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Analysis of the Snake Motion of a Machine Tool Cross Head Assembly
Travelling on Parallel Linear Motion Guides Using a Planar 2-D.0.F. Model
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Abstract
In this paper, a simple 2 D.O.F. planar motion
model is proposed in order to analyze the snake
motion of a machining center cross head assembly,
that is
proposed mathematical model, the friction between

travelling on linear guide rails. In the

head and guide ways is neglected, and also the
support structures including guide rails, rear- and
side-panels of the machining center are assumed to
be rigid. The equations of motion of the proposed
model are derived and successfully solved to
determine vibration responses of the head assembly
due to some applied traction forces.
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Fig. 1 Schematic of a vertical M/C
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Fig. 2 A planar 2-dof head snake motion model
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Fig. 3 Free body diagram of the head assembly
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Fig. 4 The velocity curve of the thrust motor.
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B

SEAEAM 7} - A& FRAME SIHEE

+5EL 3BE EHE iFo(=mx t) 2 9
L = ojgBd e Ha, F&=E 7
dME IS ES uhde]l ¢rl dEd REE 3

= JAEgd oud I= s8] Feoh o,
2HE 7|78HA 2F5TLE ALEHA €0 o
ZgA olad AxE Fig. 59 o] g9, FHo
2 g3t ofalie} et

A =Fy—Fy- p(t—t)—Fy- p(t—1,) @17



A7NA, w(de ﬂ(t)={ f g%—g—

o9 A &g 4=(Unit step function)o] t}.
A217E BEg2 dge &9 okde #
1=

e

F(S)=—Iz—°(1— e M—eT") (218

A(2.18)2 4147 22154 HLdA
Zgs 9ugs A (DY 4HE T
2 ch.

ol
-

_ __BdF, L 1
oD r { ot et = st
BdOFO l
a)%(a)f—wg) COSCl)zt}+ m] [ (0)1(1)2)2

cosw(t—#)

wi(wf — o})

_m cos wy(t— f:)}#(t— )

¢ By
m/ (501602)2

+ Ko=) cos wy(t—t3)
o= ol cosenlt= tz)};z(t— ) (219

_ &y A ___m: wi—A
B(t) m { (wle)z w?(w%_wg) cosw;t
2
mowp—A _dFy__ A
+ K~ ) cosa)zt} vy { (o)
2
m- wi—A
A= ap st
oA cos wy(t—#))) u(t—ty)
w3( @} — w}) !

_ _@oFo A m: i—A _
ml | (w0)° &ol— od) cos (=)
m-wi—A

m cos wy( t— tz)}#(t—- )  (2.20)
3. #4 A

3.1 dlojg 949
g 4= 22199 2(2.20)% Matlabs

114

o] g3l TP A4, 2WE IH=9
AxWA3 Fo BE AYF S99 HMIHE AE
golA sjrgkch siAel Agd dYASvEE
< TuUl DALY £ mAlg 4dE HolHE
J1E02 AZ% groln Table 3.19] Azla ).

Table 3.1 Input parameters

Ramioter  Value __Valus
m 1200kg 0.2425m
my 700ks a) 1.7m
) 322.0625kg * o a 0.420m
I 13.7204kg * m' | Ysecrion | 0.510m
by 0.640m VUmax | 0.67m/s
b 0.575m T 0.4s

k, ky, kg, ks R 4.7x10° N/m
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Table 3.2 Computed modelling parameters and

natural frequencies for X-slide's position changes

0 49.14 | 104.48 | 0.61 0.44

49.14 | 104.48 | 1.08 0.44
0.43 | 56.36 | 106.89 | 0.77 0.44
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Fig. 9 Computed responses for the Case 4
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