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O Slide co@near bearings &‘b
A Rolling ele ep@ﬁear motion bearings
J Hydrostatic be %'

[ Aerostatic bearing

[ Hydro-dynamic beariné
[ Flexural bearings \Q
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( ; Accuracy S
o9

[ Structur homogeneous transfor atrix
~ The eqh} f coordinates of a pointin a reference
frame n, in ence fram
- Xp i W Oy Oy Py |
Yro|_ - Yy é On Oy O, P,
ZRr "z, "N O Ok O P,
1 \Q O 0 0 1

~ Transformati m the Nth&\o the reference
system wil CQ@E sequential predugkt of all the
HTMs &*
~ Th error HTM Erel between t%ol and

|

ce in the tool coordinate frame
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( ; Accuracy S
o9

[ Structur m}homogeneous transfor atrix
V.

~ The eq f coordinates of a pointin a reference
frame n, In ence fram
~ Transformatio @?n he Nith axfs to the reference

system will be the geg I‘product of all the
HTMs

N
RTN: @Fm i ]T 2'1“3 e e
~# The reIativ%:@@ HTM Erel eren e tool and
Workpieﬂ the tool coordinate fr '

C : -1
Q Erel = RToo1 " KT yyork %
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Accuracy

O The HT@mear motion carriage
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[ Estimati sition errors from mod@ Ing catalog
straightnea—sp °
~ The HTM m s powerful{b™ from where does
one get esti f the errors
<~ The HTM assumes rrors occur at the center
of stiffness of the c g
= The center of m@a the point at which when
a force is apyphNgd to the’sy , N0 net angular

motionr% . ’
D
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C ; Accuracy S
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Ing catalog

O Estlmatl |t|on errors from mod@
stralghtne
~ Thefirst s é draw a sk o-f the system in
and e states “
fg ‘ Pacs

the ideal
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( ; Accuracy S

 The tran al errors are based on@%age of the
straightne @rs experienced by the

®
Yo

aring blocks
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Accuracy

[ Bearing b@it straightness is a funct@%d
h

accuracy ning parallelism of t earing block
to the bearing ral

40 -

a0

Running parallelism { L)

[0 -

2000 000

Q Rail length (mm)
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Accuracy

O The ang@ors are based on the dj ékes in the

average st

@ss errors experiencethby pairs of
bearing blocks é across the@age

N
[8}“2 T 8}*3] ) [6}’1 + 8}*4] /é ‘ Pacs
€y = 2 2 ~— &y
< iy

W
[823 + 824] _ [821 + 822] ‘ "
e —_ 2 2

L
[Syl T 6}*2] } [53*3 T 6}*4]
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( ; Stick-Slip (Stiction) S
oflsh >

[ Causes fT}k-slip §
~ The differ "between the static frittion coefficient
and the dy riction coeifighent

~ The dynamic fri
velocity

Eﬁzoe Icien?’variation with the

| 2 x J ®
N
l

’ [
Mechanica@?l of Linear Motion ¢

PILab if%!a‘& ] sk %ﬁg E-mail: dhwang@cqu.edu.cn
reci

cision and Intelligence Laboratory URL: http://www.pilab.coe.cqu.edu.cn/

/~ Lower stiffness



mailto:dhwang@cqu.edu.cn

( ; Stick-Slip (Stiction) S
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[ Critical '
2, Q

s)

1 ¢

MechanicaIQI\/la@V ick-Slip : ¢
R <
%
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( ; Stiffness S
O Weight iga d deformation sg%
4 ﬁiiﬁﬁ% =H & F R o
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i ; ° a‘A
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( ; Stiffness S
 Local d tion and contact de1‘orr§fbU
72 R AR B I T, WAL S S E Rl

7 AT R W AP BEG SR B TR AR R 45 M #%
fo T R AR 2> — 8 0

@ fﬁi/%g\g
Contact De .hsa@n &.a‘
§

PILab *%"?Lé 2 6% %ﬁ_@ dhwang@cqu.edu.cn
g

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee



mailto:dhwang@cqu.edu.cn

Stiffness
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( ; Decreasing Wear S
[ Friction Q(V}o?rties (b“
w W< S
P = S Bl é“z %
 Load per unit area fé .
[ Good lubricity
J Material combinations;\Q
3 Manufacturing me{r&% .
7 Next slide... . QO &
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( ; Decreasing Wear S
oo >

1 Material

Inations §
2 It was mu} 1at by making one surface in a sliding
contact beald §&arder than @her, better wear
characteristl ?Kegenerall)./ tained. (1.1~1.2)
[ Cases
~~ Castiron on cast i
~~ Cast iron on ste KQ
~ Brass on stee\Q ’ % /// g Z
° mI A

~ Polymers tanything BRam ey Y wewme
<~ Almost thing on ceramic

& Mglé ring methods C?O
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C ; Outline S
[ Exact C é} nt Design QAF%
[ Elastic Av
[ Separation the U|de and @eloaded Slide
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( ; Exact Constraint Design S
O Exact CCVQ in tDesign &‘b‘
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Elastic Averaging

O Exact Cwé@}nt Design Cb‘
a

A Elastic Avéragiiiy”®
Spacer hal@

"Perfect” undersize ball
never making contact

"Perfect” load
carrving ball

osing contact when
Tace depression

Imiperfect ball making [mperfedgt &. ball "Parfect”
Intermittent contact never na oognntact it rollsd

[ Separation t@ Guide and the Pre ed Slide
R (?%O
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Sepagation the Slide guide and the Preloaded
2 ; Slide ESQ
[ Exact C t Design 4$€b‘
[ Elastic Av
[ Separation the%mde and tls%y@loaded Slide
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( ; Types of Slides S
[ Slide co@near bearings &‘b
O Rolling ele ep@ﬁear motion bearings
[ Hydrostatic be %'
[ Aerostatic bearing / .
[ Hydro-dynamic beariné
[ Flexural bearings \Q

N
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[ General ‘}terlstlcs
~ Sliding t are the "original" ma hlnetool

beanngs
~ They are very r t an

~ They are speed lim
servo limits.

( ; Characteristics S

|ab e,

avefncnonlnduced

~ They are economjca

y applications will
never be repl % ’ &
[ Speed and ac on limits

/<15m/ Olpm)and01g

Q.é (?/?
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C ; Characteristics S
 Applied J(?} §%
~ Large Sar ‘area allows for high [0ad capacity.

~ Virtually in ve to crash%’

3 Accuracy .
< Axial: 5 - 10 micro Ing on the drive system.
~ Lateral (straightn : 0 microns depending

on the rails.
~ Special de5|g n yield na&ler accuracy.

[ Repeatability \

~ Axial: mlcrons depending on@

rive system.
alghtness): 0.1 - 10 micron ending

PILab *ﬁw "Ef@l IS dhwang@cqu.edu.cn
and Intelligen
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( ; Characteristics S
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[ Resolutli

~ Axial: l‘%krons dependin oﬁdrive system.
[ Preload 60‘6 %

O Stiffness / .

~# 5-10% of the aIIowé .

~ Easily made many ter than other
componentsinth% ch C.

~ Stiffness of v '\@S sliding o@h bearings
lubricated )@@ht oil and aft SW%?
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C ; Characteristics S
Ve, >

[ Friction $
~ Static ﬂi’p hever equals dynamic Yiction.
~ Stiction, w |c |.| is gr an dynamic M,
cause stlcksllp ca es position errors.

[ Vibration and shock r % )
[ Damping capability \Q ‘
3 Thermal performanca\‘ .

O Environmental s eness &

[ Support equip&@p ° a‘
[ Maintenan ‘%

Er\ag% dhwang@cqu.edu.cn
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Configurations

[ Open re

. - - - .
f? [ubrication fitting
oo

Hardened steel rail Gib Pl
SR e and lv.u a1

bolted and pinned

Gib pin

N T 3 Straight gib

Mounting holes

(through)
- Fegion for i)
ISy cast iron) _ |
linear actuator  groove
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( ; Configurations S
O Open re@ar linear bearing conf@‘@ﬁ

>

,’§ .
SO
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Configurations

O Construq@pf a modular dovetail s@%mbly

Lubm ation.

- Sadcl.. SCART UGN
fitting -

Dovqtail {male)

('"lb

St O Brazes

e . .
_ Base fcast roai
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Configurations

[ Closed r aﬂﬁular linear bearing conf %on

~ Gener
sliding con aring. .

Juration of a rectangul®r linear motion

<~ Bearing surfac
entire interface (us ot shown)

PlLab #%%Sfﬁégé%ﬁi —— 60
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Gibs

[ Some of empgny types of gibs that c
preload b

Tapered Straight gib ) Straight gib with
gib with in- with NO g locking bolts
line screw setscre\w olts ¢ and roller/wedge
preload preleac% setscrew preload
,&\ preload o
[ Model for lating straight gib thic es

PILab *%%%g%n%ﬁi dhwang@cqu.edu.cn §
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Gibs

[ Some of any types of gibs that c %sed to
preload b

[ Model for calcu stralght gl tihcknesses

0.15 4

0.14 4

0 1805 2.0

0.13 4

72“1 0.1851 lnﬁnlte

0.12" it

10 ab
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GAvity preloaded bearing configuratiqns

J Flat and«@ (b‘
~ Easies o@ﬁufacture.

~ When load On changes: ér-of-friction
changes and y s frQm actuator cause yaw
errors. ’

xxxxxxxxxxxxxxxxxxxxxxxx

:::::::::::::::::::::
xxxxxxxxxxxxxxxxxxxxx
::::::::::::::::::::::
xxxxxxxxxxxxxxxxxxxxxxx
JJJJJJJJJJJJJJJJJJJJ
HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH
fffffffffffffffffff

2
%
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GAvity preloaded bearing configuratiqns

3 Flat and@- ee designed to resist s@%&s (asin a

cylindricalegfi )
~ Easy to ma re. %-
<~ When load posi gﬁc anges, cénter-of-friction

o
changes and yaw | actuator cause yaw
errors.

<~ When subject to %e}@ oads (lathe, cylindrical

grinder), carri% Il not Ii‘ft&
O '

xxxxx [{'\.
::::: s
s

WO e TS -
oo R R
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.
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:::::::::::::::::::::::::::::::
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH
HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH
:::::::::::::::::::::::::::::::::::::::::::::
. L R ot om

L R T Y R Y
v . - . -~
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GAvity preloaded bearing configuratiqns

A Double @ &‘b‘
~ Difficu oﬁjhhufacture.

~ Potentially ccurate b of self-checking

form and avera 2(5

<~ When load positio
changes only slight

. center-of-friction
w loads from actuator

" ow
JJJJJJJJJJJJJJJJJJJ
HHHHHHHHHHHHHHHHHHHHH
:::::::::::::::::::::::::::
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
::::::::::::::::::::::::::::::
T T - T I R A T T T

D
s .
L
Er
]
e
WL L
xxxxxx A - P A A A NN AN NN
xxxxxxxxxxx - B R R S R R
IIIIIIIII - L A e .
RANEEEE) Uil G Y G N L R L T
Y R ER O o
N
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7 Width of Jdediing pad B &‘b‘
Load
B=
Pressure =———» pL%Length %o
[ B relates to the cap |5f ing'the weigh

[ Angle of Vee slides

[ Spacing between two

3 Length of carrlage& . . A
o Tl

O b

Q - mE—syZ S
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C ; Characteristics S

[ Rolling Qp linear motion bearing %Iarge part
responsibl aking automation possible. From a

system's pers , they are o%the most
Important types @hine elements.

[ Speed and acceleratiop”l °
< 60-120 m/min (20

~ At higher speed h@i e up L100 life, and
requires oil Iub%«'on. ° &

PILab *%9'35,53 = ,,%ﬁi dhwang@cqu.edu.cn
Pre
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C ; Characteristics S
il >

 Applied

~ Large Iba}@ﬁacity IS achieve wﬁany elements.
<~ Remember, apacity g ih a catalog is
usually for 100 f;tra .

<~ The load/life relati C

Lde sifi km
1 OOkﬂ?

F atesreanaer = 1 100 potegidgoli
%&?‘
RN
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( ; Characteristics S
ey ‘O

[ Accura

~ Axial: l‘"ap ‘ons depending gn Ar§ervo system.

~ Specially fu@%systems %Ve sub-micron
accuracy.

~ Lateral (stralghtne 0)
on the rails and rolli

10 microns depending
ents.

~ Rolling elements essarily round and of
the same S|ze :
2 Elastic ave helps to red frequency

stralght rrors, but they stlll e

# Next Q’)
Y
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Characteristics

O Accurac@ (b‘
~ Elastic*av ing helps to reduce hith frequency
straightnes 55, but they. ISt.

4

Spacer ball

"Perfect” undersize ball

"Perlect” load .
never making contact

carrving hall

Imperfect ball making [nwcri'm size ball "Perfect halldGsing contact when

Intermittent contact J]@ contact it rolls mnto a1.5;u1-1~auc ression

PIL iﬁ%»’;&sﬁ‘i S %ﬁg E-mail: dhwang@cqu.edu.cn
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C ; Characteristics S
Ve, >

O Preload hp §
Z Preven @r’notion upon load reversal.

~ If an unprel rolling ele 1% separated from

therace by a's gFagiial id |1ayer:

= The fluid layer
element and th '

= It is driven int ?t\rgr
conical dep \‘on.

O Stiffness \ .
~ Can be mﬁ%equal to that of the re% machine.
(

Z No I@ ertzian), so preload is imﬁ?&nt.
plab *@@@i—é s &

tween the rolling
Nicompressible.

Ike a needle, leaving a

dhwang@cqu.edu.cn
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C ; Characteristics S
3 Vibratio shock resistance &‘b‘
~ Poor t ate.
# Significant gt is requireé%gbdicany to reform
a hydrodynami giati lay&r to prevent fretting.

N 2
s %

PILab if%-’);& 7 = %ﬁg E-mail: dhwang@cqu.edu.cn
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C ; Characteristics S
o) >

[ Dampin $
e Additioﬁ‘P nping is obtained fromYhe lubrication
layer; howe squeeze # rea is very small.
~ Along the dire§e

@f&m lon, damping is negligible.
<~ Non-load carrying ' ntact bearings are
sometimes added ping Is very important

(e.g., grinders). \,

Compliance
=
==
=
Z (3
2o
& g
=]
g
= 2
o

"o
o

RQ@I bearing %
P" \ Frequency " §
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C ; Characteristics S
Ve, >

[ Friction

/7 Static I'H’Cp approximately equals §ynamic friction

at low spee stick slip isgoMen minimized.
~ For heavily loa aplesstatic’friction is still

significantly great amic friction.
~ Errors will appear Q Crossovers:
[ Thermal performanc

[ Environmental se@ty ) &

[ Support equip

K %
PILab *%%‘fr”@gi‘é%ﬁ.@ dhwang@cqu.educn 6O~
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( ; Configurations S
[ There ary?ﬁmingly Infinite number %‘ations on
rail geometrie d roller handling met S.
[ Typical linear r lement be&@g,eonfigurations
# NonrecirculatingBllgr beaing
n

I
~ Recirculating ball tér

~ Recirculating rolle

dhwang@cqu.edu.cn §
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eneral Design Considerations

[ There arg@;e main types of rolling éh'linear

motion be @6 .
e Non-recircué@s balls or ro%
~ Recirculating b

~ Recirculating roIIe

g
oY
N %

PILab *%)L St ,% E-mail: dnwang@cqu.edu.cn
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( ;eneral Design Considerations S
[ Before c@g arolling element Iinsﬁ%on bearing,
there are eyal fundamental issues to“eonsider
including: @» %.
~ Balls or rolle s@‘rcg to use?
e

~ Shape of the cont
2 To recirculate or n
~ Bearing spacing. &Q
~ Selection c.rit \Q ’ &
%\30
RN

PILab ifﬁzi% 2 = %ﬁg dhwang@cqu.edu.cn
reci

sion and Intelligence Laboratory
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( ;alls or Rollers, Which to Use? S

[ Balls ca ade more accurate. $

O Balls have%@éntial to skid sideways:

[ Rollers typicall% have a A%\ybarrel shape (or a
slightly curved rac ) 40 Id edge loading.

[ Rollers can have greaté a |:;acity than balls in a
circular arch.

O Next slide... \\‘Q ’
& e

PILab *%%Ep\a R H%ﬁg dhwang@cqu.edu.cn §
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( ‘;alls or Rollers, Which to Use? S
O In the en@epontacts are governed %‘emertz
equations, Ms ysics rules over sale K.
~ Look at the

Aication sh%*
~ Look at straigh atagnd rolling element noise

S
spectrums. 5‘

[ Build and test a syste

sary.

[ The wise user selects In ge&ble components!

PILab *%"?IJ&EP\Q R H%ﬁg dhwang@cqu.edu.cn §
Pre

cision and Intelligence Laboratory
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Co};eeireulate or not to Recirculat;?;

[ Recircul lements allow for "infin#g\ tkavel.

O As the ele eryfs‘ 2ave the raceway and énter the
raceway, they @( e acoustic%’d straightness
noise. é}(

are not retained, so they
pfriction and noise.

[ In most bearings, the &
can rub on each other

Rubber seal

A NN '
A W
L“J..J..J..JL.L4



mailto:dhwang@cqu.edu.cn

Co;?ecirculate or not to Recirculatjg
O Recircul@eaﬂngs are often com and can resist
loads and y?e ts from all directions.

[ In general, for %@\ troke preci%applications, Itis
often best to us g’rculating earings.

N
R %60

PILab *%9'35,5\3 = ,,%ﬁi dhwang@cqu.edu.cn
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( ; Bearing Spacing S

[ For mac 'edﬁols, typically the syste |[INoe over
constrain ay.

[ The greater the%the longuudwaal to latitudinal
(length to width)'s 0.
~ The smoother the Ié % ion will be and the less

[ First try to design thg{?e the ratio of the
longitudinal to Iatm@ I spacfn@earing elements is
about 2:1. . QO

7 Next Slide... <> |

PILab i}i”&éfp‘i e "%ﬁg dhwang@cqu.edu.cn @

sion and Intelligence Laboratory
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( ; Bearing Spacing S
 For the sp scious, the bearing el@ments can lie
on the perimet 5golden rec@(raﬂo about

1.618:1). fa

[ The minimum length t’wi 10 is 1:1 to minimize
yaw error.

[ The higher the speeq&h@h the length to width

ratio should be. \Q

10N
4

I:1

Pl
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c ;etailed Design Considerationss
[ Perform a‘Ppnsiderations %‘b
[ Running p aUé}s’m, repeatability, and résolution.

[ Lateral and mo oad suppo@ability.
[ Allowance for ther a(gr "

PILab *%5‘)&5’5‘3 R H%ﬁ.@ dhwang@cqu.edu.cn §
Pre
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C ; Non-Recirculating S
bt >

[ Non-rec

' n}ng crossed roller beari
~ Quiet, 'sive, versatile bearing¥or short travel.

~ Rollers travé%the distan e moving
member:

[ Variations on the baII

(o[ s]
1y
!
.,
¥

.&
S 3
PiLah *%@fr@;ﬁéﬁ 060

and Intelligence La boratory
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Non-Recirculating

O Non-reci@ng crossed roller beari (b‘

[ Variations on ball or roller in groovetheme

°
Crossedrollers EEW&\ Needles Rollers %iaﬁng

S

PIL *%-’)’LL& ] S %ﬁg E-mail: dhwang@cqu.edu.cn
a Precision and Intelligence Laboratory URL: http://www.pilab.coe.cqu.edu.cn/
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Non-Recirculating

[ Typical Q@oly of crossed roller su ted slide:

% / %O
reloac
acluz TR T
"
< ® i 2
= AND ‘ —
NP AD

PlLah FEHSRBmmE

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
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Non-Recirculating

W Method% loading crossed roller %s:

J |
- |

'd
\lnad whndeu
*Q

1

. A

Longitudinal wedge Double longitudinal wedge

oA %
P|Lah ¥R BacBm dhmang@eetucs 60
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[ Kinematj '

h}gns are often used: $

7 Quasi-kinemaptiarrang

rollers on flat rai é %.
fgmcr

( ; Non-Recirculating S
(el >

Q
PILab *%%%g%ﬁg dhwang@cqu.edu.cn
Pre

cision and Intelligence Laboratory
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YL oAy %

o M 0

Vo, >

Bo

b)

A
o
N
Q ,,, K
N o
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C ; Configurations S

PILab *%-’?Lé 7 St "%ﬁg dhwang@cqu.edu.cn §
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( ; Recirculating S

O Recircul@ans
~ Rotary jw ‘bearings as wh els oftrails

# Recirculati s on round&%‘t

s Recwculatmg b greeyed shafts
~ Linear motion gmd
[ Recirculating rollers

~ Recirculating Lo i onf rail

e Reurculatlng s on crovv&aces

A Hourgla$ ped on round \K/ayw
PILab *%-)L Q,ﬁ dhwang@cqu.edu.cn §

and Intelligence La b oratory
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( ; Recirculating g
O Rotary n}@ bearings as wheels on$(b

<Q
L %

PILab ‘% = u%ﬁ,@ dhwang@cqu.edu.cn
P

recision and Intelligence Laboratory
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( ; Recirculating S

: >})-° N\ SN

—
BS

PILab .%% 5%&@@ dhwang@cqu.edu.cn

Precision and Intelli gence Laboratory
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Recirculating

[ Recircul alls on round shafts (b“

Z A linea g which incorporates fecirculating
ballsonar haft .

Sligl1tl}fu:munedim&*al' 1ing jaft ]Igad bearing
.
W y -

Outer shell

v

Shatt

PILab *%%%Qﬂ%ﬁg dhwang@cqu.edu.cn @
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Recirculating

O Recirculq@ans on grooved shafts (b,
Z A linea éaring on a shaft with Srcular arch

%.
® Keyway

groove spli é

Loading

ball row

Chuter

ot
A I o« | sleeve
E iﬁn'n*n'n*n'n*n'n*n'nh L |

\ Y
AN A A S A A A '

1l hole

Unloading
ball row

I
Retainer

Spline 51131’[% I
o =T
K %

PILab *%%ﬁgu%ﬁg dhwang@cqu.edu.cn §
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( ; Recirculating S
mefidp gu ‘>

O Linear uides
~ Basic n@n’ents of a linear motiorM\guide bearing
system: 60* o

Mowunting bolt holes _

tall mounting holes

Mowunting surface

PILab *%%%Qm ﬁ.@ dhwang@cqu.edu.cn §
Precision and Intelligence Labo

ratory
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C ; Recirculating S
H Recircule%pllers on flat rails §%
<~ Very hi @fcapacity and stiffnessSy but alignment

IS critical. 6O~ ©
~ Crawler track tég’?e ircudating”roller bearings for
linear motion and sé élly available rail types
~ Sometimes called

[
=k -
] S é

<

PILab *%%%Qﬂ%ﬁg dhwang@cqu.edu.cn §
Preci

sion and Intelligence Laboratory
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Recirculating

J Recircul ollers on flat rails Cb‘

~ Multiplec
linear beari

ér track tread type recftculating roller
use onre elar rails

PILab *%-’a‘éf’ﬁ‘i;%ﬁg E-mail: dhwang@cqu.edu.cn

Precision and Intelligence Laboratory URL: http://www.pilab.coe.cqu.edu.cn/
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ical Recirculating Rollers on Crowned

MI Mlo

C

<=

Co

=Dynamic load capacity for 100 km life.
Co@ = Load limit: Load must not excesd this
value due to any transient condition.
Mt = Dynamic moment capacity about axis of
mistion for 100 km life.
Mto = Moment limit about axiz of motion: Moment
miust not excesd this value due to any transient
condition
M1 = Dynamic moment capacity normal to axis of
motion for 100 km life.

st nigt exceed this value due to any transient
nadit

53 SCREW SIEE

Tl

e X
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grated linear bearing and sens

[ Monorail beal$ eloped by
Schneeburge eliminate
assemb alignment issues

assouat ith linear encoders.

'c‘ scale is attached to
& rafl, and the read-head to

Recirculat rollers on flat
surfaces‘oi profile rails.

'& [ Line contact lely gives
‘% this type of be the highest
QQ load capacity, sti s, and
PlLab #%%‘fﬁég.é fae damping. 60

Precision and Intelligence Laboratory
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Co;rglassed-shaped on round Wayg

Carriage
Y
o _——
block vz T 1
y 3 '2 w i s
Roller ———+= ‘- : i Eccentric ~ ©) )
assembly =5

trmion pin g‘ﬂh

Round way

PlL ".tm Q,ﬁ g dhwang@cqu.edu.cn
e Laboratory

and Intelligen
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( ; Combinations S

v,

e
NN

7

ST

AN
DR b
S /%
1

NN AN

n—"]

P
MDD ParVarTany
(\./&JT‘ PASVANY \".‘
ParVarA MWarY5.Va ‘,‘
peracyl IERYVAR VAN <'v‘ - A
Pasy P cWanTary
VANZA I RANZANV ANy

PILab *%?Efﬁ\? = "%ﬁg dhwang@cqu.edu.cn
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L L——

[ Size and numbero e
~ Size of rolling ele
Load capacity oc f
<~ Number of rolljngéelemen

dhwang@cqu.edu.cn

AR
*Fa gna
PILab and Intelligen L b oratory
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( ; Strength and Stiffness S

[ Length lage Ld &
[ Size and n of rollers and/ S

or ball
[ Strength and s@ ¢
Proax <P tB

S
/‘gf .
~# Contact strength

Roller bearings 5@

Ball bearings

\?a=ﬂ'&
~ Contact stiifné%%
Roller be Kﬁ}s 8=c,P, ° ¢
Ball (Ngs 0=cq.,
Q ‘?«go

PILab ifﬁzi% 2 = %ﬁg dhwang@cqu.edu.cn
reci
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( ; Outline S
0 >

PIL *%-’)’LL& 7 St %ﬁg E-mail: dhwang@cqu.edu.cn
a Precision and Intelligence Laboratory URL: http://www.pilab.coe.cqu.edu.cn/
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c ; General Characteristics S
O Lack of q?%pical contact between enls causes
error moti ]b'e small, and harmonits quickly die

out

=

0.8 o --tei
06 .. i g

04 ol

02 Jd....... 4\

@

PIL *%5251—\3 = dhwang@cqu.edu.cn
a and Intelligence Laboratory
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( ; General Characteristics S

W Hydrost d aerostatic bearings u n\external
pump to S ressureized fluid to t earing.

~ Metered flo ch side of earlng creates a
pressure dif roportlo I to the
dlsplacement

~ Load capacity and N ess can be very high.
~ They require the@ a clean pressure supply

system.
&

&
N

PILab *FEE})L = ,% dhwang@cqu.edu.cn
and Intelligence La b oratory
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Configuration

.-:-_-_.-_l.l. _____________________ = = — ?.-’ I

D[} posed pad be j/;/ //,/r/
support a nmrtﬁ carriage

PILab 25‘2 g,ﬁg&g dhwang@cqu.edu.cn @
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( ; Configuration S
%, Q8

\\\\\\\\ i\ .
// /// i

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
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Working Principle

fEEEs g.é s
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Precision and Intelligence Laboratory



mailto:dhwang@cqu.edu.cn

ensation

pyration for Plane Opposed Bearings with Fixed Co

O

[ Fluid flow into the bea

resistance.
~ When aforce app@o

resistance ch
~ A load- baI pressure diffesenti ggis developed

ulated (R) by a

beaying, the fluid flow

er and lower

[ The differe ressure between th
pads i INg IS: (?0

_ R R, ]
.252 fep AP=P, - P u_ .
PILab *F‘ dl telligen %LR%) atory ! - R + Ry R+ Rj
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pyration for Plane Opposed Bearings with Fixed Coapensation

O

(J For a nominal gap h a all excursions 0 of the

structure: \Q
[ The dn%rens&&%ssure across the bgaring is:

v,

|

; R(h-S) +vy R(Mh+8)°+y %
PILab *%)"Z‘Ena "% dhwang@cqu.edu.cn §

and Intelligence La b ratory
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ensation

pyration for Plane Opposed Bearings with Fixed Co

O

—
O If the inlet flow resistaré zero, the bearing could
support no load.
O If the inlet flow resns& n finite, the bearing could
support no load
[ There must be |deal Inlet res stan
(compensat etween these two ex

PILab *%)"Z‘Enﬁgﬁs&g dhwang@cqu.edu.cn §

Precision and Intelligence Laboratory
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ensation

pgration for Plane Opposed Bearings with Fixed Co

f]{ e
Q. -
- T . e

[ Taking the partial derié e pressure difference
with respect to the inl Istance; Ignoring all

terms with 62 and hi :
- @ﬁ)ﬁ)
5)+v [Rn> (1€ 38) 9o

c)AP -
[ The "optim t flow resistance to

90° = Poyh?
capaci R=_1 C?
6 h? 0
PILab *%525’.‘3 ,ﬁ dhwang@cqu.edu.cn §
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Theory offOparation for Plane Opposed Bearings with Fixed Coadpensation

O If the dis@ ment of the bearing is a % to be a
portion of |naI gap, 0 = ah:

% A

O Linearizing about a =

AP =~ P, - P|~

O For an opposed arlng wﬂh(%ply pressure Ps
and inlet restri N sistance R, thie totat flow is just Q =

Ps/R. 4%
R ‘?«y
PILab *%)""CE’_‘QOH :|: ,ﬁL e dhwang@cqu.edu.cn §
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Theoryof Operation for Plane Opposed Bearings
with Fixed Compensation

[ StiffnessA change in load for a g clwange in

bearing g Qéféective dAP/0d) where ective is the
dAP

effective beari é %.
8)°

K = Actfective ﬁ = 3P, Acﬁ‘cgté + ( )

(e N (N
O At maximum load ca ;\CQ/,

earing stiffness is:
o
K ; ~ tfective — Fma_\; &
1 h ® ¢

PILab *%?Efﬁ\a = ,,%ﬁi dhwang@cqu.edu.cn
Pre

cision and Intelligence Laboratory
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Theory offOparation for Plane Opposed Bearings with Fixed Coadpensation

JIfP= ZMP@atm) a=b=0.05 m, Aeff 001250
m2 and h= ‘then K=375 N/um wh IS a very stiff
bearing. ¢O~ @.

(J The load the bea négé nsupport is’F = Kb, where & =
ah .

O Witha=0.5and a ction fact m Figure 9.2.3 of

0.88, the bearl capacity is %1 Ibf).
@ 2
N %

E 5o ok
PILab *F‘ s—‘idl telligence Laboratory
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e

Regions ignored by t

( ; Bearing Effective Area S

Regions analyzed using the-
polar form of Navier-Stokes -

Regions analyzed using thé
cartesian form of Navier-Stokes

-]
3 Pad flow resistange X, | i
/# The fluid resi Q\Qe of the st@ﬁ sections of the
flat pad be

Z# The flui K|stanc:e of the rounded%)

er regions
Z T t@i sistance of the rectangulaf%pad

PIL b *%{S i bearl ng dhwang@cqu.edu.cn
a Precision and Intelligence Laboratory
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Bearing Effective Area

O The flui g‘;‘nceofthestralghtse ' &ftheflat

pad bearin
%O‘%gely 33&

ed corner regions

PILab *%52 Ae %ﬁg dhwang@cqu.edu.cn

and Intelligence Laboratory
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Bearing Effective Area

[ The tota@ance of the rectangula@%d pocketed
bearing j}°

B, X
3

O

PILab i%?ﬁ 2 = %ﬁg dhwang@cqu.edu.cn
reci

cision and Intelligence Laboratory
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Bearing Effective Area

Regions analyzed using thé
cartesian form of Navier-Stokes

Y
[ The pocketed reqi @‘n ribu Q?X}ce equal to:

Fpockct = PP = ] (b - 21?] + I ﬂ

J For the land r
decays lin

) Btuwa=Pp £ [a+b-4 (¢ +r,)

PILab *%?E%b‘a = %ﬁg dhwang@cqu.edu.cn
Pre

cision and Intelligence Laboratory

not at the corneérs pressure
and they contribute a fo é_s)f:
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( ; Bearing Effective Area S
3 For the c@egions, the pressure gﬁ‘b‘
logarithmi Q/?d the four corners to er act as a
single beveled % %.
- 2P * -/ 2ry+ 1)

_ 2
P

Iy

2log.

gular flat pad pocketed

2 (7 - 4)Qq+ b4 (¢ +r,)]

| <
P|ﬂb|—*%£35£’g§%%§ | then A=ab-I(b+a) @

sion and Intelligence Laboratory

[ The effective area fog{‘h
_ /) +
’)

bearing is:
A=(a-2L
X

+ T

(rp + 4
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( ; Flow Restrictor Design S
| _ o A

dy

104
'u

dy

NANANARRN

| a) b) K\ '
O Orifices @ .

O Flat-edge pins., 3‘? &
O Capillary tub N ‘ ¢

[ Constant-f evices

[ Prop i@%ow restrictors %

PILab *%?Efﬁ\? = %ﬁg dhwang@cqu.edu.cn
Preci

cision and Intelligence Laboratory
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Capillary Tubes

O Types o@ensaﬂon ‘b‘
[ Opposed d@p‘lllary restricted bearings are one of

the most com rostatic b designs.

O The flow resistanc szap
X

[ Typical design:

Hex key straight thread
Oring sealed plug

Pressure supply
PRy Boss mount filter screen

Hypodermic needle capplilary

solderghinto hex key cap screw
Po
Land 60
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Capillary Tubes

Stiffness ratio (with
errors/without errors)

Manufacturing error (pm)

3 If the gap shoqu ge &gnifi@ however,

stiffness can \a ly lost.
[ Effect of m rors on capillary com éed bearing:

PILab *%%Ep\a;ﬂ%ﬁg dhwang@cqu.edu.cn §

Precision and Intelligence Laboratory
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Proportional Flow Restrictor

PILab *%?Efﬁ‘i = ,,%ﬁ@ dhwang@cqu.edu.cn

Precision and Intelligence Laboratory
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( ;Self-Compensating Bearings S

[ The bea *ﬁp itself can be used as eans of

regulating e‘@/vof fluid to the oppo bearing.
" A

Load bearing pad . .
ad hediihe pe Bearing rail

Q%" 27,
PILab #%%‘fﬁég—éﬁi — %
Pre

cision and Intelligence Laboratory
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Self-Compensating Bearings

Rggistance of
leakage

e
L. .
<

Annular

LIO0VE
Constant Resistance o Resistanet of upper Resistance of upper
— N vesistance of k . o compensation lands " o et PP
upper restrictor pocket (zap™3) saf®3) pocket (zap™J)

Constant
L dresistance of
upper restrictor

Fixed cmmpensatim%
[

PILab *%"?L&E;ﬁ\a = %ﬁg dhwang@cqu.edu.cn

Precision and Intelligence Laboratory

esistance of lower

) Resistance of lower
compensation lands

pocket (gap™3)

Resistance of lower
pocket (gap™3)

If compensating bearing
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( ;Self-Compensating Bearings S

3 Self comp@ﬂing bearings' load
@Ify determined:

can be the

cap

' d stiffness

K=3AP;,.

(h+8)* N |

P ] -]
‘¥h-8)Y° (h+§)
P".al) AL RAN: ML e

cision and Intelligence Laboratory
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c ;Self-Compensating Bearings S
m Configuq@of pockets &(b‘

o < ,Q J

;-(——1——-»-' /
et — L C o
— a)
-5 .
r ]
—- 5 -— AN
By o I \
—— \ =‘
L

PIL *Fl B ‘ﬁ”fg dhwang@cqu.edu.cn
a dI telligence Laboratory
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C ; Characteristics S
od 2 >

O Speed a }eleration limits $

% load capacity.

o
o
es.

s

[ Applied loads é“%

~ Large surface a Qﬁ(a
~ Virtually insensitiv

W,
r
(J Accuracy
~ Axial: limited Qn \the [ive gystem.
~ Lateral: Iimitemé‘,ﬁhe rails a&laﬂon from the
pressure s .
[ Preload ‘% ¢
7 M@@ggns are inherently preloade&?O

E F7o) A
PIHb .*ﬂ"fﬁ ) ,,%932 dhwang@cqu.edu.cn §
Precision and Intelligence Laboratory
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C ; Characteristics S

W Stiffnes 4$
e EaS|Iy rany times great r thamother

component e machine

damping.
[ Vibration and shock r
~ Excellent for Ilqu

~ Modest-to- p&r gas bear@

~ Dynamic stiffn jféer h ue to squeeze film

W Damplng capa

R 2
PiLab 7 g—é%ﬁ—@ ——— %O

and Intelligence Laboratory
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( ; Characteristics S

W Damping(Q) bility

~ Excellent nal to direction of moti®n, due to
squeeze fil Ing. .

# Low along direofydh ion.

~ Bearing area, gap,
to maximize sque

~ Squeeze film da e}@g
stiffness. %
$ / Roller Pack complianc@ (m%

plLab Pesredssue

cision and Intelligence Laboratory

ess must be considered
mping.

y affects the dynamic

. 8 & § &
'y =

Hydrobearing compliance @200 psi {@
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C ; Characteristics S
Ve, >

[ Friction

2 7ero smlp@c'tion. &

~ Dynamic fri epends on‘%p,And fluid viscosity.
 Thermal performan {

Z Finite dynamic fric

icient generates heat.

# Fluid flowing at prag
pressure shears RQ,

ased to atmospheric
ates heat equal to pump

power.
~ A cooler is %needed to conwol fgd temperature.

~ Expand] as creates cooling (J ompson

coi li (?0
PILab *%)Lfni "% g dhwang@cqu.edu.cn §

and Intelligence Laboratory



mailto:dhwang@cqu.edu.cn

C ; Characteristics S
o >

[ Environ

e
&,

4

PIL *F%-’)’JJ& 7 St %ﬁg E-mail: dhwang@cqu.edu.cn
a Precision and Intelligence Laboratory URL: http://www.pilab.coe.cqu.edu.cn/
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