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ABSTRACT

Linear Rolling Guide not only bears normal loadt lilso tangential load when it is used actually. tha basis of
Hertz Contact Theory, this essay firstly analysesdituation that the LR Guide bears tangentidttiipad with four

lines of balls. When the external load further gases, the essay analyses the situation that tide dpears heavy
load with only two lines of balls, and perfects thegential static stiffness model of the LR Gu@e the basis of it,
aiming at the deficiency that the previous modst ponsidered the balls’ elastic deformation, tissay put out a
tangential static stiffness model of the LR Guithéctv considered the deformation of the rail, and talidity of the

model is verified by experiment. At last, the esstaylies the influences of preload and groove sgnen the
tangential stiffness of LR Guide, providing theibas choosing parameters when chooses LR Guide.
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INTRODUCTION

As a precision transmission component, linearmnglijuide is the key part of CNC machine tool. Theuaacy of
CNC is influenced directly by the mechanical periance and the characteristics of LR Guide. Stushesv that
the 30%~50% static stiffness of machine tool depeml the stiffness properties of joint surface, enwer, the
influence of mechanical structure joint surface dang is more obvious. Compared to LR guides suggoly
non-contact bearings such as air bearings requaamgplex and expensive fabrication processes, LRI&using
balls bearings have advantages such as high ssffmelatively good reliability, and low cost[1h the LR Guide,
force transferred between the carriage and rg@ierformed via balls. During implementation, a LRid&uis usually
pre-stressed between the balls and the carriagéfnaiainly composed of slider, rail and balls.€Thalls are rolling
cycle around the slider and the rail to achieverétative motion of them, as shown in Fig.1.

At present, the research on LR Guide static chariatic, mainly concentrated the situation thatdb&le bears light
load with four lines of balls [2-4]. Literature [2ked two spring-damper element simulate a lingadi§, established
five dynamic equations, solved the modal paramgeterd the validity of the model is verified by exipgent. On the
basis of literature [2], literature [3] used sprid@mper element simulate all of the balls, esthblisthe equation by
energy theory, on the basis of the equation, usegtdnge equation establish five dynamic equatidhs. above
literatures simplified the balls, mainly concergigtthe situation that the guide bears light loath dur lines of
balls, didn’t consider the situation that the gugars heavy load with two lines of balls.

Literature [5-8] assumed that rail and slider agidrbody, only the balls have elastic deformatithey used the
distance between the curvature centers of rail didér as elastic deformation of the balls. Thegduthe hertz
contact theory to analysis contact state betwedrabd groove, so they got single ball relationshgiween force
and displacement. Finally, they used the force gsition of four lines balls to establish the tiglaship force and
displacement of the whole LR guide. On the basighef above literatures, literature[9] considered #kirt
expansion of the slider, and through the finitevedat technology, the skirt expansion they got isfieel. All the
above didn’t consider the rail’s deformation, esagcthe LR Guide bears tangential load (as shawlig.2).
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Aiming at the deficiency that the previous modedtjoonsidered the situation that the guide beargetatial light

load with four lines of balls, this essay firstigadyses the situation that the guide bears targdight load with

four lines of balls. When the external load furthmarease, the essay analyses the situation thdtRhGuide bears
heavy load with only two lines of balls, and petethe tangential static stiffness model of LR @uidiming at the
deficiency that the previous model just considettesl elastic deformation of balls, the essay putaotangential
static stiffness model of the guide which considetiee deformation of the rail, and the validity tbé model is
verified by experiment. On the basis of the motted, essay studies the influences of preload anolvgrétness on
the tangential stiffness of LR Guide, providing teesis of choosing parameters when chooses lioBergrguide.

slider rail
—

Fig. 1: LR Guide Fig. 2: L R Guide bear stangential load

EQUILIBRIUM EQUATION OF SLIDER
According to the Manual of Design and ApplicatiohRolling Bearing (Huazhong institute of technologsess,

1985), the relationship between the force and dedition of the single ball can be obtained by thetHeontact
theory:

3
2 3
F= 2\ 2a? :khai n
213 142 142 1
e (o)
2 B K

Further, we can get the relationship of the sihgli¥s stiffness and deformation:
1

= g k.a? )

Fig. 3: Forceand displacement of sngleball

Among thema is the elastic deformation of a single bédljs the external loagt/ is the hertz coefficients, . ;.

E,. V,are respectively Elastic Modulus and Poisson e rail and sliderE‘IO is the sum of curvature.

As can be seen from the above Eq. (2), the singlés Istiffness is connected with the deformatisaq, it isn’t a
linear system.

In the LR Guide system, balls are contacted withrdil and slider’'s groove, when the LR Guide beangential
load, the curvature center of slider produce tatigedisplacemenz, because of the elastic deformation of balls,
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as shown in Fig.3. Among thent, is the initial curvature center of loaded slidd‘[‘;' is the new curvature center of

loaded slider; Iy is the curvature center of rail groove represents the initial contact anglﬁlrepresents the

new contact angle. Now we use the distance of ltHersand rail's center of curvature (two radiuscofvature is
equal) to represent the elastic deformation obilts,

According to Fig.3, the initial distance betweea #lider and rail's center of curvature is:
g =(2f-1)D (3)
Among them:f is fitness of the groovd) is diameter of the ball.

LR Guide use the way that increase balls diametegedt preload, and assuming that the balls have the
pre-compressioA. When the LR Guide’s displacemef)t< Z, (the critical displacement of four lines of balls

bearing and two lines of balls bearing), the dista) of left two lines of balls become:

£ = \/(50 cosp + zl)2 +(&, sin,B)Z 4
The new contact angle become:
&,Sin .
B, = arctan{—2 B ) (5)
E,COSB+2z
The elastic deformation of the left two lines ofibare:
a,=&—E,+A (6)
In the same way, we can get the right two linekalls’ elastic deformation and the new contact engl
a,= \/(50 cosfB-2)" + (g, sinB) —g,+A ©)
&,Sin .
B, = arctan{—" B ) (8)
&,C08B -2
According to Fig.2, we can get the force equilibnisquation of the slider:
3 3
2ncosf, k,a,* ;- hco, ka,” ¥ P 9)

Among them, P is the external load is the number of the balls

When the elastic deformation of right two linesbells are zero, the LR Guide is only by two lineft two lines of
balls bearing, the force equilibrium equation o #lider is:

3
2ncosp, ka2 =P (10)

The above analysis establishes the contact modeéR @uide with preload.

TANGENTIAL STIFFNESSMODEL OF LR GUIDE CONSIDERED RAIL DEFORMATION

When LR Guide bears tangential load, the rail'od®eftion is important for the LR Guide’s tangentdaplacement,
its deformation isn’'t neglect. According to thel'sabearing conditions and deformation state, wapdified it as

cantilever beam. The resultant force of upper lifelsalls’F,and F, is F;, the resultant force of lower lines of

balls’ F,, and F,, is F,. The rail's deformation and simplification is shown Fig.4.
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4.
g

Fig. 4: Smplified rail

Assuming that rail section moment of inertia ithe grooves deformation of upper and lower are:

F(,+1,)° FJ2
o =—+21—2—+—-2(2,+13 11
=35 og (Zitd2) (11)
Fl2 FJ2
0, =—=(2,+3,)+ = 12
> =ogy Gt 30+ (12)
According to the rail’'s bearing conditions, we qgat:
P
F=F== 13
1T T (13)

Taking Eq.(13) into (11)(12), we can get:
5 2P0 FL)P+P(@0+31,)
' 12EI
_ 4P|13 + 3P|12I2
? 12EI

(14)

(15)

We can get the force and deformation of the raillavsimplified as cantilever beam, according to.&jgthe
deformation of the slider’s center because ofdafbrmation is:

9+9,
= 16
5 (16)
Assuming that the total deformation i& :
Z=7+ 2 a7
Among them,
22:4PI13+3PI12I2+2qu+I2)3+P(213+ 8fF.) 18)
24El
Taking (18) into (17),
7= Z_4PI13+3PI12I2+2qu+|2)3+P(213+ 8F)) 19
24El
So, we getz, = f(z P, take it into (6)(7),
alz\/[socosﬁ+f @.PI' + € sinB§-g,+A (20)
azz\/[eocosﬁ—f @.PI + € sinB§-g,+0 (21)

Taking (20)(21) into the force equilibrium equatiofthe slider:
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3 3
2ncosB, ka2 - 2 coB, ka2 F M z< ) (22)

3
2ncosf, ka2 =P (z2 3) (23)
EXPERIMENTAL SECTION

The following calculate force and displacementtiefeship when LR Guide with preload and withoutlpagl. LR
Guide characteristic parameters are shown in thble

Tablel LR Guide parameters

parameters values
Diameter of balls MM 6.35
Groove fitnessf 0.53
Effectively bearing number of single row 10
pre-compressionUm 5
Initial angle 45°
Elastic Modulus of slidetGpa 206
Elastic Modulus of rail Gpa 206
Poisson ratio of slider 0.3
Poisson ratio of rail 0.3
[,/ mm 30
|2/ mm 8
| ymnt 3.33e+5
The length of the rallmMm 500

According to table 1, the ball diameter is 6.3% troove fitness is 0.53, according to the Mandidbesign and
Application of Rolling Bearing (Huazhong institutdé technology press, 1985), we can get the sunuofature

Z,Oand main curvature functidr (,0):
> p=42=0332mm (24)

1
F =—=0.892 25
(0= 25)

According to theF () = 0.892, we can get/ = 0.69E, the calculation result is shown in Fig.6.

In order to prove the validity of the model, we dant an experiment. The experimental device is shoviigure 5.
The LR Guide is connected with experimental stagebblts, use the strength bolt to apply load. Leadl
displacement can be read by the pressure sensdlia@mghuge, the result is shown in figure 6.
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Fig. 5: Tangential stiffnessexperiment
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Fig.6: Forceand displacement curveof experiment and calculation

As can be seen from the above, calculation ressiltsonsist with experimental results, the modekdidity is
verified. The force and displacement curve of tHe guide is straight in the early stage, stiffnessanstant.
Compare curved and curve®), the stiffness of model considered rail's deformatie lower than the model
without considered rail’s deformation, the curvis 8rore consist with experimental results.
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Fig. 7: Forceand displacement curveof different preoad

DISCUSSION OF PARAMETERS ON TANGENTIAL STIFFNESS
LR Guide parameters are crucial to select the LRI&teasonably. This paper studies the impactioqpretbad and
groove fitness on LR Guide tangential static stiéfeand work out the curves of parameters and Hatiffaess.

A INFLUENCE OF PRELOAD ON TANGENTIAL STIFFNESS
Now Select different preload (the fithess is 0.58, curve of force and displacement is showngarg 7.

As can be seen from the above, the curve of theefand displacement is approximately straightwsoconsider

the stiffness as constant. To realize the influesfcpreload on stiffness, we give the curve of gadl and normal
stiffness, as shown in Fig 8:
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Fig.8: Prdoad and tangential stiffnesscurve

As can be seen from the above, the stiffness iseraa the increase of preload. We verify the LRI&is variable
stiffness system again, and the growth rate cohdieareases as the increase of preload. So, weseathe way that
increase preload to increase the stiffness of LRI&Gu

B INFLUENCE OF GROOVE FITN

ESS ON TANGENTIAL STIFFNESS

Now Select different groove fitness (pre-comprassm® 0.53), the curve of force and displacemerghiswn in

Fig.9.
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Fig.9: Forceand displacement curve of different fitness

ness is showkrig.10.

AN

0.51 0.52 0.53 0.54 0.55

fitness
Fig.10: Fitnessand tangential giffnesscurve

As can be seen from the above, the tangentiahet#f decrease as the preload increase, the ratiambdecreases

as the increase of fitness. So, we ca

n use thahatylecrease the fitness to increase the stifioielsR Guide.
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CONCLUSION

On the basis of Hertz contact theory, this essayooti a tangential static stiffness model of LR @&uiwhich
considered the deformation of the rail, and théditgl of the model is verified by experiment, indkt

(1)Firstly analyses the situation that the LR Guindars tangential light load with four lines of leaWhen the
external load further increases, this essay amafysesituation that LR Guide bears heavy load witly two lines
of balls, and perfects the tangential static sti$simodel of LR Guide.

(2)Aiming at the deficiency that the previous mogist considered the balls’ elastic deformatioe, ¢ssay put out a
tangential static stiffness model of the guide Whionsidered the deformation of the rail, and thkdity of the
model is verified by experiment.

(3)This essay studies the influences of preloadgandve fitness on the tangential stiffness of gujgroviding the
basis of choosing parameters when chooses LR Guide.
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