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' AERONAUTICA
EESC.USP | USP - SAO CARLOS

Diversas configuracoes e graus de complexidade:

. Sistema mecanico
Sistemas reversiveis

. Sistema mecanico-hidraulico

Sistema mecanico/elétrico-hidraulico.

Sistema eletro-hidraulico — EHS (Electro-Hydraulic System)

=

. Sistema eletro-mecanico - EMA (Electro-Mechanical Actuator) -

Fly-by-wire

. Sistema eletro-hidrostatico (1) — EHA (Electro-Hydrostatic Actuator)

*| | Sistema eletro-hidrostatico (2) — IAP (Integrated Actuated Package)

Sistemas irreversiveis

> Power-by-wire
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« Sistema reversiveis

- Sistemas Reversiveis sao sistemas em que as superficies de comando estao conectadas
fisicamente com a cabine de comando

« O movimento ocorre em ambos sentidos, ou seja, se os comandos sao acionados as
superficies de controle se movimentam e o oposto também é valido (se a superficie de
controle é movimentada os comandos se movimentam na cabine)
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g

« Sistema reversiveis

- Podem ser por cabos e polias

rudder run

bell crank aileron o
hinge line

« Qu eixos e hastes
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- Acionamento por cabos e polias
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- Acionamento por cabos e polias

Rght aileron

Control wheel —_

2

Left aileron
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Tipos de acionamento

- Acionamento por cabos e polias

elevator
J -t~ hom
up alevator  left J L~ I| elevator
aileron up e ]I torque tube
- elevator bell =
= - = rudder horn
. thrust
- L,
axis for rudder _ ~. bearing _“1__:.-__*: :
pedal rotation _ - | -
rudder ' .,, R
pedal o . e : axis for lateral alevator
. — =~ rolation hinge line
' ~ elevator
; i push rod
&f axis for fore
" — and aft rotation aileron down
/ " rudder pedal = cable
rudder tralling sector Y
' edge movas \ -
rudder run to loft -
alleron u , £ "
around loop l:ahlz A - aileron horn
-
aileron _
bell crank gileron
hinge line

Y
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" FiQ's Control )

Contral Wheel il )~ Wheel S i
N

(; Tipos de acionamento !=

Primary _4'}/52

Cables |

Right Alleron
Contral Output

Right' Wheel Well
Control Quadrant

Left Torque Tube
Right
Autopilot LOCCA

SAA0187 I 1 Us T e Gt T T s G U ~wwnamento mecanico
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- Acionamento por cabos e polias

) AltM
SPOILER DIFFERENTIAL
DOWN
LOCKED Z GRD <D . =N f: A\ " SPOILER UP
;;m Q| FULL UP ; FLIGHT. SPOILER
b | ASSEMBLIES (10 PLACES)

GRD SPOILER ASSYS ¢ \\

e — \ 0 o :0\‘ ,

; /l VIS

3 SPEED BRAKE 10
2 :{?’/ SEQUENCE GROUND SPOILER
X MECHANISH CONTROL VALYE A
% HYDRAULIC BPOILER RATIO CILNGER

SYS HO. 4
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- Acionamento por cabos e polias
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- Acionamento por eixos e hastes (push-pull control rod)
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- Acionamento por eixos e hastes (push-pull control rod)

Elevator
Aileron
Ty
\ :f,:fﬁ
f/, | “H /
1] | b,

¢

Control column
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- Acionamento por eixos e hastes (push-pull control rod)

G

Elevator
cables

e O
irrvenEenenENg .., .5

N
7o Ailerons 3

Note pivols nofor
cerrter of shar¥
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Tipos de acionamento

Acionamento por eixos e hastes (push-pull control rod)

RUDDER PCU
INCORPORATING RUDDER —_
YAW DAMPER
RUDDER SPRING ;-
FEEL UNIT — f !
RUDDER TRIM 2 " TAILPLANE
STARBOARD ACTUATOR ™ ,ff' ,-{ F) _ge=n  TANDEM JACK
AILERON o (PR
RUDDER "Q" FEEL ___ b APl
UNIT ! P
AILERON
TANDEM _JACK \
“\-»..\ TAILPLANE NON-
. LINEAR GEARING \
~~— .__ . - TAILPLANE
Y = IDLER LEVERS
AILERON TRIM AILERON CIRCUTT PORT
ACTUATOR _ AILERON SPRING AILERON
~ FEEL UNIT
. FEE
\‘“‘\ o r
CONTROL ™ oY, Wi o m
COLUMN i 2 -y
hk\ 'i i'l i TAILPLANE TRIM e Lty
ey e ACTUATOR T
. § ) N \J/./
SWIVEL ROD ) TANDEM JACK
ASSEMBLY TAILPLANE SPRING AILERON AILERON
h FEEL UNIT IDLER LEVERS

3
RUDDER PEDAL ~ )92 RUDDER CIRCUIT
— STARBOARD
= TAILPLANE CIRCUIT
e
1
G

INERTIA WEIGHT

23
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- Acionamento hibrido

mounting

push-pull rod

controller
stick

Tipos de acionamento

Control stick

Elevator

tension
reqgulator g
_..cam
o B -

—~ |~ @aviaedu

\ / | 0\, \

\ / =\

. '\\ "\ cable spnng

i \ damper

/ \ \

A \  pulley Siy
) S VA A >
(:Lfsa;l, damper '(._-_T',' QN

g g T elevator

pulley pulley mounting

Y
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« Acionamento de aileron

(! Acionamento em comandos de voo !=

RIGHT
AILERON

LEFT
AILERDN

CABLE TENSION
REGULATOR

PUSH BOD

(ONTROL WHEEL

CONTROL COLUMN
CHAIN SPROCKET

CONNECT TO AILERONS

CABLE

B
NPUSH oD
L
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- Acionamento de profundor

—

CONTROL
STICK

SEGMENT

~

e
SWING LINK 2
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« Acionamento de leme

RUDDER
SEGMENT
__RUDPER PEDALS

>

CARPLE CIRCVIT T2 KEEP ZARBRLES
STRETZHED

PuLLe
<

BIEHT PEDAL D

LEFT FEDAL

RUDPPER
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- Acionamento de sistemas nao-convencionais (longitudinal e direcional)

CABLE/PUSHRED
SYSTEM

FLoATING HMNGES

0. TO WBUDPPERYATORS b FIYED HINCE
\ CABLES FOR LONGITUDINAL CONTEDL

2 CABLES FoR DIRELTIONAL L ONTROL

! !
AUDDPERVATOR

TO LONTROL
COLUMN

PUusH AeD
SYSTEM
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- Cabos

- Diferentes tipos de cabos podem ser utilizados, variando o numero de elementos e também a forma
com que os elementos individuais sao fabricados e compostos para a formacao do cabo.

— e o
———————————— Nomenclatura dos cabos
~— \\ \‘
e ~ nxm
— —
(a) Regular lay

n.o de elementos

n.o de fios
por elemento

(¢) Section of
6 X 7 rope

(b) Lang lay

FAR: No cable smaller than 1/8 inch diameter may be used in primary control systems

SAA0187 Sistemas Aeronduticos de Acionamento Acionamento mecanico



ENGENHARIA

EESC * USP s L

- Encaixes e terminais para cabos

S = =———

OOUBLE SHANK BALL ENDO TEAMINAL

SINGLE SHANX 8ALL END TERMINAL @
> WIRE CABLE THIMBLE

( Vs Elementos dos sistemas reversiveis !=

ROD END TERMINAL

r———— —

THREADED CABLE TERMINAL

CABLE SHACKLE

EYE ENO CABLE TERMINAL

SAA0187 Sistemas Aeronduticos de Acionamento Acionamento mecanico
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- Encaixes e terminais para hastes

SAA0187

-PUSH-PULL T
}4-«) AN490 S UL VS
THREADED SOLID SHA STEEL (4130)
oR

ALUMINUM

L J
/ L ae) o .7. oo P e
‘\ FEMALE THRE ADED /<
N (ALSO MACE WITH m
SOLID AND HOLLOW 2
SHANKS)

A _ROD OR THICK WALL TUBE
A X DRILLED AND TASPED
A
/() EYE END 77 5 >
MADE FROM ALMINUM 25 A
NS 0D - 2024T3 @ =4

ROD ENO

(«ff’i j{»”'/ FIGURE |
e

Sistemas Aeronduticos de Acionamento

) | Q202473 OR @EITE)

Y
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AERONAUTICA

USP . SAO CARLOS

Acionamento mecanico



(! Elementos dos sistemas reversiveis !l
P ENGENHARIA
EESC * USP A
- Quias =
* Posicionam o elemento N
de transmissao e evita SPLIT
, FAIRLEAD
danos guando e
SOLID FAIRLEAD ROUTE THE CABLE THRQUGH THE

BULKHEAD AND SPRING CL»™ WITH

passado através da
estrutura

THE CONCAVE SIDE OF THE CLIP
TOWARD THE BULKHEAD

RESTRAINING
RINGS

FAR: Fairleads must be installed so that they do not cause a change in cable direction of more than three degrees.
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EESC + USP AE A
- Polias e guinhdis \-\
===

FAIRLEAD
INSTALLATION

THIN BO

CABLE
ATTACHMENT
POINT

CABLE ATTACHMENT
T

PIVOT POINT

e Polias sdo utilizadas (no plano do cabo)
para modificar a direcao do circuito de
acionamento e guinhodis utilizados ao FYPIGAL BEDLERANK rpeas AL b
longo do circuito ou na regiao das
superficies de controle

TYPICAL
SECTOR %

Ju"';&é’i‘h
FAR: Each kind and size of pulley must correspond to the cable with which it is used. Each pulley must have closely fitted
guards to prevent the cables from being misplaced or fouled, even when slack. Each pulley must lie in the plane passing
through the cable so that the cable does not rub against the pulley flange.

SAA0187 Sistemas Aeronduticos de Acionamento Acionamento mecanico
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- Esticadores

USP - SAO CARLOS

e Esticadores devem ser utilizados ao longo do circuito, mantendo a
tensao necessaria nos cabos (evitando folgas) no momento da
montagem.

THREE THREADS
ouT

TURNBUCKLE AMAR:]

BARREL |
|
—- l——FQOUR THREADS
N

SWAGING TERMINAL GROOVE _ BARREL PIN EYE RTINS
d_ e - o - o e TOTAL TOLERANCE 7 THREADS EACH

FAR: Turnbuckles must be attached to parts having angular motion in a manner that will
positively prevent binding throughout the range of travel.

SAA0187 Sistemas Aeronduticos de Acionamento Acionamento mecanico
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- Esticadores

STRAIGHT END

<
HOOK SHOULDER \

* Esticadores devem ser utilizados ao longo do circuito, mantendo a oK P e o T
tensdao necessaria nos cabos (evitando folgas) no momento da - .
montagem. BT o

‘DJRECTION OF PULL FOR INSPECTION

HOLES FOR SECLDRITY WIRE

TURNBUCKLE FORK LOCK TURNBUCKLE 4 TURNS WRAP

WIRE BARREL
CABLE
]
e T
el =2 03
o lﬁﬁnﬂf vig;a;ﬁl
4 TURNS wrap TURNBUCKLE EYE ANI70 THIMBLE
LOCK WIRE 4 TURNS WRAP
\NEW AA ‘:::’I M _
R (8) | & i = o e
v S 1] — Gt
i BSh e /

SWAGED TERMINAL

FAR: Turnbuckles must be attached to parts having angular motion in a manner that will positively prevent binding
throughout the range of travel.

SAA0187 Sistemas Aeronduticos de Acionamento Acionamento mecanico
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- Esticadores

SPRING TO STRETCH CABLE

sTore

* Alguns esticadores possuem molas para manter a tensao . | S e—
CABLE CABLE

necessaria nos cabos (evitando folgas) durante a operacao.

-GIE)-H———W - _— ____;_‘_1

~ LS IN,

e Qutros reguladores de tensao ajustam
a tens3ao dos cabos de acordo com a
variacao de temperatura

1 Rotating plate .Ai:plane Distance from HOT

2 Beam, attached to tension reg. ffi‘i'fi:ﬁ‘ji: ----- Eg-ggittfi .......

5 Bemn. steaches to strplane Coiierelohilin T T FAR: Each cable system must be designed so

4 Brake plate attached to 2 . .

s rake plate attached to3 20 M0 46 e that there will be no hazardous change in cable
. 24 75 5.1 0.36

e Hnde O tension throughout the range of travel under

b oMrchmems polnts S MBlEE L . ma e operating conditions and temperature

9 séz:;:néﬁé contrel cable ::: ::: ::z i:; Va riations;

10 Pointer

11 springs

SAA0187 Sistemas Aeronduticos de Acionamento Acionamento mecanico
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- Acionamento por cabos e polias

- Alguns dispositivos s&o usados para que os cabos estejam sempre esticados, mesmo com
grandes diferencas de temperatura

Os componentes devem suportar:

- Grandes diferencas de temperatura

- Umidade

- Vibracoes

- Dependendo o caso, ambientes acidos

Pulley Turnbuckle

Left Top Cable
Sector

Right
Sector

SAA0187 Sistemas Aeronduticos de Acionamento Acionamento mecanico
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« Folgas ao longo do circuito podem alterar a sensibilidade do piloto e também, por exemplo,
modificar o comportamento aeroelastico da aeronave.

Qj)ﬁml:ﬂsmmmnﬂw A A AR AR A A D] g: AR ARAAAR A AR FAARSALD MM MMMM HMMMM

S AN = mewﬂuﬂuﬁuﬁuWWUWWWWWUUUUU

g 0 : WWWWM T E 0 A AR AAAAAAAAAAAAAY AAPAARRANA ﬂUﬂUﬂUﬂUﬂUﬂUﬂUﬂUﬂ mUmUmUﬂUhUﬂHfﬂﬁjﬂﬁfﬂ@

;%: 0.5 %“W‘WWWWWWWW g 0 %%%%WWWWQ%%%

0 1 2 Tlm: o 4 5 6 19, 1 2 Tlms o 4 5 6
Sem folga Folga de 1°
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g AERONAUTICA
EESC. USP USP . SAO CARLOS

« (Guinada adversa

Increased lift
More Lift  causes increased

induced drag. / X

Adverse Yaw
- /

>3

More Drag

Decreased lift
causes decreased
induced drag.

Less Lift

Down
Aileron

NOTE: both ailerons, when
deflected by the same amount, |
produce the same profile drag

increment. There is no yaw '

due to profile drag. *
z
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« (Guinada adversa

Frise Aileron

Aileron Up

o

B
High Profile Drag

Aileron Down

Differential Aileron

C e

High Profile Drag
D it U S

Aileron Up

Aileron Down

C Tl

R
Low Profile Drag

(J Cinematica dos sistemas reversiveis

Spoiler

Spoiler
Raised

Y
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( Vs Exemplos de sistemas reversiveis
7 ENGENHARIA
— AL

EESC - USP

1. CONTROL WHEELS:
i1 COMTACL WHEEL TORQUE TUBE

- P 38-112

I pe r 3 FLEXIBLE JOWNT

4 ROLLER Chubsy

& TENSIONER SPROCEET
T WASHER
& TEE BaR ASEY.
9. CHAIN TENSIONER ASSY
18, LOWER SPAOCKET
11, MLERON TOROUE TUBE
12, BALANCE CABLE - LEFT
13, TUAMBUCKLE PRIMARY CABLE - LEFT
14, INTERCONNECT BALAMCE CABLE PULLEY

18, PRIMARY CABLE - MGHT i

18, BELLCRANK-AWLERGN - RadHT
0. A0 ALERON CONTROL - RIGHT
2. ALERON CENTERING SPRING

Acionamento mecanico

Sistemas Aeronduticos de Acionamento

SAA0187
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d
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EESC - USP

« Piper 38-112

1. CONTACL WHEEL
1 TEE BAR ASEY,

3 ROLLERA CHAIN

A CHAN TENSIONER ASSY.

E. COWTROL WHEEL STOP

& ADMUSTER-CHAIN TENSIDNER
7. AILERON TOROUE TUBE

B SPAQCEET STOP FiN

8. TEE BAR PWVOT POINT

10. TUBE, CONTROL WHEEL

11, FLEXIBLE JOINT

12 BPRDCKET

13. IDLER SPROCKETE

.|
Acionamento mecanico

Sistemas Aeronduticos de Acionamento

SAA0187
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AERONAUTICA
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EESC - USP

1. ELEVATOM DELLCRANK

° 1 1. ELEVATOR PULLEY - UPPER
Iper = 3, IUEVATOR PULLEY . LOWER
4. ELEVATOM CABLE + URPER - AFT

% ELEVATOR CABLE - LOWER - AFT
& PULLEY CLUSTER - BASE OF Pl
7 ELEVATOR TURNBUCKLE
B ELEVATOR TURMBUCKLE
9 PULLEY CLUSTER - AFT - BAGGAGE AAEA
19, PULLEY CLUSTER . MAIN SPAR
11. CABLE ATTACHMENT . TEE BAR
12. PULLEY CLUSTER - FORWARD
13 ELEVATOR CABLE - FORWARD
14, TEE BAR ASSEMBLY

ETA. 331.43

;

SAA0187 Sistemas Aeronduticos de Acionamento
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., AERONAUTICA

d
USP . SAO CARLOS

EESC - USP

« Piper 38-112

1. RUDCER
1 CABLE - LT
- CABLUE - RT,
4 FULLEY CLUFSTER
B. TURNBUCKLE - LT

. L]
E. TURNBUCKLE . AT,
7. PULLEY CLUSTER ]
B. CABLE.FWD - LT,
B, CABLE-EWD - BT,
10. SUPPORT BLOGCK
11. SUPRORT BLOCK
11, HAWGER - RT.

13, HANGER - LT.

T4, AUDDER PEDAL

16, DRAKE CYLINDER

V6. RUDDER PEDAL

17. AUDDER CONTAOL TUBE
1. AUDDER CABLES

9. TOE RRAXE PEDAL

0. BRAKE CYLINDER

21, BRAKE CYLINDER

2. CEMTER SUPPORT BLOCKE AMD SPACER
23 NOSE GEAR STEERING RODS

| 34 BPACER

Sistemas Aeronautic

iento mecanico

SAA0187
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DETAR. & TYPICAL CONTROL ) e pEtan, W . Emaggnowl W FASNeD
ROD ATTACHMENT, DOLFLING ; ;
AHD ESUPPDAT
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ENGENHARIA
AERONAUTICA

* Learjet M23

| - CABLE TENSION
REGULATOR

2 - COMTAROL WHEEL
3_ AUDDER FEDALS

LOURTESY
LEARJET

- SECLTOR
B - PULLEYS
C . PRESSURE

BULKHEAD
CUIDES
D } FULLEY¥S
=
D =

SAA0187

Sistemas Aeronduticos de

onamento mecanico
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* Requisitos de certificacao
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EESC - USP

§ 23.689 Cable systems

(a) Each cable, cable fitting, turnbuckle, splice, and pulley used must meet approved specifications. In addition—

(1) No cable smaller than 1/8 inch diameter may be used in primary control systems;

(2) Each cable system must be designed so that there will be no hazardous change in cable tension throughout the range
of travel under operating conditions and temperature variations; and

(3) There must be means for visual inspection at each fairlead, pulley, terminal, and turnbuckle.

(b) Each kind and size of pulley must correspond to the cable with which it is used. Each pulley must have closely fitted
guards to prevent the cables from being misplaced or fouled, even when slack. Each pulley must lie in the plane passing
through the cable so that the cable does not rub against the pulley flange.

(c) Fairleads must be installed so that they do not cause a change in cable direction of more than three degrees.

(d) Clevis pins subiject to load or motion and retained only by cotter pins may not be used in the control system.

(e) Turnbuckles must be attached to parts having angular motion in a manner that will positively prevent binding throughout
the range of travel.

(f) Tab control cables are not part of the primary control system and may be less than 1/8 inch diameter in airplanes that
are safely controllable with the tabs in the most adverse positions.
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* Relacdes de transmissao
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(! Relacoes de transmissao !=

AERONAUTICA

USP « SAO CARLOS

Control Stick
— ace H - ﬂ Fs pull (+) Elevator
| bdf OF =

%:,_f‘ ?n TE. up
a X (=)
* Arelacao de transmissao G pode ser -

alterada modificando-se a geometria *— bt
do circuito.

« Porém, normalmente nao ha
possibilidade de grandes mudancas.




\&
EESC - USP

Rela¢oes de transmissao

Exemplos de aeronaves e suas relacbes de transmisséo

|Surface Wheel Gearing
Travel Travel Ratio
degrees rad/ft

3

degrees

s i s e o o

Cessna |28 up 6.6 in. 1.62

20 up +/-90
172 I:J dwn  total

15 dwn deg

210 17 dwn total 15 dwn deg

Cessna |28 up 6.0 in. 1.50

I

]

I

|

I

I

I

]

|

I

|

Cessna |23 up 7.5 in. 1.12 I 25 up +/-90

I

: 20 up +/-85
|
]
|
|
|
|
|
|

303 lls dwn total 15 dwn deg
SIAI-M | stick 0.70 stick
85211 :

GL M36 i 0. 86

Transp. | 0,72

Jets |

Note: The gearing ratios are all defined so that:

F -
P (G) . (HM)

Surface Wheel Gearing
Travel Travel Ratio
rad/ft

-

i

Pedal Gearing
Travel Ratio
rad/ft

4.0 in. 1,68
total

2.8 in. 3,59
total

4 in. 3.14
total
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(; Forgas de atuagdao nos comandos |4\

ENGENHARIA

E preciso garantir que as for¢cas necessarias para atuar os comandos de voo (produzindo as
deflexdes de controle requeridas) sejam aceitaveis para um piloto (Maneabilidade).

Manobrabilidade — <_——> Maneabilidade

Risco de exceder frequentemente 0s o piloto ndo “sentiria” a resposta
limites de operacao do aviao (angulo > da aeronave e a pilotagem seria
de ataque, fator de carga, ...) bastante dificil e imprecisa

0 piloto n&o seria capaz de
aplicar a forca necessaria para
movimentar a superficie

N

Aeronave pouco manobravel ...



¥ Forcas de atua¢ao nos comandos

EESC + USP
 FAR23-§23.143

subpart B (Flight)

subpart C

(b) The limit p-ilc:-t forces and torques

are as follows:

Maximum forces
or forques for

Values in pounds force applied to the relevant control Pitch Roll Yaw
a) For temporary application
Stick 60 30 | -
Wheel (Two hands on rim) 75 50 [ ----
Wheel (One hand on rim) 50 25 | -
Rudder Pedal | - | - 150
b) For prolonged application 10 5 20

. : Minimum
Control ﬂ:féﬂ?&iﬁp& forces or
or less than torques =
5,000 pounds
Ajleron:
Stick . |6T7bs ... |40 lbs.
Wheel? . ... | 50D iIn-bss 40D in.-
s 4
Elevator:
Stick e | 167 bs L | 100 Ibs.
Wheel (symmetrical) ....... | 200 bs .............. | 100 lbs.
Wheel (unsymmetrical) s ceeeereeaeeeeeneeeeeeaeeeee | 100 15,
Rudder .....ocooeveieeieeee | 200 008 L | 150 bs.
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EESC + USP
 Uma condicao importante é a verificacao da forca de comando para a trimagem

e Para manter uma determinada superficie de controle em uma determinada posicao (angulo) em uma
condicao de voo qualquer é necessario equilibrar o momento aerodinamico na articulacao, aplicando-
se um torque mecanico (Hp) ou mesmo aerodinamico de mesma intensidade e sentido oposto.

P

GH_
Ponto de\>

articulacao

/

CABLE PUSH ROD ELEVATOR

SAA0187 Sistemas Aeronduticos de Acionamento Acionamento mecanico



