Sk B O S O I ¢ Vol. 42 No. 11
2021 4E 11 A Chinese Journal of Scientific Instrument Nov. 2021

DOI: 10. 19650/]j. cnki. ¢jsi. J2108246

R0 B 1 A A B SR IR R A S A S

FHIED R M kAR B R &
(L AdE T KA i TR S T S S R E R A SRR RKiEE 3001305 2. u[db Tk KA db 4 g
ST E AL R 3001305 3. RERDIL KM R 300134)

W BRSO T TARREE R A A X e RE s B TR IR A 2 i R 0T T RO i R e LA SR IR e IR B, 1 Se 3%
TREBMGE B RE RS VLA S5 i i S T A TARIRE 7 MG F o A B AR PR A f5 TRl i gkl 4y
IEPRAT MR R ST 3 SR 5 X S G0 5 HE 1 47 43 B A 100G R il T B (AL, 45 380 1 G 482 A A O 5 R gl T L 5 0 2 0K 138
PRAT G T Il A G B AR A T pR BSOS ST A8 T VSR AR R T SRR 0 A DC S B a AR AB SRR R 3 T S BRI
FBRAS AL AR BRI S B A ) R BRI T B BE A4 Hh AR | 45 SR R WA AR A (0 R SN R MRS IR & T 31 1%, HR R
AT i BRI I RN 6 2R ) AR AT A B S R AR B B AT .

KB SRR EUN A BB s I TRATARARRE  TARIRL 5 01 28 SR IR R 4

FE 43S TB552 THS9 XEKARIRED: A ERErEF R ERE . 470. 4021

Analysis and control of resonance frequency characteristics of
high-frequency magnetostrictive transducers

Huang Wenmei'? , Hu Shaopeng', Zhang Weishuai'?, Weng Ling'*, Zhou Yan®

(1. State Key Laboratory of Reliability and Interlligence of Electrical, Hebei University of Technology, Tianjin 300130, China;
2. Key Laboratory of Electromagnetic Field and Electrical Apparatus Reliability of Hebei Province, Hebei University of Technology,
Tiaryin 300130, China; 3. College of Science, Tianjin University of Commerce, Tianjin 300134, China)

Abstract ; This paper studies the influence rule of operating temperature and load changes on the resonant frequency of the transducer and
a feedback control system is designed to realize the resonant frequency tracking. Firstly, the resonant frequency calculation model with
operating temperature T and load F as independent variables is derived based on the electromechanical equivalent circuit of the
magnetostrictive transducer, a temperature-controllable and load-adjustable resonant frequency test system is built; then, the methods of
segmental linear fitting and surface numerical fitting are performed experiment on the tested data, and a binary function model of resonant
frequency with respect to the temperature and load variables is obtained to meet the requirements of linear correlation and surface fitting
goodness, and the relevant parameters of the resonant frequency calculation model are determined. Finally, based on the caculation
model, a frequency tracking feedback control system reflecting temperature and load changes was designed and the output characteristics
of the transducer were tested. The results show that the vibration acceleration amplitude of the transducer is increased by about 31. 11%
in average, and the resonant frequency could be automatically adjusted according to the temperature and load changes to achieve high
efficiency and stable operation.
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Fig. 1 The electromechanical equivalent circuit of

high-frequency magnetostrictive transducer
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Fig.2 Principle of temperature-load controllable test system

2.2 TWEEHIRK

S5 T T AR S 4 46 R A 1) 4 4 2 i X o g
L He M mE 3 iR, B BB BN R | REBU 46
WORLE 0 2 B R AR AT S 3 A A i, HE A i
g PR P E A g A E 9 R 7 AR 32 AR G 3 F D) 3K Bl
WEEAR G MR A R I 4Rz 8, SRIEF RE R4
FEARMRFT LA PR sl 5530 L RE—H RE— LA RE 1Y
Hedt

BB RS R
> Y

ZRAT

K3 wHAEaRLii

Fig.3 Window type transducer structure
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Fig.4 Temperature-load controllable test system
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Fig. 5 The relationship curve of acceleration vs. frequency

under different loads
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Fig. 6 Resonant frequency characteristic (7=20°C)
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at different temperatures
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Fig. 8 Resonant frequency characteristic (F=0 N)

3.3 ARBEMAE THREEFERTENTHLNE

R T BV A A 2R e 2 A T A A A — i b B
B S BREERL (T, F, f) S4B, Hoh T R
M BAALRC s F R A, AR (N) 3 f, R
A, BRA SE kHz, T(°C) [ HUE 53 514 20,40 .60,
80.,100; F(N) FHL{E 435 0,10,20,30,40.,50.60.,70
80.90.,100, ¥t i, i Es B, ST il A, W
&9 s,

A T 400 A SRR R Origing 7 il T 01
BB FahlAy A28 T OF BB, i S A, 15
FI) AR AT Y ZR U A8 A R i T R A Bk, AR E)
TE 9 LA i E LA R R 257 5 Rk
0.003 5, AL r»=0. 92, X 1 BB AR R

f(T,F)=z+aTl + bF + cT* + dF* + eFT (11)

PO TR B 70 3R B A Al R 5 405 il T
Fig.9 Changing rule of resogance frequency vs. load and

temperature and the fitting surface

Kiz.a b e d e FMTEEEIH 6 DSE N TAL

PriR R BRERS ,6 DSEBVEUE IR 1 FR,

®1 BESHE

Table 1 Fitting parameter values

S5 e
z 16. 64
a 2.45x107°
b -9.95x10-""
¢ -5.23x107°
d 1.38x107*
e 1.51x107°

DI Sue g RS R M RE R A B A SUE 1=1.0 A
AL AR A, A T RE A= (1) A il 4%
PR, A B I=0.5 A J=1.5 A 1=2.0 A I=2.5 A,
[=3.0 A X 5 FELL N, B2 R SCI0 AT B I 047 B U
Ho AR FERBMUAEARX (T, F)ZH,6 M
EABBUEARN A B RAE 1070tk n] LIFS 3], 7E 4]
[Fi) 670 2RI B S G A5 R T, 46 BB A1 i A FRL IR AT AR Y AR
AN J8 BE A PR AR 0 R AR /1N, 28 0, 0 5 S 6 3k
VBRI, A3 5 T B BE AR I PR R O TR EE T M3k
FIREOC R L(T, F) % RDEE FH 4005 B R 15t
Pl i) DSP Bk,

4 BRERRIFIEH ZFERIZTT S LN
4.1 RBRIFERFEHIZIT

N T EHREAS BE AL R oL, TR EIRA T
PET IR o IR B B 70 430R0 T TS A2 f i



55113

BSOS R A A 1 e

H Sl Y Y i 2R G R EEAE A 10 R, B ST L g
U2 FEL G e AR LR L B R AR R A | D C R B RN R
R R G (1A% IR T AL 2% S L AD B ff L %) |
DSP il R G5 FUK Bl e B 2 A, He b DSP 5 R S
SOV IR 3 Ao AR ABE TR T R A ) AR A A R
BE T AR ER B R IE AT ) A% SR R AT B i A I A
AT I XT R AD H B0 R i A B DSP %
Wl RS, B R IRIUR £ (BUER £
Fik e ), 26 3R S R I, XoF v AT A R B A T K B 3 ek ek
AR AR B TR AT SR IR BITCR R EE (9 H bR, DSP 4%
il 2R 40 0 R B . 24 5 BE A (04 R B RN 67 38 e A AR A |
b A TR AR S AT IR (RN B R (E iy A B DSP #E7H R 4E
TR R B A ) DA B BE A 1 SR S AR R
I YT T AR RN 4 3 AR AL, SR IE S BE 2% — ELAL Tl
PRI, SRR R E 1817,

N AN .
i aﬁﬁ%H s b—" B

(tems) (EErems

IR L }'—‘ DSP#fil &4t t:[AD%ﬁEE%]

10 A SRR ) AR A B ]
Fig. 10  The principle block diagram of frequency

B B
TR LB

tracking control system

4.2 SEIghR

SRy G E T ) A R ] R G RE TS SEER N e RE AR IR
PRIV A SR IR B, o 9l 3k 0 7 A S 4 e RE AR R A T
TSI S RN T AR T R A I, 3 A
SRAE R G I SR 4 B A0 e BE 2% 0y OIS BE A DR 4o
E 11 FizR,

M 11 Rl RUE 2SR R 20°C  Fa#kar 5k 0
140 N LA MIRFE J 100°C 3853518 0 F1 40 N B,
B 7 A8 VS IR 0 SR AR T i (2 o AR bR 20 A B 22 T
15000
10 000
5000

0F

I B /(m-s?)

-5000

-10 000 -

1.798 50 1.798 55 1.798 60 1.798 65 1.798 70
B 1)/s
(a) 7=20 'C, =0 N

IR T 5 1] 263
15000
10 000 [
Z 5000
=
b or
=1
S
-5000 -
-10000 |
1.66965 1.66970 1.66975 1.66980 1.669 85
i/
(b) T=20 C,F=40 N
15000
10 000 |
£ 5000}
=
bt 0
=
=
-5000F
-10 000 +
194715 194720 194725 1.94730 1.94735
FeF [E /s
(¢) 7=100 °C, =0 N
15000
10 000 |
& 5000F
=
iy 0
j=4
R
-50001
-10 000
1.80290 1.80295 1.80300 1.80305 1.803 10
WA/
(d) 7=100 C, F=40 N
Pl 11 s B2
Fig. 11  Output acceleration waveform

KA TR AL TR IR B AR G b e B B e e
IR BE IR ALE K 11 (a) ~ (d) 4 DB B HAREUE I
222 s,

R2 440 TIRTHIH HINEEIREMNZE
Table 2 Output acceleration amplitude and frequency

under four working conditions

T P EE R/ (m-s™2) iR R EE A4/ kHe
T=20C, F=0 N 11 210. 320 16. 60
T=20°C, F=40 N 9 532.853 16. 48
T=100C, F=0 N 8 700. 502 16. 40

T=100°C, F=40 N 6 230. 193 16. 20
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