indication of N1, N2, t4.5, to allow engine monitoring in
the event of total electronic failure and to check that the
EECU is maintaining the engine within limits.

Theseindicationsareindependent of theel ectroniccontrol.
Refer to the "MEASUREMENT AND INDICATING
SYSTEMS' chapter for further details.

Torqueindication
The system provides an indication as a function of the

actual measured torque and "conformed" torque (refer to
"torque” indicating system for further detail).

FLI indication

It indicates the difference between the actual N1 and the
take-off N1. This shows the pilot the power reserve.
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Engine power check
It is possible to carry out an engine power check.

Instabilised conditionsapower check isselected whilethe
necessary parameters are being transmitted to the EECU
(PO, tO, configuration).

The EECU verifies the stability of the parameters and
cal cul atestheminimum guaranteed performance. It records
the result and transmitsiit to the aircraft: date, hours run,
configuration, N1, N2, PO, tO, calculated minimum
guaranteed torque, max guaranteed calculated t4.5,
difference in torque and t4.5, validity of test.

Cycle counting

The EECU counts and records:
- Power turbine cycles

- Gas generator cycles.

The counting capacity is 16000 cycles with reset to zero
when achieved.

EECU hourscounting

The EECU counts and records the EECU running hours.
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CONTROL SYSTEM (2B) - INDICATION AND
MONITORING (2)

Fault tolerance, I ndication and Management

Fault tolerance

If a fault affects a nominal law the system uses a back-up
law. The essential functions (N1 and N2 control,
acceleration and deceleration control) remain ensured.

In the event of a fault affecting a main law and the
back-up law the system declares itself unable to control
the engine and the engine must be controlled manually.
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Fault indication
There are three levels of indication:

- Level 3 - Major failure: manual mode reversion

- Level 2 - Minor failure: response time may be
affected but theessential control functions
are ensured

- Level 1 - Minor fault: loss of redundancy with no
effect on engine performance.

Two lights provide the fault indication: GOV (Red) and
GOV (Amber)

- A GOV (Red) indicates a total failure of the control
system

- A GOV (Amber) indicates degraded operation of the
control system. Thislight alsoindicatesa minor fault by
flashing during engine starting, idle rating or during
shut-down (N1 < 20 %).
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Control system

major failure - level 3

. Consequences
failure
Faults affecting a main
control law & Manual
the back-up law: control

_,_E GOV Red

Major failure - Level 3

Fault (manual back-up mode selection)

Detection and
Indication

\ 4

Faults affecting
a main control law:
minor failure - level 2

Use of a
back-up law

Faults not affecting
a main control law:
minor fault - level 1

The system remains
on the main control law

=l

FAULT TOLERANCE

GOV GQV Amber
Minor failure - Level 2
(response time may be affected
but the essential control functions
are ensured)

I EOV | GOV Flashing amber when N1 <20 %
Minor fault - Level 1
(no effect on engine performance)

FAULT INDICATION

CONTROL SYSTEM (2B) - INDICATION AND MONITORING (2)
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CONTROL SYSTEM (2B) - INDICATION AND
MONITORING (3)

Fault management Note 3:

For eachinput signal, the EECU hasa set of criteriawith
whichit can decideif thesignal isvalid. Thetableson the
following pages show the logic used by the EECU in the
event of an invalid signal. They also show the associated
fault level, the CWP indication and the VEMD indication
where applicable.

Notel: CWP: Central Warning Panel

VEMD: Vehicle and Engine Multifunction
Display (indication and message
screen).

Note2: In the following pages, the CWP indications
correspond to:

R= GOV Red
A= GOV Amber
FA = GOV Amber flashing when N1 < 20 %

For training pur poses only .
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The codes listed in the following pages are
given for instruction purposes only. In all
cases, refer tothemaintenancemanual for the
reasons of fault alarm, for the meaning of
fault codes and for the corrective action.
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CONTROL SYSTEM (2B) - INDICATION
AND MONITORING (3)
FAULT TOLERANCE TABLES (EXAMPLE)

Refer to trouble
shooting manual

I nput Effect on EECU operation Level CWP VEMD M essage Comments
N1B (sensor) | Use of N1 alternator 1 FA FAIL 2 - 0020
In normal operation
FAIL 2-0080 EECU uses N1B
N1 (alternator)| Use of N1B sensor 1 FA or
FAIL 2 - 0480
FAIL 2 - O0AO
N1B & N1 Alt| Stepper motor freeze 3 R or Manual control
FAIL 2 - 04A0
N2B Use of N2C 1 FA FAIL 2 - 0010 _
In normal operation
EECU uses N2B
N2C Use of N2B 1 FA FAIL 2 - 0040
N2B & N2C | Stepper motor freeze 3 R FAIL 2 - 0050 Manual control
_ FAIL 1 - 0080
P3 Xax elfuzl\fflon red:dceci,ed 2 A or Degraded operation
cceleralion law adap FAIL 1 - 4000
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CONTROL SYSTEM (2B1) - INDICATION AND
MONITORING (4)

Fault tolerance, I ndication and Management

Fault tolerance

Intheevent of afault thesystemautomaticallyreconfigures
itself, without losing theessential functions, i.e. N1and N2
control, acceleration and deceleration control. For these
functionsthe software hasrecovery lawswhich it will use
if a main control input becomes invalid.

In normal operation, channel A is the prefered channel.
The systemwill only changeto channel B if channel A has
amajor failure:
- If aminor fault affects channel A the systemremains
on channel A

- If afault affects a main control law on channel A, it
will use a recovery law.

- If afault or faults affect a main control law and its
recovery law, the system changes automatically to
channel B

- If afault or faults affect a main control law and the
recovery law of both channel s, the systemfreezesthe
stepper motor automatically and enables the back-
up system.
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Fault indication

There are three levels of indication:

- Level 3 - Major failure: stepper motor frozen

- Level 2 - Minor failure: response time may be
affected but theessential control functions
are ensured

- Level 1 - Minor fault: noeffect onengineoperation.

Therearetwo lightsin the cockpit to indicate these faults,
a GOV red and GOV amber:

- The GOV red indicates a major failure
- The GOV amber indicatesa minor failure. Thislight

also indicates a minor fault by flashing when
N1 < 20 %.

Note: The control system will always be on channel A,
which can receive information from channel B,
unlessaninternal malfunction of channel Acauses
amajor failure.

7.40
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FAULT TOLERANCE
Channel A . : . . .
Channel B A: No failure A: Failure level 1 A: Failure level 2 A: Failure level 3
Ch.in control: A Ch. in control: A Ch.in control: A Ch. in control: B
B: No failure EECU: No failure EECU: Redun. failure EECU: Minor failure EECU: Redun. failure

GOV: No GOV: Flashing amber GOV: Amber GOV: Flashing amber
Ch.in control: A Ch.in control: A Ch.in control: A Ch.in control: B

B: Failure level 1 EECU: Redun. failure EECU: Redun. failure EECU: Minor failure EECU: Redun. failure
GOV: Flashing amber | GOV: Flashing amber GOV: Amber GOV: Flashing amber
Ch.in control: A Ch.in control: A Ch.in control: A Ch.in control: B

B: Failure level 2 EECU: Redun. failure EECU: Redun. failure EECU: Minor failure EECU: Minor failure
GOV: Flashing amber | GOV: Flashing amber GOV: Amber GOV: Amber
Ch. in control: A Ch. in control: A Ch. in control: A Ch. in control: None

B: Failure level 3 EECU: Redun. failure EECU: Redun. failure EECU: Minor failure EECU: Total failure
GOV: Flashing amber | GOV: Flashing amber GOV: Amber GOV: Red

FAULT INDICATION

Note: The control system will always be on channel
A, which can receive information from

channel B, unless an internal malfunction of
channel A causes a major failure.

Detection

and ’
Indication
Channel A A
Channel B

Fault _,_E GOV Red

Major failure - Level 3
(Stepper motor frozen)

Jcov ]| GovAmber
Minor failure - Level 2

(response time may be affected but the
essential control functions are ensured)

I GOV | GOV Flashing amber when N1 <20 %
~ Minorfault- Level 1
(no effect on engine performance)

CONTROL SYSTEM (2B1) - INDICATION AND MONITORING (4)
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CONTROL SYSTEM (2B1) - INDICATION AND
MONITORING (5)

Fault management

For each input signal, the EECU hasa set of criteriawith
whichit can decideif thesignal isvalid. Thetableson the
following pages show the logic used by the EECU in the
event of an invalid signal. They also show the associated
fault level, the CWP indication and the VEMD indication
where applicable.

Notel: CWHP: Central Warning Panel
VEMD: Vehicle and Engine Multifunction
Display (indication and message screen).

Note2: In the following pages, the CWP indications
correspond to:
R= GOV Red
A = GOV Amber
FA = GOV Amber flashing when N1 < 20 %
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CONTROL SYSTEM (2B1) - INDICATION AND MONITORING (6)
FAULT TOLERANCE TABLES (EXAMPLE)

Level 1 - Minor fault: GOV amber flashing if N1 < 20%.

The EECU redundancy failure is output if one of the following signalsis declared invalid:

- Enginet4.5

- Helicopter t4.5

- Sart switch failure after start (flight mode automatically sel ected)
- Engine PO with helicopter PO valid
- Sngle N1 signal

- Sngle N2 signal

- Sngle stepper motor

- Tq conformation after power-up

- t4.5 conformation after power-up

- Helicopter PO with engine PO valid
- EnginetO failure

- Helicopter tO

- Helicopter ARINC, reversible after engine shutdown.
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CONTROL SYSTEM (2B1) - INDICATION AND MONITORING (7)

FAULT TOLERANCE TABLES (EXAMPLE)

Level 2 - Minor failure: GOV amber.

The EECU minor failure is output if one of the following events occurs:

FAULT

INDICATION

COMMENTS

Loss of XTL signal (rudder pedal position)

Recovery law - No effect on N2

Loss of PO engine and PO helicopter

Recovery law permitting N1 max, degraded transients
but maintaining surge and flame-out protection

Loss of XCP signal (collective pitch)

Recovery value - N2 in integral control

Loss of P3 signal

Degraded transients, engine still protected against
surge and flame-out

Loss of t0 engine and tO helicopter

Recovery value permitting N1 max, degraded transients
but maintains surge and flame-out protection

Loss of torque signal

No max torque limit

Loss of Tq conformation at power-up

Recovery value - Max Tg remains available

Loss of t4.5 at power-up or stop

Recovery value - Degraded starting

Stop electro-valve failure

Engine shut-down by stepper motor

Loss of alternator power supply

Supply from helicopter 28 V bus

Loss of 28 VDC supply from helicopter

Use of alternator supply - No start

Back-up fuel valve out of neutral

Resolver failure
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CONTROL SYSTEM (2B1) - INDICATION AND MONITORING (8)
FAULT TOLERANCE TABLES (EXAMPLE)

Level 3- Major failure: GOV red.
The EECU major failureis output if one of the following events occurs:

Dual stepper motor failure

PO failure, PO helicopter failure and P3 failure

tO failure, tO helicopter failure and P3 failure

"Sop" / "flight" selector failurein stop mode

Hardware / watchdog failure

Double N1 failure

Double N2 failure.
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CONTROL SYSTEM - INDICATION AND
MONITORING (9)

M aintenance aid

The system ensures the following functions:

Fault detection

Fault isolation and identification of the component
affected

Writing of afault report containing information such as
fault type, location

Transmission of thefault report to the memory or to the
helicopter system

Recording in the memory of the last 32 fault reports.

For training pur poses only
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Data exchange with the air cr aft

The EECU exchangesdatawith the aircraft by meansof a
serial datalink ARINC 429.

It can receaive:

- POand tO

The request for a performance check and read-out of
results

The request to read the cycle and hours counters
- Therequest for afault report.

It can transmit:

The indications of torque, FLI, bleed valve position

The value of EECU inputs and outputs

The counters contents

- The reports.
Two types of messages can be considered:
- Standard messages which are continuously transmitted

- Maintenance messages which are supplied on demand.

7.46
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MAINTENANCE AID

- Fault detection

- Identification of the Transmission of
defective component 3| the report to the

- Writing of a fault report aircraft system
(fault type, location)

- Recording (of the last
32 fault reports)

MAINTENANCE AID

-——- Indications Torque, FLI,
[ bleed valve position

:—>— Value of EECU inputs

and read-out of results

A 1
r > Counters contents
1
I
CONTROL \ :—»— Fault reports
SYSTEM ' '
4“' C
| 4 |
| ]
: S ! Request for engine power check
|
|
—

]

1

| Request for cycle counters, limit exceedance counter,
! fault report

DATA EXCHANGE WITH THE AIRCRAFT

CONTROL SYSTEM - INDICATION AND MONITORING (9)
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ENGINE ELECTRONIC CONTROL UNIT -

GENERAL

Function Main components
The EECU controls and monitors the engine operation. - Electrical connectors
Position - Mounting pads.

- The EECU isinstalled in a helicopter compartment.

Main characteristics

2B: Single channel digital electronic

2B1: Dual channel digital electronic

Redundant electrical supply: 28 V

Mass: 4.2 kg (9.24 1bs)

Dimensions. 300 x 200 x 80 mm (11.7 x 8 x 3 inches).
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ENGINE ELECTRONIC ENGINE ELECTRONIC
CONTROL UNIT CONTROL UNIT

Type:
- Digital electronic,
single channel (2B)
- Digital electronic,
dual channel (2B1)

Electrical supply:
28 V ; redundant

Mass: Mounting
4.2 kg (9.24 Ibs) pad (x4) T ———— >
Dimensions:

300 x 200 x 80 mm
(11.7 x 7.8 x 3inches)

ELECTRICAL
CONNECTORS

ENGINE ELECTRONIC CONTROL UNIT - GENERAL
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EECU - FUNCTIONAL DESCRIPTION (1)

EECU inputs

From the aircraft

- 2B: Manual/Auto

- 2B1: Automatic/Back-up
- "Stop-ldle-Flight"

- Forcedidle

- 2B: Trim N2 (XTL)

- 2B1: NFT, XTL

- Coallective pitch (XCP)
- Ambient air temp tO

- Ambient air pressure PO
- Serial links

- Sand filter active.

For training pur poses only
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From the engine

Metering needle position
Bleed valve position

P3 air pressure

Neutral notch position
Torque

Torque conformation

N1 speed

N2 speed

t4.5 temperature

t4.5 conformation.

Power supply

Aircraft 28 VDC supply bus bar

Engine aternator.

7.50
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AIRCRAFT

- 2B: Manual / Auto

- 2B1: Automatic / Back-up

- "Stop-ldle-Flight"

- Forced idle

-2B:XTL

-2B1:NFT, XTL

- Rotor collective pitch (XCP)
- Serial link (ARINC 429)

- Ambient air temperature tO
- Ambient air pressure PO

- Sand filter active

For training pur poses only

ALTERNATOR A (2B1)
—————

e
ALTERNATOR B (2B1)
—————— |
28V DC ALTERNATOR (2B)
CIRCUIT
—_— SUPPLY

ENGINE

- Metering valve position (XMV)
- Bleed valve position

- P3 air pressure

- Neutral notch position

- Torque

- Torque conformation

- N1 speed

- N2 speed

- t4.5 temperature

- t4.5 conformation

EECU

EECU INPUTS
EECU - FUNCTIONAL DESCRIPTION (1)
7.51
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EECU - FUNCTIONAL DESCRIPTION (2)

EECU outputs Totheengine
Totheaircraft - Fuel metering needle

- Start accessory relay - P3 pressure transmitter

- AN1indication (FLI) - XMV resolver.
- Torqueindication

- Fault lights
* Magjor failure
e Minor failure
e Minor fault

- 2B: Twist grip out of neutral position
- Serial links

- Bleed valve position

- 2B1: Neutral Position return

- 2B1: EBCAU enable.
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AIRCRAFT

- Start accessory relay

- AN1 indication (FLI)

- Torque indication

- Failure lights (Major, Minor,
Minor fault)

- 2B: Twist grip out of neutral position

- Serial links

- Bleed valve indication

- 2B1: Neutral Position return
- 2B1: EBCAU enable

EECU

2

EECU OUTPUTS

ENGINE

- XMV resolver
- Fuel metering needle
- P3 pressure transmitter

(power supply)

EECU - FUNCTIONAL DESCRIPTION (2)
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8-MEASUREMENT AND
INDICATING SYSTEMS

- M easurement and indicating systems (77-00-00)............. 8.2
- Speed measurement and indicating system (77-00-00) .. 8.4
- N1 speed sensor (77-11-00) ....c.coccveeeeeiiiieeee e 8.8
- N2 speed sensors (77-12-00) ........oeeeeeeciieee e, 8.12
- 14.5 gas temper ature measurement and

Indicating system (77-00-00) .......ccccoevcieeeeeeiiieee e, 8.14
- 14.5 thermocouple probes (77-21-00) ......cccceecveeeeeecvnnnnnn. 8.16
- 14.5 conformation box (72-43-00) ......cccccceevvvieeeeiiiieeeeenne, 8.18
- Torque measurement and indicating system (77-00-00) 8.20
- Torque sensor (72-61-00) ......ccoeccieeeececiieee e, 8.24
- Torque confor mation box (72-61-00) ..........ccccceeeveivneennn. 8.26
= INAICALOrS... ... e 8.28
- Miscellaneous indiCatioNsS ..........ccccveeeeeeeeecciiieeee e 8.30t0 8.39

(XX-XX-XX): Page references which deal with the subject in the maintenance documentation.
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MEASUREMENT AND INDICATING
SYSTEMS

Functions

The measurement and indicating system provides the
following functions:

- It alowsthe pilot to check that the engine is operating
within determined limits

- It signals faults or abnormal changes of parameters

- It permits the checking of certain operating phases.

Note: In fact, there are operating parameters (e.g.: N1
and torque) and monitoring parameters (e.g. N2,
t4.5, oil temperature and pressure).
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Miscellaneous measurement and indicating
systems

- N1 gas generator rotation speed

N2 power turbine rotation speed

t4.5 gas temperature

Engine torque

L ubrication system (refer to chapter "OIL SYSTEM™)

Miscellaneous (indicating lights and monitoring).

Note: Refer to the various systems for the description
and operation.

8.2
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FUNCTIONS

-To ensure that the engine operates
within determined limits

t4.5 GAS

-To signal a fault or an abnormal TEMPERATURE

change of parameters

-To check certain operating phases

LUBRICATION
SYSTEM

)
o B
)

1 L

MISCELLANEOUS
(indicating lights

and monitoring) ENGINE N1 SPEED N2 SPEED
TORQUE

MEASUREMENT AND INDICATING SYSTEMS

For training pur poses only o 83
© Copyright - TURBOMECA Edition: March 2003 MEASUREMENT AND INDICATING SYSTEMS



3@ Turbomeca

snecma group

Training Manual

ARRIEL 2B - 2B1

SPEED MEASUREMENT AND
INDICATING SYSTEM (2B)

Function

This system measures the rotation speeds of the gas
generator (N1) and the power turbine (N2).

Main characteristics
- Type: phonic wheels and el ectro-magnetic sensors

- Sensor signals: frequency proportional to the rotation
Speed.

Main components

- N1 speed sensors

N2 speed sensors
Connection to the EECU

Connection to the indicators.

Description

Refer to following pages and the air craft documentation.
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Operation

The N1 signals are used for:

Engine control (starting, speed control 1oop)

Indication (N1 actual and delta)

Cycle and hours counting
- Maintenance aid.

N1 is an operating parameter as it reflects the engine
power and serves to determine the limit ratings.

The N2 signal is used for:
- Engine control (speed control loop) and cycle counting

- Indication (associated with the NR indication).

8.4
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Firewall
INSTRUMENT PANEL EECU | ENGINE
A A A

Frequency
proportional to N1

N1C SENSOR

Al
—

i Frequency
( proportional to N1

N1B SENSOR

CONTROL

it Frequency
( proportional to N2 WAD SIENSIOIR

it Frequency
( proportional to N2

N2B SENSOR

r Frequency
proportional to N2

N2A SENSOR

L
—

Indication

P I
i ower supply S LTERNATOR
INDICATON B8 | i——==—=——=————=-
|

| |

I
: N2 + NR :
: |
| [}

NR signal :

SPEED MEASUREMENT AND INDICATING SYSTEM (2B)
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SPEED MEASUREMENT AND
INDICATING SYSTEM (2B1)

Function

This system measures the rotation speeds of the gas
generator (N1) and the power turbine (N2).

Main characteristics
- Type: phonic wheels and el ectro-magnetic sensors

- Sensor and alternator signals: frequenciesproportional
to the rotation speed.

Main components

One N1 speed sensor

Double alternator (generation of N1 signals)

Three N2 speed sensors

Electrical harnesses for connection to the EECU and
the indicators.

Description

Refer to following pages and the air craft documentation.
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Operation

The N1 signal from the sensor goes direct to the cockpit
indicator and is thus independent from the EECU.

The ANl indicationissuppliedtothecockpit by the EECU
which derives its N1 signals from the two alternator
frequencies.

N1 is an operating parameter as it reflects the engine
power .

It is also used for engine control, cycle counting and
maintenance aid.

Two N2 signalsare used for engine control (speed control
loop, cycle counting and maintenance aid).

One N2 signal goes direct to the cockpit for the speed
indication associated with the NR indication.

8.6
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Firewall
INSTRUMENT PANEL EECU | ENGINE
A A | A
' N /4 N | A Y
_______ 1
1
I VEMD JEN AL ) Frequency N1C SENSOR
| (FLI) | I proportional to N1
o i '
CONTROL [ Power supply
AN U Frequency proportional ALTERNATOR A
_____________ to N1
|
| STARTING | p |
Bt . { OWEY SUPPTY ALTERNATOR B
jm——————————— = Frequency proportional
: SPEED CONTROL : to N1
INDICATION | LOOP |
| o o e ___ I it Frequency N2C SENSOR
P mmmm | ( proportional to N2 (to channel A)
: CYCLE I
' COUNTING AND :
i MAINTENANCE ! It Frequency N2B SENSOR
| ! ( proportional to N2 (to channel B)
|
e 3 NR signal !
<
: N2 + NR : I
; Indication | N2 3l Frequency
:h _____________ f_ I proportional to N2 HER S
» EBCAU

SPEED MEASUREMENT AND INDICATING SYSTEM (2B1)
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N1 SPEED SENSORS (2B)

Function
The N1 speed sensors measur e the gas generator rotation

speed. The signals are used by the N1 indicator (digital
indication) and by the EECU.

Position
- Inthesystem: connected to theindicator and the EECU

- Onthe engine: left side of the accessory gearbox.

Main characteristics
- Quantity: 2 identical sensors (interchangeable)

- Type: electro-magnetic

- Phonic whed!:
e Quantity: 1
* On the alternator drive shaft.

Main components

Phonic wheel (in module 01)
Sensor body

Mounting flange

Electrical connector.
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Description
TheN1 speed measur ement andindi cating systemincludes:
- A phonic wheel mounted on the alternator drive shaft

- Two electro-magnetic sensors each of which has:
* A permanent magnet
* Acoil.

Each sensor issecured by one screw on a mounting pad on
the alternator drive casing.

An O'ring seal ensures the sealing between the sensor
body and the casing.

Operation

The rotation of the phonic wheel causes the sensor to
produce an electrical signal.

The frequency of the signal is proportional to therotation
speed and the number of teeth on the phonic whesl.

The output signal from the N1C sensor is transmitted
directly to the VEMD.

Theoutput signal fromtheN1B sensor istransmittedtothe
EECU; itisused for start fuel flow control, speed control
and speed indication:

- Priority signal from N1B

- Redundancy signal from the engine alternator.

8.8
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Electrical connector PHONIC WHEEL ALTERNATOR
(connection with
the instrument panel) A

O'ring

o

— 1, Electrical
connector
Quantity: (connection
2 with the EECU)
Permanent
Type: N1 SPEED Mounting Coil 5 magnet
' SENSOR flange —

Electro-magnetic — /

A4
N1 SPEED SENSOR

Phonic wheel:

- Quantity: 1 N1C
- On the alternator SENSOR
drive shaft

ALTERNATOR
(redundancy)

EECU

\
N1B
SENSOR

N1 PUMP AND METERING UNIT
SENSORS ASSEMBLY

N1 SPEED SENSORS (2B)
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N1 SPEED SENSOR (2B1)

Function
The N1 speed sensor measur esthe gasgenerator rotation

speed. The signal is used by the N1 indicator (digital
indication).

Position
- In the system: connected to the VEMD

- Onthe engine: left side of the accessory gearbox.

Main characteristics
- Quantity: 1

- Type: electro-magnetic
- Phonic whesd!:
e Quantity: 1
* On the alternator drive shaft.
Main components
- Phonic wheel (in module M01)

- Sensor.
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Description

TheN1 speed measur ement and indicating systemincludes:
- A phonic wheel mounted on the alternator drive shaft

- One electro-magnetic sensor which has:
* A permanent magnet

* A caoil.

The sensor is secured by one screw on a mounting pad
located on the alternator drive casing.

An O'ring seal ensures the sealing between the sensor
body and the casing.

Operation

The rotation of the phonic wheel causes the sensor to
produce an electrical signal.

The frequency of the signal is proportional to therotation
speed and the number of teeth on the phonic wheel.

Note: TheN1signalsfor the EECU arederived fromthe
alternator frequencies (A and B).

8.10
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Electrical connector PHONIC WHEEL Winding ALTERNATOR
(connection with A
the instrument panel)

O'ring l Electrical
I

sea connectors
\ (connection

® \ with the EECU)
Winding
Quantity: \ \ B
1
/ \ Permanent
Type: N1 SPEED Mounting Coil $1 magnet
Electro-magnetic SENSOR flange . — ,

hd
Phonic wheel: N1 SPEED SENSOR

- Quantity: 1
- On the alternator
drive shaft

N1C
SENSOR

Winding
A

ALTERNATOR

Winding
B

SENSOR PUMP AND METERING UNIT
ASSEMBLY

N1 SPEED SENSOR (2B1)
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N2 SPEED SENSORS

Function

The N2 speed sensors measure the power turbine rotation
Speed.

Position

- Inthesystem: connected to theindicator or to the EECU

- Onthe engine: on either side of the reduction gearbox
* N2A and N2B on the right
* N2C on the | eft.

Main characteristics

- Quantity: 3 identical sensors (interchangeable)
- Type: electro-magnetic

- Phonic whesl:
e Quantity: 1
» Reduction gearbox output gear.

Main components

- Phonic wheel (reduction gearbox output gear)
- Sensors.
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Description
TheN2 speed measurement andindi cating systemincludes:

- A phonic wheel which is the reduction gearbox output
gear
- Three electro-magnetic sensors each of which has:
* A permanent magnet
* A cail.

Each sensor is secured by one screw on a mounting pad
|located onthereduction gearbox casing andissealed by an
O'ring.

Operation

The rotation of the phonic wheel causes the sensor to
produce an electrical signal.

The frequency of the signal is proportional to the rotation
speed and the number of teeth on the phonic wheel.

The output signal from the N2A sensor is transmitted
directly to the speed indicator in the cockpit.

The output signals from the N2B and N2C sensors are
transmitted to the EECU; they are used for speed control
and N2 cycle counting.

2B1: N2B goesto channel B
N2C goes to channel A.

8.12
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Quantity:
3identical sensors
(interchangeable)
Type:

Electro-magnetic

Phonic wheel:

- Quantity: 1

- Reduction gearbox output gear

N2A AND N2B
SENSORS

N2C
SENSOR
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the instrument panel
or the EECU)

Mounting

REDUCTION
GEARBOX
OUTPUT GEAR
(Phonic wheel)

q Permanent

/ e | 7 magnet N2 SPEED
Electrical cpnneptor N2 SPEED S . SENSOR
(connection with SENSOR | V7V Coil

nen SPEED INDICATION
SENSOR {} A
EBCAU (2B1)
N2B
SENSOR
PUMP AND
METERING UNIT | SPEED CONTROL
ASSEMBLY (metering unit)
N2C
SENSOR EECU

N2 SPEED SENSORS

8.13

Edition: March 2003 MEASUREMENT AND INDICATING SYSTEMS



3@ Turbomeca

snecma group

Training Manual

ARRIEL 2B - 2B1

t4.5 GASTEMPERATURE MEASUREMENT
AND INDICATING SYSTEM

Function

Thissystem providesameasurement and indication of the
gas temperature (t4.5) at the gas generator turbine outlet.

Position

- All the system components are located on the engine
except the EECU and the t4.5 indicator.

Main characteristics
- Type: Alumel / Chromel thermocouple probes
- Indication: degrees Celsius

- Quantity: 8 probes (with 2 thermocouples each)
connected in parallel through a conformation box.

Main components

Thermocouple harness (x2)

t4.5 conformation box

Engine Electronic Control Unit

Indicator.
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Description

Refer to following pages and aircraft documentation.

General operation

The gas temperature (t4.5) is an operating parameter,
particularly during engine starting.

The signal from the thermocouplesis used for:
- Engine control (starting fuel flow)
- Indication.

The conformation box provides the connection point
between the thermocoupl es, the indicator and the EECU.
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MEASUREMENT AND INDICATING SYSTEMS



E@ Turbomeca

snecma group

Training Manual ARRIEL 2B - 2B1

THERMOCOUPLE
HARNESS (x2)

t4.5
CONFORMATION BOX

\ / _ /

SOl =

LOCATION OF
THERMOCOUPLE
PROBES
EECU

t4.5
INDICATION

VEMD |

t4.5
ARINC 429

Type:
Chromel - Alumel

t4.5
CONFORMATION BOX

PUMP AND
METERING UNIT
ASSEMBLY

Quantity:
8 probes
(with 2 thermocouples each)

Connection:
Through the conformation
box in parallel

t4.5 GAS TEMPERATURE MEASUREMENT AND INDICATING SYSTEM
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t4.5 THERM OCOUPLE PROBES

Function
The thermocouples supply asignal for:
- t4.5indication

- Fuel flow control at start (limitation of t4.5 by means of
the EECU).

Position
- Inthe system: connected to theindicator and the EECU

- On the engine: the probes (x8) are located around the
rear part of the turbine casing and each probeis secured
by abolt.

Main characteristics

- Type: Chromel - Alumel

- Quantity: 8 probes (16 thermocouples) in 2 harnesses.

For training pur poses only
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Description

The 2 groupsof 4 thermocoupleprobesareidentical. They
are positioned to give a homogeneous measurement.

Each probe contains two hot junctions (Chromel and
Alumel wires soldered together).

Thusthet4.5 gastemperaturemeasurement systemincludes
two distinct measuring channels, each comprising:

- 8thermocouples, connected in parallel, used by thet4.5
indicating system

- 8thermocouples, also connected in parallel, used by the
Engine Electronic Control Unit.

In fact, the system consists of 2 assemblies of 4 probes.
Each assembly isan LRU.

Principle of operation

A thermocouple produces an electromotiveforcewhichis
proportional tothetemperaturedifference between thehot
and the cold junction.

This voltage is supplied, via the conformation box to:

- The EECU (for start fuel flow control)

- Thet4d.5indicator (millivoltmeter graduated in degrees
Celsius).

Theprobesarewiredin parallel, thusthereading obtained
IS an average temperature.
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PROBE
(sheath and Chromel -
Alumel junction)

L
e CABLE
MOUNTING (connection with
\ { FLANGE the conformation
(1 bolt) / box)
Type:
Chromel - Alumel
Quantity:
TﬂEAF;thI(ég(S)l(JxPZIEE 8 probes (16 thermocouples) HARNESSES
in 2 harnesses CONFORMATION 8 PROBES

BOX - - ——>':|
—

] |
-} ----- Ao e——
| :>‘
" | \ L  —

1 |

: _|:¢ _T_‘ : T
1 s I
: EECU | \ ]
! i
i -~ L —+—:>—]
. 4|¢I A e——=]
-

'----| VEMD v
- —:>-]
3 -
t4.5 INDICATION B L -:>':|
T

CONFORMATION BOX SCHEMATIC DIAGRAM

t4.5 THERMOCOUPLE PROBES
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t4.5 CONFORMATION BOX

Function
The conformation box forms the interface between the
thermocouples, the indicator and the EECU.

It also allows a corrected temperature indication for a
given turbine inlet temperature.

Being given discrepancies of measurement, the
conformation ensuresareading which reflectsareference
temperature identical for all engines.

The conformation box is matched to the gas generator
module.
Position

- Inthe system: connected to theindicator and the EECU
- On the engine: on a support mounted underneath the

output shaft protection tube.
Main characteristics

- Type: box with conformation resistors installed on a
printed circuit board

- Setting: adapted to the gas generator (M03 module).
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Description

Thet4.5 conformation box is mounted on asupport onthe
output shaft protection tube.

The box is provided with:

- 5 electrical connectors:
e 2 harness connectors
» 2 EECU connectors
e 1indicator connector.

- Printed circuit board equipped with:
* 2equa ZERO resistors
e 2 equal PENTE (slope) resistors.

Operation

The t4.5 conformation box provides the connection point
between the thermocouples, the EECU and the indicator.
It containsresi storswhich enableauniformt4.5indication
for a given turbine inlet temperature.

Theresistor valuesarematched with the gasgenerator and
are recorded on the module M03 log card.

Note: Theresstorscanbead)usted by opening connectors
printed on the board.
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CONNECTIONS [ s sl w5,
(adjustment of : PRINTED
resistors) | —CIRCUIT
G BOARD
©
EECU T
<
“RmEr 4 PROBES
> SET
Box with >
conformation 1 zER0
resistors ' P g
1 g
Thermocouple _ I pinte O
Setting: " :[ S
harness (x2) Adapted to : %
the gas generator 1 5 4 PROBES
- -t PENTE
module (M03) VEMD SET
—
-
t4.5
INDICATION
RIGHT HARNESS
CONNECTOR
t4.5
Mounting Ay CONFORMATION
Nl 7
flange BOX
Qufh’»é, EECU
o CONNECTOR
EECU
CONNECTOR
=
t4.5 CONFORMATION LEFT HARNESS/\? INDICATOR
CONNECTOR
BOX CONNECTOR
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TORQUE MEASUREMENT AND
INDICATING SYSTEM - GENERAL

Function

The system provides measurement of the engine torque,
measured on the power transmission shaft.

Position

All the systemm components are located on the engine
except the EECU and the torque indicator.

Main characteristics

- Type: phase displacement

- Torque sensor: electro-magnetic
Main components

- Power transmission and reference shafts

Torque sensor

Torque conformation box

Engine Electronic Control Unit

Torque indicator.
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PHASE TORQUE REFERENCE
DISPLACEMENT SENSOR SHAFT
TORQUEMETER

/

=
TO RQUE B F NS ; /—_\)= .
CONFORMATION _ !
EECU BOX ’ ‘-. _ -
e \ =l —\—/

:

POWER TRANSMISSION
SHAFT

VEMD

Type:
Phase displacement
TORQUE Torque sensor:
INDICATOR Electro-magnetic

TORQUE MEASUREMENT AND INDICATING SYSTEM - GENERAL
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TORQUE MEASUREMENT AND
INDICATING SYSTEM - DESCRIPTION -
OPERATION

Description

The torquemeter mainly includes:
- The transmission shaft fitted with 4 equidistant teeth

- A reference shaft (not submitted to torsion) also fitted
with 4 equidistant teeth.

These 8 teeth form the phonic wheel of the torque
measuring system

- An electro-magnetic sensor is located in front of this
phonic wheel.

Note: The system includes resistors (located in the
conformation box) to obtain a corrected torque
value.

For training pur poses only
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Operation

The rotation of the phonic wheel causes the sensor to
output an electrical signal to the EECU.

The EECU measuresthe phasedisplacement of thesignals.

Whenthereisnotorque(zero), thedistancesbetweenteeth
areequal (a=b).

When the torque changes, the distances between teeth
change (a # b). The EECU measures this change and
determines the engine torque value.

Example:
- When torque increases: the main shaft twist in relation

to thereference shaft causes avariation of the distances
(aincreases, b decreases).
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TORQUE
SENSOR

REFERENCE |
SHAFT
(fitted with 4 — -

equidistant teeth)

TRANSMISSION
SHAFT
(fitted with 4
equidistant teeth)

TORQUE SENSOR

a b
T
(connection with the EECU)

H N

Electrical signal

Without torque
(zero torque, a=b)

REFERENCE
\\\\ SHAFT \\\\
PHONIC WHEEL /

- 8 teeth ""
- belonging to the 2 shafts

TRANSMISSION With torque variation
SHAFT (the 2 shafts rotate at the same speed

but with a phase shift: a #b)

TORQUE MEASUREMENT AND INDICATING SYSTEM - DESCRIPTION - OPERATION
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TORQUE SENSOR

Function

The torque sensor provides an electrical signal to the
EECU for torque indication and fuel control purposes.

Position
- In the system: connected to the EECU

- On the engine: on the forward right hand side of the
output shaft protection tube.

Main characteristics
- Type: electro-magnetic sensor

- Phonic wheel: 1 phonic wheel formed by 4 teeth on the
transmission shaft and 4 teeth on the reference shaft

- Output signal: signal with phase displacement.
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Description

The sensor is attached by one screw on a mounting pad
located on theforward right side of the protection tube. Its
depth of penetration is adjusted by alaminated shim.

The sensor includes an electrical connector connected to
the EECU.

Operation

Therotation of thephonicwheel (8teeth) causesthe sensor
to produce an electrical signal.

The phase of the signal varies as function of the torque.

8.24
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Type:
Electro-magnetic sensor

Phonic wheel:
1 phonic wheel formed by 4 teeth
on the transmission shaft and
4 teeth on the reference shaft

Output signal:
Signal with phase displacement

) ELECTRICAL

& (connection with the EECU) SENSOR

LAMINATED SHIM
(depth adjusting)

e

MOUNTING FLANGE
\ (secured by 1 screw on the
protection tube mounting pad)

Protection TORQUE
tube SENSOR
TORQUE SENSOR
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TORQUE CONFORMATION BOX

Function

The torque conformation box adapts the torque sensor
signal to the output shaft characteristics, being given the
variations due to the manufacturing tolerances.

The conformation ensures that the torque reading reflects
the real torque. It is matched to the module MOL1.

Position
- In the system: connected to the EECU

- Ontheengine: onasupport secured by meansof aclamp
on the protection tube.

Main characteristics

- Type: box housing conformation resistors

- Setting: adapted to the output shaft (MO1 module).
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Description
The torque conformation box includes:

- A boxwhichhousestwo conformationresi storsmounted
on aprinted circuit board (ZERO and PENTE)

- A mounting flange: box screwed onto a securing clamp
on the left side of the protection tube

- An electrical connector to connect the torque
conformation box to the EECU.

Note: The resistances can be adjusted by opening
connections printed on the circuit board.

Refer to maintenance manual.

Operation

Thezero (ZERO) and slope (PENTE) resistor values, take
into account the difference of the torque sensor output
accordingtothereference measurement achieved with the
engine on the test bench.

These values are therefore "matched" to the power
transmission shaft which houses the torquemeter.

The resistor values are recorded on the module MO1 log
card.
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Mounting
flange

ELECTRICAL TORQUE
CONNECTOR CONFORMATION
[ | (connection with the EECU) BOX

Type:
Box housing
conformation resistors

TORQUE
CONFORMATION
BOX

Setting:
Adapted to the
output shaft
(matched to the module M01)

CONNECTIONS
(adjustment of

ADJUSTABLE resistors)
RESISTORS
\ ZERO S
| A
(S]]
- (]
EECU T
= N M < O O N~
PENTE
PENTE

PRINTED
CIRCUIT BOARD

TORQUE CONFORMATION BOX
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INDICATORS

Thereareseveral indicatorswhich giveinformation about I ndications supplied through the EECU
the engine operation. These pages summarize the various

lightswhich haveal ready been dealt withinother chapters. Total failure

. i i It
Position Degraded operation or minor fau

Manua mode

- On the instrument panel.

Manual control out of neutral position (2B)

Main characteristics - Bleed valve position.
- Indicators directly connected to the engine sensors

- Indicators whose signal is provided by the EECU.

Engine sensor s connected direct to the cockpit

Low oil pressure

Fuel filter pre-blockage

Magnetic particles

Low fuel pressure

Fire detection.
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+28V
|6~ & s meblocian
Circuit )
Magnetic particles
breaker .._8
J 8 Low fuel pressure
J 8 Fire detection
ENGINE
+28V
I @ 8 -I[_)etgjrla:cd(id operation or minor fault
— otal failure
Circuit 0—8
breaker J 8 Manual mode
J 8 Manual control out of neutral position (2B)
‘ 8 Bleed valve position
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MISCELLANEOUSINDICATIONS

Function L

Description
To provide information in the cockpit about the operation o . ) )
of the aircraft and engine systems. There are two main indicating devices in the cockpit:

o - TheVEMD -V ehicleand EngineMultifunction Display
Position
- The CWP - Central Warning Panel.
- On the instrument panel.
The VEMD displays all the necessary vehicle and engine
. . parameters. It can also display maintenance information
Main characteristics when the aircraft is on the ground. 1t comprises an upper
and lower screen and ten sel ector buttonsfor selecting the

- Central Warning Panel various functions.

- Display unit with two screens The CWPhasaset of warning lightsto alert the pil ot to any

- Liquid crystal displays. malfunction in any helicopter vital system.

Main components

Engine sensors
- EECU
- VEMD
- CWP.
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Firewall
-«——Q—>»
COCKPIT AIRCRAFT

oooooOo|ooao
ooooolooao

CwpP
(Central Warning Panel)

ENGINE

UPPER
SCREEN

LOWER
SCREEN

00 OOO0O 0O0o0

VEMD
(Vehicle and Engine Multifunction Display)

MISCELLANEOUS INDICATIONS
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MISCELLANEOUSINDICATIONS-VEMD -
GENERAL - DESCRIPTION

Function

To provideinformation in the cockpit about the operation
of the aircraft and engine systems.

Position

- On the instrument panel.

Main characteristics
- 1 upper screen
- 1 lower screen

- Control buttons.

For training pur poses only
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Description

The upper screen has two display modes:

- Engine parameter screen in starting

- Engine parameter screen in operation (N1>...).
The lower screen has three display modes:

- Operation screen in flight

- Engine parameter screen in operation (upper screen
failure)

- Maintenance screen (engine stopped).

Notel: VEMD - Vehicle and Engine Multifunction
Display.

Note2: For more information, refer to the aircraft
manufacturer's documentation.
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[
]

UPPER
SCREEN

LOWER

SCREEN

VEMD
(Vehicle and Engine
Multifunction Display)

UPPER SCREEN

CONTROL
BUTTONS

STARTING

OPERATION

Note 1:

VEMD - Vehicle and Engine Multifunction

Display.

For more information, refer to the aircraft

manufacturer's documentation.

LOWER SCREEN

TEMP PRESS
6 Bar

ENG OIL
5 0 4 8
2 10}
0 16 0
x 10 16
90°C

u/BUS I/GEN
28V 150 A

Or

MAINTENANCE MENU

FLIGHT REPORT

FAILURE

OVER LIMIT

ENGINE POWER CHECK
TRANS. RESET

FUNC. TIMES

FADEC DATA

HARMONISATION IN PROGRESS
HARMONISATION OK

STARTING / OPERATION

OPERATION
(if upper screen failure)

STOP

MISCELLANEOUS INDICATIONS - VEMD - GENERAL - DESCRIPTION
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MISCELLANEOUSINDICATIONS- VEMD
OPERATION (1)

There are two operating modes: operational and
mai ntenance.

Operational mode

In this mode, in normal operation, there are two displays
possible - starting display and flight display.

Starting Display

* Upper Screen: "3 info display”
- t4.5 analog and digital
- DeltaN1 analog
- N1 digital
- Tganalog and digital
- Bleed valveflag
- P2 (sand filter)
- OAT digital
- Fuel quantity analog and digital

* Lower Screen
- Eng oil pressure analog and digital
- Eng oil temp. analog and digital
- Starter current digital
- Main Busvolts digital
- Fuel quantity digital
- Fight time remaining digital.
The display changes automatically to the flight display at

60% N1 and to the starting display during rundown at
40% N1.

For training pur poses only
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Flight Display
» Upper Screen: FLI

FL1 meansFirst LimitIndicator. Thisisananalogindicator
graduated from O to 11. The needle of this indicator is
positioned as afunction of the parameter which is nearest
itslimit. The parameters used are N1, t4.5, Tq. When the
needle reaches 10 one of the parametersis at its take-off
limit. Thereisadigital indication of each parameter to the
right of the FLI indicator. When a parameter approaches
itslimit ayellow line will flash under the digital display;
whenit reachesthelimit theline becomesred and an aural
warning sounds.

* Lower Screen.

Same indication as in start display except that starter
current is replaced by generator current.

At the bottom of the screen is an areafor fault messages.
The EECU inputsto the VEMD may also be displayed in
thisarea by pressing "SELECT".

Notel: TURBOMECA usestheterminology defined in
ARP 755a, thus N1, t4.5, P3, whereas
EUROCOPTERusesNg, t4 and P2 for thesame
values.

Note2: For more information, refer to the aircraft
manufacturer's documentation.
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TEMP
90 °C

PRESS
6 Bar

TEMP
90 °C

PRESS
6 Bar

U/BUS
28V

IIGEN
150 A

u/BUS
28V

I/IGEN
150 A

Note 1: Turbomeca uses the
terminology defined in ARP
755a, thus N1, t4.5, P3,
whereas EUROCOPTER uses
Ng, t4 and P2 for the same
values.

SAND BLEED VALVE SAND BLEED VALVE
FILTER FLAG FILTER FLAG
\
@ S ) \ S 2
N1
L ENGINE
D P2 9 {45 PARAMETERS,
| DIGITAL
D 9 INDICATION
TORQUE
- emks
) J
) J
S FAULT
MESSAGES
ENG OIL D ENG OIL D OR EECU
E{% m {(5% {f(“TBTO INPUTS
0 6 0 1:5 D 0 6 0 1:5 D
) J
) J
) J
(S

(2)

@

@

ﬂ
@

@ )

Note 2: For more information, refer to

STARTING DISPLAY

FLIGHT DISPLAY (N1>60%)

MISCELLANEOUS INDICATIONS - VEMD - O
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MISCELLANEOUS INDICATIONS - VEMD -
OPERATION (2)

M aintenance mode

I nmaintenancemodethefollowingfunctionsareavailable:

- FLIGHT REPORT

- FAILURE

- OVERLIMIT

- ENGINE POWER CHEK
- TRANS. RESET

- FUNC. TIMES

- FADEC DATA.

Flight Report

At the end of aflight the Flight Report is automatically
displayed on the lower screen when N1 < 10% and
NR < 70RPM.

It provides the following information:

Flight number

Flight duration
N1 and N2 cycles, thisflight and totals

Overlimit flag in event of exceedance

Failure flag in event of afailure.

For training pur poses only
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The other maintenance pages are accessible (when the
engine is stopped) by switching on the VEMD whilst
pressing simultaneously the "SCROLL" and "RESET"
buttons and keeping both buttons depressed, energize the
VEMD withthebuttons OFF1 and OFF2 until themessage
"releasekeys’ appearsonthescreens. Thisfunctionisonly
available when N1 < 10% and NR < 70 RPM.

On the "MAINTENANCE MENU" page use the
"SELECT" button to select the required item and the
"ENTER" button to go to this page.

Refer to chapter 15 of thismanual for further information
on trouble shooting.

Note: For more information, refer to the aircraft
manufacturer's documentation.
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Press ON/OFF
upper screen

Press ON/OFF

Keep pressed
RESET .
while

switching on

\®\ Press to

MAINTENANCE MENU select line

+

FLIGHT REPORT |—-—|

FLIGHT NUMBER 452 |_-|

DURATION 1 h 21 mn

CYCLE NG XX.XX I XXXX.XX ENIER

CYCLE NF XX.XX I XXXX.XX |---|
TOTAL

BRT +
OVER LIMIT DETECTED |- -|

FAILURE DETECTED -

BRT - LINE
)

%, Q

MESSAGES

EXIT ---> PRESS RESET

FLIGHT REPORT

FAILURE

OVER LIMIT

ENGINE POWER CHECK ENTER

TRANS. RESET |-
Flight report automatically e oA Press to go
displayed at engine shut down . N [;'l to selection
when N1 < 10 % and NR < 70 RPM oo

BRT -

()

% Q

Note: For more information, refer to
the aircraft manufacturer's

documentation.

@ TO @: SELECTION
ORDER

MISCELLANEOUS INDICATIONS - VEMD - OPERATION (2)
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MISCELLANEOUS INDICATIONS- VEMD -
OPERATION (3)

M aintenance mode

Flight Report
Thispagedisplaysthelast 32 flight reportsinthememory.

Failure
Failures are displayed on three pages, the +/- buttons are

used to change from one page to another. 256 failures can
be recorded.

Over Limit

This page displays any limit exceedances recorded in
memory for the last 32 flights.

Engine Power Check

The last 8 power check results can be accessed.

For training pur poses only
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Trans. Reset.

Thisisfor transferring information between the2 VEMD
modul es after a modul e change.

Func. Times

This page displaysthetotal operating hoursof theVEMD
and the EECU (FADEC).

Fadec Data

This page displays the values of the inputs to the VEMD
from the EECU.

8.38
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FAILURE DIAGNOSIS
FLIGHT XXXXX

FLIGHT Nb FAIL
XXXXX XXX

EXIT ---> PRESS RESET

MAINTENANCE MENU

FLIGHT REPORT

FAILURE

OVER LIMIT

ENGINE POWER CHECK
TRANS. RESET

FUNC. TIMES

FADEC DATA

HARMONISATION IN PROGRESS
HARMONISATION OK

COMPLETE DIAGNOSIS

FAIL on FLIGHT XXXXX at X XX XX
TEST REF

XXXXXXKXXXXXX
XXXXXXXXXXKXXX [ XXXXXXXXXXXXX
XXXXXXXXXXKXXX [ XXXXXXXXXXXXX
XXXXXXKXXXXXXK | XXXXXXXXXXXXX
XXXXXXXXXXXXXK | XXXXXXXXXXXXX

Param EOP P

To see param press ENTER

EXIT ---> PRESS RESET

FUNCTIONAL TIMES

FADEC FUNC. TIMES :
FADEC ENG. FUNC. TIMES :
MODULE 1 FLIGHT TIMES :
MODULE 1 FUNC. TIMES :

MODULE 2 FLIGHT TIMES :

MODULE 2 FUNC. TIMES :

XXXXX h
XXXXX h
XXXXX h
XXXXX h
XXXXX h
XXXXX h

EXIT ---> PRESS RESET

FLIGHT REPORT

FLIGHT NUMBER 452
DURATION 1 h 21 mn
CYCLE NG XX.XX I XXXX.XX

CYCLE NF XX.XX | XXXX.XX
TOTAL

OVER LIMIT DETECTED
FAILURE DETECTED

EXIT ---> PRESS RESET

TRANS. RESET

This is an internal VEMD function.

OVERT LIMIT XXXXX
TIME
TRQ TRA

TRQ MED
TRQ EXT

)
)
)
)
)
)
)
)

XX [ ) NG MNT
XXX

ENGINE POWER CHECK

NG XXX.X NF  XXXXX

t4 XXX Zp XXXXX Pg

TRQ XXX.X OAT XX.X - 1\

XX
t4 MARGIN TRQ MARGIN + \l/
8

- XXX - XXX.X

GOOD BAD

EXIT ---> PRESS RESET

FADEC DATA

NG TOP XXX.X % | TO

NG MCP XXX.X % | PO

NG LIM XXX.X % | STATUS

t4 - XXX °C| LOGOUT 1
IAS XXX Km/h | LOG OUT 2
TRIM NF XXX.X % | LOG IN
COL. PITCH XXX.X 9% | FAIL 1

P3 XX.XX bar | FAIL 2

FF XXX I’h

BV/HSPD/IRS XIXIX BOOLEAN
P2 H/D/ASF P/ASF N XIXIXIX BOOLEAN

EXIT ---> PRESS RESET

MISCELLANEOUS INDICATIONS - VEMD - OPERATION (3)
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9-STARTING

- SHArtiNg SYSLEM ..o 9.2

- Starter-generator ..o, 9.6

- Ignition system (74-00-00)........cccceeeevciieeeeeeccieeee e 9.8

- Ignition unit (74-11-10) ....ooeeriiieeee e 9.10

- Ignition cables (74-24-10) ........ccccceeeeeciieeee e 9.12

- Igniter plugs (72-43-00) .......cocccieeeeeieiieeee e 9.14t09.15

(XX-XX-XX): Page references which deal with the subject in the maintenance documentation.
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STARTING SYSTEM - GENERAL -
DESCRIPTION

Function

The starting system ensures starting (on theground and in
flight) and dry crank of theengine. Itincludesthefollowing

functions: cranking, fuel supply, ignition and sequential
control.

Position
All the starting accessories are installed on the engine

excepttheEECU whichisingtalledintheaircraft. Indicating
and control components are aircraft components.

Main characteristics

- Starting envelope: refer to flight manual

- Start duration: between 25 and 30 sec

- Max dry crank time: < 20 sec

- Stabilisation time before shut-down: 60 sec at idle
- Run-down time: > 30 sec from 67 to 0 % N1

- Max t4.5 during start: refer to flight manual.

For training pur poses only

Main components

- Inthe cockpit:

» Sop/ldie/Flight selector (2B)
On/Off (2B1)
Auto/Manual selector
Dry crank push button
Circuit breakers

- Inthe aircraft:
e Starter contactor
e Accessory relay
e EECU

- Onthe engine:
» Starter generator
 Ignition system
» Start electro-valve
e Stop electro-valve.

9.2
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Starting envelope:
Refer to Flight Manual

Start duration:
Between 25 and 30 sec

Max dry crank time:
<20 sec

Stabilisation time
before shut-down:
60 sec at idle

Run-down time:
> 30 sec from 67 to 0 % N1

Max t4.5 during start:
Refer to Flight Manual

Flight ~ ON \% )
Idle —
- orFr ~
ENGINE
SELECTOR
(2B1)

Stop

ENGINE
SELECTOR
(2B)

[ > | <

"AUTO" / "MANUAL"
SELECTOR

(=9

"DRY CRANK"
PUSH BUTTON

¢

CIRCUIT-BREAKER

COCKPIT COMPONENTS

=

STARTER
CONTACTOR

ACCESSORY RELAY

| §
STARTER-GENERATOR

1 b

IGNITION UNIT AND
IGNITER PLUGS

I

START ELECTRO-VALVE

i

STOP ELECTRO-VALVE

N\

ENGINE COMPONENTS

STARTING SYSTEM - GENERAL - DESCRIPTION
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STARTING SYSTEM - OPERATION

This section deals with operating sequences associated
with the starting system: start, shut-down and dry crank.

Starting cycle

The starting cycleis characterised by the evolution of the
engine parameters, especially the rotation speed and the
gas temperature.

The main points of the starting cycle are:
- Start selection

- Self-sustaining speed (de-energisation of the starter and
ignition unit)

- End of start (stabilisation at idle speed).
Shut-down cycle

This cycle comprises the following points:
- Stabilisation at idle speed

- Stop selection

- Run-down and stop.

For training pur poses only
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Dry crank cycle

A dry crank consists of cranking the rotating assembly
without supplyingfuel orignition (dry crank). Itisusedfor
cooling the engine or for maintenance procedures.

The dry crank cycle comprises the following phases:
- Dry crank selection
- Cranking of the rotating assembly

- End of dry crank and run-down.

Note: Dry crank time is limited to 20 sec. to avoid
over heating of the starter motor.

9.4
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N1 speed .
1+ STARTER Starter- Stop selection

>
I CONTACTOR generator Stabilisation

DRY CRANK SELECTION at idle speed
>
+ ACCESSORY P | starting
RELAY accessories

Run-down

> |
START ?
EECU '
SELECTION :
t4.5 gas Time
. temperature SHUT-DOWN CYCLE
N2idle ¢ - - - ___ 4 - !
Dry crank cancel
N1 speed
~\ | , .
4 |
[ > | =
1 = - - - . E
Nlidle ¢----f--- - o oo !
./ ;
Self-sustaining / :
speed |~/ ST !
Selection _ :
Time Selection (20 sec. max) Time
STARTING CYCLE DRY CRANK CYCLE
STARTING SYSTEM - OPERATION
For training pur poses only 95
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STARTER-GENERATOR

Function

Thestarter motor cranksthegasgenerator rotating assembly
during starting and dry crank.

At the end of starting and when the rotation speed is
sufficient, thestarter operatesasaDirect Current generator.

Position

- Ontheengine: onthefront faceof theaccessory gearbox.

Main characteristics

- Supplied by aircraft manufacturer
- Type: starter-generator

- Supply: 28 VDC.

Description

The starter main components are:
- The starter (starter-generator)

- The mounting flange

- The supply terminals.

For training pur poses only
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Operation

Engine cranking (starter)

When"START" isselected thestarter contactor closesand
connects the aircraft DC bus bar to the starter.

The starter then cranks the rotating assembly through the
accessory drive train.

Thetorque on the starter shaft isinversely proportional to
the gas generator speed and will be higher when the
atmospheric temperature is low.

The N1 increases up to self-sustaining speed (45 %) at

which point the torque becomes negative. The supply to
the starter is cut by the opening of the starter contactor.

Generator operation

When self-sustaining speed is reached, the starter then
operates as an electrical DC generator and supplies the
aircraft electrical system.

9.6
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SUPPLY
TERMINALS

MOUNTING
FLANGE

STARTER
(starter-generator)

SUPPLIED BY
AIRCRAFT MANUFACTURER

Type:
Starter - generator

Supply:

START 28 VDC
TORQUE

S Decreasing ambient
~ o temperature

~
/ ~
~

GAS GENERATOR
N1 ROTATION SPEED

,O

T
Self-sustaining speed 45 %
'\

hd hd
STARTER GENERATOR

U
= -
+G
Ex

%;jll
+VD(/ + Eq ==

SUPPLY TO SUPPLY TO THE
STARTER RELAY A/C CIRCUIT

STARTER-GENERATOR
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IGNITION SYSTEM

Function

Thissystem ensurestheignition of thefuel sprayed by the
start injectors into the combustion chamber.

Position

All the ignition system components are installed on the
engine, except the electrical supply circuit.

Main characteristics
- Type: High Energy (HE)
- Supply voltage: 28 VDC.

Description

The ignition system includes the following components:
- 1 doubleignition unit

- 2ignition cables

- 2igniter plugs.

For training pur poses only
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Operation

Thesystemiselectrically energisedfromthestart selection
until self-sustaining speed is reached (45% N1).

During this period sparks are provided between the
electrodes of the igniter plugs.

9.8
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A\S

Type:
High Energy

Supply voltage:
28 VDC

IGNITER IGNITION IGNITION
PLUG CABLES UNIT

IS

T

<\

@

IGNITION SYSTEM

For training purposes only
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IGNITION—_|

\

POWER
SUPPLY
CABLE

IGNITER
PLUG
\\\\\\IGNFHON
CABLE
| @) |
O O
o
O O
]
il
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IGNITION UNIT

Function Operation

The ignition unit transforms the input voltage into a high Theignition unitissupplied with 28 VDC, it changesthis

energy output. to a high energy voltage which is delivered to the igniter
plugs through the ignition cables.

Position

- Inthe system: connected to aircraft accessory relay

- On the engine: mounted on a support at the front right
part of the engine.

Main characteristics

- Type: High Energy (HE).

Description

Theignition unit includes the following componentsin a
sealed box:

- Aninput connector (28 VDC)
- Two connectors (HE) for the 2 plugs

- 2 mounting brackets.

For training pur poses only 910
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A\

OUTPUT CONNECTORS (HE)
(connection with the 2 igniter plugs)

OUTPUT CONNECTORS (HE) IGNITION Identification MOUNTING
(connection with the 2 igniter plugs) UNIT plate BRACKET

Type:
High Energy (HE)

IGNITION INPUT CONNECTOR
UNIT (connection with the 28 VDC supply)
INPUT CONNECTOR
(connection with the 28 VDC supply)
For training pur poses only 911
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IGNITION CABLES

Function

The ignition cables supply the high energy current
(produced by the ignition unit) to the igniter plugs.

Position
- In the system: between the ignition unit and the plugs

- On the engine: on the front upper part of the engine.

Main characteristics

- Type: multi-core nickel-plated copper wire
- Quantity: 2 identical independent cables

- Shielding: triple braided.

For training pur poses only

Description
An ignition cable includes:

An internal conductor

An outer shielding (stainless steel braid)

Two stainless steel rigid end fittings

Two electrical connectors

» Oneigniter plug connector (ceramicinsulator, spring

and nut)

* Oneignitionunit connector (tefloninsulator, silicone

joint, spring and nut).

© Copyright - TURBOMECA Edition: March 2003
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® W

ELECTRICAL CONNECTOR
(to the igniter plug)

ELECTRICAL CONNECTOR
(to the ignition unit)

]

ELECTRICAL IGNITION ELECTRICAL
CONNECTOR CABLES CONNECTORS
(to the igniter plug) (to the ignition unit)

Type:
Multicore nickel-plated
copper wire

Quantity:
2 identical
independent cables

/

IGNITION CABLE
(wire and shield)

Shielding:
Triple braided

IGNITION CABLES

For training pur poses only o 913
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IGNITER PLUGS

Function

Theigniter plugs produce sparksto ignitethefuel sprayed
by the start injectors.

Position
- Inthe system: at the end of each igniter cable

- On the engine: mounted beside the start injectors on
either side of the combustion chamber casing.

Main characteristics
- Type: High Energy (HE), surface discharge
- Quantity: 2.

For training pur poses only
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Description

An igniter plug comprises:

An external body connected to the negative terminal

A semi-conductor fitted in the tip of the plug

An insulator

A central electrode connected to the positive terminal

An electrical connector for connection to the ignition
unit

Mounting flange (2 bolts on the power turbine boss)

Seals and spacers (depth adjustment).

Operation

The high energy current produced by the ignition unit is
supplied to the central electrode of the igniter plug. It
discharges, across the semi-conductor to the plug body
causing a powerful spark.

This spark ignites the air fuel mixture sprayed into the
combustion chamber by the two start injectors.

9.14
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\\\‘ )

ELECTRICAL CONNECTOR
(connection with the ignition unit))

MOUNTING
FLANGE

o EXTERNAL
IGNITER Start injectors BODY
PLUG
) y
IGNITER IR <
PLUG , > q A
Spark < \
7 SEALS AND
Insulator SPACERS
CENTRAL Semi-
ELECTRODE conductor
, (+)
Type:
High Energy (HE),
COMBUSTION surface discharge
CHAMBER _
Quantity:
DESCRIPTION 2 OPERATION
For training pur poses only 915
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- Electrical system (71-51-00)......c.cccceceveieeeeeeicieeee e, 10.2
- Alternator (72-61-00)........ccccceviiiieeeeieieeee e 10.4
- Electrical harnesses (71-51-00) ........cccccceeeeeciveeeeeeennee, 10.10t0 10.11

(XX-XX-XX): Page references which deal with the subject in the maintenance documentation.
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ELECTRICAL SYSTEM

Function Note: Theaccessoriesaredealtwithinthecorresponding

The system contributes to the various indicating and
control functions of the engine:

Control

Control system

Safety system

M aintenance aid.

Main characteristics
- Direct current: 28 VDC from aircraft electrical system
- Dedicatedaternator el ectrical power: 100VA,48VAC.

Main components

Engine el ectrical components (accessories and sensors)

Control and indicating components (aircraft)

EngineElectronic Control Unit (installedintheairframe)

Electrical harnesses.

For training pur poses only .
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CONTROL Direct current:
AND INDICATING 28 VDC from aircraft
‘N__—— COMPONENTS electrical system

Dedicated alternator
electrical power:
100 VA, 48 VAC

x ACCESSORIES

AND SENSORS
ELECTRICAL

HARNESSES

ENGINE ELECTRONIC
CONTROL UNIT

ELECTRICAL SYSTEM
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ALTERNATOR - GENERAL

Function

Thealternator provides el ectrical power and N1 signalsto
the EECU.

Position

- Ontheengine: ontherear face of theaccessory gearbox.

Main characteristics

- Type:
2B: three phase alternator, permanent magnet rotor

2B1: three phase double alternator, permanent magnet
rotor

- Power: 100 VA
- Output voltage: <48 VAC.

For training pur poses only
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Main components

- Drive shaft

Mounting flange

Alternator body
- Rotor

- 2B: one €electrical connector (connection with the
EECU)

- 2B1: two €lectrical connectors (connection with the
EECU).

Note: Therotor is mounted on the drive shaft.

10.4
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Type:
Permanent magnet rotor
- 2B: 3 phase alternator
-2B1: 3 phase double

alternator

ELECTRICAL
CONNECTORS
(connection with the EECU)

Power:
100 VA

Output voltage:
<48 VAC

J

Drive shaft
MOUNTING
FLANGE

(N1)
Rotor
. (permanent magnet)
(mounting on

accesory gearbox)

ALTERNATOR
(2B1)
Identification
plate

ELECTRICAL

AL TE(IZI;I;\ TOR CONNECTOR
(connection with the EECU)

ALTERNATOR - GENERAL
10.5
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ALTERNATOR (2B) - DESCRIPTION -
OPERATION

Description

The alternator is secured by 3 screws on the rear face of
the accessory gearbox. The flange has threaded holes for
extraction.

It includes the following components:

- Arotor mounted on the drive shaft. It is provided with
permanent magnets (8 poles)

- A stator formed by a three phase winding located
around the rotor

- An dectrical connector for the connection with the
EECU (electrical supply to the EECU).

Operation

Thealter nator transfor msthe mechanical power available
on the drive shaft into electrical power.

This electrical power supplies the EECU.

The three phase voltage is rectified through a Graetz
bridge housed in the EECU.

The output frequency is used by the EECU asan N1 back-
up signal.

For training pur poses only
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EECU électrical supply

TheEngineElectronic Control Unitiselectrically supplied
either from the aircraft + 28 VDC bus bar or from the
engine alternator as follows:

- The aircraft + 28 VDC bus bar is used alone during
starting and in the event of an alternator failure during
flight

- The engine alternator is used above approx. 60 % N1
(normal operation)

- The EECU switches automatically from the aircraft
supply to the alternator supply without any affect onits
operation.

10.6
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ELECTRICAL CONNECTOR ALTERNATOR ALTERNATOR
(connection with the EECU) BODY (supplies the EECU with three
phase alternating current)
A
f Stator Rotor »

EECU
MOUNTING FLANGE (rectified three phase current)

(secured by 3 screws on

the rear face of the STATOR 128 VDC \---
accessory gearbox) (3 phase winding) .
‘ »’_I_" é'"
ROTOR Igternlal
(permanent magnet ; Upply
8 poles)
DESCRIPTION OPERATION
N1
PRINCIPLE OF EECU
ELECTRICAL SUPPLY 0% =60 % 100 %
Normal operation 28 V bus bar Alternator
28 VDC bus bar failure Alternator
Alternator failure 28 V bus bar 28 V bus bar

ALTERNATOR (2B) - DESCRIPTION - OPERATION

For training pur poses only o 107
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ALTERNATOR (2B1) - DESCRIPTION -
OPERATION

Description

The alternator is secured by 3 screws on the rear face of
the accessory gearbox. The flange has threaded holes for
extraction.

It includes the following components:

- Arotor driven by the accessory drive train (N1). It is
provided with permanent magnets (8 poles)

- Two stators formed by two windings (A and B) with
stator winding located at each side of therotor. Onefor
channel A and one for channel B

- Twoelectrical connector sfor connectionwiththeEECU,
one connector for each channdl.

- The windings, all wiring and the connectors for each
channel are separate and insulated from one another.

Operation (for onewinding, A or B)

Thealternator transfor msthemechanical power available
on the drive shaft into electrical power.

This electrical power is supplied to a channel of the
EECU.

For training pur poses only
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The three phase voltage is rectified through a Graetz
bridge housed in the EECU.

Theoutput frequency isused by thechannel asan N1 signal
for fuel flow control etc.

EECU electrical supply

TheEngineElectronic Control Unitiselectrically supplied
either fromtheaircraft 28 VDC busbar or fromtheengine
alternator as follows:

- Bytheaircraft 28VVDCbusbar aloneduringstartingand
in the event of an alternator failure

- By the engine alternator above approx. 60 % N1.

The EECU switchesautomatically fromtheair craft supply
tothealternator supply without any effect onitsoperation.

10.8
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ELECTRICAL CONNECTORS ALTERNATOR Stator Stator
(connection with the EECU) BODY winding B winding A
Channel :
BUS BAR A -
+28VDC
STATOR STATOR
WINDING B WINDING A I *
—
Channel :
MOUNTING FLANGE B <
(secured by 3 screws on \ ROTOR EECU DOUBLE ALTERNATOR
the rear face of the (permanent magnet ; (supplies the EECU with three
accessory gearbox) 8 poles) phase alternating current)
DESCRIPTION OPERATION
N1
PRINCIPLE OF EECU
ELECTRICAL SUPPLY 0% =60 % 100 %
Normal operation 28 V bus bar Alternator
28 VDC bus bar failure Alternator
Alternator failure 28 V bus bar 28 V bus bar

ALTERNATOR (2B1) - DESCRIPTION - OPERATION

For training pur poses only o 109
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ELECTRICAL HARNESSES

Function

Theharnessesconnect the engineel ectrical componentsto
the EECU and the aircraft circuit.

Main characteristics

- Cable type: shielded or double-shielded
- Type of connectors: threaded, self-locking.

Main components

Two engine harnesses:
- 1l engineto EECU harness (P201 and P203 connectors)

- 1 engineto Aircraft harness (P100 connector)
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Engine responsibility

Type of connectors:
threaded, self locking

ELECTRICAL HARNESSES
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11-ENGINE INSTALLATION

- Enginecompartment .........ccocccoee e 11.2
- Engine mounting and handling..........cccccceeeieeeenee. 11.4
- Air intake and exhaust system .........ccccceeeeeeveeeeeeeinee, 11.6
- Engine system interfaces.........coocceeeveciieee e 11.8
¢ Ol SYStEM ..o 11.8
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o Electrical System........cooceeeeiicciee e, 11.14
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(XX-XX-XX): Page references which deal with the subject in the maintenance documentation.
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ENGINE COMPARTMENT

Function Description

The engine compartment houses the engine. The engine compartment includes the following
components:

Position - Thefirewalls:

- At therear of the helicopter main gearbox.

Main characteristics

- Insulated compartment

- Compartment ventilation by air circulation.

Main components
- Firewalls
- Cowlings

- Support platform.

For training pur poses only
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e Front firewall
* Rear firewall

- Rear fairing
- Engine cowling which includes the air intake grill.

The compartment ventilation is ensured by air circulation
in order to maintain an acceptable temperature in the
various areas.
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ENGINE COWLING

Air intake

snecma group
REAR FAIRING .
(-~

FRONT
FIREWALL

N\
X/Q
Gearbox

drive passage
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Compartment ventilation

by air circulation
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ENGINE COMPARTMENT
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ENGINE MOUNTING AND HANDLING

Function

Theenginemountingsattachtheenginetotheaircraft. The
lifting brackets permit engine lifting.

Position

Engine mounting

- Front mounting: on the support casing front flange
- Rear mounting: two clamps on the protection tube.
Enginelifting

- Two lifting brackets at the junction of the compressor
and combustion chamber casings

- Onelifting bracket onthe mountingflange of theexhaust
pipe.
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Functional description

Thefront support isensured by aring of bolts through the
front flange of the front support casing into the main
gearbox input casing.

Therear support is ensured by means of a cradle and two
clamps on the protection tube.

The lifting brackets permit the installation of a lifting
ding.

Note: Thepower transmissiontriangular flangeislocated
in the front support casing.

11.4
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FRONT LIFTING
BRACKETS

N

snecma group
X
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MOUNTING BY THE
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CASING FLANGE

POWER
TRANSMISSION
FLANGE
FRONT MOUNTING REAR MOUNTING
(aircraft manufacturer's supply)
ENGINE MOUNTING AND HANDLING
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AIR INTAKE AND EXHAUST SYSTEM

Air intake

Function

The air intake system directs the ambient air into the
engine.

Position
- Infront of the engine.

M ain characteristics

- Type: dynamic, annular
- Air flow: 2.5 kg/s (5.5 Ibs/sec.).

Main components

- Helicopter air intake
- Air duct.

Functional description

A circular flange on the compressor casing permits
connection of the aircraft air duct.

The admission of air can be made through a static or a
dynamic intake which can be provided with protection
devices (filters, anti-icing...).

A pressurized seal can also be fitted to improve the
connection sealing. Some versions are provided with a
connection for compressor washing.
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Exhaust system

Function

Theexhaust system dischargesthe exhaust gasoverboard.
Position

- At therear of the engine.
Main characteristics

- Type: annular.

Main components

- Engine exhaust pipe

- Exhaust extension (air frame).
Functional description

The exhaust expel sthe gasesdirectly but it can be adapted
to the aircraft by means of an extension.

The extension is supplied by the aircraft manufacturer. It
issecured by aring of boltsat therear of theengineexhaust

pipe.

11.6
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N\ V4 N\ V4

V L V
AIR INTAKE Air intake EXHAUST SYSTEM

- Type: dynamic, annular
- Air flow: 2.5 kg/s (5.5 Ibs/sec.)

Exhaust system
- Type: annular

AIR INTAKE AND EXHAUST SYSTEM
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ENGINE SYSTEM INTERFACES (2)

Oil system

Theoil system hasthree interfaceswhich are installed on
the front firewall, inside the engine compartment.

The oil system interfaces are:
- Oil outlet line to the oil cooler

- Oil supply lineto the oil pump pack. The oil supply line
isfitted with adrain plug on the interface

- Engine breathing and oil tank vent line.
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ENGINE SYSTEM INTERFACES (2)

Fuel system
The engine is provided with:
- A fuel system inlet union

- Afuel returnline(start purgeandinjectionwheel purge)
back to the tank.
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FUEL SYSTEM
ENGINE SYSTEM INTERFACES (2)
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ENGINE SYSTEM INTERFACES (3)
Drain system - Purge - Air vent

Function

To drain fluids from certain engine components.

Position

- Variouspipelinesontheengineconnected totheaircraft
drain system.

Main characteristics

- Stainless stedl tubes.

Main components

- Combustion chamber drain valve
- Engine breather union

- Fuel pump drivedrain

- Injection wheel purge

- Start purge valve outlet

- Exhaust pipe drain

- Output shaft seal drain.
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Description

A drain collector isfitted on abracket at the bottom of the
accessory gearbox casing and is connected by a flexible
pipe to an aircraft drain.

Three drain tubes are connected to the drain collector:
- The output shaft seal drain

- Thefuel pump drive drain

- The combustion chamber drain.

Theenginebreather comprisesaT unionontheupper right
side of the accessory gearbox. Connected to the front of
thisunion isthe oil tank breather and to the rear, the pipe
which discharges into the exhaust.

Theinjectionwheel purgedrainand start purgevalvedrain
connect to the aircraft to be returned to the tank.

The double exhaust pipe drain connects into one pipe
which is connected to an aircraft overboard drain.

11.12
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ENGINE SYSTEM INTERFACES (4)

Electrical system

The engine electrical harness is connected to the EECU
installed in the airframe and to the aircraft electrical
system by means of three connectors (P100, P201, P203).

Thereare al so earthing stripsand starter-generator cables.
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FIRE DETECTION

Function

The fire detection system detects overtemperature in the
engine compartment and gives a cockpit indication.

Position
- One detector on the right of the accessory gearbox

- One detector on top of the pump and metering unit
assembly

- One detector on the rear flange of the combustion
chamber casing left side.

Main characteristics

- Sealed bi-metallic strip detectors.

Main components
- Three detectors
- Electrical harness

- Detection logic system and indication in airframe.
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Functional description

Each fire detector comprisesa bimetallic detector sealed
in asteel tube.

Each detector isfitted by three bolts.

The two detectors on the accessory gearbox are set at:
200 °C (392 °F).

The one on the gas generator is set at: 400 °C (752 °F) .

11.16
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OPERATING LIMITATIONS

All operating limitations are defined in the official
documents:

- Flight manual

- Maintenance manual(s).

The main engine limitations are:
- Flight envelope

- Gas generator rotation speed N1
- Power turbine rotation speed N2
- t4.5 gas temperature

- Torque

- Miscellaneous (load factors, vibration...).

The systems general limitations are:

- Pressure, flow, volume, voltage...
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ENGINE AND SYSTEM
LIMITATIONS

- Flight envelope

- N1 rotation speed

- N2 rotation speed

- t14.5 gas temperature

- Torque

- Miscellaneous (load factors,
vibration...)

- Pressure, flow, volume,
voltage...

OPERATING LIMITATIONS
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OPERATING PROCEDURES (1)

The operating procedures are considered for training
purposes only. Refer to the aircraft manual.

Pre-start checks

- Inspections, checks...

2B: Starting

- Power "On"
- Move selector to "Idle"

- Theengine startsand acceleratesto idle speed (=67 %
N1). During start, check: N1, N2, t4.5, oil Pr and t°

- Selector moved to "Flight".
The engine accelerates up to nominal rotor speed.

Note: Sarting can be selected by placing the control
lever directly to the "flight" position.

2B1: Starting

- Power "On"

Move twist grip to "Idle"

Selector to "ONn"

The engine starts and accelerates to idle speed
(=68 % N1)

Twist grip moved to "Flight".

The engine accelerates up to nominal N2 speed.

For training pur poses only
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Shut-down
- After stabilisation: at idle

- Selector to "Stop". The engine shuts down: check the
rundown time.

Dry crank
Ensurethat N1 < 10 %

- Selector to " Stop”

- Press dry crank button (and maintained). The engine
accelerates without ignition and fuel: dry crank should
not exceed 20 seconds

- Release dry crank push button.

Relight in flight
- Move selector to "Stop" and return to "Flight".

Note: Wait until N1 has decelerated. The start will
commence automatically when the N1 islessthan
17 %.

12.4
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PRE-START CHECKS

The operating
procedures are considered
for training purposes only.
Refer to the aircraft manual.

- Inspections, checks...

STARTING (2B)

- Power "On"
- Move selector "Stop - Idle - Flight" to "Idle"
- Selector moved to "Flight"

SHUT DOWN

- After stabilisation: at idle

Flight ON T o
STARTING (2B1) 9 ~ ~ - Selector to "Stop _
- Check the rundown time
- Power "On" idle —
- Move twist grip to "Idle"
- Selector to "On" Stop - ofFF
- Twist grip moved to "Flight" 2B VERSION 2B1 VERSION
DRY CRANK

RELIGHT IN FLIGHT

- Selector to "Stop"

- Press Dry crank push button
(and maintained)

- Ventilation should not exceed
20 seconds

- Release dry crank push button

- Move selector to "Stop" and
return to "Flight"

OPERATING PROCEDURES (1)
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OPERATING PROCEDURES (2)

Flight
- Selector in "Flight" position

- Automatic control: monitor engine parameters and
especialy the N1 indication.

2B: Control system total failure

The fault is indicated and the manual control procedure
can be applied ("plus® and "minus"' range): close
monitoring of parameters.

2B1: Control system total failure

If both EECU channels can not control fuel flow, the N2
speed will be automatically maintained at 100 % by the
automatic back-up control system.
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2B: Training to control system failure
- "Manual" selection of the "Manual " / " Auto" selector

- Manual control procedure.

Note 1: Returntonormal mode possibleat any time but
preferably from a stable condition.

Note2: If the manual control procedure is applied
without selecting " Manual™, the oper ating mode
isthe "mixed mode".

2B1: Automatic backup test procedure

On the EC 130, a periodic test of the automatic back-up
control system must be carried out.

This procedure is described in the flight manual and
requires selection of manual mode to test the system.

12.6
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TOTAL FAILURE (2B)

Range (Training to manual mode)
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OPERATING PROCEDURES (2)
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13-VARIOUSASPECTSOF
MAINTENANCE

- Maintenance CoONCEPL .......cocevvcivieeeeeeeiieee e 13.2
-TBOsand lifelimits.......cccccoe e, 13.4

- Preventive maintenancCe..........ccccceeeecvveeeeeeccvveeee e 13.6

- " On-condition” MONItOriNg......cccceeevciieeeee e 13.8

- Corrective maintenanCe..........coceeeeeecvveeeeeeecrreee e e 13.10

- Technical publications ..........cccocceeiviiieee e, 13.121013.15
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MAINTENANCE CONCEPT

I ntroduction

Theengineisdesignedto haveahighavailability ratewith
reduced maintenance.

The main aspects of the maintenance concept are the
following:

Effective modularity

Good accessibility

Reduced removal and installation times
On-condition facility

Quick repair.

M aintenance levels
Four maintenance levels can be considered:

First line maintenance: engine installed on the aircraft
(Olevd).

- Scheduled and preventive maintenance
» Checks and inspections
e Lifelimit or completed TBO removal

- Corrective maintenance
 Fault detection
e Component replacement (LRU)
e Check.

For training pur poses only
© Copyright - TURBOMECA

Edition: March 2003

Second line maintenance: engine maintenance in shop
(I level).

- Corrective maintenance: SRU and moduleremoval and
installation.

Third line maintenance: deep maintenance which
involves module repairs (H level).

- Corrective maintenance: component replacement.

Fourth linemaintenance: overhaul andrepair in specific
shop (D level).

- Maintenance scheduled when the TBO is completed or
when the life limit of a component is reached
- Corrective maintenance.

Other aspects of maintenance

Refer to the following pages.

Notel: LRU - Line Replaceable Unit
SRU - Shop Replaceable Unit.

Note2: The maintenance steps are determined by the
operator taking into account thedifficulties, the
personnel and logistic considerations.

Asfar astheenginemanufacturer isconcerned,
the current maintenance procedures (1%, 2™
line) are defined and described in the
maintenance manual. Deep maintenance (3
line) and general overhaul (4" line) are
describedin other documentsand are subject to
particular license agreements.

13.2
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MAINTENANCE LEVELS

Rt S ,,M\W*“*‘

N“l
—L)
1°' LINE MAINTENANCE 2" LINE MAINTENANCE 3" LINE MAINTENANCE 4" LINE MAINTENANCE
(O level) (I'level) (H level) (D level)
(engine installed on aircraft) (engine removed) (engine removed) (engine removed in specific shop)
- Scheduled or preventive - Corrective maintenance - Deep maintenance - Scheduled maintenance
maintenance (modules, SRU) (overhaul, repair)
- Corrective maintenance - Corrective maintenance
\ / \ / \ /
Maintenance Manual Maintenance Technical Overhaul Manual
Instruction
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TBOSAND LIFELIMITS

Engine, module and accessory TBOs

TBOs (operating Time Between Overhauls) are defined
for the engine, the modules and some accessories. These
TBOs, determined by tests and experience, are subject to
an extension programme.

The TBO is expressed in operating hours.
Component life limits

Certain components (mainly rotating parts such as
compressor, turbines, injection wheel...) havealifelimit
which requires the part to be scrapped when the limit is
reached.

Thelifelimit is expressed in operating cycles.
Calendar limits

The calendar limit is the time (expressed in years) after
which the complete engine, module or part subjected to
caendar limit has to be returned to the factory or an
approved repair center.

Thecount startsat theenginefirstintallationintheaircraft
(since new, overhaul or repair).

Counting of hoursand cycles

A cycle is a clearly defined operating sequence. Cycle
countingiseffected either manually or automatically. The
method of counting cycles and the various limits are
described in Chapter 5 of the maintenance manual.
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A counting check (comparison betweenautomatic counting
and manual counting) isaprocedureplannedintheperiodic
mai ntenance.

A simple check can be carried out by comparing the two
engine readings for a given period of operation.

TBO components (flight hours)

The TBO is expressed in operating hours:
- Engine

- Modules

- Some accessories.

Lifelimited components (N1 or N2 cycles)

Life limits are expressed in operating cycles:

- Axia and centrifugal compressors (N1 cycles)
- Injection wheel (N1 cycles)

- Turbines (N1 or N2 cycles).

Consumable and repairable components
(examples)

- Oil pumps (repairable)

- EECU (repairable)

- Igniter plug, start injector (consumable).
On-condition components (examples)

- Engine, engine components, ...

13.4
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TBO COUNTING
- Engine - Manual counting
- Modules - Automatic counting
- Accessories - Counting check

LIFE LIMITS

Cycles for:

- Compressors
- Turbines

- Injection wheel

CALENDAR LIMITS

Time limits:
- Engine

- Modules Display in
- Accessoires the cockpit
(since new, overhaul or repair)

AUTOMATIC COUNTING

TBOs AND LIFE LIMITS
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PREVENTIVE MAINTENANCE

Preventive maintenance includes the procedures which
must be systematically carried out and the procedures
which are recommended.

Refer to maintenance manual (chapter 05-20-00).
Servicing inspections

- Inspection before the first flight of the day
- Inspection after the last flight of the day.

Periodic inspections

- These procedures can be "blocked" (at fixed intervals
for all the procedures) or staggered (each procedure is
distributed over aperiod of timetoreducetheturnaround
time while still respecting the intervals)

- Visgits are scheduled as a function of flight hours (ex:
every 500 hours) or calendar (ex: 2 years)

- Special inspections:
 Particular inspections
* Inspections according to airworthiness.

The procedures are also qualified as follows:
- Mandatory maintenance inspections.

The actions to be carried out to meet the Airworthiness
objectives are listed in the table of the mandatory
maintenance tasks.
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- Required maintenance inspections.

The engine manufacturer considers that the tasks of the
required maintenance inspections, listed in the table,
although not affecting directly the flight security, must
be performed.

- Recommended maintenance inspections.

Thetasksof therecommended maintenanceinspections,
listedinthetabl e, areadvised by theenginemanufacturer
in order to improve the reliability, the availability and
reduce the operating cost of the engine.

Main inspection points of preventive maintenance
- Visual inspections

- Run-down check

- Magnetic plug and filter inspection

- Oil sampling for analysis

- Oil level checks

- Compressor cleaning (accordingto operating conditions)
- Operating checks and ground run test

- EECU data operation:
* Hour counting check
» Cycle counting check
* Mode check.

13.6
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SERVICING INSPECTIONS

- Inspection "after the last flight of the day"

- Inspection "before the first flight of the day"

REFER TO
MAINTENANCE MANUAL

PERIODIC INSPECTIONS

- Procedure "blocked" or "staggered"
(flight hours or calendar schedule)
- Special inspections

- Mandatory
- Required
- Recommended

MAIN INSPECTION POINTS

- Visual checks

- Run-down check

- Inspection of filters

- Inspection of magnetic plugs

- Oil sampling (for analysis)

- Oil level (and replenishment if required)
- Compressor cleaning (depending on operating conditions)
- Ground run test

- EECU data operation

PREVENTIVE MAINTENANCE
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ON-CONDITION MONITORING

When applying on-condition maintenance, themaintenance
procedures are carried out according to the condition of
enginecomponents. It requiresamonitoringwhichincludes
appropriate procedures studied during the engine design.

Objectives of on-condition monitoring

The objective is to increase safety and to reduce
mai ntenance costs.

Thisisobtained asthemonitoringensuresanearly diagnosis
of anomalies which could have seri ous consequences; on
theother hand, monitoring avoidsunnecessary maintenance
tasks.

On-condition monitoring resources

On-condition monitoring impliesan appropriate design of
the engine which allows the use of monitoring tools.

The following procedures are avail able:

- Borescopicinspection: thispermitsinspectionof internal
parts which are not accessible without disassembly:
compressor, combustion chamber andturbine. A special
tool isused to allow direct visual inspection of the parts.

For training pur poses only
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L ubrication oil check: variousmethodsare used to check
for thecontamination of theoil (magnetic plugs, strainers
sampling). Samples of oil aretaken at regular intervals
and the samples are analysed to measure the
contamination and anticipateincipientfaillures(analysis
by magnetoscopy, ferrography, spectrometric oil
analysis)

Vibration level check: thevibrationlevel of therotating
assemblies gives an indication of the engine condition.
Sensorsinstalled at given pointsare used to measurethe
vibration level. Thistype of check is carried out during
periodic inspections or according to engine condition

Health monitoring: themonitoringisensured by means
of the Engine Electronic Control Unit (refer to
"CONTROL SYSTEM" chapter and Flight Manual)

Visual inspection: conventional visual inspections are
also considered for on-condition monitoring (air intake
inspection, exhaust pipeinspection, exhaust and engine
external inspections...).

13.8
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OBJECTIVES OF
ON-CONDITION MONITORING

- To increase safety
- To reduce maintenance costs

= BORESCOPIC INSPECTION T VIBRATION CHECK @ STRAINERS

HEALTH MONITORING :’@D MAGNETIC PLUGS <(—> VISUAL INSPECTION @ OIL SAMPLING

ON-CONDITION MONITORING
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CORRECTIVE MAINTENANCE

Objective of corrective maintenance

Theobjectiveisto put the engine back into normal service
as soon as possible. Corrective maintenance includes all
procedures which must be carried out when required
(failure, fault...). Itimpliesgeneral and particular activities.

Corrective maintenance main tasks

- Fault finding (refer to Maintenance Manual or Trouble
Shooting Manual: Chapter 71.00.06)

- Functional checks
- Condition checks

- Removal and installation: removal and installation of
the complete power plant, of the accessories and of the
modules and of some engine components as required.

Note: Assembly and disassembly of the engine is dealt
with in general overhaul and repair.

- Adjustments
- Miscellaneous procedur es. cleaning, storage...
- Repair or replacement

- Particular instructions: for example, proceduresinthe
event of oil contamination, surge, heavy landing, handling
accident, lightning...

For training pur poses only 1310
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OBJECTIVES OF CORRECTIVE
MAINTENANCE

- To put the engine back into normal
service as soon as possible

CORRECTIVE MAINTENANCE
MAIN TASKS

- Fault finding

- Functional and condition checks

- Removal and installation

- Adjustments

- Miscellaneous procedures (cleaning, storage ...)
- Repair (or replacement)

- Particular instructions

CORRECTIVE MAINTENANCE
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TECHNICAL PUBLICATIONS- GENERAL

This part deals with the engine technical documentation.

Operation documents
The operation documents are:
- The control documents (e.g.: flight manual)

- The management documents:
» Engine log book (records and provides information
on the engine status).

M aintenance documents

- Thecurrent mai ntenancedocumentsarethefollowing (1%
and 2" |ines):
e Maintenance manua (describes the engine and its
systems and all the maintenance procedures)

* Service bulletins (approved by the authorities, and
issued toinformtheoperatorsof amodification or an
instruction which affects the operational aspects)

* Service letters (letter sent to inform the operator of
certain instructions related to the operation of the
engine)

* Modification index

For training pur poses only
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- The general overhaul and repair documents (4" line):
e Overhaul manual
 Standard practices manual
» Work specification

- The deep maintenance instructions (3 line):
* Maintenance technical instruction.

| dentification documents
The identification documents are:

- The current maintenance documents:
e Spare parts catalogue (list and reference of all the
Spare parts)
e Special tool catalogue (tool designations and
references)

- Overhaul and repair documents:

* lllustrated partscatalogue (illustratesin detail all the
engine and accessory parts; only used for general
overhaul)

* Descriptive list and drawings.

Note: Before all maintenance procedures:
- Refer to official documentation
- Use the documentation "in a rational way"
- Make sure that documentation is up-to-date.

13.12
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F | DOCUMENTS Iﬂ

( OPERATION ’ | MAINTENANCE I IDENTIFICATION

CURRENT OVERHAUL
CONTROL MANAGEMENT MAINTENANCE REPAIR
Example: Example: - Spare parts catalogue -IPC
Flight manual - Engine log book - Special tool catalogue - Descriptive list

and drawings

CURRENT MAINTENANCE DEEP GENERAL OVERHAUL
(1st and 2nd lines) MAlNTENANCE REP.AIR
(3rd line) (4th line)
- Maintenance manual - Maintenance technical - Overhaul manual
- Service bulletins and letters instruction - Standard practices manual
- Modification index - Work specification

TECHNICAL PUBLICATIONS - GENERAL
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TECHNICAL PUBLICATIONS - ADVISORY
NOTICES

Three types of advisory notice are used in the technical
publications:

- WARNING
- CAUTION
- NOTE.

| nter pretation

WARNING: warnsthereader of thepossibility of physical
harm (e.g.: wounding, intoxication, electrocution).

CAUTION: warnsthereader of thepossibility of damaging
the engine or tooling.

NOTE: givesthereader advice on how best to carry out a
task.

For training pur poses only
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Examples

WARNING: do not breath the oil fumes. Do not leave oil
in contact with the skin.

CAUTION: if the flush is being carried out because of
metal particles in the oil system, change the filter and
thoroughly clean the tank.

NOTE: take the oil sample before carrying out any
replenishment.

13.14
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WARNING CAUTION NOTE
(physical harm) (possibility of damage) (advice)
Examples: Examples: Examples:
- Toxicity of engine oil and vapours - Titanum part cleaning - Oil analysis
- Toxicity of cleaning products - Scrapping of O'ring seals - Cycle counting
- Toxicity of extinguishing products - Use of the correct cleaning products - Installation of O'ring seals
- Eye protection - Engine cooling - Engine storage
- Firerisk - Engine cleaning after use of - Insulation measurements
- Electrical discharge from ignition units: extinguishing product - Procedural change with modification
- electrocution - Orifice protection during removal e
- risks with use in an inflammable - Borescope fragility
atmosphere - Tightening torque

TECHNICAL PUBLICATIONS - ADVISORY NOTICES
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14-MAINTENANCE PROCEDURES

1St liNe (O leVel ) e 14.2

“2nd line (I 1evel ) 14.8
-3rdline(HIlevel ) e, 14.10

AN IINE (D IeVEl ) e 14.12t0 14.13
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1ST LINE MAINTENANCE PROCEDURES
(O LEVEL)

The 1st line maintenance procedures are described in the Notel: LRU - Line Replaceable Unit
Maintenance Manual and can be carried out on the engine
installed, in the airframe.

hev include: Note2: Refer to maintenance manual before carrying
They include: out any maintenance procedure.

- Preventive maintenance procedures

- Corrective or unscheduled maintenance procedures
(engineinstalled).

These 1st line procedures arelisted in thefollowing pages
in two groups:

- Check and servicing procedures

- LRU removal and installation procedures.
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Refer to maintenance
manual before carrying
out any maintenance

procedure.
1st line CHECK AND SERVICING PROCEDURES

ENGINE

- Rundown time check - (71-02-09)
- Cycle counting manual ---- - oo (73-21-00)
- Engine storage proCedure - (71-05-01)
- Borescopic inspection of the combustion chamber ... ___________ (72-00-43)
- Borescopic inspection of the gas generator turbine - (72-00-43)
- Inspection of the axial compressor blades (impacts, erosion measurement,...) .-... (72-00-32)
- Compressor cleaning and washing -------- oo oomm oo (71-01-00)
OIL SYSTEM

- Oil change - oo (79-00-00)
- Oil pressure check - - (79-00-00)
- Oil sampling for analysis --- - om o (71-02-08)
- Oil dilution check - - ool (70-02-00)
- Oil filter replacement - oo (72-61-00)
- Fuel - oil heat exchanger - (72-61-00)
- Oil filter pre-blockage indicator reset ---- - (72-61-00)
- Mechanical magnetic plug : magnetism check --------ooooooooo (72-61-00)
- Electrical magnetic plug : magnetism check and electrical test ----------coocoooo o (79-38-00)
- Low oil pressure switch test (79-31-00)

(XX-XX-XX): Page references which deal with the subject in the maintenance documentation

1ST LINE MAINTENANCE PROCEDURES (O LEVEL )
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Refer to maintenance
manual before carrying
out any maintenance
procedure.

1st line CHECK AND SERVICING PROCEDURES
AIR SYSTEM
- P3 pressure transmitter test oo (75-41-00)
- Check of the bleed valve operation ... .. (75-31-00)

FUEL SYSTEM

- Fuel filter replacement .--- oo (73-23-11)
- Test of the fuel filter pre-blockage pressure switch -------cooooeeoo . (73-23-32)
- Fuel filter blockage indicatorreset ------ oo (- -)
- Low fuel pressure switch test ... (73-23-33)
- Fuel valve assembly Check - oooommmoo (73-14-00)
- Fuel inlet union leak check - . (72-43-00)
- Permeability injection manifold check .- ... (72-00-43)
- Calibration of start injector penetration .._____________________________________ (72-43-00)

CONTROL SYSTEM
- Cycle counting check by the EECU ... (73-21-00)

(XX-XX-XX): Page references which deal with the subject in the maintenance documentation

1ST LINE MAINTENANCE PROCEDURES (O LEVEL )
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Refer to maintenance
manual before carrying
out any maintenance
procedure.

1st line CHECK AND SERVICING PROCEDURES

INDICATING SYSTEM

- N1 speed Sensor test - ------oo oo (77-11-00)
- N2 speed Sensor test - -----oooo oo (77-12-00)
- Pyrometric harness test .- . (77-21-00)
- Pyrometric harness inspection .- .. (77-21-00)
- Calibration of t4.5 conformation resistors - ... (72-43-00)
- Calibration of torque sensor penetration - ... (72-61-00)
- Calibration of torque conformation resistors ---------oooooo.oo.._. (72-61-00)
- Vibration check oo (71-02-10)

STARTING SYSTEM
- Check of the high energy ignition unit operation ... (74-11-10)
- Calibration of igniter plugs penetration ... (72-43-00)

ELECTRICAL SYSTEM
- Electrical harness check and test ... ... (71-51-00)

(XX-XX-XX): Page references which deal with the subject in the maintenance documentation

1ST LINE MAINTENANCE PROCEDURES (O LEVEL )
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Refer to maintenance
manual before carrying
out any maintenance
procedure.

1st line LRU REMOVAL AND INSTALLATION PROCEDURES
ENGINE AIR SYSTEM
- Seal of the centrifugal breather cover .....__. (72-61-00) - P3 pressure transmitter ... (75-41-00)
- Seal of the starter-generator adaptor -__.____. (72-61-00) - Compressor bleed valve ... ____. (75-31-00)
- Fire detectors .. ... (26-11-00)
- Drain collector ... (71-71-00) FUEL SYSTEM

- Pump and metering unit assembly __._____. (73-23-00)
OIL SYSTEM - Fuel filter . (73-23-11)
- Oil valve assembly .. (79-25-00) - Blockage visual indicator -.___._____._______. (73-23-31)
- Oil pump - .. (79-24-00) - Pre-blockage pressure switch __..____._____ (73-23-32)
- Oil filter - (72-61-00) - Low fuel pressure switch __._____._____.____. (73-23-33)
- Pre-blockage visual indicator -_._______________ (72-61-00) - Fuel valveassembly _________________________ (73-14-00)
- Strainers ... (72-61-00) - Engine fuel inlet union .- (72-43-00)
- Mechanical magnetic plugs ---....__._________. (72-15-00) - Startinjectors ... (72-43-00)
- Electrical magnetic plug ... .. (79-38-00) - Combustion chamber drain valve __.___.___. (71-71-00)
- Low oil pressure switch ________________________. (79-31-00)
- Fuel-oil heat exchanger ______________________._. (72-61-00)
- Pressure transmitter (aircraft supply)

(XX-XX-XX): Page references which deal with the subject in the maintenance documentation

1ST LINE MAINTENANCE PROCEDURES (O LEVEL )
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Refer to maintenance
manual before carrying
out any maintenance
procedure.

1st line LRU REMOVAL AND INSTALLATION PROCEDURES

CONTROL SYSTEM STARTING SYSTEM

- Engine Electronic Control Unit ________________ (73-21-00) - Starter-generator (aircraft supply)

- Ignitionunit ... (74-11-10)
INDICATING SYSTEM - Igniter plugs oo (72-43-00)
- N1speedsensors ... . ... (77-11-00) - Ignition cables .. ] (74-24-10)
- N2 speed sensors ... (77-12-00)
- Torque Sensor ..o (72-61-00) ELECTRICAL SYSTEM
- Torque conformation box ___._______.__________{ (72-61-00) - Electrical harnesses ... _________ (71-51-00)
- t4.5 conformation box _________ ... (72-43-00) - Alternator -] (72-61-00)

_______________ (77-21-00)

(XX-XX-XX): Page references which deal with the subject in the maintenance documentation

1ST LINE MAINTENANCE PROCEDURES (O LEVEL )
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2ND LINE MAINTENANCE PROCEDURES
(I LEVEL)

The 2nd line maintenance procedures are described in the
Maintenance Manual and must be carried out on the
engine removed from the airframe.

They consist of scheduled and unscheduled maintenance
procedures, engine removed:

- Module removal and installation

- SRU removal and installation (e.g. output shaft seal,
exhaust system...)

Note: SRU: Shop Replaceable Unit.
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/
’
’

Refer to maintenance
manual before carrying
out any maintenance
procedure.

MODULE M02 y
Axial compressor VMODULE Moa
MODULE M03 Power turbine

Gas generator
high pressure section

MODULE M01
Transmission shaft MODULE MO05
and accessory gearbox Reduction gearbox

=
@

SRU
2nd LINE MAINTENANCE (I Level) - Output shaft seal
- Engine removed - Exhaust pipe
- Modules and SRU -

2ND LINE MAINTENANCE PROCEDURES (I LEVEL )
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3RD LINE MAINTENANCE PROCEDURES
(HLEVEL)

Definition

The 3rd line (or deep) maintenance proceduresare carried
out on removed major parts (e.g. modules) in aworkshop.

They consist of replacement or reconditioning of
subassemblieswithout repair or adjustment (e.g. injection
wheel replacement).

Procedure

3rd Line Maintenance may be carried out on site by
operators, provided that the operator has been formally
trained, is in possession of the official updated
documentation (technical instruction) and has received
the corresponding TURBOMECA approval (periodically
renewable).

For training pur poses only
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3rd line maintenance may be
carried out on site by operators,
provided that the operator has been formally
trained, is in possession of the official updated
documentation (technical instruction) and has
received the corresponding TURBOMECA
approval (periodically renewable).

Ay,
\

NN\

It
T

3rd LINE MAINTENANCE (H Level)
(engine removed)

- Deep maintenance

3RD LINE MAINTENANCE PROCEDURES (H LEVEL )
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4TH LINE MAINTENANCE PROCEDURES

(D LEVEL)
Repair and over haul Main procedure steps
Overhaul - Engine reception

. : . L . - Disassembly
Overhaul is amaintenance operation which is carried out

when the engine (or module) has reached the end of its - Cleaning
TBO, either in operating hours or cycles.

_ _ _ - Inspection
The overhauled engine (or module) is then put back into
service with zero hours for anew TBO. - Investigation
- Repair

Repair
Repair is a maintenance operation which must be carried - Installation (of engine and accessories)
out when the engine (or module) is unserviceable. - Tests

After arepair, theengine (or module) isreturnedto service
with a TBO according to the work carried out and the
engine standard.

- Delivery.

Note: TBO: Time Between Overhaul.
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REPAIR
S AND OVERHAUL [:: > )
6;7 ~ 4 SHOP

ENGINE OR MODULE ENGINE OR MODULE DELIVERY

AT THE END OF TBO AFTER OVERHAUL WITH
OR FOR REPAIR FULL TBO, OR REPAIRED

<

TESTS ENGINE ASSEMBLY

T «

] T I_ \
. DISASSEMBLY - REPAIR :
ACCESSORY ASSEMBLY .

1

1
1
1
1
1  DELIVERY :
|
1

DISASSEMBLY

z
<
m
0
d
®
>
d
o
z

""" + RECEPTION

CLEANING C—_>  INSPECTION :
1

REPAIR AND OVERHAUL
4TH LINE MAINTENANCE PROCEDURES (D LEVEL )

For training pur poses only o 1413
© Copyright - TURBOMECA Edition;: March 2003 MAINTENANCE PROCEDURES






= Turbomeca Training Manual ARRIEL 2B - 2B1

snecma group

15-TROUBLE SHOOTING

General ... 15.2
- Trouble shooting ... 15.410 15.27
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GENERAL

I ntroduction

Troubleshootingisavery important aspect of mai ntenance.

Efficient diagnosis reduces the extra maintenance costs
dueto unjustified removalsand additional diagnosistime.

Infact, even with avery high reliability product, failureis
inevitableand required actionsshould betaken efficiently.

After thefault analysiswhich consistsof finding the effect
of a given failure, this section considers the case in
reverse; i.e.: finding the probable cause of afault.

For training pur poses only
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Repair procedure

The repair procedure should be guided by two main
considerations:

- Minimum downtime
- Justified removal of components.

The procedure to be applied depends on the case but in
general, agood knowl edge of the product and amethodi cal
research would permit a safe diagnosis and a quick
corrective action.

Generally, the procedure includes failure identification,
itsanalysis, theisolation of the faulty component, and the
repair choice.

15.2
TROUBLE SHOOTING
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Inevitable | Random |

A

Fault
(single, double,
dormant)
Y @ Symptoms (and other additional indications...)
_ All factors should be taken into consideration
Trouble shooting as well as the interactions.
- Diagnosis -Adequate means and Analysis of the fault
- Remedy procedures ® I
- Repair -Training of personnel Identification of the faulty component
Or other
- Check . u
perception

[ 1 1}

Additional Deduction Substitution
MTTR checks
(Mean Time To Repair) @
Total time required
for repairing Remedy

(adjustment, replacement, cleaning, repair...)

GENERAL
15.3

For training purposes only .
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No effect after selecting start
N doesn't increase

Is crank
Yes possible No
?
v T ! Vo e [
| - Starting circuit (circuit breaker, ! | - Starter contactor |
I selector switch, relay ...) : | - Electrical supply |
:_ - EECU | :_ Starter JI

Note: Further tests (failure code, engaging noise of the contactor...) help locate the failure.

TROUBLE SHOOTING - STARTING FAULTS (1)
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On selection of start, N / but no increase in t4.5

The ignition
system operates

Yes (noise of HE components) No
" Surcecrovave | i
| - Start electro-valve | - |
: -t e .
I - Injectors I ® : - Igniter plugs I
L - - e - - - - | Possible start on I Note: Refer to the test !
1 injector + I procedure in order to :
1 igniter plug if :_ discriminate |
on the sameside T T 7T T T 7
I Or I
[ [ . .
L _fu_el_smip_pIX o Note: It is also possible to check the
fuel flow through the combustion
chamber drain valve.
Fuel
J Yes - No {
r— - - | I--—-—---"—-=-=-=-= |
I Ignition system | | - Start electro-valve |

Lo - [ ' - Fuel supply [
L

—_—_— - — _ _- —_- —_ —_a

TROUBLE SHOOTING - STARTING FAULTS (2)
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Abnormal t4.5 rise I

t4.5 = 200 °C Pl e A0 TC t4.5 too high
but not sufficient

L eeen | L !
Increase due to | :\EAEICU, dl [ I EECU [
the injectors, but | - Vietering needie ! |- 9ensors :
the main s | - Fuel supply [ I - Combustion chamber 1
ystem LP syst filt I ' drain valve !
is not supplied :_ (LP system, filters...) | L oavawe oo |

I - Pressurising valve ! Note: In all cases, check the electrical

: - EECU : supply (battery voltage).

TROUBLE SHOOTING - STARTING FAULTS (3)
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Failure during starting acceleration I

Y Y Y

The starter is not
Too fast or too slow Abnormal
. cut-out at self- .
N1 increase - idle speed
sustaining speed

| -Abnormal t4.5

| | |
e | ' _EECU ! | - EECU !
I - Starter circuit | I I I I
| | - Starter contactor - Fuel system |
- Fuel system | [ [
e o e L - = Lo e e - = 4 Lo e _|
Failure during acceleration from idle to nominal N I
Acceleration Poor acceleration (too slow
X : : No control
with surging or no acceleration)
I—— - -~ - - -~ |- - - - - - -~ =~ | |I— -~~~ -~ - - - -~ I
[ l | - EECU | i Control : [
I EECU : I - Pump and metering |, I - Electronic part !
! | ' unit assembly | 'l - Hydromechanical part '

TROUBLE SHOOTING - STARTING FAULTS (4)
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Deceleration to idle

N1
Yes deceleration No
\
Yes N1 stabilisation No - Selector
-EECU
Y - Pump and metering
__________ | ,
Stop selection : EECU, ... | unit assembly
The engine stops No
NI, t4.5°
Y
I - - - - - - - - _ _______ r-_—-———m____—_—_——_—_—_—————
Yes I- Fuel system sealing The engine shut-down can then be

(. 1
[

‘ : Stop / Idle / Flight selector I : effected by the shut-off valve. :

,~ Stop electro-valve I | Further checking required I

, Note:  Stop is delayeq for several | | (HP pump, ...) l

Correct | seconds (closing ofthe '\ _ - - _ - - - _ _ _ _ ______ !
Yes rundown No [ metering needle) :
time l | o C m L L -

: Abnormal rubbing of the rotating assembly

| Note: A crank with the power turbine locked
[ allows discrimination between the gas
! generator and the power turbine.

Normal
shut-down

TROUBLE SHOOTING - FAULTS DURING SHUT-DOWN
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Crank selection
(press and hold)

Note: 20 sec. max to avoid
Starter overheat

Yes N1 indication

Is the
gas generator
driven ?

Does the
starter turn ?

Yes No Yes No

-————J————I '____l____l
|
Normal dry | Accessory I N1 indication | :
crank drive train | L______ J Is starting

possible ?

Yes No
1 )
r———-—=—-=-n [r—— == =—-—- - -
I Drycrank ! | - Starter contactor :
: push-button : | - Starter |
|

TROUBLE SHOOTING - FAULTS DURING DRY CRANK
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Abnormal oil pressure indication I

Low pressure

No pressure Variation

High pressure

- = — = |- - === -

transmitter

: - Oil condition : : - Filter blockage ! | - Measuring [
, - Seal | I indication 1 system :
| - Blockage inside | ' - Pump pressure : I - Blockage of |
| the system I ' relief valve , L ajet |
I - Oil pressure : b e
|

|

Low oil
pressure light
illuminated ?

Yes No

—_—_— —- - —_ = = —_ —_ - - — = = 5 _ — = - - = VT - - = = = =

- Failure of the pump shaft
- Pressure relief valve

|

| Pressure indicating
- Blockage inside the system :

|

|

system:
: - Transmitter
- Large internal or external .
- Indicator

leak

TROUBLE SHOOTING - LUBRICATION FAULTS (1)
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Abnormal oil temperature indication I

Abnormal oil consumption

Yes Visible No
r leak _l

External leak

Internal leak

I Pipe or accessory ! Leak from cold section | I Leak from hot section
: seal on casing ! 1labyrinth seals (front ! !labyrinth seals (rear

__________ I section):

:section): Smoke and oil

|
' Contamination of the : , evidence in the exhaust
|

I pipe

e e e e — — =

: - Measuring system

- Insufficient cooling

| - Insufficient lubrication,
I blockage of ajet

Oil contamination I

Corrective action

I - Magnetic plug
I - Analysis
: - Color, aspect

|
.. |
I origin and rate of |
I contamination... |
L

Note: Fuel dilution in the oil: refer to
heat exchanger in the oil filter.

TROUBLE SHOOTING - LUBRICATION FAULTS (2)
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Uncommanded shut-down N2, N1, Tq, t4.5, oil pressure \

ST I

[
I Water orice ! I Engineinternal ! Faulty fuel supply: !
I ingestion ! ' problem ! - Pump shaft failure :
! - - Pipe rupture |

|

[

- Water or air in fuel
- EECU

TROUBLE SHOOTING - FAULTS LEADING TO ENGINE
SHUT-DOWN IN FLIGHT 15 15
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Abnormal t4.5 temperature indication I

| Measuring system : [ Dirty [ i Engine internal problem :
___________ : compressor ! Tt T T T T T
Compressor surge I
[
_______ + - - - - - = r——————*——————|
I -EECU ! [ Engine problem |
: - Compressor bleed valve : : (air intake, compressor...) |
Loss of power I

Yes Max N1 reached No

| - Torque and gas temperature indication !
I - Engine: dirty compressor, turbine :
:_ creep,etc ...

- Blockage of the injection system
- Fuel supply (pumps, filters...)
-EECU

- Degraded mode

| Note: Particular attention: check of the max N1. |

TROUBLE SHOOTING - MISCELLANEOUS CASES (1)
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Abnormal gas generator rotation speed N1

\

\

Incorrect
Overspeed :
response time

Uncommanded
acceleration

- EECU

- Anticipator

- Gas generator
internal problem

Uncommanded
deceleration

- Fuel supply |
. EECU [
- Abnormal operation of [

one of the fuel system !
accessories (refer to the :
chapter "fuel system") |

_— — — =

Fluctuations

- Air in the fuel system :
- Dirt in the fuel system [
- Constant AP valve '
- Blockage of the :

centrifugal wheel |

—_—_— - e — e —_ —_ a

TROUBLE SHOOTING - MISCELLANEOUS CASES (2)
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Abnormal power turbine rotation speed N2 I

i i

C Incorrect speed ) C Overspeed )

i -Indicators : : - Power transmission shaft |
| -EECU . | - Control system !
| -Gas generator operation |

|

| Engine - aircraft : : Engine I 1 Gas generator :
| shaft ;o alignment | _ _ attachment 1 | or power turbine |
rotating assembly

TROUBLE SHOOTING - MISCELLANEOUS CASES (3)
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TROUBLE SHOOTING - VEMD (1)

The VEMD includes a maintenance aid facility to help
with trouble shooting.

Faults

Faultsdetected by the EECU aretransmittedtotheVEMD
which displaysthem onthelower part of the upper screen.
Thisdisplay isin the form:

FAIL 1 XXXX or FAIL 2 XXXX

Fail 1 and Fail 2 refer to the fault code tables in Chapter
71.00.06 trouble shooting (Maintenance manual). These
tables identify the fault related to each code.

For training pur poses only .
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FUEL QTY
210 KG

For training purposes only
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FAULT
CODE TABLES

%,

(@)

WTurbomeca . .
ARRIEL 2 oevaies e

LISTE DES CODES DE PANAES VEMD

(@)

SCROLL-|

[

TR To005 T g A
| i

Ln»-.nnm’.l a

il

FAULT
MESSAGES
(in hexadecimal)
ENTER

|
|

BRT -

Appreanict &

[

- .
R-R0u3e. AzAMDe A AmBre Cgnean

| a
ARRIE 2 ofhads o=
LIST JESCODES DEI  NAES VEMD

aryofopc ) (wtec ople

DESIGY

FAULT CODES - VEMD

N\ N

.

CHAP. 71.00.06 TROUBLE SHOOTING

TROUBLE SHOOTING - VEMD (1)
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TROUBLE SHOOTING - VEMD (2)

Flight Report

The"FLIGHT REPORT" isautomatically displayed during
shut-down. It can a so be accessed from the M ai ntenance
menu at any time. Up to 32 records can be stored in
memory. Intheevent of problem being detected, the Flight
Report will include oneor both of thefollowing messages:

OVERLIMIT DETECTED
FAILURE DETECTED

To see the details of an overlimit or failure proceed as
follows:

- @ Switch off the VEMD screensby pressing " OFF 1"
and "OFF 2

- @ Depress and keep depressed the "SCROLL" and
"RESET" buttons

- @ Depress the buttons OFF 1 and OFF 2.

Thescreens display themessage" TEST IN PROGRESS!
followed by "RELEASE KEYS" followed by the
M aintenance M enu on the lower screen.

Use the "SELECT" button to highlight a subject and the
"ENTER" button to display its page.

For training pur poses only
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Over Limit

The Over Limit page records any overlimits of Tq, t4.5,
N1, N2 and NR. It displays the duration and value of the
EexCess.

15.18
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FLIGHT REPORT

FLIGHT NUMBER 452
DURATION 1 h 21 mn
CYCLE NG XX.XX | XXXX.XX

CYCLE NF XXXX | XXXX.XX
TOTAL

OVER LIMIT DETECTED
FAILURE DETECTED

EXIT ---> PRESS RESET

IZ2A @

B00000 000006

The "flight report" is automatically displayed
during shutdown (it can also be accessed from
the Maintenance menu at any time).

@ To @: SELECTION ORDER

TROUBLE SHOOTING - VEMD (2)

For training purposes only
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MAINTENANCE MENU

FLIGHT REPORT

FAILURE
OVER LIMIT

ENGINE POWER CHECK

TRANS. RESET
FUNC. TIMES
FADEC DATA

HARMONISATION ENDED

press O] $

MAINTENANCE MENU

FLIGHT REPORT
FAILURE

OVER LIMIT

ENGINE POWER CHECK
TRANS. RESET

FUNC. TIMES

FADEC DATA

HARMONISATION ENDED

press  [E5] ]

OVER LIMIT XXXXX
M.

AX
XXX XX| ) TRQ TRA
XXX XX| ) TRQMED | XXX X
XXX XX | ) TRQ EXT
XXX xx| ) T4 Low
XXX XX | ) T4 MED
XXX XX | ) TaHI

XXX XX| ) NFTRA
XXX XX| ) NF EXT

XXX XX| ) NG MNT
XXX___ XX| ) NG TRA
XXX

15.19
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TROUBLE SHOOTING - VEMD (3)

Failure Diagnosis At last the "fault finding tree" indicates the necessary
tasks, maintenance tasks described in the maintenance
The failure diagnosisis given on 5 pages. manual.

"FAILURE DIAGNOSIS' page:

Displaysall thefaultsinthememory for thelast 32 flights.
It includes:

- Thetotal number of flights with failures detected
- Theflight number with number of failures detected
- The number in the list of flights with failures.

Use the"+" and "-" buttons to scroll through the flights,
then the "ENTER" button to see the details of the flight
selected.

"COMPLETE DIAGNOSIS' page:

Displaystheflight detailsand theaccessory identification,
plus afault code which can be decoded in chap. 71.00.06
Trouble shooting. To each fault code corresponds a task
number. To the task number corresponds a "fault finding
tree".

Note: Thefault code FAIL 1 or FAIL 2 can also beread
on the FLI page or on the FADEC DATA page.

For training pur poses only 1520
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NUMBER OF FAILURE DIAGNOSIS LAST FLIGHT
FLIGHTS FLIGHT XXXXX — WITH FAILURE(S)

WITH FAULTS
(last 32 flight)

NUMBER OF FAILURES
FLIGHT — IN THE SELECTED FLIGHT

 N° IN LIST OF FLIGHTS
WITH FAILURE(S)

EXIT ----> PRESS RESET

MESSAGE OR
Press FAULT CODE

[an]

COMPLETE DIAGNOSIS

FAIL on FLIGHT XXXXX at X XX XX
TEST REF

XXXKXXXXKXKKXX
Press X000 | 300000000000k | - T
+ - XXXXXXKXHXXHXK | XXKXXXXKXKXKX
XXXXXXKXKXXXXK | XXXKXXKXKXKKX
- D D XXXXXXKXXXXXXK | XXXXXXKXKXKKX

To choose
. To see param press ENTER
flight number

MAINTENANCE MENU

FLIGHT REPORT

OVER LIMIT

ENGINE POWER CHECK
TRANS. RESET

FUNC. TIMES

FADEC DATA

EXIT ----> PRESS RESET

HARMONISATION IN PROGRESS
HARMONISATION OK

300000000006

-
CHAP. 71.00.06 MAINTENANCE
TROUBLE SHOOTING MANUAL
TROUBLE SHOOTING - VEMD (3)
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TROUBLE SHOOTING - VEMD (4)
Failure Diagnosis (cont.)

"PARAMETERS" pages:

The Parameters pages of the fault diagnosis display the
engine parameters. They can be accessed by pressing the
"Enter" button when on the complete diagnosis page.

The parameters are on 3 pages which will be displayed
automatically (one or several) according to the faults
detected.

Thevalues of each parameter aregivenin 2 columns. The
first column (left) showsthe values 12 seconds before the
failure and the second column (right) shows the values
when the fault was detected.

For training pur poses only 1522
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COMPLETE DIAGNOSIS

FAIL on FLIGHT XXXXXat X XX XX
TEST REF

XXXXXXXXXXXXX

XXXXXXXXXXXXXK | XXXXXXXXXXXXX

XXXXXXXXXXXXX | XXXXXXXXXXXXX

PRESS XXXXXXXXXXXXX | XXXXXXXXXX XXX
XXXXXXXXXXXXX | XXXXXXXXXXXXX

ENTER
[D] Param EOP R

To see param press ENTER

EXIT ----> PRESS RESET

PARAMETERS PARAMETERS (continued)

XX

FAIL
XXX.X XXX.X
XXX.X XXX.X

XX
XXX.X XXX.X | % | .

-

XXXX.X
Kg

XIXIX | BOOLEAN

TROUBLE SHOOTING - VEMD (4)
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TROUBLE SHOOTING - MISCELLANEOUS

Chapter 71.00.06 of the Maintenance Manual, which is
dedicated to trouble shooting includes:

A list of faults observed in operation

A list of faults observed during maitenance

A list of fault codes and their interpretation

A list of trouble shooting tasks.
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4

ARRIEL
2B-2B1

MAINTENANCE
MANUAL

CHAP. 71.00.06
TROUBLE
SHOOTING

Operating
faults

Maintenance

faults

Fault
codes

tasks

Trouble shooting

TROUBLE SHOOTING - MISCELLANEOUS
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TROUBLE SHOOTING - CONCLUSION

Despitethe high reliability of the product, failuresremain
inevitableand happen at random. But their rate and effects
canbereducedif the"enemies' of theenginearetakeninto
consideration.

When the failure occurs, you have to be in a position to
correct it.

"Enemies' of theengine

The traditional adverse conditions for thistype of engine
are:

- Supply (ail, air, fuel, electricity)
e Oil - Not in conformity with spec., contamination
* Air - Sand, salt, pollution
» Fuel - Not in conformity with spec., contamination
» Electricity - Low voltage, connectors

- Operation("nonrespect” of instructionsand procedures)

- Maintenance ("non respect” of inspection frequencies,
and of the strict application of the procedures).

For training pur poses only

© Copyright - TURBOMECA Edition: March 2003

15.26
TROUBLE SHOOTING



% Turbomeca

snecma group

Training Manual

ARRIEL 2B - 2B1

FUEL

- Not in conformity with
specifications

- Water in fuel

- Sulphur + salt in the air =
sulfidation

AIR

- Sand
- Salt
- Pollution

OIL

- Not in conformity
with specifications
- Contamination

ELECTRICITY

- Too low voltage
during starting
- Interference

OPERATION

-"Non respect" of instructions
and procedures
- Severe operating conditions

MAINTENANCE

- "Non respect" of inspection
frequencies

- Various mistakes

- Wrong logistic

"ENEMIES" OF THE ENGINE
TROUBLE SHOOTING - CONCLUSION
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© Copyright - TURBOMECA

Edition;: March 2003

15.27
TROUBLE SHOOTING






= Turbomeca Training Manual ARRIEL 2B - 2B1

snecma group

16-CHECKING OF KNOWLEDGE

o 1 214 o [8 [t o o RS RR 16.2
-QUESLIONNAITE L ... 16.3

- QUESLIONNAITE 2 ...ttt 16.6

- QUESLIONNAITE 3 ..ottt 16.12

- QUESLIONNAITE 4 ..., 16.15t0 16.28
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INTRODUCTION

M ethod

Continuous checking helps to ensure the information is
assimilated. It is more a method of work than atesting in
the traditional sense.

Objectives of the questionnaires

The questionnaires permit a progressive assimilation and
along term retention. The questionnaires are a subject for
discussion (effects of group dynamics). They also permit
students to consider important subjects several times un-
der different aspects.

I ntegration into the training programme

- First hour every day for revision of the subjects previ-
ously studied

- After each chapter (or module) of the course

- At the end of the training course.

For training pur poses only
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Types of questionnaires

Several types of questionnaire can be employed during a
course:

Traditional written questionnaire
- "Short answer" questionnaire

Multi Choice Questionnaire (MCQ)

Ora questionnaire

Learning Through Teaching (LTT; the student has to
explain agiven subject).

Examination

Thefinal examination at the end of the course consists of
threetests: written, oral and practical. A certificateand an
approval card are given to the student if the results are
satisfactory.

16.2
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QUESTIONNAIRE 1

This traditional questionnaire is established according to Engine
the same plan asthe training manual in which the answers . .
can be found. 1 - List the main components of the gas generator.
2 - State the following characteristics:
Power plant « Compression ratio
1 - List the main functional components of the power « Turbine entry temperature
plant.

* N2 speed at 100 %

2 - Explain the thermodynamic operation of the engine.
* N1 speed at 100 %

3 - State the following features (at take-off, in standard

atmosphere): 3 - Describe the power turbine assembly.
» Power on the shaft 4 - Describe the fuel injection system.
 Output shaft rotation speed 5 - List the engine driven accessories.
» Mass of the engine with specific equipment 6 - List the bearings which support the gas generator.
e Main overall dimensions of the power plant. 7 - Describe the system used for bearing sealing.
4 - Explaintheprincipleof engineadaptationto helicopter 8 - Describe the modular construction of the engine.

power requirements. 9 - Describe the engine air intake.

5 - Give adefinition of the operating ratings. 10 - List the manufacturing materials of the engine main

components.
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QUESTIONNAIRE 1 (continued)

Oil system

1 - Explain the general operation of the oil system.

2 - Describe the oil filter assembly.

3 - State the location of strainers and magnetic plugs.
4 - What is the purpose of the check valve?

5 - How many magnetic plugs are there on the engine?

Air system

1 - List the functions ensured by the internal air system
(secondary system).

2 - List the function of the various air tappings.
3 - Why are the start injectors ventilated?

4 - Explainthepurposeandtheoperationof thecompressor
bleed valve.

Fuel system

1 - What type of fuel systemisit.

2 - Describe the HP fuel pump.

3 - Describe the fuel metering unit.

4 - What is the purpose of the constant AP valve.

5 - Explaintheprincipleof fuel injection (mainand starting
injection).
6 - Explain the operation of the fuel valve assembly.
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Control system

1 - List the main functions of the control system.

2 - Explain the basic principle of the control system.

3 - Explain the operating principle of the speed control.

4 - List the components of the Engine Electronic Control
Unit.

5 - List thelogic input signals of the EECU.
6 - List the analog input signals of the EECU.

7 - Describe and explain the operation of the auto/manual
selector.

8 - Describe the Engine Electronic Control Unit.

M easurement and indicating systems
1 - List the various measurement and indicating systems.

2 - Describe the power turbine speed measurement and
indicating system.

3 - Explain the operating principle of the torquemeter
system.

4 - Describe the gas temperature measurement and
indicating system.

5 - What is the purpose of the torque conformation box?
6 - Towhichmoduleisthet4.5conformati onbox matched?

16.4
CHECKING OF KNOWLEDGE



5@ Turbomeca

snecma group

Training Manual

ARRIEL 2B - 2B1

QUESTIONNAIRE 1 (continued)

Starting
1 - Describe the cranking function of the engine.

2 - Describetheignition system (ignition unit and igniter
plugs).
3 - List the main phases of the starting cycle.

Electrical system
1 - Describe the electrical harnesses and connectors.
2 - Describe the alternator.

Engineinstallation
1 - Describe the attachment of the engine to the aircraft.

2 - Describe the engine power drive and the power
transmission.

3 - List the various engine/ aircraft interfaces.

4 - Describe the fire protection system of the engine.
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Limitations and engine handling
1 - List the main operating limitations of N1.
2 - Describe the engine dry crank procedure.

Various aspects of maintenance
1 - List the main practices of a periodic inspection.
2 - List the methods used for "on condition monitoring".

3 - List the technical publications used for engine
mai ntenance.

M aintenance procedur es

1 - Describe the compressor cleaning procedure.

2 - Name the LRUs of the air system.

3 - Explain the attachment of each of the modules.

Trouble shooting

1 - Carry out the trouble shooting exercises.

16.5
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QUESTIONNAIRE 2

Thefollowing questionsrequireshort and accurateanswers.

The student can answer orally or in the space provided for

the answers.

Questions

Answers

1- ARRIEL 2 power class?

2 - Power turbine rotation speed at
100 %?

Questions

Answers

10 - Flight envelope - Max altitude?

11 - Flight envelope -
Max temperature?

12 - Start envelope - Max altitude?

13- Engine air flow at 100 % N17?

14 - Overall compression ratio?

3 - Type of main fuel injection?

15 - Max turbine entry temperature?

4 - Number of engine modules?

5 - Number of power turbine stages?

16 - Gas generator rotation speed at
100 % N1?

6 - Name the two engine ratings?

17 - Direction of rotation of the gas
generator?

7 - Mass of the equipped engine?

18 - Direction of rotation of the power
turbine?

8- Power evolution when N1
increases?

19 - Manufacturing material for the
axial compressor?

9 - Specific fuel consumption at
400 kW?

20 - What type of bearing is the axial
compressor bearing?
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QUESTIONNAIRE 2 (continued)

Questions

Answers

21- How is the axial compressor
mounted on the gas generator
module?

Questions

Answers

30- Type of power turbine front
bearing?

22 - Axial compressor compression
ratio?

31 - Type of gas generator rear bearing?

23 - Manufacturing material for the
centrifugal compressor wheel ?

32 - To which module does the power
turbine nozzle guide vane belong?

24 - Number of stages of the centrifugal
compressor diffuser?

33 - Type of power turbine?

25 - Type of combustion chamber?

34 - Doesthe exhaust pipe belong to one
module (yes or no)?

26 - Manufacturing material for the
combustion chamber?

35 - Type of exhaust pipe attachment?

36 - Number of gears in the reduction
gearbox?

27 - How istheinjectionwheel mounted
on the shaft?

28 - Pressure drop in the combustion
chamber?

37 - What type of gears are used in the
reduction gearbox?

29 - Number of stages of the gas
generator turbine?

38 - Number of driven accessories on
the accessory gearbox?
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39 - Manufacturing material for the
accessory gearbox casing?
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QUESTIONNAIRE 2 (continued)

Questions

Answers

Questions

Answers

40 - Isthe oil pressure adjustable?

41 - Number of pumps in the oil pump
pack?

50 - Setting of the low oil pressure
switch?

51 - Max oil temperature?

42 - Type of oil pumps?

52 - Location of the centrifugal breather?

43 - What is the setting of the oil filter
pre-blockage indicator?

53 - Air tapping for the pressurisation of
the power turbine front bearing?

44 - Filtering ability of the oil filter?

54 - Air pressure at the centrifugal
compressor outlet?

45 - Setting of the oil filter by-pass valve?

46 - Which bearings are sgueeze film
type?

55 - Air temperature at the centrifugal
compressor outlet?

47 - Type of seal for the gas generator
rear bearing sealing?

56 - When does the start injector
ventilation begin?

57 - Max air tapping flow?

48 - Max oil consumption?

58 - Type of compressor bleed valve?

49 - Type of oil pressure transmitter?

59 - Position of the bleed valve during
starting?
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QUESTIONNAIRE 2 (continued)

Questions

Answers

60 - What is the bleed valve control
signa?

61 - Where is the P3 transmitter fitted?

62 - Type of LP fuel pump?

63 - Filtering ability of the fuel filter?

64 - Setting of the fuel filter by-pass
valve?

65 - Type of HP fuel pump?

66 - Position of the pump pressurerelief
valvein normal engine running?

67 - Type of fuel metering unit?

68 - Position of the constant AP valve
when the engine is stopped?

69 - Type of manual fuel flow control ?

70 - Type of metering needle control
actuator?
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Questions Answers
71- What type of valve is the stop
electro-valve?
72 - Setting of the fuel pressurising
valve?
73 - Fuel flow through the start
injectors?
74 - Number of start injectors?
75 - Position of thecombustion chamber
drain valve when the engine is
stopped?
76 - Type of fuel control system?
77 - Signals for the start fuel flow
control?
78 - Isthemax torquelimit cal culated by
the EECU?
79 - N2 speed at idle N17?
80 - Is the metering needle frozen in
"mixed" control mode?
16.9
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QUESTIONNAIRE 2 (continued)

Questions

Answers

81 - Origin of XTL signal?

Questions

Answers

82 - Type of N2 controller?

91 - Location of the t4.5 conformation
box?

83 - What are the two functions of the
t4.5 signal in the EECU?

92- How are the thermocouples
connected (parallel or series)?

84 - Location of the EECU?

93 - Location of the torquemeter?

85 - How many modulesdoesthe EECU
include?

94 - Type of torque sensor?

86 - Position of the manual control in
normal engine running?

95 - Type of signal output by the torque
sensor?

87 - Type of speed sensors?

96 - Isthetorque sensor associated with
a particular module?

88 - Number of N1 speed sensors?

97 - Is the bleed valve position known
by the EECU?

89 - Number of N2 speed sensors?

98 - Type of ignition system?

90 - Number of thermocouple probes?
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99 - Gas generator rotation speed at
starter cut-off?
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QUESTIONNAIRE 2 (continued)

Questions

Answers

Questions

Answers

100 - Number of igniter plugs?

111 - Minimum rundown time?

101 - Max duration of adry crank?

102 - Is the ignition cable integral with
the igniter plug?

112 - How many engine lifting points?

113- Min electrical supply voltage
before starting?

103 - Number of electrical connectors?

114 - Meaning of IPC?

104 - Location of the alternator?

115 - Meaning of TBO?

105 - Type of seal on the power shaft?

106 - Type of connection engine/MGB?

116 - Is borescopic inspection of the
combustion chamber possible?

107 - Number of engine drains?

117 - Procedure in case of indication of
fuel filter blockage?

108 - How many fire detectorsarethere?

118- Is there an adjustment of the
torquemeter sensor?

109 - Power turbine max overspeed?

110- Max gas temperature during
starting?

119 - Is the remova of the free wheed
permitted in field maintenance?
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QUESTIONNAIRE 3

This multi-choice questionnaire is used to review, in a
relatively short time, certain important points and to test
the acquired knowledge.

Answers to the questions can be found at the end of the
questionnaire.

1-

3-

The ARRIEL 2 engineis:

a) afree turbine turboshaft engine
b) aturbo-jet engine

c) afixed turbine turboshaft engine.

Section of passage of the compressor diffusers:
a) regular

b) divergent

C) convergent.

Type of combustion chamber:
a) annular with centrifugal injection

b) annular, reverse flow
c) annular, indirect flow.

The power turbine nozzle guide vane belongs to:
a) module M04

b) module M03
c) module M02.

Type of exhaust pipe attachment:
a) bolts

b) mounting pads

c) clamp.

For training pur poses only
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6 -

7 -

10-

11-
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How many bearings support the gas generator:
a 4
b) 2
c) 3.

The engine includes:

a) a hot section and a cold section
b) 5 modules
C) 4 modules.

Type of oil system:

a) dry sump

b) constant pressure

c) lubrication by splashing.

Setting of the ail filter pre-blockage indicator:

a) lower than the by-pass valve
b) higher than the by-pass valve
C) the same as the pump valve.

The oil scavenge strainers are located:

a) at the outlet of the pumps
b) on the inlet of the scavenge pumps
c) at theinlet of the lubricated components.

Is there a max oil temperature:
a) yes, 60 °C

b) no

C) yes, 115 °C maxi.

16.12
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QUESTIONNAIRE 3 (continued)

12 - The air tapped at the centrifugal wheel outlet

13-

14 -

15-

16-

pressurises:

a) some labyrinth seals
b) the tank
C) the pumps.

Position of the bleed valve during flight:

a) open
b) closed
c) depends on conditions.

Ventilation of start injectors:

a) does not exist

b) is made with air from the compressor
C) is made with atmospheric pressure air.

The injection centrifugal wheel is drained:

a) permanently
b) to enable the ventilation cycle
C) during engine shut-down.

The max speed of the gas generator is:
a) limited by the EECU

b) limited by a mechanical stop

c) not limited by the Fuel Control Unit.

For training pur poses only
© Copyright - TURBOMECA

Edition;: March 2003

17 - Thesignal fromthe P3 pressuretransmitter isused to:

a) to indicate pressure
b) to avoid overpressure
) to control the fuel flow.

18- The LPfuel pumpis:
a) vanetype
b) gear type
c) centrifugal.

19- Thefuel system pressurising valve:

a) iselectrically controlled
b) operates when overpressure occurs
C) gives priority to the start injectors.

20- Type of EECU:
a) hydraulic
b) analog
c) digital.

21 - The thermocouples are wired:
a) in series
b) in parallel
C) on the turbine casing.

16.13
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QUESTIONNAIRE 3 (continued)

22 -

23-

24 -

25-

26 -

27 -

The torque indicating system:

a) ishydraulic

b) is not used

C) isof phase displacement type.

Number of thermocouple probes:
a)8x2
b)4x2
Cc)3x2

Number of N2 signals.
a) 2
b) 6
c)3

Number of N1 signals:
a 3
b) 2
c) 6

The starter cut-off is made:

a) automatically
b) manually
C) with air pressure.

Starting is possible with one igniter:

a) yes
b) no
C) yes, in emergency.
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28 - HE ignition means:
a) Hot Electrode
b) High Energy
¢) High Emission.

29 - Borescopic inspection is used to check:

a) the external parts condition

b) the condition of internal parts which are not
accessible without removal

C) the reduction gearbox condition.

30- Therdliability of the engineis:
a) good
b) fairly good
c) extremely good.

¢oe-08  d-62 q-8C B-/Z  B-OC
q-S¢ o-¥¢ e-g€g  2-2%€ Q-T2
9-0z 92-6T 9-8T 9-/T  E-Ql
9-GT  4-yT 9-€T e-Zl  O-TI
g-0T ®-6 B-8  g-L  9-9
e-G  Q-y e-g 4-z e-l
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QUESTIONNAIRE 4

Thisquestionnaireisasort of drill whichisalso usedtotest

and perfect the knowledge acquired.

1- Complete this table (with values):

Max take-off power

c E/\E T1 T2 E=
© i

Compression ratio

Engine air flow

N2 speed at 100 %

N1 speed at 100 %
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2 - Name the reference stations and locate the number in
the right box:

;

;

16.15

Edition: March 2003 CHECKING OF KNOWLEDGE



E@ Turbomeca Training Manual ARRIEL 2B - 2B1

snecma group

QUESTIONNAIRE 4 (continued)

3- Enginedescription- Compl etethelegend of thediagram:

1

5
L - e 2 m e B s
4 - D m B -
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QUESTIONNAIRE 4 (continued)

4- Oil system - Complete the legend of the diagram:

For training pur poses only o 1617
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QUESTIONNAIRE 4 (continued)

5- Complete the following table:

PO P2.6 P3

Injector ventilation

Aircraft services

Bleed valve control pressure

Injection wheel pressurisation

Axial compressor bearing pressurisation

Gas generator NGV cooling

Power turbine front bearing pressurisation

Gas generator front turbine disc cooling
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QUESTIONNAIRE 4 (continued)

6- Complete the legend of the compressor field diagram:

cOMPRESION A
RATIO P3/ PO

P
AIR FLOW G

For training pur poses only o 1619
© Copyright - TURBOMECA Edition;: March 2003 CHECKING OF KNOWLEDGE



E@ Turbomeca Training Manual ARRIEL 2B - 2B1

snecma group

QUESTIONNAIRE 4 (continued)

7 - Fuel system - List the components:

- & - -—--—---——-- L
1 v L |
4_ ___________
B -]
‘\X 6 4
> t
=K v
— — 5 "
o= AN
I > ; ;') N1
i
Aircraft —m|-e— Engine
1 - 2 B e
A - D, B - e
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QUESTIONNAIRE 4 (suite)

8- Fuel system - List the components:

2
N~
I R
= Ml
|
|
1!\‘/J
=
ittt
S e ———— 2 - e, 3 - s T e
S e ———— 6 - e, S e ——— 8 - e,
S e ———— 10 -
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QUESTIONNAIRE 4 (continued)

8- Complete the following table:

Engine stopped

Enginein stabilised
flight

Fuel pumps ...

Pump pressurerelief valve ..........

Constant APvalve........ccceeeeeeni...

Metering needle............eeeevvenennnes

Stop electro-valve...........cccuuuunne.

Start electro-valve.......ccccoceevene....

Pressurising valve..........ccccceeeees

Injection wheel purgevalve.........

Combustion chamber drain valve
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QUESTIONNAIRE 4 (continued)

10 - Control system - List the components:

\
\
\
AN
\
\
\
\
tcH* o \
/ \
N1speed _ ~ \ '
[ s |- o
N \\ \
. \
4 \ 1
| |
N1* o g I’
e I nee
.“ Nl* /
d
N1* 1 N2 datum PR
Collective pitch _ _ - -~
d oo s 2 m e G T
A o D B m e
For training pur poses only . 1623
Edition: March 2003 CHECKING OF KNOWLEDGE

© Copyright - TURBOMECA



E@ Turbomeca Training Manual ARRIEL 2B - 2B1

snecma group

QUESTIONNAIRE 4 (continued)

11 - Starting system - List the components:

\ 4
ON ~ Flight ~ 4
Idle — I
OFF -~ Stop -~ o o
2
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QUESTIONNAIRE 4 (continued)

12 - Complete the following table:

Number of lifting points?

Type of fire detectors?

Number of drain points?

How many oil system engine/aircraft interfaces?

Max air tapping flow for aircraft use?

Loss of power due to aircraft tapping?

13 - List themainresourcesfor on condition monitoring:

0o N oo O b~ W DN P
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QUESTIONNAIRE 4 (continued)

14 - Definition of the following documents:

M ai ntenance manual

Spare parts catalogue

Tool catalogue

Service bulletin

Service letter

Engine log book

Flight manual
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QUESTIONNAIRE 4 (continued)

15 - Maintenance procedures

1- List2advisory noticesof "warning"
category.

2- Time of non operation requiring
long duration storage.

3 - Compressor washing - Product and
procedure.

4 - Procedure to rotate the power
turbine for borescopic inspection.

5- Location of the vibration sensor -
Installation.

6- Type of attachment of the
compressor bleed valve.

7 - Type of attachment of the fuel
control unit.
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QUESTIONNAIRE 4 (continued)

16 - Trouble shooting. Indicate the cause(s) in the case of the following faults.

1 - Onstart selection, N increasesbut not
the gas temperature (14.5).

2 - Onstart selection, N andt4.5increase
but not sufficiently to obtain start.

3 - Surge of the compressor.

4 - Max power not obtained.

5 - Onstop selection, theengine doesnot
completely shut-down.

6 - Incorrect speed of the helicopter
rotor.

7 - Power turbine overspeed.

8 - Drop of oil pressure.

9 - Abnormal t4 temperature.

10 - N1 overspeed.
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END

of this manual and (maybe also) of the course

but not the END of your training
which must be continued,
harmonizing knowledge and experience.

THANK Y OU for your kind attention.

Au revoir
Good bye
Adiods
Auf Wiedersehen
Adeus
Arrivederci
Farvel
Tot ziens
Adjo
Nakemiin
Antio
Ma salaam
Selamat jalan
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Remarks (appreciations, criticisms, suggestions...) should be forwarded to:
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