Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2017.18.1.238

cooperation Society ISSN 1975-4701 / ¢ISSN 2288-4688
Vol. 18, No. 1 pp. 238-244, 2017

Analysis of Dynamic Behavior and Balancing of High Speed Spindle

Ja-Ham Koo, Soon-Goo Kwon, Jong-Soon Kim'
Department of Bio-Industrial Machinery Engineering, Pusan National University

2
b
N
N
)
oo
op
=2
%0,
2
2
=
b
)
Fol
o
N
oft
1o
4
ES
s
[>
e
il
1o
=l
Y
to,
il
X
b
1
o
>
fo
-
ol
k=l
30
v}
=
o
o
g
o

A
(

A Bk SR 2ol 3
mRAE WY REE AT 0

il - —

37 &ro] wgle] W =Y AMS A, o8
2ES w

> o
o> rH
l
rlo
N
o
>
[>
o
Lo
o
BN
e it
a0
|
Q‘L
>, OBL

R0
)

N
e
>
)

Ir

lo,
>, O—?—" oft 1o
)
i
of
o
o
2
o
ol
b
O,
s
o,
o2t
)
o

= Z do0 oX [0
Qo
ok g
oy

Y oX,

oY, fo
(=

{o,
Jo br
il
4
oo
_(:»‘L
f Q2
[>
-,
rulln
=
2
oY,
>

kS
)
=
32
O e
o,
1 ogt
&
T ;{?‘j
o o
r£ J?;
Of
P
- &
o\ =
X o
1 o
£
8
for gy
[>
&

14 W e 2 37k Aade BT 5 At eleld

1o,
ol
ot it N

Abstract A spindle with a built-in motor can be used to simplify the structure of a machine tool system, but the
rotor inevitably has unbalanced mass. This paper presents an analysis of the dynamic behavior. The spindle was used
in a CNC lathe and investigated using the finite element method and transfer matrices. The high-speed spindle can
be very sensitive to the rotation of an unbalanced mass, which has a harmful effect on many machine tools. Thus,
a balancing procedure was performed with a spindle-bearing system for the CNC lathe by numerical analysis. The
balancing was performed through the influence coefficient method, and the whirl orbit radii before and after balancing
were compared to evaluate the effects. The results show that the rotational speed of the spindle seriously affects the
whirl responses of the spindle. The whirl responses were also affected by other factors, such as the unbalanced mass
and bearing stiffness. The balancing of the assembled spindle model significantly reduced the whirl orbit magnitude.

Keywords : FETM, Influence coefficient method, Balancing of rotating mass, Spindle, Unbalanced mass, Whirl orbit
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Fig. 2. Influence coefficients for balancing
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Fig. 3. Analysis model of the spindle
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Table 1. Spindle configuration data

Element Mass Length El
Number (Kg) (m) ( x1000 kg * m2)

1 0.2530 0.026 8.782
2 0.1067 0.0156 2.525
3 0.1851 0.0134 1.322
4 0.5700 0.036 1.665
5 0.0741 0.009 3.274
6 0.0740 0.009 3.274
7 0.5988 0.036 1.708
8 2.3203 0.070 6.273
9 2.3203 0.070 6.273
10 0.6612 0.032 2.702
11 0.1016 0.011 1.332
12 0.1016 0.011 1.332
13 0.2831 0.028 4.951
14 0.2132 0.0153 1.988
15 0.7630 0.0220 9.088
16 0.3482 0.0266 2.423
17 0.0973 0.008 8.003
18 0.0973 0.008 8.003
19 0.2466 0.0135 2.654
20 0.3168 0.0380 7.971
A 9.8436 0.505

2959 WAL 10mmo] 1, A2 SW450, 47
S 200GPa, 532 7,850 kg/m’ o]t} Fig. 3¢] &4

2] 2@ E-wolg o] T4 ATS slAst
t}. 5,000rpme 3| MLl A AXIA L F=ELe A
b ZEA AT=1x 107%solA dojxa, Hloly BAL
5x10°N/m, E33eS 1.5x10°g «mm= 7183t S
ul, SEEE AL Fels A 45, #7, #9, #1104

=
= o o = o~ o
Hol WEHE e £FH AW S A4
S = Tolgl
A 271 Fdsitk
10 08
06
054 04
024
0.0 0.0
Y (um) A\ wm ]
0848 0447
rpm = 5000 rpm = 500
k=5e10 069k = 5e10
ro{um =2.1604 um = 2.1604
ur=10.0007141 08 yr=0.0007141
T T T T T T
-1.0 0.5 0.0 0.5 1.0 -08 -06 -04 -02 00 02 04 06 08
X (um) X (um)



FFAE & =B A8 A1E, 2017

#9

rpm = 500

k=15e10

um =2.1604 -1
ur=10.0007141

et

rpm = 5000
k="5e10

um =2.1604
ur=10.0007141

T
0.5

T T T
0.0 05 1.0

X (um)

T T
4 2 0 12 3 4 1.0

X (um)

Fig. 4. Transient response of spindle at station #5, #7, #9,
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variation in bearing stiffness
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