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C ;omponents of Spindle System S
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C ; Types of Spindles S
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Accuracy

O Spindle: a devic h provid Xis of rotation
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Accuracy
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Accuracy
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Accuracy

to the Z reference

[ Tilt motion: error mq@n ) gr direction relative
elfyo

7 Face motion: e otion parall the.Z reference

axis at a spe% radial location
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Accuracy

and/or tilt) of spi r an inst t?
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C ; Accuracy: Error Motion Plot S

O Error m olar plot
<~ A polal‘? ‘error motion N ynchronlzatlon

made
with the rot fthe splnd%
plot the complete error

= Total error

NyPpol
motion polar pl(ép rded

= Average error ar plot: the mean
contour of th motion polar plot

refere Ircle fitted to the ave error motion

averaged e numb revolutions
= Fundam® rror motion %;ot the best-fit
pol
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C ; Accuracy: Error Motion Plot S

3 Exampl }ror motion and error m@ mponent
polar plot j}'
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Accuracy: BIHIE EER

360 s 360° ﬁR

g‘éﬁ
PlLah &3 gé%ﬁ@

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

0
I/ '
B
- 0 -
-~ )

1 BB R A

éﬂﬁﬁﬁ

_A

& AR M, WA T
E%W%QEEE i B i

AN

i Mk, N&rs
‘ EFEHJL» FR A 8
€€~ '{?‘% »

mj\rﬁz;bzﬁﬂa? S % 70

RENIE D)

Y PRIANIL. B RERBEE

,%%%@m%ﬁﬁfﬁ
RIREIRD].

o phatacos


mailto:dhwang@cqu.edu.cn

Accuracy: BIHIE EER
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Stiffness

)  Sources of de@%n a spindle
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Stiffness
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Stiffness

(J How to 1gas
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C; Life-Span S
[ Require §%
~ Properwp ned manufactured inStalled, and

malntaln

= Rolllng ele n S C prowde tens of
millions of cycl Te free accurate motion.

= Assumes proper g including
manufactunn t

= Some wear ccur Wlth y cycle

= Elastic Q@jlng compen r some

geo %’ hange.
<~ The unknowns are contamln@ getting by
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C ; Rotary Rolling Bearings S
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[ Standar H}g bearing spindle syst@
[ Non-stand ing bearing spln le sy em
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C ;ingle Row Ball Bearings--Ex. S
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Detergfine the Major Parameters: Thrust Bearing

O Determiqa diameter of balls
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Detergfine the Major Parameters: Thrust Bearing

[ Determine t \ameter of balls

[ Determine the frumber of balls
P Axiéé'
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co;pact Ball Bearings: Introductiig
O Why do " ed to use compact baII@%s ?
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C act Ball Bearings: Radial Beariggs
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C act Ball Bearings: Radial Beariggs
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C act Ball Bearings: Radial Beariggs
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ompact Ball Bearings: it & & K
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Aero )Ic Spindles: Advantages/Disadvantages
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C%;rostatic Bearings: Configuratiog
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C%;rostatic Bearings: Configuratiog
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HydroCa;'c Spindles: Advantages/Disadygntages

O Compar Sl)Polling element spindles tatic

spindles h e'j}°

<~ Much lower

6@( and dynam@n-out.
~ Usually equal ttgr static stfffness at the tool-
point. g ’

< Much higher dampj
< Higher tolerance

< No wear, pote\@ry infinite I'Q?
~ Enables m@@g forces to besmegsured by
measuriu@g) cket pressures.
2 ... QQ Q”O
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HydroCa;'c Spindles: Advantages/Disadygntages

O Compar Sl)Polling element spindles tatic

spindles h ej~
2 .

~ Much higher p@ p?isxh,heat generation,
eds (if oil is used).

temperature rise a

# Typically higher c
support equipme@ &
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H tatic Bearings: Operating Princfple
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H tatic Bearings: Operating Princfple
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H tatic Bearings: Operating Princfple
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czrostatic Bearings: Configuratiog
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Hyd namic Bearings: Operating Prigciple

O Hydrodynam$ gs operate
éL{J‘ based on the ciple that
m e Vlsc%}mlds are dragged

\ bet bodies as they

—— @ e past each other, so
& IXthg rotating shaft acts like a

\Q flinip.

\Q # The &ure gradient is

. QO limit&d and so is the load

»&\ capacity awffness
‘% ~ They are th c§ple5t of

g—éQ bearings. 0
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Hyd namic Bearings: Operating Prigciple
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Hyd namic Bearings: Operating Prigciple

) 3 P A o S 1 4 §§§b

& TEGER ,@ﬂwﬁﬁ%m EH AW I i
B, Ae \,%ﬂﬁggﬁﬁﬁ,w@%MEo

R ARATE P NEESE N 15T . S AVEIA]
FHELE KT M5, ‘ SAEVIBh ., 855N
fit, TOFEAEBRR.

o WRAERT 2 RTINS GENRE RO, AT A
. @%mx%@§ﬁ§ 26 5 A3 4 P

PILab *F%)L %9&,@ dhwang@cqu.edu.cn

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee



mailto:dhwang@cqu.edu.cn

odynamic Bearings: Configuration
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