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Optimization of the Thermal Behavior of Linear Motors
with High Speed and Force [1* Paper]

In-Ung Eun”
ABSTRACT

This paper presents the thermal behavior of a synchronous linear motor with high speed and force. Such a linear
motor can successfully replace ball lead screw in machine tools because it has a high velocity, acceleration and good
positioning accuracy. On the other hand, low efficiency and high heating up during operation are disadvantage of linear
motors. For the application of linear motors to machine tools a water-cooling system is often used. In this research,
structure of the linear motor and water cooler is changed to improve the thermal behavior of the linear motor. Some
important effects of an integrated cooler, an U-cooler and a thermally symmetrical cooler are presented.
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Table 1 Technical data of the used synchronous linear
motor (*with water cooling)

Technical item Value

Continuous force (N)* 3200
Maximum force (N) 7000
Magnetic attraction (N) 14600
Continuous velocity (m/min) 90
Maximum velocity (m/min) 170
Nominal current (A) 22.6
Maximum current (A) 57
Force constant (N/A) 141
Mass of primary part (kg) 30
Mass of secondary part (kg/m) 33
Length of primary part (mm) 650
Maximum power loss in primary part 2600
W)
Maximum power loss in secondary part 20
(W)
Air gap (mm) 1.5
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Fig. 1 Experimental set-up with linear motor
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Fig. 2 Temperature rise on the linear motor and machine
table related to water flow rate
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Fig. 3 Heat transfer mechanism in machine structure with
linear motor

Fig. 4 & U EHE A}1&3% o) 42X
54 TEad dehia g dyelme
235 FAIAY o|&AAE FF F H2 A
o wAlatn & dstel T FxEo] 7t
H1 duWye a4 "®oh guUoRHE X277
g AEHY HuEEHIE TAAA i)
AN Re= 22 FAAY HE AR
x| HEZA| —r\ﬁﬂz]a‘ How 3ol T3
Cooler o] E2E Wztdo 2x Aoz 93y
HolBo 2% EFdol A7l d4U FYolx

>~

Bot 29 722 Aol & £xatelst wATTh

T mHe A83tE $It MY 9 HolEo
57t WA WETTS

Thermal characteristics of
linear motors

* Great power loss und heating up of linear motors

* Locating the heat source in the middle of the
machine structure

¢ Great heat transfer from linear motors to machine
structure

* Water cooling is necessary

®* Temperature gradient in machine table due
to the temperature rise in the cooler

* Great temperature difference between linear
motors und machine structure

¢ Temperature fluctuation on machine table
by varying motor load

Fig. 4 Thermal characteristics of linear motors
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- Minimization of the thermal load in machine table through
reducing the heat transfer from primary part

- Reducing temperature difference in machine table

- Reducing temperaure fluctuation in machine table

i by varying load = Thermal stabilization in machine table

- Development of the structure variants for the secondary part

Optimization of the thermal
behavior of linear motors

- Electrical measure » Reducing the power loss / Linear motor with
high efficiency
'J - Insulation
¢ - Structure optimization of cooler and motor
f| < Integrated cooler
i, « U-cooler
! * Thermally symmetrical cooler
r « Double cooler
- Control of cooler
v « Flow rate
“ « Water inlet temperature
* Flow direction

e

Methods (

- Mechanical measuresqv‘

Fig. 5 Objects and methods for the optimization of the
thermal behavior of linear motors
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Table 2 Advantages and disadvantages of coolers

Variants Advantages and disadvantages

Integrated cooler Small space

Small height

Cooling for primary part
Low cooling effect for table

Decrease of force

U-cooler Cooling for table
Reducing heat transfer from
primary part to table inside

Large primary part

2C SDICECODD

Thermally
symmetrical cooler

Reducing temperature
difference in table
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