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Fundamentos do projeto de precisao

Pensamentos criticos
o Se vocé esta contente com algo, contorne
- Se vocé esta descontente com algo, contorne

- Sempre pode haver uma solucao melhor, tente novas

abordagens

o Vocé pode projetar um sistema para ser insensivel ao

meio, ou vocé pode isolar o sistema do meio

- Se vocé nao consegue resolver um problema pelo
seu comecgo, comece pelo fim e trabalhe no sentido

reverso
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\ 4 \ 4

[ Mancais ] [ Guias ]

> Mancais s3ao elementos de maquinas > Guias sao elementos de maquinas que
que tem por funcdo bdsica absorver tem por funcdo basica absorver

\

carregamentos, e onde o movimento de
translacao em qualquer direcao deve

ser minimizado, deixando livre somente

a rotagcao em torno de um eixo. .

PMR-3501

carregamentos, e onde o movimento de
rotacao em qualquer direcao deve ser
minimizado, deixando livre somente a

translacao ao longo de um eixo. .
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[ Mancais/Guias aerostaticas }

|

> Projeto complexo (mais do que os hidrostaticos)

> Fabricacao complexa (mais do que os hidrostaticos)
> Baixa modularidade

> Sem atrito, desgaste e stick-slip

> Baixa capacidade de carga

> Nao necessita de sistemas de retorno e resfriamento
> Baixa rigidez

> Elevado amortecimento

> Alta velocidade

https://www.physikinstrumente.com/en/produ . g~
cts/air-bearings-stages/a-60x-piglide-rt- > Elevada exatldao

rotary-air-bearing-module-900719/
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Pa Restritor de fluxo
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ﬂ AR
+ Orificio g
» Capilares e
> Flexiveis |
» Porosos el
» Valvulas sensoras de pressao P Restritor de fluxo
a
> Rasgo ]
. ) %‘ﬁ i v ho
» Fluxo constante e _
» Estabilidade inerente
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[ Restritores de fluxo }

Aerostatic thrust bearing fed through an inherent orifice restrictor Aerostatic thrust bearing with simple orifice restrictor
P

rizzzelll SR

2R, P .4

Dia. 40 mm, h, = 5 um | Dia. 40 mm, h, = 5 um
Load capaC|ty 46.2 N Load capacity = 91 N
< Aerostatic thrust bearing with porous restrictor » ¢ Aerostatic thrust bearing with grouped inherent orifices »

2z Y

I-|—2R1 —n-!

- R, - D
: R,
Dia. 40 mm, h, = 5um Dia. 40 mm, h, = 5 um
Load capacity = 91 N Load capacity = 150.8 N 9

PMR-3501 http://www.tribology-abc.com/sub20.htm
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< Aerostatic thrust bearing fed through a narrow groove » ¢ Aerostatic shallow pocket thrust bearing »

(IIL L

--.—2R1 — -

R,
Dia. 40 mm, h, = 5um Dia. 40 mm, h, = 5 um
Load capacity = 208,3 N Load capacity = 240,7 N
< GROOVE COMPENSATED AIR BEARINGS . » 4 Aerostatic thrust bearing fed through a porous ring shaped area »

e
T

~-—— R, ——®

2Ry

Pr

. - Dia. 40 mm, h, = 5 um
Dia. 40 mm, h, = 5 um Jo0 10
Load capacity i 303,1 N Load capacity = 2_19 N
PMR-3501 http://www.tribology-abc.com/sub20.htm
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[ Analise do restritor ]

M\ '° d°

Orificio sem rebaixo Orificio com rebaixo

12
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[ Analise do restritor

\\1\

\\1\

\\\\ h

N
! AN

Orificio sem rebaixo Orificio coem rebaixo

a— Actual pressure profile
BT, P - /zr Secondary pressure loss at pocket edge
i W / |.4— Actual pressure profile
2 _— thmugh orifice A_‘_)—~ Theoretical viscous pressure profile
Eﬂ'—‘ Pressure loss through orificee—~ < e
Theoretical viscous pressure profile C—_h

/_,/

\\»(/ Pressure recovery in bearing film
\|
L Pressure recovery in bearing film » P \l' [‘

I

Po iP

Slocun, A. Precison maschine desgn, Society of Manufacturing Engineers, 1998
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[ Fluxo de massa atraveés do restritor do tipo orificio ]

2 P, VE Py v-l%
\ \ n_df.h. Cq [(U—lv)R.T{<Fo> _<FO> }]
& my = 7,48X10%. Cd-df-h'%
— Diferenca de pressao

Jt_, ~ Actual pressure profile
Inertia losses Pt [ 2V v
/-“— P/ lw+Dlv=1

‘ﬂ—F Prusun_ loss lhmugh orifice

N[~

""""

PMR-3501 Slocun, A. Precison maschine desgn, Society of Manufacturing Engineers, 1998
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[ Fluxo de massa através do restritor com rebaixo ]

2 1
C): m.dy’ . Py . Cd[ 2v {(Pt)V <Pt)”+$}]
m — — —
V" 4fi-6z Llw-DRT\R P,

1 = 1,87X10%.C,. d2.

P

Diferenc_;a de pressao

- ,4’,' Secondary pressure loss at pocket edge
ST | i / ,J — Actual pressure profile e
Pressure loss / | i !
through unﬁa j‘_, — Theoretical viscous pressure profile
= (v + 1)

-._f-L

¥ R (1 Pressure recovery in bearing film FatOf' de COmpensagéo

'v._‘u' 5 . dO
L 4.dg.h

Po Pp Pi \l

15
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[ Pads / Sapatas J
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[Retangulares} [ Circulares }
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[ Mancais de sapata circular ]
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Mancal anular
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= Uma sapata circular aerostatica de 140mm de diametro deve ser

projetada para suportar 700N de carga, e ter uma rigidez de
70N/pum.

= Dado que a razao de pressao Po/Pa = 5, h, = 20um.

= Determinar a rigidez tedrica e compare com a especificada,

determine o consumo de AR e determine o diametro do restritor.

|

PMR-3501 Slocun, A. Precison maschine desgn, Society of Manufacturing Engineers, 1998
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\m' =k

» dy = 140mm, Ry = 70mm
= Kproj = 70N/um
= Po/Pa = 5 (atm)

. Pa— 1atm h

P

_0.27.m. (70)2(0,405 N /mm?)
B 20

max

Kmax = 8417 N/um <@ Kpro; =70N/um

20
PMR-3501 Slocun, A. Precison maschine desgn, Society of Manufacturing Engineers, 1998
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\m' =k

* dy = 140mm, R, = 70mm

l’: =i

fene il

0,34 .hg_ pOZ
3,24X107° . 2loge (%)
l

P

R_o = 20 = recomendagcio
i

Q — 3,4‘X10_5m3/s

21
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Figure 9.3.28 Pocketed circular thrust bearing stiffness where Ri/R, = 0.05, Cq =
0.8, and v = 1.4. For inherently compensated bearings, multiply the ordinate by 2/3.

22
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Exemplo de dimensionamento
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K.h, 70 N.um™1.20um K. hg P, 5 ot
=— = 0’27 - = atm
m.R2(P, — P,) m.702 (0,405 N/mm?) .RZ(Py — Py) P,
(1,30
AS' f- PO. hO T Gl TR I . Pohg 875
df —_— 6 RO s
31,55X10 .210ge (R—) ST
‘ s % ANNANY
ol ' NNTRS
AS'E = 0,85 L (.15 - Yw
2 10 \
0 0,85.0,506N. mm~2. (20X10~3)2 mm? ,
r - 31,55X106 .2 log,. (20) 0.05
i \/
df = 0,91mm 0.00 ; — ;
0 1 AE 0,851 10
Figure 9.3.28 Pocketed circular thrust bearing stiffness where Ri/R, = 0.05, Cq =
0.8, and v = 1.4. For inherently compensated bearings, multiply the ordinate by 7/3.
23
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n
N
d
d

e ——— T o}
— = , I ;
'.'J..‘;_—I < C, T T ‘ O O O O 0 O u
Q O O J o j A A B B
S=T e l { 6 ©o 0 0 0 0 0 o)
K =i \|
7‘3 (single entry bearings) (9.3.42a)
E= uia (double entry bearings) (9.3.42b)

number of orifices per row.

number of orifices per bearing (where there are two rows of inlets N = 2n),

df for inherently compensated bearings

dR for pocket-compensated bearings
Slocun, A. Precison maschine desgn, 24
Society of Manufacturing Engineers, 1998
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Aproximacao por sapatas unitarias circulares

Slocun, A. Precison maschine desgn, 25
PMR-3501 Society of Manufacturing Engineers, 1998
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¢ = Fator de forma

ESCOLA POLITECNICA DA UNIVERSIDADE DE SAO PAULO

Sapatas aerostaticas retangulares

dimensionamento

.
e
E
< '
.
4 . '
v “-
‘\
. .

1/) = fator de correcan da pressao 1 1
N numero de restritores nd

PMR-3501

Slocun, A. Precison maschine desgn, Society 26
of Manufacturing Engineers, 1998. pag 597
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Sapatas aerostaticas retangulares

dimensionamento

1.0

0.9

0.8

P 0.7

0.5

04

0.3

0.2

¢ = Fator de forma AsS
1/) = fator de correcao da pressao

N ndmero de restritores Slocun, A. Precison maschine desgn, Society 27
PMR-3501 of Manufacturing Engineers, 1998. pag 597
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Guias aerostaticas - dimensionamento

0.5

0.7

0.6

0.5

Kh

LB(P 4Py

04

K“_

0.}

0.0

K = parametro adimensional de rigidez
A &= Fator de alimentacao (feeding parameter) AG

R

—t-r ? * T ' T LI 1

01 1 A_E |

Al

10

Figure 9.3.32 Stiffness parameter for rectangular double-entry thrust hcuﬁngs with
pocketed orifices where a/B = 0.25, Po/Py = 5,Cq=0.8,and v = 1.4. For mhcrcx'ul}'
compensated orifices, multiply the ordinate by 0.67. For single-entry bearings, multiply
the ordinate by 0.75.

_ 3155 nd, nB

1/). = fator de correcdo da presséo P,h, L

N = ndmero de restritores

PMR-3501

Slocun, A. Precison maschine desgn,

DE SAO PAULO
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Figure 9.3.33 Load parameter for rectangular double-entry thrust bearings with
pocketed orifices where € =0, a/B = 0.25, Po/Py =5, Cq = 0.8, and v = 1.4. For single-
entry bearings, multiply the ordinate by 0.75.

K = parametro adimensional de rigidez

A &= Fator de alimentacao (feeding parameter) AE=

31.55 nd. B

1/)\ = fator de correcéo da presséo P h I
N = nimero de restritores

PMR-3501

Slocun, A. Precison maschine desgn, 29
Society of Manufacturing Engineers, 1998



1.0

' { 1.0
09 — :
! 0.9
1
)i ol |
0.8 — 3 | 0.8
L |
>0l . Gh P
J (T - e 0 0.7
06 + r.""
' :'-I-.:E » U & 0.6
. -
05 + 0s
-
04 - 04
4
D3 - 03
|
0. — —
| A
0.1 -
0.0 1 .

01 |

Figure 9.3.34 Nondimensional flow rate for

| 10

rectangular double-entry thrust bearings

with pocketed orifices where a/B = 0.25, Py/P3 =5, C4q = 0.8, and v = 1.4. For single-

entry bearings, multiply the ordinate by 0.5.

K = parametro adimensional de rigidez

A &= Fator de alimentacao (feeding parameter) AG=
1/)\ = fator de correcéo da presséo

N = numero de restritores

PMR-3501

31.55 nd; 7B

P h L

Slocun, A. Precison maschine desgn, 30
Society of Manufacturing Engineers, 1998
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Formas construtivas

Semiesférico Conicos Cilindricos
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Formas construtivas

Semiesférico / plano Yates Axial

PMR-3501
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Mancais radiais
1 n, [ 5 .
T 1
: 5

Carga [W]

Carga maxima Wo,

y

Carga nominal Wo,s
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Mancais radiais

Fragia= 0,3(L—a)DPy

DP,
KradiaI:O!G(L_ a) h iy A X
0 U |S)
“ ob ) nD
1 | : | A
0
i i |
b
| ! I
! ! |
L I ? o Q L I © O O O O ® ® ®
i | |
al| a
o
] A I ! : Y v

35
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Mancais radiais

30 P
a¢

S5)+ 27 (PH )/\ 5(PH)+ 2/ T(PH)

C

Dong-chul Han, Sang-shin Park, Woo-jung Kim, and Jong-won Kim; A study on the characteristics of
externally pressurized air bearings. PRECISION ENGINEERING JULY 1994 VOL 16 NO 3
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Mancais radiais

Comparison of static stiffness between dynamic stiffness coefficients

=10 -

- o

5

2 ]

=

[, i

.

"'E B/D = 38/60

2 C =10 um

S A=10 :

= e=0.1 T

‘Z ciep_ m=12

§ I

=01 - L e i H-H e
10 10 10 10° 10°

Feeding parameter I'sx  _ _ _ _ _ j;,

PMR-3501 Dong-chul Han, Sang-shin Park, Woo-jung Kim, and Jong-won Kim; A study on the characteristics of externally
) pressurized air bearings. PRECISION ENGINEERING JULY 1994 VOL 16 NO 3
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Mancais radiais

Feeding parameter versus stiffness and damping coefficients (Ps = 6)

8
_ 7
o
%6
E s
2 4
g 3
S 2
E
a1
0

38

Dong-chul Han, Sang-shin Park, Woo-jung Kim, and Jong-won Kim; A study on the characteristics of externally
pressurized air bearings. PRECISION ENGINEERING JULY 1994 VOL 16 NO 3
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Mancais radiais

Influence of B/D ratio

| =
> : o
c NG 4 T
& : f |
4 :
8 i 4 10
= .
g 10 b
= _
S
R o I ] QR .\, I s
'-___-'__‘-__1*';::::: -lp+ RSN
0 ¥ Lt 0

0.01 0.1

Feeding Parameter I's

PMR-3501 Dong-chul Han, Sang-shin Park, Woo-jung Kim, and Jong-won Kim; A study on the characteristics of externally 39
) pressurized air bearings. PRECISION ENGINEERING JULY 1994 VOL 16 NO 3
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Mancais radiais

Influence of number of supply restrictors (A=1, Ps=6)

10
G
=
o '»
é’ 1 - { 12 supply restrictors~{__ |
- { 10 supply restrictors..]
§ i — 8 supp]y restricwrh.. (PR SR S - ..-.5..?.;:.;;%
% 4 supply restricto
S 1.0 NS RE AR R RR AR
£ +1 B/D=138/60
- +] C=10 um
E T| Ps=06Mpa
g 1 g =0.1
o e
c
S I RO OO 00 0 £ SO S
E
=
0.10
10 10 2 10 ° 10° 101

Feeding parameter I's

PMR-3501 Dong-chul Han, Sang-shin Park, Woo-jung Kim, and Jong-won Kim; A study on the characteristics of externally 40
) pressurized air bearings. PRECISION ENGINEERING JULY 1994 VOL 16 NO 3
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Mancais radiais

Influence of supply pressure (A=1, n=12)c

tY]]
[
-

1en

less stiffness coeffic
-
=

=
2
W
=
a2
E
=
0.10
10° 107 10 10° 10’
Feeding parameter I's
Dong-chul Han, Sang-shin Park, Woo-jung Kim, and Jong-won Kim; A study on the characteristics of externally 41

PMR-3501 pressurized air bearings. PRECISION ENGINEERING JULY 1994 VOL 16 NO 3
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Mancais radiais

Stiffness coefficients versus eccentricity (A=1)

3.00

2.50

2.00

1.50

1.00

0.50

0.00

Dimensionless stiffness coeflicient Yit

-0.50
0 0.1 0.2 0.3 0.4 0.5
Eccentricity €
PMR-3501
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Dimensinless damping coefficient B

Mancais radiais

Damping coefficients versus eccentricity (A=1)

0.50

0.40

0.30

0.20

0.10

0.00

-0.10

e B!D = 38{60 .....

——nhnmE Ak RN AR EmmmEmA I RARREE Y

C=10 pm
A=10

H
H :
e e e siere e Geraaianea ety —————. frrrrrrrmmmnn i nerrrr ey Frmettattasrrrnrrnyyamn s, i .............................
H H
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| B
: : 1
: : :
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: : - ;
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Comprando Hidrostaticos vs Aerostaticos

LUBRIFICANTE A FILME FLUIDO
CARACTERISTICAS Liquido Liquido/ AR AR
NIVEL DE WIBRAGOES DD OO SO0 *
CAPACIDADE DE CARGA QOO © ®
AMORTECIMENTO OO L ©LO
RIGIDEZ QOO iy )
AQUECIMENTO EE) & OO
DESEMPENHO EM BAIXA VELOCIDADE &) SIS LR
DESEMFPENHO EM ALTA VELOCIDADE S SIS LR

Onde: ©O© - excelente, @8- bhom, ® - moderado, ® — regular, ®®- ruim e 0 — ndo aplicavel.

* se bem projeto e fabricado

PMR-3501
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