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A Study on the thermal behaviors of a machine tool with linear motors

Jong-Jin Kim (Graduate School, POSTECH), Dong-Woo Cho (Dept. of Mech. Eng., POSTECH)

Abstract

The development of feed drive system with high
speed and accuracy has been a major issue in the
machine tool industry. Linear motors can be used as the
efficient tool to achieve fast feed mechanism and high
accuracy. However, a high speed feed drive system with
linear motors can generate heat problems such as the
variation of temperature distribution and the resultant
thermal stress. In this paper, the important heat sources
and the resultant thermal errors are presented. The
thermal deformation characteristics of the machine tool
with linear motors were identified, which are thermal
expansion of linear scale, shrinkage, expansion and
bending in the machine tool structure.
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Fig. 1 Machine tool with linear motors
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Table 1. Specification of machine tool

Laser
interferometer

Gap sensor
Amp.

Laser
interferometer

Gap sensor
for Z-axis

Gap sensor
for X-axis

R I Photo sensor
N

for trigger

Contents Units EH500 o W 3 A =
33 9uyg oa 54
Stroke (X.Y, Z) mm 630x630x500 _ A AW Al
= b
Spindle “rpm 35,000 g o Xdzﬂ —6 % Z] :FLE O] D}‘ Lﬂ O] 1
Feed Rapid traverse m/min 120 (X/Y/Z) Bl 3 £ 9| €] (Laser interferometer)E  ©]-43te] o]
cedrate " utting feedrate | m/min 60 (X/Y/Z) £ 0 WS ZRstn HAM(Gap sensor) 2
Acceleration (X, Y, Z) _ [1g=9.8m/s’[ 14g/1.4g/2g M2t FAAM(Photo sensor)E o] &-5to] o]& wE
. , & AR el T ggozo @wy oxE
Table 2. Specification of STEMENS linear motors =789} Fig 3¢ Y& Sgoz o]$F o
Axi odel Maximum | Continuous | Magnetic Aa A FAdel
s B force force attraction
X(2) { LB600OM -20 | 13,800 N 5,220 N 27,460 N AWE Ex] BA
Y (2) 1 LBOOOM-10 | 10350N | 4.050N | 20,600 N 4. 5% 548 w5
- 20,600 N
Z (1) | LB45OM -20 | 10,350 N 3,860 N a1 A
Table 3. Temperature sensor locations gyo]l REE Fae ud Y F£9YY
: MAY A2 elFA dehtt 2wy 548
Hesor pumber e BAa) g6l F3) 91 9 F% od o
21 ¥ 12 | offempenturesensr s 2ol wae alAsin olAel v
i . N ) ]
1.2 10, 11 19 - Primary part 3 54 ‘71:%5}'021 e Zfiﬁgﬁl—‘fdt}, —[[J(E]—k]
3 12 20 - Secondary part Table 49} o] z} HWE rjekgt olF L5 =
4,5,6 | 13,14,15 | 21,22 | Linear scale o]] A—] ZF ;%1:9,] gt‘ﬂiﬁg 4o 24 -}%\i 1;]__
Linear guideway
9 18 23 - LM block Table 4. Experiment conditions
7.8 16,17 23,24 - LM guide :
29 Y-frame Experiment | Axis | Feedrate Stroke Time
30 Column 1 Y 60 m/min | 50~550 mm | 120 min
26,27 Spindle 2 Y 12 m/min | 50~550 mm | 180 min
Room temperature 3 Y | Random | 50~550 mm | 220 min
31 - in work space 4 | 60 m/min | 60~560 mm | 150 min
32 - outside of machining center 5 Z | 60 m/min | 100~430 mm | 150 min
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Fig. S Measurement results (Experiment 3)
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Umm  Total measuring length of linear scale for Y-axis /83U mm
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Fig. 6 Y-axis linear scale thermal expansion

Fig. 7 Mechanism for the position error of the Y-axis
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Fig. 8 X-axis position error (Experiment 4)
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Fig. 11 Position change of a mounting spar

2l o N o
U
2
-
of o X
oft
o
o pp
R
_‘ﬁ —_—
=2~ o
o
N
)
ox 4
oX,
L)
£
o

% 2% WFgoR 17 me LA} T

M

AL Fig. 149 Zo] Y& gy
Fo] Y& ZddS 1]
=ol Heslo] o] Wk duis

o)},

ok M
o
1o

2
oy
_Or\_t,
X
r[ﬂJ r_‘ﬂ_’
<
v 4
do o oW

ox o]-)«
o
=3

2
Ein
>‘—|—‘
&=

= offft
gi_%

z
42
BN
lo

o N 2
A
My
o
£ O 02 T -

¥
N

4
=



—u—Y-axis linear motor
primary part {ioft)

4 Y-axis linear motor
primary part (right}

|
s o218 lin0as motor ’
secondary part frighty |

{

. | —e—zeaxis tinear scale
!
t —e—Ambient temperature

0 30 60 %0 120 160 180 210

Temperature ( T)

Time (min)

a) Temperature variation

] ~¢-l axis l

Thermat Error{ «n)

Time (min)
b) Thermal error of Z-axis
Fig. 12 Measurement results (Experiment 1)
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Fig. 13 Measurement results (Experiment 2)
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Fig. 14 Thermal deformation of the structure

After deformation
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