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The Study on Highly Precise Linear Motion Ball Guide System
—The Relationship between Crowning and Waving—

Tohru TAKAHASHI and Shoji NOGUCHI

Linear Motion Ball Guide is widely used over various industrial machines commencing with machine tool, which becomes
now an essential necessity as machine component. In the field where required high precision, however, a peculiar phenomenon
in Linear Motion Ball Guide called “Waving” has been questioned and which kept some clients at a distance from using Linear
Motion Ball Guide. It is known that the generating factor of Waving and Ball Circulation are linked closely, so I decided to apply
the load distribution theory to each and every position of moving balls of Linear Motion Ball Guide to ascertain the condition of
load distribution and posture displacement. What I found is that the crowning of raceway is intimately related to Waving, and that
there is a configuration in crowning which minimize Waving. By applying this technology to the condition of clients using Linear
Motion Ball Guide, and I developed the Linear Motion Ball Guide which can be used without problem even in the field of high

precision.
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Fig.5 Installation dimensions for beams in carriage side portion
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Table 1 Measurement condition and Instrument used

Feed device KR4510,/THK CO..LTD.
Feed rate 1 mm/s
Stroke 160 mm
Straightedge Bar mirror,/’NITTO OPTICAL CO.,LTD.
Displacement Non-contact displacement meter
meter /"Japan Laser Corporation
Recorder 8840, HIOKI E.E. CORPORATION

Table2 LMBG specification

Type ISO #25
Ball diameter D, = 3.969 mm
Oversize volume A= 0.008 mm
Ball pitch KD, =427 mm
Comformity factor f=0515
Carriage length 2u,=71.0 mm
Pitch of circulations 2u,= 23.172 mm
2u.= 6.436 mm
Initial contact angle y=45
Crowning No.l Ae= Dq /250
X-=12D,
Crowning No.2 Ae= Da/350
X-=3.0D,
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Fig.13 Running accuracy measuring result and
various analysis results in Crowing No.1
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Fig.14 Running accuracy measuring result and
various analysis results in Crowing No.2
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Table3 Waving analysis result and average of experimental result

unit : pm
wen Analysis Average of Experiment
Crowning No.1 0.083 0.117
Crowning No.2 0.026 0.033
Hi precision ratio 32 3.5
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