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Static Stiftness Tuning Method of Rotational Joint of Machining Center
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l Abstract }

A method has been developed to tune the static stiffness at a rotation joint considering the whole machine tool system
by interactive use of finite element method and experiment. This paper describes the procedure of this method and
shows the results. The method uses the static experiment on measurement model which is set-up so that the effects
of uncertain factors can be excluded. For FEM simulation, the rotation joint mode! is simplified using only spindle,
bearing and spring. At the rotation joint, the damping coefficient is ignored. The spindle and bearing is connected
by only spring. By static experiment, 500 N is forced to the front and behind portion of spindle and the deformation
1s measured by capacitive sensor, The deformation by FEM simulation is extracted with changing the static stiffness
from the initial static stiffness considering only rotation joint. The tuning static stiffness is obtained by exploring the
static stiffness directly trusting the deformation from the static experiment. Finally, the general tuning method of the
static stiffness of machine tool joint is proposed using the force stream and the modal analysis of machine tool.
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Fig. 3 Experiment of front portion of spindle

Fig. 4 Experiment of front portion of spindle

799

A AYHE Aot BEE 088t Clamp A4 7,
BHol Atk ZokHof 747} Load Celly} Capacmve

A 5H T} Load Cell®] A7tofli= Fof o
151 2161 5.2 ol §34e] Load Collgs ARARO A 1
Aol & R A 35 S00NE Fakatqitt.
Capacitive Gap Sensor+= Load Cell2} 9r-2Ho 42314
0. % ol Aol Sl AR} 24 1A 9
okl Aste7) g Bofdh 9 A7 1702 SRl
Table 19| (a)= xé;ﬁ‘ﬂ 315 S00Nof ‘IJr =9 % ‘:J—r/l
AYFE, (D) ol BHLO BHFE el ®
T 53off ZAA T"qo} oo, HtE -8kl S00NO| ofgh
Mooz Agadt. Be Holth 23, 5§19 AR
% Aol A 500N9] .o uhgsh= M9l o 126.80mm,
% FoRo| A 500N9] §1 02 Wsh: HMelE oF 37.34

Al ?MZJ ARl dlo] oJst ¥ 9 o]
iAol ofgt ¥ EﬂOlEH IRty Ja‘?%lé 0]

el Sl el 2% 42
A4 selg g gasts A

Table 1 Deformation of spindle

(a) Front portion

Force (N) Deformation(mm)
13 496.25 128.42
23] 496.82 126.59
33 499.23 121.18
43) 491.14 123.69
53] 49436 128.46
Average deformation 126.80

(b) Behind portion

Force (N) Deformation(mm)
13 514.72 38.48
23] 498.55 37.61
33 505.68 37.45
43) 505.97 37.77
53] 09.97 37.93
Average deformation 37.34
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Fig. 5 Modeling of spindle
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Table 2 Properties of S45C

Density 7800 kg/m’
Young's modulus 205 GPa
Poisson ratio 03

Table 3 Deformation of front & behind portion of
spindle with static stiffness by FEM

Front portion Behind portion

deformation(mm) | deformation(mm)
200.0 N/mm 113.05 35.243
150.0 N/mm 113.95 38.189
100.0 N/mm 115.75 39.578
60.0 N/mm 42.537 119.35
55.0 N/'mm 42.988 120.17
50.0 N/mm 43.746 121.15
53.0 N/mm 43.247 120.54
52.5 N/mm 43.349 120.63
52.1 N/mm 43.410 120.71
52.0 N/mm 43.425 120.73
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Table 4 Estimation function value with static stiffness

by FEM
T Estimation function(D)
200.0 N/mm 15.847
150.0 N/fmm 12.001
100.0 N/mm 8.812
60.0 N/mm 2.253
55.0 N/mm 0.982
50.0 N/mom -0.756
53.0 N/mm 0.353
52.5 N/mm 0.161
52.1 N/mm 0.020
52.0 N/mm -0.015

a=0.161 - g ;}
24 a=5756 “' sl

Fig. 7 Static parameter tuning of rotation joint
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(a) Deformation at the front portion of spindle

(b) Deformation at the behind portion of spindle
Fig. 8 Deformation of spindle(k=52 N/mm)

Fig. 9 Rotational joint
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Fig. 10 Static parameter tuning

(a) Deformation at the front pertion of spindle

(b) Deformation at the behind portion of spindle

Fig. 11 Deformation of spindle(k=70.5 N/mm)
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