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A Study on Thermal Analysis for Magnetostrictive
Actuator Using Compressed Air Cooling
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} Abstract }

Precision positioning system with magnetostrictive actuator(MA) has widely used in manufacturing devices to control
the positioning accuracy to meet the high load and stroke requirements. It has many advantage in comparison with
piezoelectric actuator; high force, high strain, high efficient etc. But, the performance of Terfenol-D, the commercially
available magnetostrictive material, is highly dependent on the prestress, magnetic field intensity and temperature.
Therefore, thermal strain of magnetostrictive material obstructs precision position control of magnetostrictive actuator,
magnetostrictive actuator is need of cooling system. In this paper, cooling system using compressed cold air is developed
and proper temperature and velocity of compressed cold air is studied by thermal analysis according to applied current.

Key Words : Magnetostrictive actuator(Z}7|¥ & -571), Thermal analysis(Z3}|4]), Vortex tube( HE)2~EH), Compressed air
cooling(F5-37187})
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Fig. 1 Structure of magnetostrictive actuator
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Table 1 Components contribution to thermal expansion

error
components ratio of tqtal thermal
expansion (%)
Magnetostrictive Material 60
Support Frame 30
Other Components 10
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Table 2 Input condition for thermal analysis in mag-
netostrictive actuator

Mesh Method lizi
MM 118724
Nodes Exterior Housing | 80132
Mesh Interior Housing | 54365
MM 27964
Elements Exterior Housing | 11764
Interior Housing | 10132
Density(kg/m’) 7800
MM  |Thermal Conductivity(13.5W/mC)| 13.5
Specific Heat(J/kgC) 350
Density(kg/m’) 2770
Housing |Thermal Conductivity(13.5W/mC)| 180
Specific Heat(J/kgC) 8755
Steady-state Ambient Temperature(C) 20
thermal Convection(W/m*C) 5
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(a) Temperature distribution

Translationl displacement magritude. 1
mm
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(b)Thermal strain
Fig. 5 Steady-state thermal analysis

4L

32+

30 |

28 |-

26 -

2 |

Temperature(°C)

22 -

20

Time(s)

Fig. 6 Simulation result according to time
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Table 4 Simulation results for various inlet air condition

Bound Wall Temp Heat Flux Outlet Air Temp h i
ouncary Position (©) (W/n’) (©) e
set at Inlet - - - Strain(/m)
Max Min Max Min Max Min
Exterior housing 73.0 473 296.6 111.5
1 - - 30.1 27.2 1.72
Interior housing 29.0 20.0 -25.5 -162
Exterior housing 73.0 42.7 301.3 107.8
2 - - 244 19.5 0.29
Interior housing 22.6 19.8 32 -26.8
Exterior housing 73.0 39.0 2338 678
3 - - 15.5 13.45 -0.68
Interior housing 20.0 17.0 422.5 98.2
Exterior housing 73.0 38.8 3541 951
4 - - 15.2 13.1 -0.71
Interior housing 20.0 16.4 576.7 145
Exterior housing 73.0 35.6 6128 1483
5 - - 10.0 7.45 -1.29
Interior housing 20.0 13.4 1353 379
Exterior housing 73.0 34.6 6987 1657
6 - - 8.5 5.9 -1.45
Interior housing 20.0 12.6 1627 469
Exterior housing 73.0 31.0 9460 2161
7 - - 2.3 -0.9 -2.13
Interior housing 20.0 9.1 2703 827
Exterior housing 73.0 30.1 11364 2540
8 - - 0.7 -2.6 -2.32
Interior housing 20.0 8.1 3252 1047
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