%28 555 S § =S Vol. 28 No.5
2013 4F 10 A JOURNAL OF EXPERIMENTAL MECHANICS Oct. 2013

XEHS:1001-4888(2013)05-0563-09

1R B 5 35 X BR8] =3B

HREE R BE R R I 5T

BHcR, M, HRE, HI, KAEE, 2R, MFEE'

(L AER Tl K2 Al 2EBe, dEET 1001245 2. T RAEH IRHEBEMFFEBE. 1M 510080)

WE. ARSGHEMNE FRBRESORFI R, RXHAR T G ERNART RERG SR 5 H
# %, kT COMSOL AMTtF AT &, b 4 e dt Bk o/ F 47 7 84 5, o1
RTFEREMTG R BB REGREFTREEG SRR, RN B ESNG TR
e EEG M A, M EREREAVN A ERE MR T RE R RENS K, B
RO AMEIF BN GBI G BB B R NN T RBRKE
(O B IR & R A CE RN - B TR K e e L 5 = Ol R R R o)
B0 h e 3 4 M G MO AR BT,

KB EBAMEBAE; Y Aa TR s

hESES: TB552 X ERARIRAD : A DOI: 10.7520/1001-4888-12-168

0 Blm

P T 3 T R DR A 0 B S | B S B PR S A A0 R, N I RS S R N T A 5 A
AR P T 4 (3 TE BRI T T AR e S R A T R S o R AL R
B 48 AP E T H b B BE B A e BE AR T R AR SR By T S B — AR S e DR S A L R B T
[ A AR ) R Y

T UM A4 450 B A% A P B B2 A I s AR B WA 1 Al 3 L SR S L R = 2 I AR LA R
AT v {5 0 470 2 % Vi 0 o 4 R B A AR I G B DR R 22— o [N A AR 2 2 3 S 0
15 FL 09 05 ¥ L B0 5 A 5 0 320 0o G SB00 44 e RE RS AR IO S IR . 1 L. Laguerret™ 45 1) Y B A0 & P 7™ 2 i 5
W Bt T — AT ST K 0 FH % V0 s 0 fo 4 B 4% T BIF 17 LU 4 v 0 B I 8 B X
R VA S AR RE A% TAESCRE RS2 . ) 248 BE & X0 B AT A 22 28 SR S5 R EAT T SE A I L 15 B T AL
ARSI RO . H. Leet™ 45 ) FIAS ) i B 16 3% 43 A5 55 BEFT 28 0k S vb G 1) A0S il 4525 D6 ik b O3 ot
e A NI AL L S BUR EERESA  OEA Rt R AR 1 SR B Y T IR A e A e S 4
46 71 5 ELT R BRGSO AERE I O A AR R L S R G T R R AR A O R
&AW 5 7 A N ] IR 2 R AFAE AR R M OGRS e . AT AR BT T — T O Y 4 K A e
T S A5 K 5 58 38 el A1 i S ) R B RN L I AT BROC 0 A S SE SR i 1% 07 SR Al AT . X3
ALV SR P 1o 0 500 45 5 D 40 R 2 X S S AR HEAT T B B ARG I L o XU S B = G ™ A ) D G 3 ok
F5 0 XL A BRITAT7 SRS 00 552 0 3 B, = B LU U B 1) 0 3 i B B S ) M A, RS 5 T O AT 2R

» YR B 2012-11-19; 1T B HI: 2013-02-13
HETA: EFAKREESTH(11272017,51075012) 50T H 2AFE32 5 4 35 H (1122005)
BWAESE . ENE Q973 L 8 S NS A TR A £ R 5E . E-mail: jiaojp@bjut. edu. cn



564 SO N (2013 4F) 45 28 4%

3

LA R I PR R H A 4R AL i R

AR SCHE TGN 1] 5 0 TG o 4 A 00 i B R T S B R S BRSBTS G A D L S W e (LA
PRELH . F A COMSOL A BRICHT BHCE XS DURR G 3% T BG4y T RUELO5 5. 20 M 1 i e 80 X i
REF RCAE A 2R 19 B 1 e 00 B0 D B T S0 W ke 5 T 5 7 DU 0 % T 0 R S 280 B X 48 B 0 A B OS2 T 5 S
ST G AN ST JE N i BRGSO PR AT 1 0 A AR U Aty L Xk DY ik O S ) S A R AT T A
o e 1 R BE S St Tl BIRORSY L B E TR SO 46 5 RE A% i 0L 1) B LS5 R S8 TF
BEAT T SRR

1 B MERERSEESEFERE

1 Ry 2 1) T 5 10 550 4 e G 4 A 00 [0 9 A2 1 AR D B O R, L I 1 Ca) S W EOA A e g

5 FE KRR Bk SR L B . I 1 (h) R SR E Lk B N T G 3 A B L SR E R B o o B

— BEER B K N B S U D K Y —2F L 58— BORNERE = BEAR VB S O ) AR TRD L 2R Bk B SR O 1 S )

Bl S MR e e Bl N s AR FL R AR . T B B Y K R B R RN T AR S K B — 2 i B AR

R B S 1) SR DR b (i 45— B 4k P AR I B9 b 0l S RS T I DE A R AR AL S L (AR i R R AR
St 0 H b A A S e D PR R A7 25 S A5 B 5, DT S BZ AR S R R I R

ik KA il

L En ffs 15 R 1

\A_,,
I >
2 10) 3
i Sk Ho
¥y e —
hiad ot o [
0 T 2 [ 2 e 2k P
(a) BEFU AR S fE 2% (b) WA ELL B P R 4 Al

1 T B0 4 2 1o S DA )

Fig. 1 Schematic diagram of magnetostrictive sensor for guided waves inspection
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Fig.2 Model of four magnetic circuits Fig. 3 Magnetic curve of 35% steel
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Fig. 4 Distribution of magnetic flux for different number of circuits
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Fig.5 Distribution of flux density in different cross-section of round steel under different magnetic circuits
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Tab.1 Maximum, minimum and average flux density at different cross-sections and different magnetic circuits

- W R s KAE | WEE % BT A /ME il 3 2 B B ﬁﬁ@:&*rﬁ 772N
max(B) (T) min(B) (T) I/NZE{E B(D I BCD | ¥518 oY)
Al 1. 2805 1. 2787 0.0018 1. 2795 0.078
A2 1.2738 1.2734 0. 0004 1.2737 0.008
Bl 1. 8268 1.8262 0. 0006 1. 8266 0.011
B2 1. 7854 1. 7850 0. 0004 1.7853 0. 006
Cl 1. 9429 1.9423 0. 0006 1.9427 0. 010
C2 1.8818 1. 8814 0. 0004 1. 8816 0.011
D1 1. 9958 1. 9956 0. 0002 1.9957 0. 005
D2 1. 9190 1.9184 0. 0006 1.9189 0. 005

2.2 HBRBERFN

MBS 7% DU 7o e 1 [681 99 25 I L ) 30 2 52 2 A X BG T LU o[B8 N R 0 R I B )
T 3 A AFL K Ao 38 ORI A g B2k 3 O AL 1 TR PR S DR A L B T 0 A B A R L S
B— H fh &AL # 45 — 2. BB T 2 o o Bl 79 9 2k 18] 89 4K I B2 O 100mm (AR A ) 0 3
100mm) , 713 21 45 R % (52 499 v il £ L 08 %5 %8 20 A P 6 Fir s o A B g 80 U B T80 9 v s 37 i 2
PME P 1 0. 5467T, 1T PN — B % 22 DU %, B 37 5 P2 359 (8 LB 85 17 0. 047, ey 0 EL 45 SR T 00 384 Jon s
SRS S T LA o R O[B89 PAY 094 3 5k JBE o AT i e 490 Bt B 2 A B0 ACRE o EL ply T DU B v 5 R N Y i
500 B L F22 T AR 2 20 32 00 0 e K I 0] 4 RE 5 S RE AR T A B L [ I ol 8 BE 45 2 AR AR A A 2 L 23
AN o TR . DY R S A L S B R B S T S T TR S R P b A e S B TE A

21 2.1
—= .
DORY M & 8| )
5 i T
~ — P I
20 20 40 e 8 10 0 4 & 12 16 20 24
MR x (mm) AR B A K it
Pl 6 % Bl 0 0 o O 21 Tl 3 5 E A 7 AR [ ok i et [ 43
R IR E % R

Fig. 6 Distribution of flux density at central axis of

round steel for different magnetic circuits Fig. 7 Average flux density in central axis of

round steel for different magnetic circuits
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Fig. 8 Structure of the improved magnetic circuits
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Fig. 9 Compare of flux density at central axis
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Fig. 11 Waveform received by magnetostrictive sensor with different magnetic circuits

- 'Y'Mﬁ'
prfﬁ
-

119 7 5 |

0
0 4 8

12 16 20 24

AR Em

P12 R Tk g A Je g

W B 5 —
Fig. 12 Amplitude of

W [l W

the first echo received

by sensors with different number

of permanent magnets

1

T AN [R) ARG A B T B — K i T RT3 ) A S R
S K7 FT R BEGE % B Ay A — B, TE 2 A% o HE AR RR
T A T B A 0 R A B T i T (R34 S R
WA 42 15 4k 2 1S 0 i R AR B0 L R R 3 0 R g
T [958 T 0 A /0 o DR IR 398 o i i A B 6 T L
S ILIG 5K P 0 7 8 D JR S < AU o) 4 R A K RE 1 52
Wi 58 /0N T 6 AH [) 0 R 1A 85 it R DU R % Ml L i 3 1) 5K
fig e .
3.4 HERREEMIN R Im

%Uﬁﬁl’é‘llo}ff’wﬁ@i%%é‘ Xof ol O R % 6
PR BB HEAT X EL I G, 25 SR AN &1 13 s . DA HroET LA
Fili, Ehﬂ‘zemTﬁﬁ%ﬂ@i@ﬁé,%ﬂzﬁ%ﬁﬁb%ﬁ‘{wﬁ
S A MR LG T T A T S PR

1

‘h’ﬁ|f||lulux ‘Fi‘ﬁll'lll”l?k

E 0.5 g 0.5 | 1 | )

= | . | |

= | |. | =

E T . 1 . E ol | W S N N

2 M [f‘ L N (N -q’ i )

= 05 ! 1 | Z s || ' .

-1 gl
0 05 1 1.5 2 25 3 35 4 0 05 1 1.5 2 25 3 35 4

1111 #(ms) [} [01] #(ms)
Ji DY e B BrPY e

Fig. 13

P13 TR B 45 A R e A DU ) 5 5 DR

Waveform received by magnetostrictive sensors with different strutures



(2013 4F) %8 28 &

3

570 ;OB N

4 #ie

B X (B8] 00 45 A O 1) 3 ARG DM 5 B L R SCHEAT T N 1) S D MR A e RE AR T O L AU T M LG
X B UM 446 46 RE A% PR AL BE B R WA L A LA A

(1) MR, s i vl L2 o fi 0 % 37 W) 5 BE 3 B AR 1) 28 50 P B, DT T LA 4i2 o i 5000 4 J66 i
AR5 S A (R, B4R 5 1 e RE AR O B ARE . DU B i G 0 RE A8 B 3t B R B G S 0 L HEAGE DU [
R (B L B i . 4 R I 0 % SRR N X RE AR SR RE B A B R I (R RE AR A A R AR R AR I,
VU St O L T 2 R A ) S

(2) TR U8 il B ek B T B T 70 R 250 ) T30 KT 5 B 45 2B 2 e A8/ AR T K A i T
VU i 55 M T e A

(3) Bk v T 98 o A B D T e A 1% L S i 1) 39 S B A S A AR B AT DA L B e
ik i

S Uk

[ 1] Calkins F T, Flatau A B, Dapino M J. Overview of magnetostrictive sensor technology [J]. Journal of Intelligent
Material Systems and Structures, 2007, 18(10). 1057 —1066.

[ 2] Alleyne D N, Pavlakovic B, Lowe M J S, Cawley P. Rapid long-range inspection of chemical plant pipework using
guided waves [J]. Insight, 2001, 43(2): 93—96.

[ 3] Lowe M]JS, Alleyne D N, Cawley P. Defect detection in pipes using guided waves [ J]. Ultrasonics, 1998, 36(1-
5):147—154.

4] xisgde, sky R, RENT, fAFE ., Rom. 3T 0B 480N 78 B9 202k v Ul He e 1) S 28 i i B w5 [ .
BB T2 2% 2. 2010, 46 (6):71 — 76 (Liu Zenghua, Zhang Yinong, Zhang Huixin, He Cunfu, Wu Bin.
Experimental research on excitation and reception of longitudinal guided wave modes in steel strands based on
magnetostrictive effect[ J]. Journal of Mechnical Engineering, 2010, 46(6):71—76(in Chinese))

[ 5] Kwun H, Bartels K A. Magnetostrictive sensor technology and its applications [J]. Ultrasonics, 1998, 36(1-5) ;
171—178.

[ 6] Laguerre L, Aime ] C. Brissaud M. Magnetostrictive pulse-echo device for non-destructive evaluation of
cylindrical steel materials using longitudinal guided waves [J]. Ultrasonics, 2002, 39(7): 503—514.

[ 7] Hocheol L, Yoon Y K. Wave selection using a magnetomechanical sensor in a solid cylinder [J]. Journal of the
Acoustical Society of America, 2002, 112(3):953—960.

(8] EBR, MEEA. sOB4. WS048 ROn 7E B T sUa g ) S 09 BiLe A I w52 [T, HUAR T #2240, 2005, 41
(10): 174—179 (Wang Yuemin, Kang Yihua, Wu Xinjun. Theoretical and experimental study of generation of
longitudinal guided waves in circular pipes based on magnetostrictive effect[J]. Journal of Mechnical Engineering,
2005, 41(10):174—179(in Chinese))

L9970 2. BRTE. MR, £ g g m S 5ae & i B i b st (1], AL EER %4, 2011, 24
(3): 371 —375 (Zhu Ran, Lv Fuzai, Tang Zhifeng, Wang Fei. Bias magnetic field optimization of longitudinal
modes guided wave sensor based on magnetostriction[ J]. Chinese Journal of Sensors and Actuation, 2011, 24(3);
371—375(in Chinese))

(100 xsgte, skopae, Sk, XV, 047 . 540 2k T RE B0fh 4 4% 1 i 5 0 7 W A BR T 20 M LT ). o it 5 L F R
2R, 2009,17(2): 281 — 289 (Liu Zenghua, Zhang Yinong, Wu Bin, Liu Su, He Cunfu. Development of
magnetostrictive transmitter and receiver for exciting ultrasonic longitudinal guided waves in steel strands[]].
Chinese Journal of Applied Mechanics,2009,17(2) :281—289(in Chinese))

[11] Tse P W, Liu X C, LiuZ H, Wu B, He CF, Wang X J. An innovative design for using flexible printed coils for
magnetostrictive-based longitudinal guided wave sensors in steel strand inspection [ J]. Smart Materials and
Structures, 2011, 20(5) . 055001.

[12] Sablik M J, Telschow K L, Augustyniak B, Grubba J, Chmielewski M. Relationship between magnetostriction

and the magnetostrictive coupling coefficient for magnetostrictive generation of elastic waves [C]. AIP Conference



%5 PR A - i L 3 X B I A O 1) 3 D 40 BE S A BE S A AT 5 571

Proceedings, 2002, 615B: 1613—1620.

[13] & MM e s & F LML, HUAE Tk H R4, 2003:20 (Manual for Magnetic Characteristic Curve of
Common Material [ M]. China Machine Press, 2003:220(in Chinese))

Study of the Effect of Bias Magnetic Field on the Efficiency of
Magnetostrictive-based Longitudinal Guided Wave Transducer

JIAO Jing-pin', LIU Wei', MA Qing-zeng®, XIAO Kai®,
ZHANG Chun-lei*, WU Bin', HE Cun-fu'

(1. Department of Engineering, Beijing University of Technology, Beijing 100124, China;

2. Guangdong Electric Power Research Institute, Guangzhou 510080, China)

Abstract: To improve the excitation efficiency of magnetostrictive guided wave transducer, the
influence of magnetic field structure parameters on the spatial distribution of bias magnetic field was
studied. Based on the finite element COMSOL simulation platform, the magnetic field distribution
characteristics of magnetostrictive transducer were numerically calculated; the effect of the magnetic
circuit structure and the number of permanent magnet and magnetic circuit on the distribution of bias
magnetic field was investigated. Finally, the optimal magnetic field structure parameters suitable for
longitudinal guided wave excitation were obtained. Experimental results show that the static magnetic
field intensity increases with the increasing of number of magnetic circuits, and the magnetic field
uniformity along radical direction is improved. Therefore the excitation efficiency of magnetostrictive
transducer is improved. Under the condition of same number of magnetic circuit, the number of
permanent magnet has a little influence on the performance of magnetostrictive transducer. When the
number of magnetic circuit is four, the magnetic field performance is optimal. By adding permanent
magnet in the middle of yoke iron, the uniformity of magnetic field along the axial direction is
improved, which can improve the excitation efficiency of magnetostrictive transducer.

Keywords: magnetostrictive transducer; magnetic field; longitudinal guided wave; nondestructive tes-

ting



