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Abstract; Combining the output characteristics of giant magnetostrictive material with the driving
requirements of an electronic controlled injector, the structure design and driving method of giant
magnetostrictive actuator suitable to the injector were proposed. The electronic controlled injector required
the displacement in only one direction and the displacement should be shortened at the same time. Then
two types of giant magnetostrictive actuators were presented by considering the impact of the bias magnetic
field on the actuator’s output, and the applicable currents in different bias fields were analyzed. Steady-
state displacements and responding time of the two kinds of actuators were measured with the help of an
experimental system. And the performance differences of the two actuators, accompanied by the reasons
leading to them, were pointed out. As the traditional driving voltage for the giant magnetostrictive
actuator, direct voltage in square waveform would cause quite long time in raising the coil current, which
occupied most of the whole responding time of the actuator. To save responding time, a fast driving wave
was designed with referring the high-voltage opening method used in an electromagnetic actuator. And the
output performance of the actuator, strongly biased actuator taken as an example, under designed driving
wave was measured and analyzed simultaneously. The results showed that designed driving voltage could
reduce the responding time quite effectively from 4 ms to 1 ms. In addition, as the giant magnetostrictive
actuator could output continuous displacements from 12 pm to 33 pum, the designed actuator supported
more driving effects than the electromagnetic actuator.
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Fig.2 Magnetostrictive strain — magnetic field curve of GMM

8 G828l A R A i IR A i A S FL I
AR AT A AT 4 A, B R ASTE O, SR T R
AR SR JE DT 1) 14 AR (X RE I8 F1 o fE
172 A 45 W A P A i 201 40 203l 4 3 75 07 1)
Bk, K A B 05 302 IR 2 MR I B oK Sosh 4
Rt

Oy 5 R IR JEE i M) R 00 6 R R ) S E
I3, FRER T [f) fie KA, I RE SR FH 5 i % i
(550w B WG o SR 5 i B B X i i 21
AR AL T B ROIR S, I A A B 1) HL R A 5 S
G/, Bk AT A e R (1630 B K) 1) 46 L L AZ
SR P20 () i ) T OO ol i 004 4 6 R A
T o AR, A IE [ LU 3 R SR 3, 4R AT

H 5 R R N
2.2 WHEXER

TR KAV 4 P AN B T 1) ) e R g A 3 AN
%, AR 1550 B R0, B30 48 38 Ry K b RE R AR 5 46
HEEA BN A RST W46 5 . PR AS [R] i B R =X
35 A 45 3K B 25 T TS [ 45 A T 28 DA R R

XF T o B Bl A, B TR TE S 4R
LR A% 0 25 1 B 6 W 2 808 4% ROST 46 4 1
K, HAEINE 3a BTon . 28RN 9K 8l oo i, K A
HL A5 5 5 0 R 0 3 LA K S 8 0 S5O0 45 4 R 5 T B
S OfE O A A R AL T A7 IR S AT ok A e i
245 o N HE BB N, 3 T A A 4 A ) AR
R R AR AR 5 5 i R R Ok o R B 48 MR
HE TR B G S, AR — I IR B AL TR ROIR
Bo NRUEBGSIIE® TAE, i AR5 =4 1y i
Y75 1) L5 O 0 0 1 O 1 AH B, I ff 1 R A
ST ) (A S R (B B ) B F A, 308l R
BRALF (7 1)) HEAT 98 50

X T2 (Bl I B B0l 4, MORHE G LS
fifk, gl a0 A B — 58 450 K p R R B L
A ROT 48 f, ot B A0 &1 3b s
0 A A R RO B R (B0R B 2h RE 1Y 8 B
) B A —A T BUFFF, AT K i 300 48 1 1 A

bR R

(a) SR (i BB A

i,

ol
»

Fzhds )

s

—_—x

P3O [l i T 0 10 B sl 45 25 A i I
Fig.3 Structure design principle of actuator in
different bias magnetic fields
SR g B REEE 2.7. 4k 3. BEZBUh e 4.9 A

5.6. TSR 8.k B 4 T B0 1 2 A



368 & o Bl B ¥ iR

2017 4

A B A BBl i RS A 4 2
2.3 RTRBE#ZSHIRIT

TR AR RO 24V, B A% H] GMA B 7E I
LU R i AN T 30 wm BRSO IR E LR
RBP4 B A I JEE — BN /N T 25 mm (B R} B
KR A R ABCR 1.2 x 1077, 9K 3h 28 [ 1L fig K5
GMM {4 22 4 AL B sl il LA A

H T Bl i i B GMIML A 1) A 4 v AR K
7T 38 A, DA A D 2 R VAL T A BT R L 1Y
A TR AT AE IR/ GMM B A% . T L sl MR Ak A
LR VE e AR W RE S T B A 2k P B 2k A 1 R
/N Bl ) S i A R ) Dy S )
PARCR , GMM i S R] fE 58 a0 26 18] A4 il 2 i
U, Hi SO B 2 i B B & b, AR TH R GMM
PE A T 2RI Pl e A B R 2OF R
A T TG RERI AT .

Xt TR B e, RS AT RE M 4R v 4 e A Y
e, BV ol I K505 v it A S AR 2 i A L A E L
RS A i FRSE I, 2% e [T 508 2 T R 3 2 A /), 26
P Fh LB R L 3T U /N A R o, LR
[T 500 oL 3t 6 B R T H A o

B GMM 4 F1 £ [ 41, 1 R T BE 46 s 2 3 4%
R B RSE 5 (8 B A~ Eho sl 2 1 il % R Bl 5 A
K GMM # bR S0 K, I RIS K GMM . #% B 73
HE 1 G o G, e/ 5 GMML e o3 15 1) 2 L T
R R I T B T 0 i BHL -5 6 5 R
B, R, B3RS GMM A g 8% £ B56 i e 350 F 119
WS 2 A AT AR SE AE TN S GMM. R A A
FBE XML TR

3 tEEEXTLE

3.1 /BMRIBERE

f t3 57 % (i g ) R Mg RO R ) S L A T g
FHUR B A5 1) 2 AR RE 45 A, B3 4K 9 Ji B A% i B
i BCMH 46 E0Bh #w 1BE AL ML A% BR IR 0 3R 3 T oK
B2 FEshas i WK S MRS A AR o B2t 2 FE aC
LB AR g g, FL S I 2y il AN 1] 4a A 4b
J7s 2 ANEEh AR R SRR L iR R
TR 24V e L A0 R O A S e 0 K Dl i 2k e A R
PO, MBS A YT T gl & H A E 1
Xt &Vl BT A 520, 4 A Bosh 4 9 BT 5 31— 9 4K
| BEL T AN A 45, D00k P R S 11 432 A 08 4 74 i, T
AREAF LR IR 0 o MRS 3.2 AT, e
By i 2R R B 00 20 R 2 ), AT ARAS B4 AT Y
ol 1) S 5 BE A Bl — > W T i 1 A SE B AN 1A 3b P
AR

Foh g re s A& S B . MR R Tk
A T BT R R PR, B i 0 ~ 24V g SR
ARG A LR J 35 ~ 100 V1% J 7 g s 5 L 97 A
iy A Bl i A VL 1 T I R O (AN [ B 0 £
ISR RO ) O B8 AL I i T i sl AR 2
2R L Bl sl e A% 5 S fEL T R I 4 2RO
ARPAF T LAR IR o

(b) Z{m B E S 4
K4 B
Fig.4  Prototypes of two actuators
Lokwgk 2 4EFF 3. H0H 408 S EHAT 6. B
T 8. HREEMAiEE 9. &K 10.4k5E 1L R 12094
WIRHE 13, R

x1 BEENFREBIHSH

Tab.1 Parameters of strongly and weakly biased actuators

23 580 A A &
GMM # K BF/mm 35.0 390.5
GMM # } f#/mm 5 5
£ 8l I 4K 980 1030
LB L Q 6.43 6.57
2 P L g/ H 6.75 6.93
T % H 71/ MPa 13 15
) 1 RS 3/ (KA -m ™) 70 0

3.2 RREMEE

2 P ELS AR R AR R A4k AHR BE AN 58 i
L ECE AR PR BE D 35 mm i E BB A
PERHK HE O 39. 5 mm, O 38 I [A] S8 0 L ROR , 98 fi
B de AR e LA LU il 22 %0 39. 5735 =1. 128 6., %
AWKTE 20 ms (Y BIRJT P IR L2 M ELSh A AR S AL
P ML R UnIE 6 Fros .

Hy A2 R RS A e I R ELAIR T 30 VOB, 5t



6 1

BEOEH 25 W A A L B A Bl A B 5 s IR S R WE 369

| woprmmam |

HLE
hiks - HLI
MTI LTS-025-02% HiJE TA189%
OGRS f2 i HLLAE
RIGOL DS10747%) | o
IR

B s Eshae iy %

Fig.5 Measuring method for designed actuators

45

55

K6 Bshasfa S n b

Fig. 6  Contrast of steady-state response for actuator
iy B S5l e 0 AL A RO KT R e B B
AL U, 9 D B 03 A T 2 /N A Fa AL TR B RE I8
B A2 A 5 0 EL S A R /N T 25 VO 5iR i 2R
gy e L F% 5 i A FL TR 22 8] Y 2R O R A T 2 L
Bfdn o K LEIN A IR o i sl g 1 E A
Ko M2 RN B FL A R R RN 5 e 2
By e H B AR 5 SN 3 2 TR A R O AR T
L B g g -, T L AR 1 96 R AR R R
T i B B g, 3560 A 5 i B8l 4 AL RS A H
FE iy B TR B (g s o TR = G R AR 75 R T
Tl B2l o e BB AR LA T HUEAR K
IRF AT LA B R A 3 B8 i O IR RE i A % A KL Y A
KA IR
3.3 N Sz B (8]

AR MK IE O B0 J5 B A5 5, 2 F8 (R
UL ) W 187 R ) R SR A A AR 5 T R 22 3 s) A
P (LBl v il ) i BRSSO IS 1] .l 36 1 AT, O
A A T 0 R L 2 i skl g T O A B 2k B LA B
R H I, 223 s, 2 i 55 5 0 1) £k B o O AL A%
W SO If (B B P 7 B s

0 2R AT R, 2K B R 3L A 2Bl g 67 7 11 1)
7 FRF ] -5 i A VL TS 4 e TG 5K 5 2 M 5 2l s 4R e
FEL AL F14 M) 137 B T L 5 i 5 B0 8D 4% £k 1B 21K 0. 05 ms
Ze A, U6 W] 2 B Sl A £k Bl vl SRR R, L B A
R85 2 i 0l A 62 A% W RO IR I) L 5 i L 2 gl
B 0. 1 ms e rf— e B U WIS IR E] 5K, 9

SR B

4.8

B
P

=
=
m
=

h
S
)

7 e O I [R) X b

Fig.7 Contrast of responding time

— o e i BB Bl A 9 B R ML Ak TR
A BILBR B J& a8 HE I 5 TG 18 2 56 fi B B0 8l 4 18 2 & i
BB, HL U R I TR T A iR (] Y
%5 R 2280, B AR BTRL W i) SR AR, B A BB A% 1Y
Wi o7 38 S8 1 o0 2 18, X — 4598 5 3CHk[ 1, 11,16 ] A
—H

H1 LAk RE 20 A T £ L 1K B 45 E i A
P WY RIS T, 56 fi . B Jo B e fe HE e 5, i HLeh
2 A Esh AR IR XORE 5t i B 203 4 16 LR
LA A T 0 T A o R T T B R D i S Y
Jit o i i A LA PR 55 5 i) VR A O 48 L
BT T Bosh g R fE — BB R . M BT
& B S A B HEOINASE e R R S
1 BN L RE R 57 AT ) i 3 R 1, 3 X 8 1
0 R AR 7 A Y

4 KNI K AR K

i 3.3 R M Al R, el TR R R B A A A
B B HL I b T P R B K b 4 0 TR S B 4 1
IO 388 A5 B Sl g L A% Y o 1 I [A) A 4 ms LA B T
% 3l A P 2l & 089 TAEBK 58— WAL 2.5 ms, 4 ms
L b A w13 P[] 5 28 AN 4 330 5l & i o Bk AR S,
AR T 125 6 2 P 42 M Vi 4 BRI 1 E R TAE R K
IH bR B 2l g o 7 R R T £ R A ) W S
R,
4.1 ERIEIT

KL BT I8 FAR 2 i B S i o2
RN T B, BB PR 4 T 4k Pl 3 A Wi 9z B )L
&L E o g R Bl g B an & 8 B, A5 5 )
H A0 e, 2 Pl AR ) T B T £l e 1
Bl P B KRR A, AR A B 0 4 R R
(24 V) 45tk 7y BIVAT, A AIC A0 F Hs e fi 3 B
IR0 45 . F R X B sh A R 1R S R R AR PWM
(Pulse width modulation) i , £k & W i fE A2 I 3,
Tk B g s BT A BR A B, Ho i i A 88 A 23t BB
Bl o AF 2 B0 4 sl s A IROZALAY , 2R H
H 1 B3 s 1 PR HE AT 9K 3l , A0 8 7E 4E i i TR B



370 & o Bl B ¥ iR

2017 4

RS o ik TR Bl R A PWM
o Y- B T L R A 2 A R PR 43
L L LT (R A R PR O e O O AN
IS

»

‘ﬂﬂwﬂﬂ_

S

)

P8 Rl B 45 B Bl i T e i

Fig.8 Driving waveform and response for an

i KRN KSR

A EE) R

iEe

pecries el

electromagnetic actuator

I P T e A S sl 4 1 B Sl O an e 9
Jt 7 SR JH i O i e s ol £k 1) R 30 R B 8l 45 437 7% R
PR 2 HARE, B A ZE 45 0 TR 4R 55 AR, 4 7
FL T SR S B, o i R 4 R A T 22 (8] ] R (]
IR I [10) L2 0 g A5 25 I ) o K B e 1 00 o B
A B D0 - 220 e R A 2 I ), 4 B v A ( BBk
haw A, —FH M2 A K R K = A (B
¥ ) R A AH, B, Bl 4% 7 8 B A BUAE 1 98 15 1
[ia), [ B I i) AT 57 % o

>3
T I 6 S VR 6 )

it 1
pay
=

HERFAL AR [H)

PO B0 b 2 B sl 4% 08 T 3R 3l U5 5%

Fig.9 Driving waveform suitable to GMA

4.2 EWI;PR

Xt BT B IR 19 3K Bl ROR 5 A% S8 HL IR 5 B
ABTIRBBOR BEAT X L o ER 7 Bk 9 4 ms,
ML AE S 24 V) B AR TR 2K ] L R R 2 Sl A4 £
F (003 45 A B 10a J s 5 B 531 10 B 2l A s
K SE N 4 ms, IR R N 76V, AR A R H
24 V5 I B v e R Sk I 1R 12 A B RO B AR A,
Fs 355 22 5 (B 46 S LR b TR IREIR), 2909 0.5 ms, 4K

ZE A 10b iR .

B10 R [ % F S0sh 5 i
Fig. 10 Actuator response under different driving waveforms

EH R SR AT, R T A% S8 LA i, 2k B L UL
FNB B &5 L% 1 o o7 3 B2 AR Ry D248, 7E 4 ms (19 5 ik
Yo B TR P, o WA IR B e KA RS i R
301 B TE I 3K B T RE AT A5 Hh PR S S0 #5% m
BE B HL TR Rl RIAE 0.5 ms A4 .
4.3 pEgENK

4.1 5 BT I T 0K 3 5% 31l e P i 5 feh
45 B h s, A2 i T 30 20 25 me Ry B ) A0 RS S A A%
2 APERETE AR, HAE A 11 FroR

o Llg

£ 09}

Ao

-E' 0.7+

g 0.5+

=03 : ‘ :

40 60 80 100

TrIR RV

\i 35

% 251

% 15)

g 4 ‘ ‘ .

12 16 20 24
YEFFALIR/V

BLL Bl i b e e r I ik 2 2R
Fig. 11  Measured results of output performance for GMA

Wi JS7 N 15 5 i Fe s R LA 5%, 24 O S v I
43V 3§ 2= 98 VI, A A% R NI R 1 oms [ R
0. 35 ms . JX Jik T IF IS WL I My, 23l 4% 07 B8 31 3k
5 58 T i 9 T k) Ry PR AR 1)) il e ()
S 2o 3 RO A W (FE L G 1R A9 R I v



% 6 1)

BEOEH 25 W A A L B A Bl A B 5 s IR S R WE

371

) LA SO R Bl 75 3 A 1 WS

R A i 8% 5 2 F o T R A O, 4R 3 L R
H1 24 VR 12V iF, B84 il 4845 12 ~ 33 pm #)
BEEALR o X H S E Sl A HRg e — L AS R
{ELT DG 3% 52 BU S 22 1) 0 4% i o ok B30 14 4 BB
RESR (I 5 2 119 i o 07 3% 8 45, 3K X I i 4% 5 B &2
8 I AR o A R o 2 A 0 4 2L
3y i B Bl 1) L P A R B T BT I ISR . BX
By A PR I A L RS I G 2 M i R B o IR
JEE BB, gl w58 i 1 EL i b /N2 RS I I
F8 8 ol /s LSl B2 TR IR, (ELIE 9 55 Ak A

WL 45 119 90K B i 5K 5 56 A L B T R A% S 4N
eI X, T2 L sl 4 7 A B0 T 2R R f o B
2 PR B4 I B 5 B Bl A RS R i

(2) 5 i -5 % i . 20 Sl A 1) it 6 B R i
IS (R AR 22 o FRL TR A R R 0 R I 5 i BBl A%
AT ARAT SO i #  ELAL RS S A TR 2Z 18] Y
KRN g RN 5 F i o 2 3l i 19 00 32 7 WL R AR
ORI AT S 4 8 30 foh 44 A Rk ) i S R R I T
AER A — 2,

(3) KHLETF S 0 5 8 75 58 7] A7 854 T H 42 g
il GMA 1 I 285w o o J3E o 22 ik, 42 7 T
PR R MR L T ok S50 2l i 82 8% 1) IR L IS 8]y 4 ms [

5

ERe !l
i B (B85 T ) #E S BC A IE 10 B A5 5 BB TG &2 R
%

H LoD =

Ums, JEBL T B IOE KA A9 RS8R 5 14 8 9K 3l

T v A 2 315 PR S R L T o8 o T 2 fo 4 B0 sl 4 B A0
% FoAE 12 ~ 33 pm JELLARAL X L X Bosh 4, 8 #
B 4 B sl A T PR BT 2 e o e

&t

(1) 5 fi B 0 3 58 56 I 5 I 1) g A A5 %5

OLABI A G, GRUNWALD A. Design and application of magnetostrictive materials[ J]. Materials and Design, 2008, 29(2) : 469 —483.
EESC, WREE, BOCE. MEBURGEAR S IM ] dbaT: 1A 48 Db A, 2008.

BIRTE, SRR BN AR L R AT A R S R IM . dbat: 16 4 Tolk i At , 2008.

AR, MET, BERT, 4. GMM [ R BUR KO AER B Bah g g LRI LT . #E Tol R 2224k, 2006, 21(3) = 92 - 94.
LU Quanguo, CHEN Dingfang, WEI Guogqian, et al. Development of giant magnetostrictive materials and its application in the field
of precision actuators[ J]. Journal of Hubei University of Technology, 2006, 21(3) : 92 —=94. (in Chinese)

&F5e, B, REEW, . Fe - Ga & 4 Ml B0 46 ) 1% A8 AL BB 42 57 5 R R 40 AT LI/OL ] R HLA 2% 4R, 2015,
46(5) : 344 —349. hitp: // www. j-csam. org/jcsam/ ch/reader/ view_abstract. aspx? file_no =20150548&flag = 1. DOI:10. 6041/].
issn. 1000-1298.2015. 05. 048.

SHU Liang, LI Chuan, WU Guichu, et al. Magnetization model of Fe — Ga magnetostrictive force-sensor and its characteristics[ J/
OL]. Transactions of the Chinese Society for Agricultural Machinery, 2015, 46(5) : 344 —349. (in Chinese)

RERRS, AREN, Rk, . GO 4 e IR R L A g A R R RAR 2 0 A [J/0L ] Rk BLB A 4R, 2015,
46(2) : 343 - 350. http: // www. j-csam. org/jcsam/ch/reader/view_abstract. aspx? file_no =20150251&flag = 1. DOI:10. 6041/j.
issn. 1000-1298.2015.02.051.

LI Yuesong,ZHU Yuchuan, WU Hongtao, et al. Modeling of heat transfer and displacement error from heat of giant magnetostrictive
actuator applied in servovalve[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2015, 46(2) : 343 - 350.
(in Chinese)

TR, B, BRAR. T RREECN A B TG IR G 2T ). U TR, 2009, 45(8) ; 303 307,
MENG Aihua, LU Fuzai, CHENG Yaodong. Modeling and simulation of pulsed jet on-off valve based on GMA[J]. Chinese
Journal of Mechanical Engineering, 2009, 45(8) . 303 —=307. (in Chinese)

WANG Chuanli, DING Fan, LI Qipeng. Study on driving magnetic field and performance of GMA for nozzle flapper servo valve
[J]. Journal of Coal Science and Engineering, 2007, 13(2): 207 -210.

B, R B AEARHE SIS T T s RS R o SE B BRI [T ). A g 1 AE 4R, 2003, 18(1) : 134 - 139.

LI Chao, LI Lin. Active vibration control using magnetostrictive material[ J]. Journal of Aerospace Power, 2003, 18(1): 134 -
139. (in Chinese)

AR BB MAa G2 A A [)/0L]. Rl HLAK 2, 2012, 43(5): 190 - 196.
http: // www. j-csam. org/jcsam/ch/reader/ view_abstract. aspx? file_no = 20120533 &flag = 1. DOI; 10. 6041/j. issn. 1000-1298.

Multi-field coupling model of embedded giant magnetostrictive components
optimization[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2012, 43(5) : 190 —196. (in Chinese)
SAE Paper 2011 -

10 3k, WA, X2, 4.
2012.05.033.
ZHANG Lei, WU Yijie, LIU Xiaoliang, et al.

11 BRIGHT C, FAIDLEY L, WITTHAUER A, et al. Programmable diesel injector transducer test results| C].
01 - 0381, 2011.

12

BARTE, WSS, WAEEE, AF. W Lo RO A bR R SR T AR A OE TS [T ). AR PLAE R, 2000, 18(2) ¢ 199 -202.
LU Fuzai, XIANG Zhangin, QI Zongjun, et al. The design of high-speed powerful solenoid based on giant magnetostrictive



372 | 1 R A= 20174

13

17

18

19

20

21

22

material and analysis of its control method[ J]. Transactions of CSICE, 2000, 18(2): 199 —202. (in Chinese)

WANG Wenguo, HAN Hui, HAN Lu, et al. A model of giant magnetostrictive actuator used in automobile engine fuel injection
system[ J]. International Journal of Service and Computing Oriented Manufacturing, 2013, 1(2): 154 - 166.

YAN Rongge, WANG Zhijuan, ZHU Lihua. Research of the giant magnetostrictive fuel injector [ J]. Advanced Materials
Research, 2014, 889 —890: 916 -919.

DANESCU P, MOREGA A M, Morega M. A novel magnetostrictive injection actuator based on new giant magnetostrictive
materials[ C] /2011 7th International Symposium on Advanced Topics in Electrical Engineering, 2011:1 —6.

LI Liyi, ZHANG Chengming, KOU Baoquan, et al. Design of giant magnetostrictive actuator for fuel injector[ C] // IEEE Vehicle
Power and Propulsion Conference, 2008 :1 —4.

TANAKA H, SATO Y, URAI T. Development of a common-rail proportional injector controlled by a tandem arrayed giant
magnetostrictive actuator[ J]. JSAE Review, 2001,22(3) . 369 -371.

XUE Guangming, HE Zhongbo, LI Dongwei, et al. Analysis of the giant magnetostrictive actuator with strong bias magnetic field
[J]. Journal of Magnetism and Magnetic Materials, 2015, 394 . 416 —421.

BEOGHT, SREEAR, T, A%, o R il B 4 S0 e RS 0B 5 g [ J/OL . AR HLAR 7 42, 2015, 46(7) -
318 - 324. http; / www. j-csam. org/jcsam/ch/reader/view_abstract. aspx? file_no = 20150745&flag = 1. DOI;10. 6041/j. issn.
1000-1298.2015.07.045.

XUE Guangming, ZHANG Peilin, HE Zhongbo, et al. Modelling and experiment of strong bias giant magnetostrictive actuator’s
semi-static displacement[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2015, 46(7): 318 —324. (in
Chinese)

BEOGH, SREGAK, R, . Bhbes BB S oias 2 B b AL T]. HUM LA R, 2015, 51(24) : 97 - 104.
XUE Guangming, ZHANG Peilin, HE Zhongbo, et al. Multiple degrees of freedom model of giant magnetostrictive actuator used
on high-pressure-common-rail injector[ J]. Journal of Mechanical Engineering, 2015, 51(24): 97 — 104. (in Chinese)

XUE Guangming, ZHANG Peilin, HE Zhongbo, et al. Displacement model and driving voltage optimization for a giant
magnetostrictive actuator used on a high-pressure common-rail injector[ J]. Materials and Design, 2016, 95 501 -509.
BEOCH, BRIGAR, Ui, . A B 48 B0sh A 09 SRR BR UF A IR SR Bt [T ] AL S 244, 2016, 20(3) ¢
20 -28.

XUE Guangming, ZHANG Peilin, HE Zhongbo, et al. Equivalent circuit and driving voltage suitable for giant magnetostrictive
actuator in electric injector[ J]. Electric Machines and Control, 2016, 20(3) : 20 - 28. (iin Chinese)

(&% 2951T)

15

17

18

19

20

21

22

23

24

JE G, AR A — A e ESOR AR U iR [T] . 1H 8L AR ,2006,32(20) 198 - 200.

ZHOU Jinhe, PENG Futang. A method of selective image graying[ J]. Computer Engineering, 2006,32(20) ;198 —200. (in
Chinese)

EweEl, A SRR B SR E S (] TS HL LA 5 M ,2010,46(3) <175 - 176,218.

WANG Xiaokai, LI Feng. Improved adaptive median filtering[ J]. Computer Engineering and Applications, 2010,46(3) :175 —
176,218. (in Chinese)

XZR A4 . BT B A EHR 20 E1 3L DE 52 [ D] db st b 5t 32838 R 2% ,2009.

LIU Dongju. The research of image segmentation based on thresholds [ D]. Beijing: Beijing Jiaotong University, 2009. (in
Chinese)

SUZUKI S. Topological structural analysis of digitized binary images by border following[ J]. Computer Vision, Graphics, and
Image Processing, 1985, 30(1): 32 -46.

ALVAREZ L, SALGADO A, SANCHEZ J. Robust detection and ordering of ellipses on a calibration pattern[ J]. Pattern
Recognition and Image Analysis, 2007,17(4) ;508 - 522.

ALEMAN-FLORES M, ALEMAN-FLORES P, ALVAREZ-LEON L, et al. Computational techniques for the support of breast
tumor diagnosis on ultrasound images[ J]. Cuadernos del Instituto Universitario de Ciencias y Tecnologias Cibernéticas, ULPGC,
2003, 27. 1 -12.

TSAI R Y. An efficient and accurate camera calibration technique for 3D machine vision[ C] // Proceedings of IEEE Conference
on Computer Vision and Pattern Recognition,1986.

[EIZAF- R SWEEER AT IM]. BRI R K5 58 BB, 7. B B2 % I i, 2013,

R SR AR b S R AT [ D] B AR AR R A, 2006.

WANG Yumei. Outlier analysis of linear regression model[ D]. Wuhan: Huazhong University of Science and Technology,2006.
(in Chinese)

FUARA R Tk b2 B E & A o bR L R . 48 DG R 5 fl R, 2001



