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Torsional Modal Testing of a Non—ferromagnetic Shaft
by Magnetostrictive Patch Transducers
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ABSTRACT

Torsional vibration is an important vibration mode when shafts, cylinders and pipes are

-considered. However, the modal testing of torsional vibrations is not an easy task to carry out

because of the lack of proper transducers. This work presents a new torsional vibration transducer

based on the magnetostrictive principle and its application to torsional modal testing. The

transducer is so designed as to generate/measure only torsional vibrations excluding other

vibration modes such as longitudinal and bending vibrations. The transducer .is composed of

ferromagnetic patches bonded to a test structure, permanent magnets, and a solenoid. Though

patches and magnets are bonded to a structure, torsional vibrations are generated and measured

wirelessly by a solenoid encircling a test structure. The proposed transducer works even at

considerably high frequencies, say, tens of kilohertz. Furthermore, the transducer can be

manufactured at a low price. To check the performance of the proposed method, the torsional

modal testing on a hollow aluminum shaft was conducted: The results, such as eigenfrequencies,

obtained by the proposed transducer agreed favorably with theoretical results.
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Fig. 1 Coordinate system of a cylindrical beam



A7 A EWAAFAE o] 3w o vEH g HAE

ANVHE Z7E AFeolE Y 75 AR &&
2 v, Yol F AFIF JHEIAW JGHE Y3
(Ampere's law)Pe] 9&] ZY Fwo] z}7)AHo]
A=, Joule ATl o FAIA N 71AF &
o] Wt tidS gt RigE AA e
59892 &49 volk, Villari Azl o8] ZAHY
# =] W o2 HE &o] FREY, Fejdo]-3
= W3 (Faraday—Lenz law)We] o8] 711 o]
wgste] el MYE FHE + Utk

2
60(z,t)} - 1(2) 0 H(f’t) @)
Oz ot

A71M, GE A, J& 959 B 99
%23

T BYRAE, T& 29 @9dold AF 5 34
BHES vehdr}, '

o] Bl ddo] YAty sMYshd, A
AAZAS A na BEe 1 {HAESE ohed
Z2.

nr |GJ
= e [ @
7, 2LN 1
3. A7|HY x| ERHAFTA

A Aol mlolo] A 2}7] % (bias  static
field &} F%F F& A% (exciting
dynamic magnetic field) S A& FAoZ 7}t
A A A WE S drhe Aol Eag
Hi7b Qi o] AFoME ol2jd WS ol&dt
o] H]A4 (non—ferromagnetic) YEFH FIE
HEY HyS DA YT ¢ e A|Ey
EWATAE AL

Aekg 2A7MY Hx EAAFMOE
BARAA A, vpoloj A A7) AAE AT F
9] g7 W £ ojER FAHT, Fig. 2v
AAFAL MEEE HAFT Aok HA HaA|
HolX F& o|&dt A HAE diiel 2

84

magnetic

N

£ m X o

i

o2

Z, #xjof wjololA FA AZAE FF3] st
o} JTANE 27 A Alelg FIo| A
o} o] W FFANoERY FFE AL Fig.
2(b)olMAY it dFuso g fAE FHsiy
32A 9. 1283 YA &Fxol=g Fd A
o 33 A713e HWFoz PolFw R4 WA
7b A AEL oA 5o g4 no HEY A
2g 2 A7
2 iAol u

%

o e B R T L gt ol d Hx)9
Ak HYL wpojoj & A AV 4T AEdo]
Fugor AFE f=sta’”, fEd FUF
AN EdeolBel 7]dY S BRI ER &4
woleg dde] A AYAE FH g
HIEH W¥Fol 54 7hesith

o] d7elXe FAYA HAZA CarpenterAte)

Hiperco50HS"” & 27§2) 36 mm X 19 mm¢] A}
7y Yoz shEstol ARSI FFAALE
= 3mm X 3mm X 20mme YedE AL A}
333, ol A% 0.3mme ouHMS
1003] 7o} AH&-3H3ith

ALs A7HY A2 ERATAE HEY 7R

Permanent magnet

Solenoid

Magnetostrictive patch

(a)
S N
Magnetic Flux ~ , #* @\«\"Permanent magnet

Magnetostrictive patch

(b)

patch
torsional vibrations; (a) schematic diagram,
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Fig. 3 (a) Experimental setup for torsional modal
testing using the present magnetostrictive
transducers. (b) Exciting and sensing
points on the shaft
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Fig.4 The measured time domain signal when
excited at Pt.6 and sensed at Pt.14. (a)
The input signal for torsional excitation to
the shaft which is measured with the
current probe at the exciting solenoid. (b)
The output signal for torsional
measurement which is measured at the
- sensing solenoid
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Fig.5 The frequency response function when
excited at Pt.6 and sensed at Pt.14
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