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Fig 1 Prestage structure of jet-pipe electro-hydraulic ser-

vovalve driven by GMM
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Fig 2 A bridge-type micro-displacement amplification mecha-

nism of AGMA for jet-pipe electro-hydraulic servovalve
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Fig 4 Simplified model of amplification mechanism
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Table 1 Parameters choice in AGMA
Parameter Value
Connecting rod arm length //mm 14. 5
Start angle 6, /(%) 13
Flexure hinge thickness T/mm L1
Flexure hinge width w/mm 4
Flexure hinge radius R/mm L5
Support beam length L/mm 25
Support beam thickness T;/mm 5
Support beam width w; /mm 10
Elastic modulus of frame E/GPa 200
b
, 300 N,
, 6 2 3 , 6 U,
6
Fig 6 Finite element analysis results of amplification
mechanism
2
Table 2 Relationship between input stiffness and end
cap diameter
End cap  Simulation value Theoretical value .

. . . . . Relative error/
diameter  of input stiffness of input stiffness %
Di/mm  K./(N+pm ) K/(N+um™) !

10 19. 10 19. 88 392
16 21. 63 21. 89 1L 19
22 23. 44 23. 92 2. 01

3
Table 3 Relationship between amplification ratio and end

cap diameter

End cap  Simulation value Theoretical value . )
. e . Relative error/
diameter  of amplification  of amplification .
. ) %
Di/mm ratio n, ratio n
10 7. 38 7. 16 3. 07
16 7. 97 7. 88 1L 14
22 8 41 8 61 2. 32
2 3 s
’
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Fig 7 Output displacement vs input displacement of AGMA
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8 AGMA
Fig 8 AGMA prototype for jet-pipe electro-hydraulic

servovalve

1—Signal generator; 2—Power amplifier; 3—Oscilloscope;
4—Displacement sensor; 5—AGMA;
6— Vibration isolation platform
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Fig 9 Output displacement test system of AGMA
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Fig 10 Test and simulation curves between static output
displacement from AGMA and control input cur-

rent from coil

4 AGMA

Table 4 Value of simulation parameters in AGMA

Parameter Value
Diameter of GMM rod D¢ /mm 10
Length of GMM rod /;/mm 40
Density of GMM rod p/(kg em ) 9 250
Number of drive coil turn N 800
Magnetic leakage factor k/ L2
Saturation magnetization M,/(A + m~ 1) 7. 65X 10°
Pinning parameter /(A « m™!) 3000
Reversibility coefficient y 0. 18
Quality of AGMA m, /kg 0.1
Damping factor Cp/(N « s » m?) 3X108
Effective domain density coefficient a/(A « m™~ 1) 9 000
Elastic modulus of GMM rod Ef /GPa 10
Parameter value in 6 MPa precompression a —0. 02
Magnetostriction coefficient k; /(m « A1) 2X10°
Amplification ratio n=2n, 8 61

Note: Part of parameters value from Ref. [1] and Ref. [16].
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11 AGMA
Fig 11 Measured curve of step response of output dis-
placement from AGMA for jet-pipe electro-hy-

draulic servovalve
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Fig 12 Measured curves of sinusoidal output displacement
from AGMA for jetpipe electro-hydraulic ser-
vovalve
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Fig 13 Amplitude-frequency characteristic curve of AG-
MA for jet-pipe electro-hydraulic servovalve
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Modeling and Analysis for Amplified Giant Magnetostrictive Actuator Applied to
Jet-pipe Electro-hydraulic Servovalve

ZHU Yuchuan™ , LI Yuesong

College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and Astronautics ,
Nanjing 210016 , China

Abstract: In order to improve the dynamic performance of a jet-pipe electro-hydraulic servovalve. a novel bridge-type micro-
displacement amplified giant magnetostrictive actuator (AGMA) for a jet-pipe electro-hydraulic servovalve is presented. The
models considering the input displacement loss are deduced to describe the input stiffness and amplification ratio of the am-
plified mechanism. Then. the nonlinear dynamic model of AGMA is obtained. The above-mentioned models of the input stiff-
ness and amplification ratio are verified by finite element analysis. The results show that the maximum error of input stiffness
is less than 0. 78 N/um, the maximum error of amplification ratio is less than 0. 22, and the effect of input displacement on
amplification ratio is small. Finally, the experiment results show that the output displacement of AGMA is 78 um at the control
current slowly changing between —0.5 A and 0. 5 A. However. when the control current steps from —0.5 Ato 0. 5 A, the
peak displacement of AGMA is 71 um with the peak time about 0. 014 s and the settling time less than 0. 1 s. The bandwidth

is more than 40 Hz and resonant frequency is about 30 Hz at the control currents amplitude of 0. 5 A.

Key words: giant magnetostrictive actuator; jet-pipe servovalve; dynamic models; micro-displacement amplification; stiff-

ness; finite element method
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