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This paper presents current state of the prediction simulator of structural characteristics of
machinery equipment accuracy. Developed accuracy prediction simulator proceeds and
estimates the structural analysis between the designer and simufator through the internet for
convenience of designer. 3D CAD model which is input to the accuracy prediction simulator
would simplified by the process of removing the small hole, fillet and chamfer. And the structural
surface joints would be presented as the spring elements and damping elements for the structural
analysis. The structural analysis of machinery equipment joints, containing rotary motion unit,
linear motion unit, mounting device and bolted joint, are presented using Finite Element Method
and their experiment. Finally, a general method is presented to tune the static stiffness at a
rotation joint considering the whole machinery equipment system by inferactive use of Finite

Element Method and static load experiment.
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Fig. 1 Outline of machine performance prediction
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Fig. 6 FE model for experimental verification
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Table 1 Frequency of each mode
Mode Number 2% 3¢ 4"
Type Rolling | Yawing | Pitching
Experiment 222.5 585.6 735.1
Simulation 267.2 5354 553.9
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Table 2 Specification of mounts Table 3 Comparison of experimental and FEM results
Mount type MR16 | MR20 | MR24 Mount type MR16 | MR20 | MR24
Bolt size Mile M20 M24 Experiments [mm] 23 2.05 1.25
Total height 196 229 257 FEM [mm] 2.13 2.07 1.19
Pad Dia. [mm] 78 78 98 Exp.Stiffness [kKN/mm] 8.7 9.76 16.0
Pad thickness [mm] 10 10 10 FEM Stiffness[kN/mm] 8.97 9.66 16.8
| Allowable load [kg] 750 1,125 | 1,500 Stiffness Error {%] 3.1 1.0 5




S EES A K 28 3% pp. 265-274

March 2011 / 272

7. 71418 AERY SAF 7Y

71 O deRe g §Y 7Y

B HAME ZAZY ] A&3te TR A
o AdAe AN A JAA
AA BheA 12 AAY o2 Fshe 71‘1’3
& 2%t ®Y U1Ee AR AA s
Folsle 487 FIaLHHE HE ‘:‘5%6}”
Wlolth 2 AR AR FYL ugH 2
& Feo2 Agd)

D AA 7H A8E AAstE 71AFE U
9] A9 5EE H4gd.

2) 71AHE AAe =g 48 BN 53
o2 3 AT Ag AYSEE FIE

3) %Y A AFE A diaA 7] A4%m)
A BRAA AH] &Fe Foste 4¥L A
oo AR jollAe WY o,9 @& F2F

4 ARdFAN ARG ko dE FEeid)
e AFPsto] AFE i oA ARA ko A
Hel 68 FE80.

5) 6, % & ° #& Eq ®)F Zol, 37t 5
4, F ol&ste] Hmatn Gt d5vt 0 22 Y
e 6wkt o o2 AR ko e Ast
of Z1A%4H AA BHAAN 2@ FEdH AR
kpE AR}

a1
Ag=[1-20 1m0 1 -%m g (s
: [ 50 ) ' 75 Bon ®

4719 4 7He 3 &% 29 283 &
a4 RRE EEHE A9 27 0 o8
FHIEE dgd g8 wze AN &
g iAo o AAZE » Y WE T
A A gAsE Wyol)

72 3@ 25 FEH YL §Y

4718 §4 71EE AFI] deAd F3 o
422 Fig. 16 3 £& EW é@‘ £ 243
3d AEF AvEd FTuRdE 9o 47
mm, W7ol 20 mm <) °3331 i’E—’;’E o o]
22y 2 AR wiXEHY Qo Fig. 17 3 o] A
A3E & FE dAaie Fuid A "?:]
500 N & Rste] & 2R WHE Gap sensor &
o] &8t FAsquth F4L 5 W AAAM A

slglon, g HIPoZE AGFolA 12680
pm, -m:r°ﬂ"1 37.34 um ©] ¥Eo] TG,

Fig. 18 & 3 A &4 A¢He Hid =4
Hg veldch gd AFFe] AFE Age A
wRo} TobRo) 4z 2 AR X e BE
g 2dE 2uoyg | Qe Hojger 7453
o 2xgoz gggste Hsch 4% a4
3ld AR WiAFEY e BWARY FTHI
Z27] Wi Agie FuEe] AREYE k2 F
dstelaith

Fig. 16 Rotational joint

Fig. 17 Experimental setup

M Stiffness & Stiffness &

4 € 200 N/um 2.8 A A 8o
el Fukie] 500 N o HH g



S=HUSEE X A 28 3% pp. 265-274

March 2011 / 273

Pk
16 \A: 15847
14 o

12 s Ny ATiEee
10 - -
4=8.812

\

8

6

4 . .

2§ e 2 35 B AR08
0 o o
2

40756

amoist [ p6is ]

Fig. 19 Static parameter tuning of rotation joint

Fig. 20 Deformation of spindle (452 N/um)

1915,

D A B ALRY £2Y A4S o4
etd 3 49 wd 2 34 o PEe A
SRom, R=19] 47t A S B4l

o=y

121 9] LM Guide & A9, &
A EJ—IQ} A7 &4 A
& o & gdglen, o

E.
A3 P:— ol g3d<

_&‘__i‘

o

2oz

e S g
to {m U

2
-9,
=
= g

o%
o
o
s
o
el
_—>ﬁ‘_‘a
[15}!.4
i)
iz
|

i
&l
N
e

o

N

s

member 2 %“;77%], member & AF Eof w}E&

ARRe 34

s

1
i
i

ru o
2
A
3
I
3%
rir
o%
Z
f
o
2
=
_O‘i‘a

AR g2

B

Aoz FYPHAFHY

#uE#

3

Altintas, Y., Brecher C., Weck, M. and Witt, S.,
“Virtual Machine Tool,” CIRP Annals Manufacturing
Technology, Vol. 54, No. 2, pp. 115-138, 2005,
Geisler, 1.,
Untersuchungen zum dynamischen Verhalten von
Strukturen mit Fuegestellen,” Machine Tools, Ph.D.
Dissertation, Uni. Erlangen-Nuernberg, 2010.

Kehl, G and Altstaedter, H.,
“Topologieoptimierung auf statische und dynamische

“Numerische und experimentelle

Wagner, P,
Eigenschaften Zur Verbesserung des
Strukturverhaltens,” Int. Congress on FEM Tech. with
ANSYS, CFX & ICEM CFD Conference, 23rd
CADFEM Users’ Meeting, 2005,

Lee, C. H., “Optimal Bearing Span of Main Spindles
in consideration of Standard Parts Assembling,” Proc.
of KSPE Spring Conference, pp. 97-98 , 2008

Kim, H. M. and Park, H. W., “Study on the coupling
section of the rotating system based on FEM,” Proc.
of KSPE Spring Conference, pp. 141-142 , 2010

Yi, Y. S, Kim, Y. Y., Choi, J. S. and Yoo, J. H,
“Dynamic analysis of a linear motion guide having
rolling elements for precision positioning devices,”
Journal of Mechanical Science and Technology, Vol.
22, No. 1, pp. 50-60, 2008.

Williams, J. G,, Anley, R. E., Nash, D. H. and Gray, T.
G. F, © Analysis of Externally Loaded Bolted Joints:
Analytical and Computational Experimental Study,”
International Journal of Pressure Vessels and Piping,
Vol. 86, No. 7, pp. 420-427, 2009.

Lehnhoff, T. F. and Bunyard, B. A., “Effects of Bolt
Threads on the Stiffness of Bolted Joints,” Journal of
Pressure Vessel Technology, Vol. 123, No. 2, pp. 161~



SR HUTES N A 287 335 pp. 265-274

March 2011 / 274

10.

11.

12.

13.

165, 2001
Ha, T. H,, Lee, J. H, Kim, Y. J. and Lee, C. H,,
“Stiffness measurement of machine tools mounts,”

Proc. of KSPE Spring Conference, pp. 467-468, 2010.

Ha, T. H., Lee, J. H, Kim, Y. J. and Lee, C. H.,
“Study of mounting device and anchor stiffness
estimation for machinery,” Proc. of KSPE Autumn
Conference, pp. 335-336, 2010.

Yohida, K., Shimamura, H. and Yoshioka, 7.,
“Development of special mounting device elements
with damping for surface grinding machines,”
Japanes Society for Precision Engineering, Vol. 55,
No. 5, pp. 49-52, 1989.

Back, N., Burdekin, M. and Cowley, A., “Review of
the Research on Fixed and Sliding Joints,” Proc. 13th
Int. MTDR Conference, Vol. 13, pp. 87-93, 1978.
Beck N., Burdekin, M. and Cowley, A., “Analysis of
Machine Tool Joints by the Finite Element Method,”
Proc. 14th Int. MTDR Conference, Vol. 14, pp. 529-
538, 1974.



