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[ Como transmitir o movimento para o carro? ]

Trilho

Sapatas
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[ Introducao ]

Existe uma série de solucdes de projeto que permitem a conversao
e a transmissdao do movimento, desde sua fonte geradora até o
ponto onde o movimento é desejado.

Sob alguns aspectos de projeto conversores e transmissores se

confundem e aplicacgao.

(0)

(1)5 é0)

Transmissao Conversao
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[ Engrenagens } [
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[ Variagoes
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Polias } [ planetarias } [ harmoénico }
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© engrensgens

( Caracteristicas ]

> Transmissao do movimento
> Direcionamento do movimento

> Amplificacao / reducao de velocidades
> Amplificacao / reducao de torque

> Forte dependéncia da qualidade das
engrenagens (custo)

> Fontes de vibragoes

> Sujeitas a desgaste

> Ajustagem (problema de Backlash)

> Erros acumulativos

PMR-3501
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[ dimensionamento ]

> E 0 mesmo de elementos de maquinas classico

> O cuidado é direcionado a fabricacao

PMR-3501
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[ Exemplos de aplicacao ]

10

PMR-3501 https://www.maxonmotorusa.com/maxon/view/content/index
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[ Conversores / Transmissores ]

( Cremalheiras ]

> Transmissao do movimento

> Conversao do movimento

> Amplificacao / reducao de velocidades

> Amplificacao / reducao de torque

> Forte dependéncia da precisao de fabricacao
> Fontes de vibracoes

> Sujeitas a desgaste

> Ajustagem (problema de Backlash)

http://www.mahr.com/en/home/news-releases---articles/press-north-america/gaging-tips/indicator-gaging-
tips/?ContentiID=15055&0verview=1 11

PMR-3501



PMR-3501

ESCOLA POLITECNICA DA UNIVERSIDADE DE SAO PAULO

[ Eliminacao das folgas ]

When stopped, the gear teeth are in contact

Slave pinion Master pinion

Direction of movement
\'

_— 3

Frottements Slave pinion Friction Acceleration

- ——le

During acceleration, the slave pinion gear teeth cross the gap and come
to rest against the opposite side.

12
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Module
Pressure Angle
Addendum
Dedendum
Whole Depth
Working Depth
Top Clearance
Circular Pitch
Pitch Perpendicular
1o Tooth
Pitch Diameter
— Base Diameter

[ dimensionamento ]

> E 0 mesmo de elementos de maquinas classico

> O cuidado é direcionado a fabricacao

SR

1.25m
2.25m
2.00m
0.25m

o m

A
3

pLose

S

Jdcosa

The Tooth Profile and Dimension of Standard Rack

PMR-3501
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[ Exemplo ]

Aro Rabo de Esfera de metal
andorinha 3x duro @ 2 mm

Mancais de rubi 8x

N,

o

Engrenagem Pino de Micro-rolamentos
temperada friccdo de esfera

14
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Exemplos

15
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[ Engrenagens cremalheira ]
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Caracterisitcas ]

> Transmissao do movimento
> Direcionamento do movimento

> Amplificacao / reducao de velocidades
> Amplificacao / reducao de torque

> Forte dependéncia da qualidade das
engrenagens e sem fins

> Fontes de vibragoes

> Sugeitas a desgaste

> Ajustagem (problema de backlash)

> Ajustagem (problema run in)

> Erro de segmento na reversao .
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Engrenagem / Sem fim

axial modu'le, m,, and nurrhal pressure angle o, = 20°.
s [ dimensionamento ]
—L" i //’::
!

#1

> E 0 mesmo de elementos de maquinas classico

| )
j NS

/;/ ay s - ’7 - . . ~
(0~ N . . = O cuidado é direcionado a fabricagdo
| / a
\ \k-\ ] // ey The Calculations of Axial Module System Worm Gears
AN
~_ | Example
‘“-l“":__::’/ &:E No. Item Symbol Formula Worm | Wheel
Dimensions of Cylindrical Worm Gears || Axial Module My 3
2 |Normal Pressure Angle oy 20°
- . Zwr Z: 7
The Relations of Cross Sections of Worm Gears 3| No. of Threads, No. of Teeth : ’ - — v | %R
Worm 4 | Standard Pitch Diameter d; zzm: 44000 | 90.000
Axial Surface Normal Surface Radial Surface 5 |Lead Angle Y tan (%) 7.76517°
1
m, = cg;”_f m, m; = sirr?n" 6 |Coefficient of Profile Shift Xaz - 0
7 |Center Distance iy g+ o + Xaz2 MMy 67.000
o, = tan (0% G’) Oa o =tan (8% a”) 2
* COS ¥ L sin y 8 |Addend - |100m, 3000 | 3.000
p, = nm sndum ha | (100 + x)m, - :
- n—+ n , = "
Px =XiMy Py = mm; 9 |Whole Depth ho |225m, 6.750
_ _mm,z, _ . . N s dy + 2hy
L ==nm,z, L =Zosy L =nm:zotan y 10 | Outside Diameter by |dys2hasm  Note2 50.000 | 99.000
- - i d - |
Radial Surface Normal Surface Axial Surface 1 _|Throat Diameter i ﬂ::" hsz %.000
Worm Gear 12 |Throat Surface Radius i T’—ha, - 19.000
NOTE: The Radial Surface is the plane perpendicular to the axis. 13 |Root Diameter g; g::jg 36500 | 82500

— P_LLl. TL___ A A RI_La il VA
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[ Caracteristicas ]

redugdo:

D..+D

R - ring sun

D

sun

http://en.wikipedia.org/wiki/Epicyclic_gearing
folga < 3 minutos de arco (redutor de precisao)
folga < 15 minutos de arco (redutor normal)
taxa de reducao: 3 (um estagio) a 200 (trés estagios)

rendimento: 90 a 95%
19
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[ Funcionamento ]

http://www.youtube.com/watchv=HCYMFW7X0QzI

20
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[ Exemplos ]

am

"5‘!&“ *vv‘ *

http://www.mitsuimiike.co.jp/english/product/power/transmission/
http://www.propeng.com.au/catalog/product_info.php?cPath=22&products_id=197 21

http://machinedesign.com/news/green-technology-jets-gear-fly-greener
PMR- 2530p g g gy-jets-g y-0
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[ Caracteristicas ]

> Sem folga: précarga
> Exatidao: ~ 1 minuto de arco

» Repetibilidade: poucos segundos de arco

> Eficiéncia: ~ 90%
> Taxa de reducao: 30 (50) a 320

> Baixa rigidez: engrenagem flexivel

22
PMR-2530 http://harmonicdrive.de/startseite/
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Caracteristicas

D circspline

D flexspline
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[ Constituintes ]

24

https://www.hds.co.jp/english/products/lineup/hd/01sr30 fd/
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[ Constituintes ]

Circular spline S Circular spline D

It has two more teeth It has the same number of teeth as the

than the flexspling like the flexspline. As it generates no refative

cup-type circular spline. rotation with the flexspline, it rotates at the
same speed as the flexspline.

25
https://www.hds.co.jp/english/products/lineup/hd/01sr30 fd/
PMR-2530 P IPTEnGISP P -
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Configuracoes

Configurations

1. Reduction Gearing

CSiFixed
WGTInput

UiT LF FS:Output
Ratioi=-ZR/2

Input and output in
opposite direction

2. Reduction Gearing

FS:Fixed
Ut WG Input
M CS:Output

T

] Ratioli=ZG/2
Input and output in
same direction.

3. Reduction Gearing

WG Fixed
FSinput

CS:Output

auT
IH

T Ratioli=ZG/ZR

(2] Input and output in
same direction.

ouT

t 1

. Increaser Gearing

WG Fixed
CSinput
FS Output

Ratio i=ZR/ZG

Input and output in
same direction.

. Increaser Gearing

FS:Fixed
CSnput
WG Output

Ratioi=2/2G

Input and output in same
direction.

. Increaser Gearing

CS3:Fixed
FSinput
WG Qutput

Ratioi=-2/ZR

Input and output in opposite
direction.

7. Differential Gearing

CS:Main Drive-Input
FS:Main Drive-Output
WG:Control Input

Output
Speed NR=NGx(R+1)/R-NW/R

Numerous differential
functions can be obtained by
combinations of speeds and
rotations on the three shafts

. Differential Gearing

CS:Main Drive-Input
FS:Main Drive-Output
WG Control Input

Quiput
Speed NR=NGx(R+1)/R+NW/R

Numerous differential
functions can be obtained by
combinations of speeds and
rotations on the three shafis.

26
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Dimensionamento ]

When (1) and (2) are combined, the
rotational speed of ciroular spiine S

5 represonted as shown on the right,

(2)

-

L5,

R+ 1 1
=N, = ——N

RO R

(Note) The sign (+) indicates that the wave generator is turned
in the opposite direction 10 the circular spine S.

27
https://www.hds.co.jp/english/products/lineup/hd/01sr30 _fd/
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[ Dimensionamento ]

Input:  Clrcular spiine D Input:  Wave generator
Output:  Circular spline S Output: Clrcular spline S
Fixed: Wave generator Fixed:  Circular spiine D
Reduction ratio (i) is: Reduction ratio (i) Is:
Y -
R ' R+
; - i Hence, Input rotation: Ne
Inpaat Inpust

output speed: Na

N, =N N, = =N
TR o T

v

When (1) ant (2) are combined, the N=N, +N,
rotational speed of circular spline D R 1
s representod as shown on the right, -ETIN . ?F'

'.-..

(Note) The sign (-) ndicates that the wave genarator is tumed n
the opposite direction 10 the circular spine D

28
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{ Capstan drives J

| Caracteristicas J

Reducoes por cabos
Reducodes até 50:1
Pré-carga: mola ( < 10% da

tensao limite do cabo)

Capacidade de carga:

Multiple cales / Turn it

multiplos cabos around

PMR-2530

Tensior
spring

ESCOLA POLITECNICA DA UNIVERSIDADE DE SAO PAULO
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[ Dimensionamento }

reducao: R
Rd —_ 7

Diametro da polia menor: 2r > 25d
Diametro do cabo (d) em mm
(aco de alta resisténcia ~ 1.1 GPa)

T,= Ty+ AT T;® T4 AT .

Tsaida
A - d=112
Angulo de abracamento: (n T R
i UAIRDE. 3 sendo n = nimero de cabos
e Tprecarga torque,,, em N.m
K

PMR-2530

ESCOLA POLITECNICA DA UNIVERSIDADE DE SAO PAULO
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{ Capstan drives }

[ Exemplos ]

PMR-2530

Synthetic Fiber Capstan Drives for
Highly Efficient Torque Controll

31
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[ Exemplos }

32
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[ Caracteristicas }

> Transmissao do movimento
> Movimento ultra suave

> Movimento sem backlash

33
http://www.cranfieldprecision.com/pdf/precision-linear-drive.pdf
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[ Rodas de atrito J

[ Exemplos ]

< . . - 1
26 Tonne Bridge Driven by Friction Drives Friction Drives Used on the NANOCENTRE

34
http://www.cranfieldprecision.com/pdf/precision-linear-drive.pdf
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FIM DA AULA
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