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(; Tipos de motores aeronauticos !:

’ AERONAUTICA
EESE. Usp USP . SAO CARLOS

e Motores a Combustao

e Camaras emV, alinhadas ou horizontais
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(; Tipos de motores aeronauticos !:
! ENGENHARIA

e Motores a Combustao

e Motores radiais
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(; Tipos de motores aeronauticos !:

7 ENGENHARIA

EESC + USP AL IxA
* Motores a Reagao Compressor Turbine
. Combustor
* Turbojato
S —
Air T Gas horsepower
’ = >
—
i -
Fuel
INTAKE COMPRESSION COMBUSTION EXHAUST
Air Inlet/ Combustion Chambers furbine
Cold Section Hot Section
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( Tipos de motores aeronauticos !l

7 ENGENHARIA

EESC * USP s L

* Motores a Reagao

e Turbofan

—
—
— ~
Air Am
- e o
— L
e [~
- Fuel
e Turbofan: Thrust=M xAv Large mass flow, small velocity change T
e Turbojet: Thrust =M xAV Small mass flow, large velocity change Fan Power turbine
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( Tipos de motores aeronauticos !=

7 ENGENHARIA

EESC * USP s L

* Motores a Reagao

e Turboélice

Gearbox Compressor Turbine Exhaust

= :> Shaft Combustion
chamber
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([ Tipos de motores aeronauticos !}
ENGENHARIA

EESC * USP s L

* Motores a Reacao

* Pulsojato  Motor foguete

ANIMATION OF A
PULSE JET ENGINE

VALVES

EXHAUST
g NOZILE
AR INTAKE COMBUSTION

AND FUEL CHAMBER
INJECTION
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(; Tipos de motores aeronauticos !:
, ENGENHARIA
EESC + USP P ais et

 Motores a Reacao de multiplos estagios

* Turbojato

Compressor Turbine

Combustor

SINGLE
SHAFT —r é
. —
Alr —— Gas horsepower
' >
—>
Fuel
TWO
SHAFT — -
Ar < >
Air i /
Gas horsepower
— <>
~
Fuel
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(; Tipos de motores aeronauticos !:

ENGENHARIA
AERONAUTICA

USP - SAO CARLOS

EESC « USP
 Motores a Reacao de multiplos estagios

 Turbofan TWO —
SHAFT .
_’ /
o >
AIlr AH
— - ~
_b [
- T Fuel
Il Power turbine
THREE g
SHAFT — |
_’ /
. —_—
Alr — 4m
— ‘ ~
—_—
. Fuel
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* Interfaces entre motor e aeronave
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( Vs Interfaces entre motor e aeronave !l

ENGENHARIA

* Instalacao:

 Massa, CG e volume do motor . Pontos de acesso para

_ N manutencao
* Espaco para instalacao do motor

_ . Drenos e tomadas de ar
* Espaco para funcionamento adequado do

motor . Pontos para icamento do
motor durante troca

* Fixacoes
. Regides para equipe de solo
Cargas no berco e fuselagem livres de tomadas de ar ou
 Compatibilidade com a interface escape de gases

» Espaco para rotacdo das turbinas/discos/hélice . Ruido



( Vs Interfaces entre motor e aeronave !l

ENGENHARIA
EESE + U/SP e AERONALTICA
* Conexoes do sistema e Saidas do sistema
 Conexoes de combustivel * Geracao de poténcia
hidraulica

e ConexoOes de controle
* Geracao de poténcia

* Indicacdes no cockpit elétrica

* Conexoes entre dutos de gases . Bleeds
* Requisitos de dados anemomeétricos

* Protecdo/extin¢do de fogo

* Comandos de partida de motor

 Monitoramento do motor

 Conexao com equipamentos de solo

e Acessos a inspecao



ENGENHARIA

EESC * USP s L

S Sumario !=

* FADEC
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( FADEC 23

., AR,
EESE. ”sp USP . SAO CARLOS

Full
Authority

Digital

Engine

Control
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Y

( y FADEC
ENGENHARIA
AERONAUTICA

USP - SAO CARLOS

EESC + USP
* Evoluc¢ao dos sistemas de comando de voo e controle de tracao

/— Analogue Electronic Engine Controls

A /— Part-digital Electronic Engine Control
Engine Full Authority Digital Engine Control
Control A i ; s

Analogue Prlmary!MechanlcaI Backup

Dlgltal Secondary Control

A / /— Dlgltal Primary/Mechanical Backup

Digital Primary/

Flight
Control A No Mechanical
Backup

1950 1960 1970 1980 1990 2000
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ENGENHARIA

EESC * USP o L

* Localizacao tipica e aspecto

Ua FADEC Y
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( FADEC 23

7 ENGENHARIA
AERONAUTICA

EESE. ”sp USP - SAO CARLOS
* Fungoes principais

Vazao de combustivel

Parametros /
de voo
— Vazao de ar
Parametros
de motor

Vazao de gases de exaustao
(quantidade e dire¢ao, quando for o caso)

SAA0187 Sistemas Aeronauticos de Acionamento Controle de tragdo — parte 1



G

EESC - USP

FADEC

* Funcoes principais

Maximizar a tracao

Economia de combustivel

Otimizar operacao

Evitar falha de motor ou “explosdes” na camara de combustao
Otimizar mudanca de regime de operacao

Protecao contra uso do motor em condicdes nao-especificadas

23

ENGENHARIA
AERONAUTICA

USP - SAO CARLOS

SAA0187
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( y FADEC Y

ENGENHARIA

EESC * USP s L

* Consideracgoes

* Grande variacao de velocidades
 Grande variacao de temperaturas

* G@Grande variacao de densidade do ar
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\ ! FA D E C ENIEIIERIA

EESC * USP s L

e Controle de Vazao de Combustivel

. Spray
Fuel Cooled | 0il | El - Ensine Controll Nozzles
0il Cooler  » _ ectronic Engine Controller el
Vo i f
rr-""'.*::::::
Fuel A FMU - Fuel
Manifold ; M t Unit
Engine HP ahagemen ni
SOV ¥ Filter i
N : HP |
LP Filter pump Fh.lflu g X —< FCU = Fuel
| Fuel Control Unit
! Flow ;
I | ;
I | v
Airframe |Engine ; |
| | e 25
| Bypass Loop | -
\-_.-. ________
VSVs
Servo Fuel
— PRSOV
(Fueldraulic) LP Fuel
I Bleed Valves HP Fuel
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EESL':USP
e Controle de Vazao de Ar

Inlet Guide
Vane (IGV)

S e

| |
S

FADEC

Wariable Fixed

Guide Stator

[Variable] Vane (VGV) Vane
I—I—|

s 6

Engine Compressor Stages

I
8

Tth Stage
Bleed
Air Valve

9

10

Tth Stage Air

12th Stage

Bleed
Adr Valve

12th Stage Air

Y

ENGENHARIA
AERONAUTICA

USP . SAO CARLOS
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\&

EESC - USP

e Controle de Vazao de Ar

HP

VIGV

VSV

TIC

LPT

HPT

VIGVIVEY
Actuators (2)

VSV Actuator
Control Valve

Fuel Pump

Intermediate
Pressure

High Pressure

Variable Inlet Guide
Vane

Variable Stator Vane
Turbine Impingement
Cooling

Low Pressure
Turbine

High Pressure
Turbine

Airflow Control

f T

&

Servo Fuel

= TIC Solenoid
Walve

Fan

ELECTRONIC
ENGINE
CONTROLLER

TIC Valve @

TIC Walve

IP Blead HF Bleed
Valves (3) Valves (3)
[P Blead HP Blead
Valve Valve
Solenoid Solenoid

Servo Air

¢

Heat
Exchanger

Internal Gearbox
Bearing
Compartment

LFT & HPT Cases

Y

ENGENHARIA
AERONAUTICA

USP - SAO CARLOS
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ENGENHARIA

EESC * USP s L

e Controle de Parametros

( ) FADEC 2y

Air Data ——»

Throttle position ———» Control System

A A

Speed Fuel Temperature
Demand

Air m> ( == > Thrust, Heat, Noise

Power Fuel
Offtake
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ENGENHARIA
AERONAUTICA

USP - SAO CARLOS

( y FADEC Y

EESC « USP
e Controle de Parametros

e Parametros de Entrada

* Posicao das manetes — por transdutores posicionados no sistema

 Dados anemométricos — pitot e tomada estatica

 Temperatura total (TAT) — probes localizads na parte
externa da aeronave

Manetes

Aceleragdo

* Rotag¢ao do motor — sensores colocados no eixo do
motor

“Idle” ou
marcha lenta

 Temperatura do motor — medida na regiao das
turbinas

* Posicao do escape — no caso de aeronaves com
“afterburner”

Reverso
(posicio de pousa)
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( y FADEC Y

ENGENHARIA

EESC * USP NS

e Controle de Parametros

e Parametros de Entrada

* Vazao de combustivel — liquidometro posicionado na linha de abastecimento,
0 mas proximo possivel da camara de combustao

* Razao de pressdoes — medicao da pressao em diferentes pontos do motor

 Parametros de Saida
* Controle de vazao de combustivel — para alimentar os motores

* Controle de vazao de ar — para alimentar sistemas ambientais




( Vs Sumario !=
ENGENHARIA

EESC * USP s L

* Evolug¢ao do sistema
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(J Evolucao do sistema !:

, ENGENVHARIA
EESC - USP

AERONAUTICA
e Sistema com controle manual

USP - SAO CARLOS

Throttle

Eﬁ lever
e Control rods

TGT TGT — Turbine Gas
Thermocouples Tem perature

M\;CUTE”\ NH - Rotac¢ao do

=
TGT NH C > compressor de

. Pump ™~ ~
Q@ -, 1 == i alta pressao

1 Gearbox mounted
speed probes

T

YUY

Fuel
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(J Evolucao do sistema !}

, EI\IGEI\I/I‘-IARIA
EESC - USP AERONAUTICA

e Uso de controle

* Para “filtrar” as acdes do piloto

Throttle
o  lever

E Control rods _
' TGT — Turbine Gas

TGT
Thermocouples

Temperature

Air data —»

T Engine control unit
~
Ad % > b NH - Rotacao do
q s = compressor de
TGT NH 1 N -
@. — ™ alta pressao
/;! IEI /—_ /]

speed probes

‘ Gearbox mounted

Fuel
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(J Evolucao do sistema !}

ENGENHARIA

EESC * USP s L

e Uso de controle e sistema de alerta

* Para “filtrar” as acoes do piloto e mostrar possiveis falhas de procedimento

Throttle

lever
Electrical
wiring TGT

Thermocouples

Adr data ——

Engine control unit
T1l——»
Ak

N q
To zulrcmft central TGT NH
warning system .

. 1 |

Setting bug Gearbox mounted
speed probes
Fuel
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ENGENHARIA

EESC * USP s L

e Sistema de autoridade total

(J Evolucao do sistema !:

Throttle
o lever
Electrical
wiring TGT
Air data —» . ) Thermocouples

Engine control unit

Tl ——» = C F

) Pump
S /

?_U_IW\F

Gearbox mounted
speed probes

Fuel
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(J Evolucao do sistema !:

J EI\IGEI\I/&IARIA
EESC * USP AERONAUTICA

 Exemplo: Motor RB199 da aeronave Tornado |

* Sistema de Controle — Main Engine Control Unit (MECU)

———t

I
g

:
I

Lane One

| Circuits Circuits |

: i

{

Circuits

1l

i

'......__ —— | —— - —

Reheat |

Circuits Lane

T
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\&

EESC « USP

Evolucao do sistema

 Exemplo: Motor RB199 da aeronave Tornado

e Sensoriamento

rob ot . Thrust Reheat Light let Pipe
Vibration Engine Start - ; ;
- - Reverse Up Detector Vibraticn
Amplif | ays -
fpities Relays Relays Amplifier Amplifier Powerplant AC
Control
Low Cyele T PrENRE
ow Cycle Fuel & 0il Overspeed TBT Thrust —DC
Fatigue Temperatura Governer Amplifie D q
Counter Amplifier Amplifier mpither eman AIRFRAME
5 5 ENGINE
[T1 ] S0V SOV _
i E] L | Light L']'.u‘ | Buzz | | Vib |
Fi) NL wi| | lenitor| [PL2 TET
- el
[ET] NL N Pr2 TRT
[~==1r~==5 - o \
I I L= : I ! .
| 11 [ -
C I Il o T
I Il [ I’
| [ AT T T |
I 11 | e i J I:h-/
_______ -
- il -
Vib Pressura Ignitor
SlunerT TMuln RuheatT Nﬂ;c;cleﬁ lirtl::urftl-
Flow Flow Supply Control ‘ Cﬂntﬁ'-l
Fuel ~
HP Air ::} [ Engine Hydro-Mechanical Control & Actuation Systems
A

2

ENGENHARIA
AERONAUTICA

USP - SAO CARLOS

TPR — Turbofan
Power Ratio

TBT — Turbine
Blade
Temperature
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ENGENHARIA
AERONAUTICA

USP - SAO CARLOS

Vs Evolucao do sistema
EESC + USP

* Exemplo: Motor RB199 da aeronave EAP

* Integracdao do motor com sistema avionico

* AVIONICS
e . 5 ——— —— ‘_T_E Data
{ — - Utilities Data { [j ™ Buses
| I I I Biapses I | Throttle |
| 1 -y I . ] . I—I |
I e e S COCKP I e Diplays )
. . $ ¢ Reheat Light Jet Fipe
Vibration ; = o -—
Amplifier Up Detector Vibration Powerplant AC TPR - Tu rbOfa n
Amplifier Amplifier Control
— DC
Low Cvcle Fuel & (il Overspeed TBT Power Rat|0
Fatigue Temperature Governer Amplifier
Counter Amplifiar Amplifier e AIRFRAME
5 5 ENGINE TBT — Turbine
SOV| [SOV R , |
_ . _ Blade Temperature
WL N |L|gh1|_lp| |Hu;.-'_| | Vib | .
. oni PL3 TBT
PO mL NH Ignitor
] \L NH P2 TBT
T s =9
e |
[ | : | [ -
C | | | I o
| X e
| | [
| | L o S—— | I I _I /
. . 4

il .
Pressure w
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ENGENHARIA
AERONAUTICA

USP « SAO CARLOS

(J Evolucao do sistema !}

EESC - USP
 Esquema simplificado de um sistema moderno

* Integracdao do motor com sistema avionico
VSV - Variable Stator

Thrust Indications
| | [indicaions| Vanes
Start SW
Adrame L PMA — Power
Engine — PMA A Management Analyser
EGT — Exaust Gas
L Electronic Engine Controller IE J Temparature
R e . Contrl EPR — Engine Pressure
T ] e e — Ratio
EGT Monitor B
N oje |
PR AVM - Airborne

Vibration Monitoring
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d

EESC - USP

G

Evolucao do sistema

 Exemplo: Motor EJ200 da aeronave Typhoon

Bypass Air

Instrumentation

High mass flow
Very high velocity

Y

ENGENHARIA
AERONAUTICA

USP . SAO CARLOS

Very noisy

Nozzle

"| Control

|
| ' .
| | Intake [ Engine Reheat
.‘—I_p -4

i Control | Control Control

|
i I Propulsion Control System
_____________ L_____________________I_______________________.

! [

Intake «—+— & Engine - ! » Jet Pipe
|

Engine Speed
20,000 — 60,000 rpm

SAA0187

Sistemas Aeronduticos de Acionamento

Controle de tracdo — parte 1



ENGENHARIA
AERONAUTICA

USP - SAO CARLOS

g

(J Evolucao do sistema !:

EESC - USP
 Exemplo: Esquema do Motor do Boeing 787

Instrumentation

.T

b
|

Low [velocity bypass air

— : I
— | ;’P’l_’_‘\
— T t
— i : _
— ! ! Low velocity bypass air
— I I

_ |
Ducted Fan Engine

6000 15000 rpm Control
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ENGENHARIA

EESC * USP s L

 Exemplo: Esquema do Motor do A400M

(J Evolucao do sistema !:

g

Reduction

Constant
Gearbox

Speed
/L’nit / Instrumentation

Low energy gas flow

|
: Propeller Engine !
: Control Control :
I |
| |

|

Propulsion Control System

Propeller Power Turbine
15003000 rpm 20000 —40000 rpm
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G

EESC » USP

Evolucao do sistema

 Exemplo: Esquema do Helicoptero EH101

Engine |Instrumentation .
Control 200-400 rpm
l Low eneygy
_'-‘_“:-—-__/”'f gas floy
i==1 /
[

Engine
Control

it
BOX

/ Low energy

gas flow
Instrumentatign

~/

Y

ENGENHARIA
AERONAUTICA

USP - SAO CARLOS
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