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ABSTRACT

The mechanism of Stewart platform has many advantages for kinematic analysis and
=ontrol. Thus there have been many research about employing this mechanism in the new
:/pe of machine tool. Since the vibration caused during the manufacturing process has a
saverely adverse effect on the machining precision, it is very important to enhance the
vibrational characteristics. However, it is not easy to use finite element model for the
vibration analysis. That is because the vibration behaviors of the structure vary in a
complicated manner according as the length of links varies. In this paper, a Stewart
clatform type of machine tool is modeled in finite element method and then updated by
Jsing the experimental modal data. Finally, the static and dynamic characteristics of the
fnite element model are predicted and then discussed.
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Table 1 Natural frequency of a spindle (Hz,

Mode Natural frequency

7 21347

8 2136.5

9 2648 .6

10 2814.0

11 28198

12 2885.7

13 2887.8

14 3962.6
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Table 2 Natural frequency of a linear actuator
(stroke=0 cm)

\ode [ EMA (Hz) |FEA (Hz) Remarks

1st bending

. ! 6310 6585 (z-direction)

1st bending

8 809.0 8072 | (y-direction)

9 1177.0 11087 | 20d bending

. (z-direction)

10 1211.0 13907 | 20d bending
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Fig. 1 Mode shape of a spindle (FEM)

Table 3 Natural frequency of a linear actuator
(stroke =48 cm)

Mode | EMA (Hz) |FEA (Hz) Remarks
1st bending
! 1950 206.2 (z-direction)
2nd bending
¥ 3740 3634 (z-direction)
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8 s/kg 98.8508 -
{a) Tth mode (EMA) {h} 7th mode(FEM)

8 s/kg 9.0250
¥

3

{c) 9th mode (EMA) {d) 9th mode(FEM)

Fig. 2 Mode shape of a linear actuator (stroke=48 cm)
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Table 4 EMA results of a stewart platform
type of machine tool

Natural
Mciz=ifrequency Remarks
(Hz)

1 326 1st bending of column

- Axis-symmetric bending of
£ 453 upper plate

2 51.8 1st torsion of upper plate
4 825 1st bending of upper plate

+bending of column
= 2nd bending of upper
- 1223 plate(y -axis)
Axis-symmetric bending of
upper plate
+2nd bending of column
2nd bending of upper
! 1325 plate{x-axis)

€ 129.2

8 1444 Torsion of column
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Fig. 4 The joint of stewart platform
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{a) Whole structure

{b)} Spindle

{c) Linear actuator

Fig. 5 FE model of a stewart platform

Table 5 The number of nodes and elements of a

FE model

Node 2466

Shell 63 273

Beam 4 64

Element Combin 14 4
Solid 45 760
Solid 95 1510

Software ANSYS 53

Total DOFs 7806

Table 6 The masses of each part (kg)

Part str%ggljre FE model
Upper plate 126.0 1280
Base 912.0 911.7
Column ~ 380.0 376.7
Linear guide{6 pc) 42.0 423
Spindle 38.0 389
Total 1498.0 14986
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Table 7 Comparison of natural frequency belween

EMA and FEA
EMA | FEA
Mode (Hz) | (Hz) Remarks
_ 1st bending of column
1 2456 {x-direction)
1st bending of column
2 326 | 295 (y-direction)
3 453 471 Axis symmetric bending

of upper plate

4 51.8 50.7 | 1st torsion of upper plate

5 - 705 Bending of base
1st bending of upper plate
6 - 859 {x~direction)

+bending of column

1st bending of upper plate
{y-direction)
+bending of column

7 825 89.8
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(a) EMA (32.6 Hz)

(b) FEM (295 Hz)

Fig. 6 Comparison of the 2nd elastic mode shape

(a) EMA (453 Hz)

(b) FEM (47.1 Hz)

Fig. 7 Comparison of the 3rd elastic mode shape
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Table 8 The static displacement by a gravity force

1 Displace
Node! -ment Position of nodes
{ pum)
A 52.6 End point of a spindle
B 53.7 Connecting point of the 1lst linear
: guide and upper plate
c 497 Connecting point of the 3rd linear
: guide and upper plate
Connecting point of the 5th linear
D 482 .
guide and upper plate
E 78.0 Point on circumference of an
upper plate

ANSYS §.3

=. 7806-~04
0

-8676-05
L1738-D2
.2808-84
. 347804
L 4336-04
. 5208~04
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Fig. 13 The static displacement plotting by a
gravity force
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Table 9 The static displacement by a gravity force
and cutting forces

Displace
Node|{ -ment Position of nodes
{ pom)
A 73.2 End point of a spindle

Connecting point of the 1st linear
69.6 .
guide and upper plate
53.0 Connecting point of the 3rd linear
’ guide and upper plate

Connecting point of the 5th linear
60.2 )

guide and upper plate

Point on circumference of an upper

37.2
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Fig. 11 The static displacement plotting by a gravity
force and cutting forces
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Fig. 12 Compliances obtained from FEM

58/8t2 2SN S3eEX/A 9 A A 1 %, 1999¢



4B (859 Hz)Eeol Hxd & AF
= UERT, 100 Hzol4e) T ms
A% DAZo] ol BAAE AL
W SEMgeR tASE AE
of wlal Iokd 2 AFL Mol
BAREZ(295 Hz)7F vl2d &
g AF: FzEY ASE 2
HAse Yo FH4 o gy
| gAY A 4ys F,

A717] olel e Agolstu
JJENA} T2EY AT
Ag 498 F3 U

18
2

,._'E_b._

i
o
ox

SO
(E

ol

M KB o o &
4
oy

to‘l
i)
2
2

4. A 2

AFHA A7 Bo] AAHR ¢
AR d S s, 1

A olojejet vlZs B Az
fetesrwdo] elgsty A
& AN, °olE oj&sty 7t

3 ARHYNE ANFgozH

2 da=EE 1 FE g9E +
84279 E o) gty FaFY
FEAL ANE 43 H¥7E
712 AE A% AMNRZPE FAAM AFo Z
A 2@ Od e stRFHFE o

w2
2
X
rlr

lul
il
N
Bl
o ol

>
dn r2

ox.

tilo

>

ot
L
2

r i
r

fe @ g
i 4 I
» 2

oy
o i
e
2
2
o
i)

30

o

(o]
Yo

®
A R

to x

£
23
i

&
~0
Y
N
N
N
o}
uly

% o

R =3
54

(N

I\

7|

o

2 ATE OHE BRANAG ER/2ATAY
FA(FAY: 2RAE EHEY I 63 T
Aol MAAT, FAME: 96-0200-11-01-3) A7 4]
Aol @ A7 Aoln, ole] BAA JH L7
A=,

(1) D. Stewart, 1965, "A Platform with Six
Degrees-of Freedom”, Proc. of Inst. Mech.
Engineering, Vol.180, pp. 371 ~386.

(2) D. J. Ewins, 1986, Modal Testing: Theory
and Practice, Research Studies Press Ltd.

(3) B4, Aeig, Hgdd, 1995 "HHAHFE B
ZHoll & TEFAYT, FF2SIFTHIA A
54d A 4 &, pp. 503~514.

(4) LMS CADA-X. 1995, User's Manual. Rev. 5.0.

(5) ANSYS Manual, 1992, User's Manual. Rev. 5.3,

(6) MAE, A, vrgd, 1997, "FHFSTEES
g o]4% 32 4amdY AU A AFE T
F22LAFTHIAA, Al 7 F, A 1 & pp. 61~69.

(7) J. H Wang, C. M. Liou, 1991, “Experimental
Identification of Mechanical Joint Parameters”,
ASME Journal of Vibration and Acoustics.
Vol. 113. pp. 28~ 36.

LS ESEEX/A 9 A A 1 3, 19994/59



