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Abstract

Linear motor has a lot of advantages in comparison with conventional feed mechanisms: high velocity,

high acceleration, good positioning accuracy and a long lifetime. An important disadvantage of linear motor is

its high power loss and heating up of motor and neighboring machine components in operation. For the
application of the linear motors to precision machine tools an effective cooling method and thermal
optimizing measures are required. In this paper Finite-Element-Method for the thermal behavior of
synchronous linear motor is introduced, which is useful for the design and manufacturing of linear motors. By
modeling the linear motor the orthotropic physical properties of the sheet metal and windings were considered
and convective coefficient in the water cooler and to the surroundings was defined by analytical and
experimental method. The calculated isothermal lines could analyze the heat flow in the linear motor.
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- Number of knot : 19886

- Number of element : 10780

- Type of element : Hexahedron, pentahedron
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Fig. 13 Boundary conditions on the experimental set-up
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- Power loss : 2600 W
- Water flow rate : 10 Umin
- Water inlet temperature : 19 °C

Fig. 14 Isothermal lines in the primary part and machine
table
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Cooler (Thermal reservoir);
23-25°C

Sheet steel:

Cooling 25-65C

water
Winding in the slot:
637-95C

Winding in the winding head:
5°C

= Heat flow
- Power loss : 2600 W y
- Water flow rate : 10 min .
- Water inlet temperature ; 19°C x

Fig. 15 Heat flow in the primary part and machine table
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Fig. 16 Isothermal lines in the secondary part and
machine bed
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y : at the primary part side
2 : on the secondary part
, - at the machine table

, : atthe machine bed

- Power loss in the primary part : 2600 W
- Water flow rate : 10 I/min
- Water inlet temperature : 19° C

3. Machine
.
bed

Secondary part

Fig. 17 Comparison between measuring value and FEM
calculation
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Table 1 Technical data of the used 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)

Afr gap (mm) 1.5




