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Classificacao de Mecanismos
L. E. Torfason

e Feita pelo tipo de fransformacdo de
movimento (262 Classes)

e 12 Classes Principais:

» Atuadores Lineares » Osciladores

 Ajuste Fino * Retorno Rapido

* Hesitacao, Pausa e Parada * Reversiveis

« Posicionamento « Acoplamento

» Catraca * Geradores de Curvas
» Contadores » Geradores de Retas
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Classificacao de Mecanismos
L. E. Torfason — Atuadores Lineares

e Parafuso Fixo, Porca Fixa
e Cilindro Pneumadtico ou Hidraulico
e Pinhdo - Cremalheira

ﬁ}/
n https://www.youtube.com/watchev=kl6gNn2-nkk
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https://www.youtube.com/watch?v=kl6qNn9-nkk

Classificacao de Mecanismos
L. E. Torfason - Ajuste Fino

e Parafuso e Porca
e Engrenagens
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Classificacao de Mecanismos
L. E. Torfason — Hesitacao, Pausa e Parada

e Came-Seguidor
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Classificacao de Mecanismos
L. E. Torfason — Catraca

e Ratchet

PAWL

SHAFT

RAICHET WHEEL
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Classificacao de Mecanismos
L. E. Torfason — Contadores

e Roda de Genebrao
e Ratchet
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Classificacao de Mecanismos
L. E. Torfason — Osciladores

e Bila-Manivela

TN
-
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Classificacao de Mecanismos
L. E. Torfason — Retorno Rapido

e Mecanismo de Retorno Rapido

— Caracterizam-se por possuirem 2 fases de
movimento para uma dada velocidade angular
constante

— Relacdo de tempo “ida-retorno”

— Podem ser constitfuidos apenas por uma biela
mManivela ou por mecanismos mais complexos.

QUICK BETUARN
Me ISM

7
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Classificacao de Mecanismos
L. E. Torfason — Reversiveis

e Permitem que a direcdo de rotacdo
00ssA ser alterada

— Engrenagens

— 4 Barras
— Etc.

EESC-USP © M. Becker 2016
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Classificacao de Mecanismos
L. E. Torfason - Acoplamento

e Junta Universal
e Correid
e Corrente

Hooke Ring and Trunnion

EESC-USP © M. Becker 2016 16



Classificacao de Mecanismos
L. E. Torfason — Acoplamento

Bendix-Zeiss
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Classificacao de Mecanismos
L. E. Torfason - Acoplamento

http://giphy.com/qgifs/
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Classificacao de Mecanismos
L. E. Torfason — Geradores de Curvas

e 4 BaArras
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Classificacao de Mecanismos
L. E. Torfason — Geradores de Curvas

e Biela-Maniveld
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Classificacao de Mecanismos
L. E. Torfason — Geradores de Curvas

e Biela-Maniveld

EESC-USP © M. Becker 2016
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Mecanismos Simples
4 Barras

 Mecanismo Simples
* Movimento oscilatério do link seguidor
 Movimento do link acoplador

« 4 Barras Plano

« 4 Barras Espacial

http://www.youtube.com/watch?v=-KYomnT8xSc
http://www.youtube.com/watch?v=c_PnjGARuNU

EESC-USP © M. Becker 2016
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Mecanismos Simples
4 Barras

 Mecanismo Simples
* Movimento oscilatério do link seguidor
 Movimento do link acoplador

4 Barras Plano

EESC-USP

https://en.wikipedia.org/wiki/Four-bar_linkage
© M. Becker 2016
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Mecanismos Simples
4 Barras

»: link motor

- solo

5. link acoplador

4- link seguidor

0,: ang. da barra motriz

0,: ang. da barra seguidora

‘ 0,: ang. da barra acopladora
L, | v: ang. de transmissao

EESC-USP © M. Becker 2016 25



Lei de Grashof

e Franz Grashof - Prof. na Univ. de Karlsruhe
Condicdo para rotacdo completa

{j barra motriz de mecanismo 4-barras
“A soma da menor e da maior barra de um
n mecanismo 4-barras ndo pode ser maior
gque a soma das 2 outras barras”
*1826 +1893
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Lei de Grashof

Equacao

EESC-USP © M. Becker 2016
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Lei de Grashof

Inversoes do Mecanismo 4-Barras

Crank-rocker Me adjacente a Ma Double-crank
EESC-USP © M. Becker 2016 28



Lei de Grashof

 |nversoes do mecanismo 4-barras

- /- -
5
-
& ‘
(o) Tiple-rocker #1 (RRR1) b Wple-racker R2\RRK2)
! '
’ \
' \
- ’ v -
(o) Tripletocker A% RRR3I)’ (d) Tiple-rocker #4 (RRR4A)

/
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Lei de Grashof

Inversoes do mecanismo 4-barras

Created for "Design of Machinery, 3rd ed." by R. L. Norton and
"The Multimedia Handbook of Mechanical Devices" by 5. Wang
Software copynight @ 2004 by The McGraw-Hill Companies, Inc.
All rights reserved.

EESC-USP © M. Becker 2016
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Lei de Grashof

Inversoes do Mecanismo 4-Barras

Double-rocker

Me oposto a Ma
EESC-USP © M. Becker 2016

Double-crank
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Lei de Grashof

EESC-USP

Inversoes do mecanismo 4-barras
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Lei de Grashof

Inversoes do mecanismo 4-barras

All invessions of the Grashof foubar linkage

-3 ; Two nonrdistinet
ctank-tocker inversions

\ \\
, \%\
\
53 \3

Double-rocker inversion
[coupler rotates)

Double-crank inversion
|drag Irk)

Created for "Design of Machinety, 3rd ed " by R, L. Noton and
"The Mubmedia Handbook of Mechanical Devices' by S. Wang
Software coppright @ 2004 by The McGraw Hil Comparves, Inc.
All nghts reserved

EESC-USP © M. Becker 2016
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Lei de Grashof

« Classes de Grashof - Configuracdes Especiais
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TABLE 2-4

Barker’s Complete Classification of Planar Fourbar Mechanisms

Adapted from ref. (10). s=shortestlink, I = longest link, G = Grashof, RRRx = non-Grashof, S = Special case

Type s; :_ :" Inversion Class Barker's Designation Code  Also Known As
! < 4y = s= ground I-1 Grashof crank-crank-crank GCCC double-crank
2 < Iy = s=input I-2 Grashof crank-rocker-rocker GCRR  crank-rocker
3 < la = s= coupler I-3 Grashof rocker-crank-rocker GRCR  double-rocker
i < {4 = s = output I.4 Grashof rocker-rocker-crank GRRC  rocker-crank
5 > fy =1 =ground I1-1 Class 1 rockertocker-rocker RRR1 friple-rocker
6 > I3 =1 = input 112 Class 2 rockerrocker-rocker RRR2 triple-rocker
7 > s = I = coupler I3 Class 3 rockerrocker-rocker RRR3 triple-rocker
8 > 14 =1 = output 14 Class 4 rocker—qocker-rocker RRR4 triple-rocker
9 = Ly=s=ground Il change point crank-crank-crank SCCC  $C" double -crank
10 = iy = s=input MI-2 change point crank-rockerqocker  SCRR  SC cronk-rocker
11 = [a = §= COupler -3 change point recker-crank-rocker SRCR SC double-rocker
12 = {4 = s= output -4 change point rocker-rocker-crank SRRC SC rocker-crank
13 = two equal pairs 1115 double change point S2X %cr:rggﬁlgigrom
14 = L=l=0L=1I4 I1-6 friple change point Sax square
* SC = special case.
EESC-USP © M. Becker 2016 35



Mecanismos Simples

4 Barras

4
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Mecanismos Simples
4 Barras

« Possiveis curvas geradas pelo link acoplador

E L A

seudo ellipse () Srescent ) Teardr¢

N Triple cusp
ﬁ Crnce
(B) Kidney bean straight
(h) Scishitar ) Figure eig
' Banana (f) Dagbie straight ) Triple loo

(1) Umbrella
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Mecanismos Simples

4 Barras

* Informacdes de Atlas

e

Common link ratio L; /L, , Ly / L, BP 1 L,
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EESC-USP
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Mecanismos Simples

4 Barras

* Informacdes de Atlas

Ground link ratio L) / 1
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Mecanismos Simples
4 Barras - EQquacionamento

e Na Lousda

»: link motor

- solo

5. link acoplador

4- link seguidor

0,: ang. da barra motriz

0,: ang. da barra seguidora

‘ 0,: ang. da barra acopladora
L, | v: ang. de transmissao

EESC-USP © M. Becker 2016 40



Mecanismos Simples
4 Barras - EQquacionamento

e Na Lousda

Na Lousa...

A ABO,
A AO,O,

EESC-USP © M. Becker 2016
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Mecanismos Simples
4 Barras

e Significado fisico dos 2 valores de vy

tan

COS

EESC-USP © M. Becker 2016
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Lei de Reuleaux
Montagem do Mecanismo 4-Barras

e Franz Reuleaux - “Pai da Cinemdtica”

Condicdo para a montagem
mecanismos 4-barras

L,: link motor
L,: solo
L,: link acoplador

L,: link seguidor

EESC-USP © M. Becker 2016 44



Lei de Reuleaux
Montagem do Mecanismo 4-Barras

L, +Ly+L,>L,
L, +L,-L, <L,
L, + L, +L,>L,
L, +L,-L, <L,

EESC-USP © M. Becker 2016
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Mecanismos Simples
Biela-Manivela

e Exemplos de Aplicacdo: Motores de
Combustao Interna, Maqguinas Ferramenta,
Compressores, efc.

* Deslocamento do Pistdo Biela

Pistao

7/ Manivela

e Velocidades

e Aceleracdo

EESC-USP © M. Becker 2016 47



Mecanismos Simples
Biela-Manivela

Manivela

. Pistao

% Biela

http://giphy.com/gifs/

EESC-USP © M. Becker 2016



Mecanismos Simples
Biela-Manivela

e Diagrama de Corpo Livre e
Equacionamento

Na Lousa...

EESC-USP © M. Becker 2016 49



Mecanismos Simples

Biela-Manivela

e Qutras Configuracoes para o Biela-Manivela

Compressores
Motores

EESC-USP

Mecanismo de
Whitworth

© M. Becker 2016
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slider bloc slider bloct
rotates iIs stationary

Bomba de agua
Manual
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Mecanismos Simples
Biela-Manivela

Shder block translates Shider block hag complex motion

Slider block rotates Shder block is stationary

Created for "Design of Machinery. 2id ed " by R. L. Norton and
"The Mutimedia Handbock of Mecharical Devices" by S, Wang
Software copyright © 2004 by The McGraw-Hill Companies, Inc.
All rights reserved.

EESC-USP © M. Becker 2016
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Mecanismos Simples
Biela-Manivela

Compressores Mecanismo de
Motores Whitworth

Portdo de Garagem  Bomba de agua
Manual
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Mecanismos Complexos

e UniGo de 2 ou mais mecanismaos simples

4 Barras + Biela-Manivela

EESC-USP © M. Becker 2016
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Mecanismos Complexos
Mecanismo Toggle

e Barras CB e BO, com mesmo comprimento

n hitps.//www.youtube.com/watch2v=dCiYIvciSOk

EESC-USP © M. Becker 2016 55


https://www.youtube.com/watch?v=dCfYIvcfS0k

Mecanismos Complexos

— Mdqguina a vapor de James Waft

steam
- C]:
|
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Mecanismos Complexos

— 6 barras IR position

, | é f § O4
() Complete sxbar

double-dwell linkage
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Mecanismos Complexos

— 6 barras

(o) Fourbar coupler curve
with two "straight” segments

(b) Slider dyad for double-dwell

EESC-USP © M. Becker 2016 58



Mecanismos Complexos

— Locomotiva a Vapor
oXoNoRoXoJo oooa@m@
\ \ N A (& & Y ‘

| L &
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=N | w—
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B
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http://trumpetb.net/loco/ @
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Mecanismos Complexos

— Locomotiva a Vapor

r Y g N

| 1 |
® ' — ©
LA Ry October 2001
R. A. Booly

http://trumpetb.net/loco/

=
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Mecanismos Complexos

— Motor a Vapor

http://giphy.com/gifs/

EESC-USP © M. Becker 2016

61



Mecanismos Complexos

— Trens de Pouso

EESC-USP © M. Becker 2016 62



Mecanismos Complexos

— Trens de Pouso

EESC-USP © M. Becker 2016
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Mecanismos Complexos

— Trens de Pouso \\\

Grumman F4F Wildcat
WWII, 1940

EESC-USP © M. Becker 2016
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Mecanismos Complexos

— Trens de Pouso

EESC-USP © M. Becker 2016
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Mecanismos Complexos

— Trens de Pouso

EESC-USP © M. Becker 2016
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Mecanismos Complexos

— Trens de Pouso

http://www.technicopedia.com/8844.html

EESC-USP © M. Becker 2016
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Mecanismos Complexos

— Trens de Pouso

http://www.technicopedia.com/8844.html
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