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Structure analysis and output force characteristic study of giant
magnetostrictive actuator

Ju Xiaojun, Lin Mingxing, Fan Wentao, Ma Gaoyuan

(School of Mechanical Engineering, Shandong University, Jinan 250061, China)

Abstract; Based on the working principle of giant magnetostrictive actuator ( GMA ), a mechanical structure with segmented bias
magnetic field and oil cooling system is designed. The 3D model of the GMA is established and its magnetic field and temperature field
are simulated with finite element analysis software. The simulation results show that the segmented bias magnetic field method can obtain
better bias performance, the oil cooling system can greatly lower the GMA’ s temperature. A force test platform is set up, then the static
and dynamic output force characteristics of the GMA are studied, respectively. The experimental results indicate that the output force has
positive correlation with the driving current. Excited by DC, the output force of the GMA has hysteresis nonlinearity and is greatly
influenced by the GMA’ s temperature but slightly influenced by the external mechanical constraint force. Meanwhile, the GMA can
accurately track the signals without double-frequency effect when driven by AC. This represents that segmented bias magnetic field has
excellent bias effect, high precision and fast dynamic response speed.

Keywords; giant magnetostrictive actuator ( GMA ) ; segmented bias magnetic field; oil cooling system; simulation; output force

characteristic

A VR B B0 L S R RE S AL S RS
PRz IR Filipovi A. J. 25 AV GMA 45 R 75 7]
WA= LR IR B, VR B vy A o 5 R ek A2 010 g RS il
RN (BIAN Terfenol-D #2) HA LR M8E 7= Ai/NSHYI S BB 25 5 b 3 ik 45 VA HE s Moon ] %5
HON AR E A B O RE- WU R  FURRZARIE & 0 N IR T — ol 0% sl s ) 00 e ol o 4 SRAT
BB 45305 %% ( giant magnetostrictive actuator, GMA ) HALRPEN ALY 7] 35 27 um; Sadighi A %)\m J% I 5E AR,
HA BN SRR SRR R RLHE B PS8 e SRPEREECh 4 i WL PR ER TG AL s ), LT B g

Wk H1:2016-12 Received Date: 2016-12
* K IUE « K A ARk (51475267 ) 1 H BEB)

1 5]

i1




5

BRI F R BB AR B A5 B B R ERIT S 1199

BKiARZEHN £ 1 mm; Zhe Y. CH. 25 A JF & T —Fh il
GMA SR f 357 70 555 3 I R, JE A s S 7 3 Lk o o
P TE S s DO A TR RS A AR T AT
PRI ERER L T CET O s , 43 B3R ATk | pm/A; 78
M2 A" K GMA 51 AR X B P 85 L i B 11 n T, o s
AT ST AL RS 850 3607 B9 7 155 Xu AL Q. 5 A1
ST GMA F2 i 25 550 SR , Ay 4 3 0 3l R G P R T e
THE,

A G Mo 4 B B I G A T R AR R AT
B L8 B R S e R AT, R I P9 0 X R 0 S f
BTN T AR BT SR R A A L AR SO T R
SR B AR R, B T B 4 B R e
Fh A B R S GMA HLARES # , FIl A A FR 9040 7 K
0o FL R 3 R B 5 HEAT T 45 00 W7 5 SR L 1 45 BF 46
{10 O 0 45 S Bh 2R S T GMA Bt R e ) 3
B AP GMA (#0725 S R Sh 7S 1A M AT T 9250 0

o

S

2 BEHMEHENDEEEE TIERE

ARG GMA SRZE AN 1E 1 iR o Terfenol-D
P B IR S B v a] 0 el Bk m IR B 43t Tl
BEGEFR I RGTE S 3 1 9 Y g i MR R R T s
VRIS, P 2 Bl AGE 4 1) L g = A R sh il b , el B 5
Terfenol-D #5240 & 15 WG %, TEIR S % /E T |, Terfenol -
D B A B AR M Sl AT A g, SE B R RE AL
PRCRE P45 5 Sl NS L A, AR SR IV 038 T 0 B3l
i T R, (o AR AE 5 3 R BEYE I Y

i tH T

\\\\\\\\\

I3

Hhie

2N A HIE I
iz N

Wik bl T

N
NI Terfenol-Dik

B R A B a4
Fig.1 Structure diagram of GMA

Terfenol-D #J& GMA FYAZ.Lo 14, Hol (7% HLAK L%
SR 3 AR A O R 06 28 T Lt ok R 7 R
KD FR e Hodr, e (B 73 531 oy g S0 46 A2 F 8 7 5
o H T 53 AR A ) R RO L doy (S
O R AR R AR A b A ARFe bR P BE B
A o =00 nl 0L AR R U ) —E YIS B0 T,
Terfenol-D 12 (1) 1% 377 558 2 FI BE DR E 1 1 B0 4 1 728 1Y
HUIN WHEIRE T LA R 1 T B RN S8 TESE
TN T Terfenol-D 4 ity 4y thy AT R AR 0L , by T B A%
A, A R AL RS S ) SRR, T A R R o
HH AT WL, 555 1 S0 R0 GMA. iy AR Y o 2 [

{8 =S¢ +dH +aT

(1)
B =dyo +u’H +pT

3 GMA #355REHTH

3.1 GMA#FHHEHE
GBI 40 BB A% TP BET 3 A i D7 EE A T
3" IR T o R B 0 A i), 4% GMA 430 —
A2 A TG, B A BT AR P BOK /G R R — B
Terfenol-D # , ¥ B5 B 6 H %) Terfenol-D #2344 F 3
ARy AESCHR 14-15 ] ol B> BT RE BS AL 73 3 A
B B, A SCREREAS BT 43 5 A B, G PR A AL &l 2 o
o H, Foy Fuy JFo JFyy JF s D98 11 3 ) 0 3h 3
Ry KGR RERE, R, Ry 53 BO Terfenol-D 4 1) i BH.,
Ry Ry, Ry Ry AEAREEE P RIS LR, Ry (R Res
Ry R s B 1] B v G 50 1) SRR BEL, &y s s
&5 7NN A P R RETE BT B e L
R G E R, AR A I L A3 A 8k T AR O AR A N F
(RPM + Rc1)¢1 + RL1<¢1 - ‘bz) = Fy
(R +Rpy) by + Ry (y =) + Rp(dy —bs) = Fyp
(R + Riz) s + Ry (s —dby) + Rs(ds —py) = Fyp
(R + Rpy) by + R (py —bs) + R (dy —ps) = Fyy
(Rpy + Res)ps + Ry (ds —dy) = Fis
(2)
TR (2) B AESEEE A (3) e, Hb, H,
TKBEARI RS , N 2B T, T BB H R, Loy Ly Ly L
533 R ARG VA B K Bl 2k P 1 B K B B B Terfenol-D
B BB e NS ST, e, e, e, O
BRI G Terfenol -D #% | GEHE AR X E 58, Ay Ay
A 53R 7K g A Terfenol -D 4 | [5 fA7 fif 46 i BT AR, ¢,
te AES BICHEIRIRERE, vy r, Ry Terfenol-D # | #4JE #
Bkt



1200 & I £ ¥

38 %

(a) gk~
(a) Structure diagram

Ly,
Fyo = Fys = Hlpy + %N[
d
1,73
FMz = Fm = FM4 = / NI
d
Loy
R, = ———
. lu’()/l‘r,,\,APM
R. = ZTA
! Mokt Ay (3)
L
,=——— 1=234
¢ /‘LOIU“/‘,AC
R, = ﬂ: ! 1nr72 1 =1,2,3,4
HA - 2mut, Ty
dl 1 r, .
R, =|—F=5—"Inh— i=1,5
‘ pA - 2muom, te T

M7 REZH (2) AT ISR H 44> L b s oK), g i
R BN N BEL AT A s, i B i 5
EIITREST RN TG R AEL PR G B /DN afe LAV B
13 B2 o AEHR o BTk o0 A o e PR T 22 v iy
TR " W 5 % 0T R I G A BR ot
I3 Ansoft Maxwell X B & i A0 57 #4705 273
Bro 7E Ansoft Maxwell 16 Hi 57 GMA [ 3D LAY, 20
FRES R R AR B AT U S5 4 R R, HL s 4 5]
3 (KBRS Terfenol-D #5253 BUEU n RFN) o TZA B il
XEFREEH , T REPORIREH0 B M BT 8 & D 2l ik NI 1 %
4 000) , i %7 1 22 )2 53 B UK RE AR SR A3L , A EAARE
B E M NdFe35

A GMA /Y TAE Y& SR Hods K th 1 R T
1 100 N, & Ky B KT 100 pm, Terfenol-D W5 kg
Pt ] S EEA T 130 ~ 140 mm, (KM, 75 #3707 EL I
%5 Terfenol-D B EH AR d =10 mm , #{K nl, =120 mm, 7K
fEAAR 5 Terfenol-D # i) B K B 1, =133. 5 mm, HE45 H il
KM AR BRA RIS AL H % 2 250, Terfenol-D 4
1 dc A B G 3% 0 40 KA/m, FELL BRI BE
R r R A 0, K2 SRR e &, U5 LA R AR 1 s .

(b) fi AR
(b) Equivalent magnetic circuit

B2 o BratUkms i 4 M — B G Sl A T

Fig.2 Equivalent magnetic circuit of an element for segmented permanent magnet bias structure
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Fig.3 Schematic diagram of magnetic circuit structure
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Table 1 Bias magnetic field of different segmented
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Fig.5 Central axis distribution of magnetic field intensity
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