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A Study on the Deflection of Rail by Bolt Tightening
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Abstract

The basic design of today s rolling linear guides with rauls is outlined in a French patent (rom
1932, 1t was nol until the early 1970s thai linear guides were commercialized. Progress with the
mumerical control of machine tools led to higher speed and accuracy of machmes that exposed
limitations of conventional sliding puides in terms of durability and response capability. As a result,
rolling puides, having better high-speed performance and greater compatibility with electranics, began to
be used widely This paper exammned theoretically and expermmentally the influence of rail bolt
tightening on the motion accuracy of linear puides, The rail of a linear guide is tightened and fived to
the bhase component by bolls, Naturally, the rail 15 an elastic body and the compression force generated
by tightening the bolts causes its deflection. Compromising maotion accuracy, the rail deforms wavily in
a longitudinal direction corresponding to the bolt pilech The relation between rail position and
delleclion(sinking} amount caused by bolt tightening was analyzed through FEM analysis in this paper.
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Table. 1 Chosen Model of LM
Fig. 2 Location of ughtening load
| .| Tightening torque |
Model e (Casting |Alumingin
M2 | BEe T sde U AT
M2.3] 784 5i9 302 7
M2.6] 116 764 [ =88
M3 |1 Tzr T @0
Ma |4z o L6
Mb | B8z | B8 | 44
M6 |13 91 B
M8 [ F0ad i [ e

M0 | 6780 4510 | 3330

M 12 17800, 7840 | 5880

M 14 [15700 ) ioeo0 T edn
M 16 [19600 ) 13100 . G800 |
M 207 [38200 | TRs00 IGO0 |
M 22 [E1900 | 24800 ~ 26000 |
M 24 [65700 | 44100 32800 |

M 307 [130000] 87200 EER00 |

Table 2 Tightening lorque for hexagonal-socket
head bolt*™! jUnit: N+ cm]
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Fig, 3 Plot results for transition UY
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Fig. 4 Deflection of rail due to bolts (FEM)
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Fig. 5 Defllecuon of rail due to bolls (FEM}
[Lype30]

ol 97 akol AzgA uw:l- S EE:
A Fol SE7] Bl T FEF AL AL
2o ol wal uloRe] B(NE LA A

2E Adolg uy wlgl
A2l B8 Alde e dmwd Y A

Fokd oA upper side centre Line)?] W&
& #ste] s|wetgi ol wWage =7] o



W2 Uerdn) o pEMel oa g A

A el 93 Frel dWlmEAME ga ZalAul o
A2 2.0n m oldhe] WL ehl2s it
o dl2gtel Rlota stE A-F o)y A
iPle) bele e,

4, €8

,lr
)
2

r
=t
%
=
=1
Bk

L
]
£ e

[

o AL

‘_
e
it
‘10
1l
o0
2
7,

.

1
2

~

)

o

|
o 2=
5

2 B e e o
o 8
M ‘
bac)
k)
e
2

hn
o

@

=

s-gulel g ol el iE WA W

: wo} ul—% A :

A DFHRe]l 2= A@eld) Uy wsi

ﬁ

= oA
£ nliate] w7 AxAle] 2E {4 2y A
FEAL FEMOE FMad e AEgd EHL
23 €& HaEAD uw EA3le HFEAE
flat 7lEAEsn 23 5 gvh Wk FEM
e Eale =7] Y MAA] @gAASE oY
& o =alar edel FAE gobsled A%E vt
dag P28 ded o2 538 A9y

(1} Shiro Yabe, Development of NSK Lingar
Guides', NSK Technical Journal Motion &
Cantrol No 5, 9-18, 1998.

(2) THK LM System General Catalog, CATALOG.
No.300-E. A-110.

3y LM 2l AREAANRE, AFGT) WA

~797-

{(4) KO Linear Motion Rolling Guide Series,
CAT-3504.

{5} Rexroth-STAR Ball Rail System Caialog.

(6} SBC Linear Rail System Catalog,



