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Abstract

The performances of pulsed jet on-off valve based on giant magnetostrictive actuator ( GMA ) are
affected by structure parameters of actuator. The physical model between flux and driving current of the
valve was built, and their relationship was simulated by Matlab. The response of different parameters,
such as number of solenoids, eddy current time constant, effective mass of actuator, effect on the valve
flux in frequency domain and time domain were analyzed respectively. The trends of flux with actuator
parameters were abstracted from the simulation results. The eddy current time constant was the main
factor which confirmed by experiments. To enlarge the response frequency band and shorten the response
time, the number of the solenoid and the eddy current time constant should be decreased.
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Fig. 1 Theoretical model of pulsed jet on-off valve
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Fig.2 Block diagram of pulsed jet on-off valve based on GMA
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Fig.3 Bode diagrams of different numbers of solenoids

to valve flux
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Fig. 4  Step response diagrams of different numbers

of solenoids to valve flux
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Fig.5 Bode diagrams of different eddy current time

constants to valve flux
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Fig.6 Step response diagrams of different eddy

current time constants to valve flux
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Fig.7 Bode diagrams of different effective masses

to valve flux
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Fig. 8 Step response diagrams of different effective

masses to valve flux
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Fig.9 Sweep frequency of valves
Hi P9 W LA TR OC R A A5 ) e {0 7 5 9
KFFHXIE B, EZH TIH XK A Py GMM # R
FHTF A8 1 25 48, 5 LR A T RIS, ROR s/ 1 1 3
(52 ], A5 ) F R 6 I 5 1 B2 v T L £k B I K
(36 T, 38 K T B sh 4 1 SR Sh G, A T GMM

P R 1 R 45

KT 43 AT T S A R S R X6 A T S
W& P ARG S  REE 1 A iy LVDT

SR AR IR RS L BB B M5, 25 R DL IEL 10,
20

18 13
5 :
£ 12 g’
210 / g S
» 8 ' Ry
4 3
2l 1
0 : ! H
12 13 14 15 9 10 11 12 13 14
[} A) /ms I} A] /ms
(a) (b)

10 T 5 il B B8R i 7 X 3 45 2R
Fig. 10 Step response of valves
(a) JFRI A (b) FF XM B

F a5 B P DL A 4 L TR oG I A R L #%
MEASE N 17.6 pm, EFHEFE S 0. 81 ms; # gl 4%
B i Bk AR S A 12,7 pm, EFFEFEY 1.1 ms,
PR B shdr A B PEREE 25, WAl DL, I 5 1R
B gl s A5 AT AR 7 | S 1 388 YA A5 23 5 W) T O 1] 1) e
o7 I [, £ Pl I 50 A Joi 2 1 228 Ak 52 il /S

4 £

TE T 5% 18 45 1 RE 2 B i B iz 19 722 16 7
P, T 56 IR 118 45 2805 e 0 S 1R A 1 B2 i /)N
2 T UL IR ] 0 2 T K ) 2



5 8 1

T % OB 4 B3l B SN o WS 5 I R 5 215

(1) 2R [ 5 iy 6 i ] 7 g 1 5% 1 A 9 o, e
[Ce SO NVAL NI (NG a2 9 L IR iR
5 £ B 11 L BEL RN PR JE 2% 2 BT sl e O S L
BT T B A K Bl BEOR A AR TR i D/ 2K e T
K0, 8 i O 5K 1 A g 7 R

(2) Bz i it i 18] 5 2800 Bl 4% 14 B BR
5 W Sk = I e 9 P TR] R 38800, T S g o B8R

T TR B, NN o A B T G R Y B A
PERE , W AL BETT TR B Bl 2 , Wil N i L A 5 R

(3) 2 1 $ e JF O B 1 T A 40 3 40 L, /s i
LB T, T 7R S 56 I FY 35 T S RO B S R AT O Ak i
o R U /INER B L B O A 15 T B0 8l #3 9K h £% Pl
GMM #5 , /NS5 3h #5168 70 5% i, 18 088 978 B i) 5 4
/INTEEET 0.3 ms,

2 £ x W

1 Clark A E. Magnetostrictive rara earth-Fe, compounds[ M ] // Wohlfarth E P. Fenomagretic Materials; Vol. 1. Amsterdam

North-Holland Pub. Co. , 1980:531 ~588.

2 REN, MRz, EARAL. 0B R R S BB ST sE (1], b B HLA TR, 2008,19(20) 2 403 ~

2 406.

Zhu Yuchuan, Bao Heyun, Wang Chuanli. Parameter design and optimization of GMM servo valve[ J].

Engineering, 2008, 19(20): 2403 ~2406. (in Chinese)

China Mechanical

3 Takahiro U. Development of a valve using a giant magnetostractive actuator[ C] // Proceeding of the Second JHPS International

Symposium on Fluid Power, Tokyo, 1993, 131 ~ 135.

4 FEALAL, TR, sKRBUZE. Tl RSO 4 5 e 0 00 P i R EOR [T] . A LA 2 41,2003, 34(5) « 164 ~ 167.
Wang Chuanli, Ding Fan, Zhang Kaijun. Fluid control valve based on GMA and its key techniques[ J]. Transactions of the
Chinese Society for Agricultural Machinery, 2003, 34(5): 164 ~167. (in Chinese)

5 TR LB ARRL R e i 0 AR AR AR IR B IR AT MR T LT ] BB SR, 2006, 31(3) : 396 ~400.

Yu Zongbao. Study on thermal deformation compensation based on giant magnetostrictive material actuator for servo valve[ J].
Journal of China Coal Society, 2006, 31(3): 396 ~400. (in Chinese)

6 wmEA, MEE, WER, % CMAFEMK B TSGR m s A [J]. LB, 2008, 15(2) : 109 ~ 113,

Meng Aihua, Zhou Jianjun, Pan Yuliang, et al. Application of GMA in pulsed jet on-off valve[ J]. Journal of Engineering

Design, 2008, 15(2): 109 ~113. (in Chinese)

7 A, XURSC, KoK S — R R R T R R B S8 [T AU LR E 4R, 2004, 40(4) : 195 ~198.
Shi Yanping, Liu Chengwen, Zhang Yongzhong. Design and study of a new kind of larger flow rate high-speed on-off valve
[J]. Journal of Mechanical Engineering, 2004, 40(4): 195 ~198. (in Chinese)

8 BRTE, L E RREAR. i O L R AR R R D R RS [T ] AR BLAE 4R, 2000,18(4) 1199 ~202.
Lii Fuzai, Xiang Zhanqin, Cheng Yaodong. The design of high-speed powerful solenoid based on giant magnetostrictive
material and analysis of its control method[ J]. Transactions of CSICE, 2000,18(4) :199 ~202. (in Chinese)

9 WEAE, WL, BAETE. R BN 4 R B s (] WiV R4, 2006, 40(2) 216 ~220.
Meng Aihua, Xiang Zhangin, Lii Fuzai. Optimization design of giant magnetostrictive micro high-speed valve actuator[ J].

Journal of Zhejiang University: Engineering Science, 2006, 40(2) : 216 ~220. (in Chinese)

10 Dozor D M, Shankar Jagannathan, Gerver M J, et al. High force-to-volume Terfenol-D reaction mass actuator; modeling and

design[ C] // Proc. SPIE, Smart Structures and Materials 1996 : Smart Structures and Integrateal Systems, 1996,2717 .

576 ~586.

11 Bryant M D, Wang N. Audio range controllability of linear motion terfenol actuators[J]. Journal of Intelligent Materials

Systems and Structures, 1994, 5. 431 ~436.

12 te, BARLE FEMEAR . ik T 00 4 S 8 48 0 Mk oo S5 O SC IR B S 05 BT ). HLAR T A2 24 41,2009, 45(8)

303 ~307.

Meng Aihua, Lii Fuzai, Cheng Yaodong. Modeling and simulation of pulsed jet on-off valve based on GMA[J]. Journal of
Mechanical Engineering, 2009, 45(8) : 303 ~307. (in Chinese)



