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ABSTRACT

The objective of this investigation is to develop an efficient method to generate and measure
torsional waves in non-ferromagnetic waveguides by using magnetostrictive transducers. In existing
methods using a nickel strip that is attached circumferentially to the test specimen, large current
input to the magnetostrictive transducer often generates undesired wave modes in addition to the
desired torsional wave. However, we propose a new method to generate the torsional waves without
being accompanied with other undesirable wave modes regardless of the input current magnitude.
The specific transducer configuration is suggested and its performance is also checked through a
series of experiments,
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Fig. 3 Schematic diagram of the experimental
setup
Al AT
Ao AMRE &Y kel=y
0.3 mm-4 Oﬂb}"“’ﬂc’ LHﬁ 26 mm

°]& 19.2 mmo|t},

49 Hﬂﬁr"ﬂ*i APste v EYRE EHlol=d
THE B SAse
9] = (RAM-5000) & 01%_}"4 & kol=
:E Aol 7\}7];40] 712 H
o} uugsh;}
2 AYHL o] HEY
37} oAl £¥ o=y ERA[FAME TS HH
AA7PEE E s A7) o] ®HstETh o] 2
B9 Wike gelolE EAsAd S &
Eel7 o AEE oA BHAZo) Q5 ZEHe o

‘lmﬂ’
j;

Fig. 4 Nickel
pipe

strip attached at the end of the

. _.___ Reflected torsionatwave .~ |
0.01+ /from the end of the pipe
| Fi

.
o + + +- (@)
001 ]

0 05 1 15 2 25 3 35 4
ootf T T . T 1
< _ i L L,
s ° 1 T LI
3 oo . . e s . . -1
2 0 05 1152 25 3 35 4
<§- 001t T l T v l " ' Vj B
o ©
-OA01L - .I . . T N N . T
o os 1 15 2 28 3 35 q
001i i ‘ B |
o i { ol @
-0401{} , ‘] s T X . , T i
0 05 1 15 2 25 3 35 4
Time (sec) x10°
Fig. 5 Measured signals by the proposed
transducer configuration (a) for input

current 3 A and (b) for input current



2718

4 EALFAE o8 FE NS WY D e

o)A

475 A (c) for input current 6 A and
(d) for input current 8.44 A

iF /\l;jj
AEH A5AD] FHE AXA Ak
B A3d Algd UA AEHE 7o) 25 mm, F
3 mm, A 015 mm¢ AVE 7FEEeH o]dy
011%/‘]% o]8-3ta] Fig. 49 7Zo] 93 W] Hof
5 AEE NE FAANAT olAE UALEYS
* L2 FEFAZ olfe HIEHTHE LAY
HEHHC Zof g 45° WL 2ol wWo] FQ ]
) Fol o},

el

AgdmoEd EA2FAS 48 BB
312 3 A, 475 A, 6 AL 1
AALE o §5he] o] Feliolx
NFATh Fig. 35 Zo] £l A
EAZFAGA WY WEYSE 2 mE A5l
B BEES BT O 2 mE HEols 1 ddk
=¥ EAXFAAN FHAY o3 F48 U5
£ Fig, 501 A%

Fig. 53 B, 2/l 477} AL Bt 29
HE A4 Edol WA AXE A
Yoty ENZFAM B4
FEA sl Baekn 988 9 £ 50 2
MEYIL B 2RES & 4

o g AHEE B2 FHE 10 kS FAT N
F2 3 ARl(sine) Y 1HZ FHHAT o
o 280HE olgaE FAE APIA gol AHEE
©oupgelth o] ATAA AFEEHE Bt SAYS
5000904 AAHSR WAL F 9l Bo)

l

e

o

F ould £ 457 WFe g wye] A HI
olz 3 ulEdATt wAEA drth

e ol e EAHEE Yo=Y E
2FACA BAE 271 A7 -EekA R
W OoHEYarE SAEA doER AL oF
23] @Al €ojF F ik

ojglgt W2lol o3 &Hlolny EMAFA 7
7} JYAFE 3 A 475 A 6 A, 844 AR FUH8)

AL W 2WE ASE Fig 63 2. Fig. 6914 2
F QlFol 71FY HHANE Ed2FAY QYAT,
% EA2FMNA BAEE o] 4713 471
S WEA W) gEe 2 2H9 fE MEY
5hg HUj7) JFT Tep Seliols AN A
HE @R AR A7 A7 AQE YA 2
F Asigel 48 4749 M/ SR Fo}

A Fig, 6(b)~()AY F3e) 2717k Z7k0 92,
9 NEYSE PR ol

Reflected lorlgltudlnal wave Reﬂected torsional wave

[~ from'the end K‘f the pipg_—— __from the'end of ﬁ\q pipe; |
t

A @)
i i I 1

R S T

ol 98] T s 2 25 3 3 21
S Op— il wmﬂmwwmwWWWWWMW N v l (b)
é ) TTos ?‘" 1‘5’ § h 25'”3” 35 ‘jz
£ o — P e S
£
) { — s w« e
'0'10'77{5 Ty TTTE T 2 2.5 3 35 4
i wI l;
O{MMW# # Lm i MWM%& fil ;wm
WTes 1 is 7 Ti5 s T es i
Tlme (sec) x10°

Fig. 6 Measured signals by the configuration
shown in Fig. 1(a). (a) for input current
3 A and (b) for input current 475 A
(c) for input current 6 A and (d) for
input current 844 A

Magnetostrictive
Transducer Damage
= o Ca—
|
1.75m ! \
2m !

Fig. 7 Schematic diagram of the test specimen

o .
S AZANEZEE =F

/A 147 A 23, 20049/147



T

Aed-n2d-deEs- 259
for damage detection in Fig. 7
(3) §= NELRE 18T Mo AT UZ W, afs VSRR ERXFAS ARl A

2 el M A e #84S AFE 9
sulae A AEE AEd Bodrh EWAAFAA
2AE HEASE wids oe dPsiort A
TR eEtd WEdate] ARV dhalEe] Fotl
Al d

nhebA o] Ag AEY AZF AR HEYTY &
EEol8std 249 AAE 4L & Unk

HEHTE A Aed AgstE A F29
ol 27 wedl Ao F&AF AAE FH
Lolaitt, A% HAE & wiEE 974 25 mm, 74 1
mm, 2°] 2 m9 E€FvFE 47 wdo] AEHMAE
dl Fig. 73 7ol &#iol ERLFAE 229
AR H AL, £ o] ERLFA A HE
175 m Eojx ol AN dde e U
T2 2% ¥4 Fig. 834 2h

Fig. 79 WA % 2535 SYANA AF

Fig. 99t vt 2379 AgS FHs

L= g 42

=
ol =¥

il
L
R

fol
rlo rir e

okl >
I

estimated __
crack = cX

d

_at
5 (6)

o714 e HIEEHY FEE(group velocity) ©l

T t=—0.3 mm

————+2—mn°r—~l~

Crack depth= 0.7 mm

Fig. 8 Specification of the crack

' Reﬂected torsional Wave
from the crack

Amplitude

Reflect Aorsional wave
from the end of the pip

o0 ,
002 ; — 2
Time (sec) % 10°

Fig. 9 Measured signal in a cracked pipe shown

148/3t=2 8B =2 /A 14 ¥ A 2 &, 2004d

3 Ajgkelt), Fig, 99 AlZF HHE o]&ate] Aatd
GFnE W] A R ZEoMe BEIT &%
£ 3094 m/solth ©o] &% ¢t atE 2 (6 U
dste] APARAYARNE FAHNE 4 G173
g deth o] @ AA AR A" 175
o W&l < 15 %9 232 AF JYHNE FAHE
AeS ¢ F Utk g B dTolA Atd
Mol HA wi#e] A Aol H-&3A +82

22 BAT ¢ U

m

2
n

%%, oL -y B

4
e
2
N
:oxi-‘:
X

B3
£ m

oZ
i
1o
fu}
ofl
oX
o
>
o
)
o
kU
™
olN
o

2
o
A
}_ﬁ
o
er:

[ [e)
FEAEE

9 998 2% ANF3L
ek

o

fincd
o\

ik
o

=z ¢

(1) Joule, J. P, 1847, “On the Effects of
Magnetism upon the Dimensions of Iron and Steel
Bars,” Phi. Mag. I, 30, pp. 76.

(2) Villari, E., 1865, “Change of Magnetization
by Tension and by Electric Current,” Ann. Phys,
Chem., 126, pp. 87~122.

(3) &9 =, 2002, "vIIWEZELHR ZHE
o] &8 3IHF HHPEF AFAL," W3rA 3=
T3 A, 263, pp. 1599~1607.

(4) <H&d 5, 2000, “wi#Ag HEL 9% A4
g & MM 547 =g A, A 20
4, A 13, pp. 46~53

Kim, S. Y. 2001, “Long-



A7)0

EPLFAE o83 = HISHTY 24 B wjay ol

range Guided Wave Inspection of Structures Using
the Magnetostrictive Sensor,” &+-=u)s}a] 7 A}eh3],
21(4), pp. 383~390.

(6) Graff, K. F., 1975, Wave Motion in Elastic
Solids, Ohio State University Press, pp. 464 ~470.

(7) Kwun, H. 2002, “Method and Apparatus
Generating Detecting  Torsional Wave
Inspection of Pipes or Tubes,” United States
Patent, Patent No: US 6429650 B1.

(8) Ohzeki, H. A, 1999,
“Development of a Magnetostrictive Torque Sensor

and

and Mashine,

for Milling Process Monitoring,” J. Manuf. Sci. E.,
121. pp. 615~622.

(9) Jiles, D. C., 1998, Introduction to Magnetism
and Magnetic Materials, Chapman&Hall, pp. 121~
129.

(10) Bozorth, R. M.
IEEE Press, pp. 267 ~275.

(11) Rose, J. L.. 1999, Ultrasonic Waves in
Solids Media, Cambridge University Press, London,
pp. 143~153.

(12) Crandall, S. H, 1978, An Introduction to
the of Solids, McGraw-Hill Book
Company.

1993, Ferromagnetism,

Mechanics

=LSUSSEE =2 E/MA 143 A 25, 2004'3/149



