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Improvement of the Thermal Behavior of the Secondary Part of Synchronous Linear

Motors with High Speed and Thrust
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Linear permanent magnet synchronous motors utilize high-energy product permanent magnet to
produce high thrust, velocity and acceleration. Such motors are finding applications requiring
high positioning accuracy and speed response, for example, machine tools, in the absence of
mechanical gears and ball screw systems. A disadvantage of the linear moftors is high power loss
in comparison with rotary motors. For the application of the linear motors to machine tools, it is
required to use water coolers and to improve the thermal behavior through insulation and
structure optimization or control strategies. This paper presents the function of the secondary part
of the linear synchronous motor as to the thermal behavior and the improving method. The result
shows cooling pipe combined with an insulation layer is a suitable design for improving of the

thermal behavior.
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Q =Heat transferred rate [W]

o = Convection heat-transfer coefficient [W/m® K]
A = Surface area {m’]

S, = Temperature on the primary part [°C]

9, = Temperature on the secondary part [°C)
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Fig. 1 Construction of asynchronous and synchronous

linear motors

22 x4 fyoiRE S §714 U ZE Y
=k
Fig. 2 & F ¥49 gYoirHd &t ¥
ato] Fejgt o WE To|ny 3E agm

b o
AAde sEe dozAe JFL REFm
ATt
toading cases for the secondary part
an;'gszpe linear motor Synchronous finear motor
Secondary part Primary part v
Linear motion

AE——
" = [ mm—— F ——

WEEEENEEER Heat source
- Transmitted heat

Fig. 2 Different loading cases for the secondary part
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Table 1 Technical data of the synchronous linear motor
(*with water cooling)

Parameter 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
Max. power loss in primary part (W) 2600
Max. power loss in secondary part (W) 20
Air gap (mm) 1.5
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Fig. 3 Experimental set-up with the linear motor
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Fig. 4 Measured temperatures with the synchronous
linear motor
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Secondary part
Permanent magnetic

Length of the secondary part 1008 mm
Fig. 6 Dimension of the secondary part
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Fig. 7 Plate cooler and cooling pipe for the secondary
part
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Fig. 8 Temperature analysis in the secondary part and bed
with the finite element method
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Table 2 Advantage and disadvantage with the different

constructions
Advantages
Construction and
disadvantages

Plate cooler

- Thermal joad : 150 W
- Water inlet temp. 19°C
- Water flow rate : 2 l/min

Fig. 9 Comparison of the temperature on the secondary
part and bed with different constructions
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Length of primary part 695.8 mm | Length of secondary part 504 mm
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Degree of protection 1P 54 | Mass of primary part 18.9 kg
Termperature class F | Maximum allowable temperature 70 ol
of secondary part

Fig. 10 Appearance and technical data of the thermally
optimized linear motor
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Fig. 11 Temperature rise on the Secondary part and bed
by counter force
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