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[ Mancais }
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[ Mancais de rolamento }

[ Exemplos ]
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Mancais de escorregamento ]
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[ Introdugédo ]
[ Atrito ]
~ Atrito de escorregamento ] .~ Atrito de rolamento ]
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~ Mancais de rolamento |

( Introdugéo |

Sao os tipos de mancais mais utilizados, e sao caracterizados
por:

> Facil movimentacao

» Baixo atrito

> Elevado nivel de padronizagao

> Baixo custo relativo

PMR-3307
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[ Mancais de rolamento ]

[ Constituintes ]

anel externo elementos rolantes anel interno

anel de blindagem anel espacador anel de vedacao
ou gaiola
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[ Mancais de rolamento }

[ Nomenclatura ]

Largura do

. : | .
Largura Raio da face posterior rolamento T
dacapar \ — Raio da face anterior da capa

-«+—+— Face anterior da capa

Anel externo Face posterior da

capa Ressalto da face posterior do cone
Separador ou
porta rolos .
Anel interno <— Face posterior do cone
B E—
Ressalto da

face anterior

do cone

Comprimento
do cone, B

Pista do anel interno

Diametro externo

ft——— furo

. Raio da face }{
— Gaiola anterior do cone

Diametro externc da capa
]
'
) —_— m|
+ '
le— Didametro interno d ——

;I
Face anterior f . .
(|:;, co:ha i r Cone . Raio da face posterior do cone, R

-
Face g

Saliencia, F
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[ Mancais de rolamento }

[ Espagador ]

— —————>

x S
//////////

anel espacador
ou gaiola <
3 .’j . . ~ - = ) N
< e 1
el (3 % 8
) 2N €~ Y ~ - ‘Q 4

contato espacador

7//////

PMR-3307



' ESCOLA POLITECNICA DA UNIVERSIDADE DE SAO PAULO

[ Mancais de rolamento }

[ Espacador ]

( )
gaiola gaiola gaiola gaiola
costurada rebitada macica injetada

10
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[ Mancais de rolamento }

[ Carregamentos ]

v
Radiais

\ 4

Radiais/Axiais
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[ Mancais de rolamento }
| Radiais de esfera ]
L
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[ Mancais de rolamento }

[ Radiais de esfera ]
|

! !
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~ Mancais de rolamento |

| Quando usar mancais autocompensadores |

v v
Desalinhamento Montagem errada

=

\ 4
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[ Mancais de rolamento }
[ protecdo ]
[
! R '
vedados blindados selados
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[ Mancais de rolamento ]

[ Rolos c6nicos ]

!
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[ Mancais de rolamento ]

[ Exemplo do uso de mancais de rolo conicos ]
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[ Mancais de rolamento ]
[ de rolo radiais ]
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|

Mancais de rolamento

|

[ Exemplo do uso de mancais de rolo radiais autocompensadores ]
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[ Mancais de rolamento ]
[ Exemplo do uso de mancais radiais de rolo e de esfera ]
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[ Mancais de rolamento ]

.~ Classificacdo quanto a forma do elemento rolante |

I
' v

esféricos Cilindricos/coOnicos

esfera/cilindro .
cilindro/plano

_ 2R4R, Area de contato Pressdo de contato
B R, +R, maxima E = 2E,E, Area de contato Pressdo de contato

By maxima
310,75(1 —v2)F D F
2858, Q= ( ) Pnax = 15— [4FD(1—v?) Priax = i
P ) E aZn 2RR, b= |7 max = 77
E, +E, D= n 21

"Ry +R,
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[ Mancais de rolamento }

[ Tipos de elementos rolante ]

I
' v

esféricos Cilindricos/coOnicos

| | | E
| |
t l - t t - +
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Angular cont
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Extermal Double romw Self-aligming Thrast Scif-ligmng thrus!

sell-aligning
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Mancais de rolamento ]

Série de larguras

Séries de diametros <

diametro interno

Classes de dimensbes

r diametro
externo

PMR-3307
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ESCOLA POLITE
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Mancais de rolamento

oes

Classes de dimens
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Mancais de rolamento

Classes de dimensoes

Shield

One
shield

Two
shields

o 0 @ @

Snap ring
and one
shield

Snap ring
and two
shields

One seal Two seals Shield Snap ring
and seal
Snap ring Snap ring Snap ring
and one and two shield and
seal seals seal

25



ESCOLA POLITECNICA DA UNIVERSIDADE DE SAO PAULO

[ Mancais de rolamento }

Precis&o J

l

Tolerancias geométricas e dimensionais

» Tolerances for bore and outside diameters, ring and beanng width

» Tolerances for inscribed and circumscribed circle diameters of rollers
» Tolerances for chamfer dimensions

» Tolerances for width vanation

» Tolerances for tapered bore diameters

PMR-3307

Precisao de giro (radial e axial)

» Permissible radial run-out of inner and outer rings

» Permissible face run-out with raceway inner and outer rings

» Permissible inner ring face run-out with bore

»  Permissible outer nng vanation of outside surface generatnx inclination with face

» Permissible raceway-to-back-face thickness vanation of thrust bearings

26
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[ Mancais de rolamento ]

 Classes de tolerdncias

ABEC SYSTEM ISO SYSTEM DIN SYSTEM

ABEC 1 MNormal PO
ABEC 3 Class 6 FPBE
ABEC 5 Class 5 F5
ABEC 7 Class 4 P4
ABEC 9 Class 2 P2
System bearing type | Precision bearing class
Tapered roller bearings C B A MM
Timken
Crossed roller bearings 5 F - -
_ [50/0IN All bearing types F5 F4 F2 -
Metric
Mon-tapered roller bearings REEC & REEC 7 REEC 9 -
ABMA Ball bearings ABEC K ABECT ABECY -
Tapered roller bearings C B A -

27
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[ Mancais de rolamento ]

 Classes de tolerdncias

| Referenced from ANSI/ABMA Std. 20 | Referenced from ANSI/ABMA Std. 20.0

| e Ring: Giemm < @ « 2.5mm Uit | outer Ring: 2.5mm < D < 6mm Une ym

28
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Mancais de rolamento

Dimensionamento

D —2h

d+2h
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~ Mancais de rolamento |

[ Dimensionamento |

/ capacidade nominal
3,33
C

L= Ly

\* Vida correspondente a 9X10%rotacoes

Vida correspondente ao carregamento radial F,

0,3
L

Creq = Fp L_r

\ Capacidade nominal corrigida em funcao da aplicagao

30
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Mancais de rolamento

[

Dimensionamento

)

Bearing Rated Capacities, C, for L= 90 X 10°

Revolution Life with 90 Percent Reliability

Radial Ball, @ = "  Angular Ball, &« = 257 Roller

L 200 300 Loo 200 3 1k 12000 1300
Bore Xt It med Xl It med Xlt It med
(mm) (EN)  (kN) (KN} (kN) (KN} (kN (kM) (kN (kM)
10 102 1.42 1.90 1.02 1.10 1.88
12 1.12 1.42 246 .10 1.54 205
15 1.22 .56  3.05 1.28 1.66 2.85
17 1.32 270 375 .36 2.20 3.35 212 380 4.90
20 225 335 5.30 220 3.05 5.80 3.30 4.40 6.20
25 245 3.65 5.90 2.65 3.25 7.20 3.70 5.50 8.50
30 335 540 £.80 3.60 6.00 5.80 240" 830 10.0
i5 420 850 106 4.75 820 110 310 930 13.1
40 4.50 040 126 4.05 090 132 720 111 16.5
45 5.80 910 148 630 104 16.4 740 122 20.9
50 6.10 970 158 6.60 110 19.2 5100 125 24.5
55 820 120 180 900 136 21.5 11.3 149 271
60 870 136 20,0 970 164 24.0 12.0 18.9 325
65 910 160 22.0 10.2 9.2 26.5 12.2 21.1 383
T0 116 17.0 245 13.4 19.2 20.5 236 44.0
75 12.2 17.0 255 13.8 20.0 325 236 454

PMR-3307

Radial Ball, @ = (¥  Angular Ball, & = 25 Roller
L 200 300 Loo 200 3y 1000 1200 1300
Bore Xt It med Xlt It med Xlt It med
(mm) (EN)  (kN)y (kN) (kN) (KN) (kN) (kN (kN) (kN)
B0 14.2 184 28.0 16.6 225 35.5 17.3 26.2 51.6
g5 15.0 225 3000 17.2 26.5 385 15.0 ng 5532
Q0 17.2 25.0 325 20,0 280 41.5 374 65.8
95 180 275 38.0 21.0 310 455 44.0 65.8
10d) 18.0 30.5 40.5 21.5 345 209 48.0 720
105 21.0 320 435 245 375 49.8 84.5
110 23.5 350 460 275 410 55.0 204 543 854
120 24.5 315 28.5 44.5 Gl 100.1
130 29.5 41.0 335 45.0 710 489 69,4 120.1
140 0.5 47.5 350 56.0 774 131.2
150 345 300 62.0 58T E3.6
160 1134
180 47.0 34.0 979 1401
200 162.4
220 2113
240 258.0
31
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Mancais de rolamento

Dimensionamento

A vida padrédo € comumente designada como a vida L 4.

Avida L,, corresponde a uma probabilidade de falha de 10%, isso
representa que 90% dos rolamentos nao falharam quando essa vida é
atingida, correspondendo a 90% de confiabilidade

Os testes mostram que a vida média de rolamentos (rolamentos de esferas
em particular) é cerca de cinco vezes a vida de fadiga padrao para L,
Muitos projetos exigem mais de 90% de confiabilidade

A probabilidade de falha de mancais de elementos rolantes ndo segue uma
distribuica gaussiana, mas sim um distribuicdo de Weibull

Isso leva a necessidade do ajuste da curva de vida por meio do fator de

confiabilidade Kr

ESCOLA POLITECNICA DA UNIVERSIDADE DE SAO PAULO
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[ Mancais de rolamento }

Dimensionamento |

24 =
22 — { \1

- \
20 I :
18— ] |
16 — | \

I

12 J \
o~ | A

Percentage of failures

J Median

—
H"‘-ﬁ

1 2 3 4 5 6 7 8 9 10 11 12
Life

(SRS
|
S
F4

<)

Distribuicao de Weibull para vida em fadiga de mancais de elementos rolantes

33
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Life adjustment reliability factor K,

Mancais de rolamento }

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

Dimensionamento |

90 91 92 93 94 95 96 97 98 99 100
Reliability r (%)

Fator de confiabilidade Kr
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[ Mancais de rolamento }

[ Dimensionamento |

corrigindo L, e C..q em termos de K,,temos =

c\333 c\333
L=Lp|— > L:KrLR<_
F, F,
cn=rn(E) o Gy )”
=rp\— =
req Lr req R K L

35
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[ Mancais de rolamento }
[ Dimensionamento |
i Fe | Efeito do carregamento axial
A
| \ y 7 Sendo F, o carregamento radial equivalente
T para mancais rigidos de esfera = a = 0°
< < para: (o < FJF, < 035, F,=F,
™~
Plal 4T + . F,
. para: 0.35 < F/F, <10, F, = F{ 1+ 1115 =~ 035
r
para: F/F, = 10, F, = 1.176F;

para mancais de contato angular = a = 25°

para. 0 < FJ/F, <068, F,=F,

K
para: 0.68 < F/F, < 10, F, = F,,|:l + 0.87’0(;I — 0.68):|

i
para: f[JF, > 10, F, = 0911F,

36
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[ Mancais de rolamento ]

[ Dimensionamento ]

. Efeito de choques e impactos |

» O dimensionamento de mancais de elementos rolantes em geral é feito para
condicOes de carregamento uniforme.

» Na presenca de choques ou impactos, o fator Ka deve ser aplicado para

corrigir a vida

Factors K“
o
Type of Application Ball Bearing Roller Bearing
Uniform load. no impact 1.0 1.0
Gearing 1.0-1.3 1.0
Light impact 1.2-1.5 1.0-1.1
Moderate impact 1.5-2.0 1.1-1.5
Heavy impact 2.0-3.0 1.5-2.0

37
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~ Mancais de rolamento |

[ Dimensionamento |

corrigindo L, em termos de K,

e espressando o carregamento em termos de F .temos =

3,33

C C 3,33
L=KLg|— == L= K,Lg (—)
e

F, K, F

38
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[ Mancais de rolamento }

[ Dimensionamento ]

Representative Bearing Design Lives

Design Life

Type of Application (thousands of hours)
Instruments and apparatus for infrequent use 0.1-0.5
Machines used intermittently, where service interruption is 4-8
of minor importance
Machines intermittently used, where reliability is of great 8—14
importance
Machines for 8-hour service, but not every day 14-20
Machines for 8-hour service, every working day 20-30
Machines for continuous 24-hour service 50-60
Machines for continuous 24-hour service where reliability 100-200

is of extreme importance

39
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( Mancais de rolamento |

| Exemplo |

Selecione um rolamento de esferas para uso no eixo de um prensa
industrial. A prensa operara de forma continua em um turno de
8h/dia a 1800 rpm.

Cargas radiais e axiais sao 1,2kN e 1,5kN, respectivamente, com

impacto leve a moderado.
a FT = 1, ZkN

l F, = 1,2kN \AhFr =1,2kN

M~ et F, = 1,5kN |- — 1 F,=15kN | |[ || F,=1,5kN
rolamento rigido rolamento de rolamento
de esferas contato angular autocompensador 40
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[ Mancais de rolamento }

[ Exemplo ]

Toleibadias ACOPLAMENTOS

para furos 8-
AR vl

P 4
= 1) o
8 i « S [EUNS a
4 rotative € 2 & B or a quente
p— - o o v £
EESR B ® [
t2$5 & &
e ~ o e »3 u—
| EEEE
(3
(+)
) ' '
. H M R
____ Linha zero = PR R
7 R .
1/-\‘ M
il AN
= Qe
[ d
a
[ F‘v'.'l
ol XX I
o C
g. 3 | com folga I*"M-‘ {incerto |-ei{e—17 com interferéncia ]
= b s
G
) Tolerdncias
Figura 4 2 para eixos

Campos de tolerdncia e ajustes mecanicos
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Mancais de rolamento

Exemplo

Premissas basicas:

» Projeto conservador para impacto leve a moderado.

> E necessdria uma vida Util de projeto de 8 horas por dia de servico
continuo.

> E necessaria uma confiabilidade de 90%

» Tanto um rolamento de esferas radial quanto um angular podem
ser selecionado. Um rolamento autocompensador vai depender da
amplitude da flexao na ponta do eixo.

> A vida do rolamento de esferas varia inversamente com a poténcia
da carga

> O ajuste prensado ndo afeta a vida util do rolamento.

PMR-3307
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Fator de confiabilidade K,

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

Life adjustment reliability factor K,

0.2
0.1

0
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Mancais de rolamento ]

Exemplo ]

Fator de impacto K, Ka=15

Factors K

a

Type of Application Ball Bearing Roller Bearing

Uniform load. no impact 1.0 1.0
Gearing 1.0-1.3 1.0
Light impact 1.2-1.5 1.0-1.1
Moderate impact 1.5-2.0 1.1-1.5
Heavy impact 2.0-3.0 1.5-2.0

N L. = 30X103 horas

\ Representative Bearing Design Lives

\ Design Life

Type of Application (thousands of hours)

90 91 92 93 94 95 96 97 98 99 100
Reliability r (%)

K,

Instruments and apparatus for infrequent use 0.1-0.5

Machines used intermittently, where service interruption is 4-8
of minor importance

Machines intermittently used. where reliability is of great 8-14
importance

Machines for 8-hour service. but not every day 14-20

Machines for 8-hour service, every working day 20-30

Machines for continuous 24-hour service 50-60

Machines for continuous 24-hour service where reliability 100-200

is of extreme importance
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Mancais de rolamento

Exemplo

Calculando o carregamento radial equivalente F,

F,=1,2kN F, 1,5

=—"_=1,25
F,=1,5kN Fr 1,2

para mancais rigidos de esfera = a = 0°

5 < . e o = F
para: o < FJF, < 035, F, = F, F,=F, [1 + 1,115 (F—t -0, 35)]
r

r

F
para: 035 < F/F, < 10, F, = Fr|:l - 1.115(;‘ - 0.35)}

F, .=24kN
para: F/F, > 10, F, = 1.176F; esf

para mancais de contato angular > a = 25°

para: 0 < FJ/F, <068, F,=F,

F
. F,=F, [1 + 0,870 (—t -0, 68)]
para: 0.68 < E/E. < 10, F, = F,,|:l + 0.870(;‘ — 0.68):| F,

r
F =1,8 kN
para:  EFJF, > 10, F, = 0911F, €cont ’

PMR-oouy
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( Mancais de rolamento |

| Exemplo |

1
1,5 C,,eq = K,. Fe(
= 30X103

K
K,
L,
Vida L em [rpm] = n.L, [mim]

L = 1800rpm .30X103h.60min/h
L = 3240X10° revolucoes

F = 2,4 kN
Cesf ’
\»C = 10,55kN

réqesf

Fecont = 1,8 kN
\CreQCont = 7’91N

PMR-3307
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[ Mancais de rolamento ]

[ Exemplo ]

Bearing Rated Capacities, C, for L= 90 X 10°

Revolution Life with 90 Percent Reliability

Radial Ball, @ = 0©  Angular Ball, & = 257 Roller
LOO 200 300 LOO 200 300 1000 1200 1300 C — 10 55kN
Bore Xt It med Xl 1t med Xt It med re quf )

(mm) (kN)  (kN) (kN) (KN} (kN) (kN (kN (KN (kN)

10 1.02 .42 1.90 .02 [.10 158 CreCIcont — 7, 91N

2 112 142 246 LI0 154 205
15 122 156 305 128 166  2.85 Qﬁ* -
17 132 270 375 136 220 355 212 380 490 h| \ 7
20 225 335 530 220 305 580 330 440 620
25 245 365 590 265 325 _Z20.. 370 550 850 I3 T -
[0 335 540 880 3.60 ,%151___':-3%&-" 240° 830 100 @;
[ 35 | 420 850 Lgg ! 475 SeBe-10 3.10° — 4
40 450 940 126 495 990 132 |u5.;»d cont — S5mm N ho|=
45 580 910 148 630 104 164 0 122 209 D :g d| |0~ I T
50 610 920, 158 660 110 : 10° 125 245 i I .
55 820 “TIU™ 18.0 . 3 149 271
60 870 136 200 970 164 : 1.0 _‘:Eﬁdesf =70mm | I
65 | jmmmmy 160 220 102 27265 122 210 383 |
E‘Lﬁ?}-‘ 70 245 134 192 295 236 440
BT 122 170 255 138 200 325 236 454 5
b AV
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[ Mancais de rolamento }

[ Consideracoes de montagem }

%I OB

AANIRANT

N N

s e\
> £ B
/ \\// e

y y/ Y/

Ii"a_.jlfa_;j

EANEE% SO

C-Anordnuna X-Anordnunag Tandem-Anordnuna
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[ Mancais de rolamento }

[ Selecdo ]

Pertormance, operating conditions,
and emionmental condtns
demanded o bearings
--------- S et ——
: L | Shaft axtal run-out
! se'::'“m < (2 Vibration from rotation
Speed j L= y [ |@® Rotating speed
of the e :
fm@ Horzonta o vertcal shaft
ez do o [5. Preioad and Rigidity Page 14]-,
Vibration, shock i
 —
: W@-nmmwummmmmm
-------- 2. Bearing Life Page 4 | i
(@) Change from ball bearings :[ Rating ]<] on oad, and
(2 Use multiple bearings. | .
(3) Use alternate dimension. ‘
Select bearig Value analysis
[ {canstandard pats ]

P 124.!&:5&:1.»4&;-# I Rrnsanee '--Iblnmmwmnqiwmwm Pagenln

d  Pages| !
1 + [ consider shaft and Determine if the shaft and housing accuracy Is
| | housing accuracy the same as or close to the bearing accuracy.
-------- {o. Bearing Handling Page 30 |
b : Consider how to protect bearing from damage
2 I H Wm‘:"‘“ and dirt In the work environment, and use
H H proper instaliation tools.

1 the bearing service ife ks the same as of greater
than the machine service life, consider a design or
lubrication that does not require maintenance.

o (i) 1 the bearing service Ife o grease e is shorter
P -~ --| 8-1. Shaft and Housing Fit -~ viewpoint. than the machine service life, create a design that
i Outer of inner ring rotation | |
H Stationary, rotational or H g
{ impact loading !
I . <] D | Iife through heat and ibeation measurements.
é centrifugal force at high ; Selection of bearing 4 8

PMR-3307 https:/mww.nachi-fujikoshi.co.jp/eng/web/pdf/B1031E-5.pdf
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Mancais de rolamento

Selecao

and ervvir

demanded of bearings

i) Change from ball bearings | : [
to roller bearings. s
25 Use multipie bearings. S

3) Use alternate dimension.

I

PMR-3307

l desired service life.
2 N Value analysis
Select bearing ) (Can standard parts

dimensions. be

l1-2 Examine Bearing Type

Page 3] N

@

— — kQ)WWlm
Beseiing <] &> Hortzontal or vertical shaft

() Load direction and size

- 2-4. Basic Static Load Rating and .,
Static Equivalent Load Page 6 :
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Mancais de rolamento

Selecdo ]

promeemgees 3. Bearing Tolerance Page 7 |-,
: 2pe

L. | Shaft axial run-out
| |® Vibration from rotation
[ |® Rotating speed

---15. Preload and Rigidity Page 14 |-,

If high rigidity Is required Increase the preload.

B

P - - -|8-2. Recommended Accuracy for Shaft and Housing Page 28 | -

' ’ :

g

' | Consider shaft and Determine If the shaft and housing accuracy Is

' |M'gmu, lhemasudosebmebwmmacy.

o - -[o. Bearing Handling Page 30,

’ 4

: WW and dirt In the work environment, and use
Instaltation proper installation tools.

1 the bearing service Iife ts the same as of reater
—p| han the machine service ife, consider a design or
Iubrication that does not require maintenance.

It the bearing service lfe of grease lfe is shorter

.
I

than the machine service life, create a design that

aliows easy bearing replacement or easy grease

Monitoring equipment can help in predicting service
life through heat and vibraon measurements.

viewpoint.
l replenishment, and define the maintenance Interval.

PMR-3307

Selection of bearing
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[ Mancais de rolamento }

" Erros de movimento

Measun’ngfjﬁl ()B.

weight
]

E
o Meemws  preer2 _ WF;
B L r (maxx1.2 | Stops at two points forinside  uep o nd PIS B,

| | Stops (at two points) or outside surface the circumference
Running accuracy Inner ring Quter ring Measuring point

Kia rotating stationary A
Kea stationary rotating A
Sia rotating stationary B
Sea stationary rotating Ba
Sd rotating stationary

SD - rotating D

Si, Se Only the shaft or housing or central washer is to be rotated E 5 1

PMR-3307 https://www.nskeurope.com/downloads/literature_bearing/EN-TI-0112-FINAL.pdf
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[ Mancais de rolamento }

[ Falhas em mancais de rolamento ]

Desalinhamento

Flexao dos eixos Contaminacao na interface

Montagem errada Acabamento superficial

Ciclo de carregamento Condicoes de lubrificacao

Velocidade de operacao Tipo de lubrificante

Choques Material do mancal
Sobrecargas Tipo de elemento
Tipo de mancal Selecao errada

PMR-3307
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[ Mancais de rolamento }

[ Falhas em mancais de rolamento ]

PMR-3307 D
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Falhas em mancais de rolamento
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FIM DA AULA
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