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(57) Abrégée/Abstract:

The disclosure relates to a method and an apparatus for sensing and indicating permanent state deviations via detection of
temporary inner material oscillations In real time In parts of importance for hardware design and construction, within existing
production equipment, e.g. machinery, and/or monitoring of previously built-up Infrastructure. One or more at least approximately
20 um thick amorphous or nanocrystalline band elements with high permeability and relatively high magnetostriction are applied to
a pertinent part, the band element or elements, respectively, being at least partially surrounded by a multi-turn coill, such atomic
movements (oscillations) as occur in any optional such state deviation In the part being transferred to the band element/elements.
The deviation either gives rise to a clearly measurable and detectable magnetic flow change (dB/dt) in the coll in proportion to said
atomic movements, or to a similarly measurable and detectable inductance change in the coil/colls.

SRR = e Ry
RO . e S &
R .h:-:{\: - :::; . m s

I*I ) . Pave e / [ /|
C an ad a http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca oPIC & T
DERY Y
R

OPIC - CIPO 191




CA 02489171 2004-12-09

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date (10) International Publication Number
31 December 2003 (31.12.2003) PCT WO 2004/001353 Al
(51) International Patent Classification’: GO01H 11/04, (81) Designated States (national): AE, AG, AL, AM, AT, AU,
GO1B 7724, GO1L 1/12, GO1P 15/11 AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,

CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH,

(21) International Application Number: GM, HR, HU, ID, IL, IN, IS, JE, KE, KG, KF, KR, KZ, LC,
PCT/SER003/00087 1 LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,

MX, MZ, NI, NO, NZ, OM, PH, PL, PT, RO, RU, SC, SD,

SE, SG, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, US,

(22) International Filing Date: 28 May 2003 (28.05.2003) UZ. VC. VN. YU, ZA. ZM. ZW.

(25) Filing Language: angtinh (84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),

(26) Publication Language: English Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European patent (Al, BE, BG, CH, CY, CZ, DE, DK, EL,

(30) Priority Data: ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO,
0201927-1 20 June 2002 (20.06.2002) SE SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM,

GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).
(71) Applicant (for all designated States except US): COVIAL

DEVICE AB [SE/SE]; Gevirsgatan 8, S-254 66 Helsing- Declaration under Rule 4.17:

borg (SE). —  of inventorship (Rule 4.17(iv)) for US only
(72) Inventor; and Published:
(75) Inventor/Applicant (for US ornly): CEDELL, Tord — with international search report

[SE/SE]; Lansmansvédgen 12, S-237 31 Bjarred (SE).

For two-letter codes and other abbreviations, refer to the "Guid-

(74) Agent: GROTH & CO I MALMO HB; P.O. Box 6153, ance Notes on Codes and Abbreviations" appearing at the begin-
S-200 11 Malmo (SE). ning of each regular issue of the PCT Gazette.

(54) Title: SENSOR

Plastic Casing

280 Turn Coll
Amorphous Band

Glue Joint

Substrate
e

%

(57) Abstract: The disclosure relates to a method and an apparatus for sensing and indicating permanent state deviations via detec-
tion of temporary inner material oscillations in real time in parts of importance for hardware design and construction, within existing
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Method and apparatus for sensing permanent state deviations

Technical field

The present invention relates to a method and an apparatus for sensing and indicating
of permanent state deviations via detection of temporary, inner material oscillations
in real time in parts of importance for hardware design and construction such as, for

example, In prototype testing, in existing production equipment within industry,

and/or monitoring and thereby maintaining previously constructed infrastructure.

Background art

Recent years’ developments within the area of microelectronics, above all the
evolution of increasingly powerful memories for computers has entailed that
transducers or sensors of different types occurring on the market such as
accelerometers, flexural/deformation indicators, indicators for acoustic emission and
so on which are intended for measuring magnitudes of importance to the
dimensioning of products in design have proved to be excessively complex in their
construc;tion and, as a result, excessively space-consuming and costly for application

to the extent which modern hardware design increasingly demands and which, in

particular, modern software permits.

Brief summary of the invention

One major object of the present invention is, therefore, to realise a transducer
element or sensor and arrangement thereof which, in principle, are extremely simple
and thereby so space-saving in their construction that previously inconceivable
transducer- or sensor configurations may be realised, at the same time as the
opportunity is afforded of measurement with considerably greater sensitivity and
accuracy within broader ranges than has hitherto been possible, and moreover the
measurement of previously almost undetectable magnitudes has been made possible.
A further object of the present invention is to realise a sensor arrangement which has

a so slight imherent mass that the magnitude which it has for its object to detect
cannot be affected thereby.
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The above outlined objects will be attained by a method and an apparatus wherein
the apparatus consists of one or more at least about 20 um thick amorphous or
nanocrystalline band elements of high permeability and relatively high
magnetostriction being applied to the pertinent part, the band elements being, for
attaining a desirable material structure, treated by magnetic heat treatment, the band
elements bemng at least partly surrounded by multi-turn coils, such atomic
movements as occur in an optional such state deviation being transmitted to the band
element/elements either giving rise to a clearly measurable and detectable magnetic
flow change (dB/dt) in the coil in proportion to said atomic movements, or to a

similarly measurable and detectable inductance change in the coil/coils.

Brief description of the accompanying Drawings

The present mvention will now be described in greater detail hereinbelow, with

reference to the accompanying Drawings. In the accompanying Drawings:
Fig. 1 shows a sensor for acoustic emission photographed on a millimetre paper;

Fig. 2 1s a schematic diagram of a sensor for detecting acoustic emission;

Fig. 3 shows the output signal as a function of load in positive and negative

stretching for measurement of inductance change;

Fig. 4 shows a time signal from each respective transducer P1 1 (a. top), P1 2 (b.
centre) and P13 (c. bottom);

Fig. 5 shows the frequency spectra over the output signals on breaking of glass for

P1_1,P1_2 and P1_3 (a. top, b. centre and c. bottom, respectively);

Fig. 6 is a schematic diagram of a possible realisation of an accelerometer which is

based on amorphous material:
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Fig. 7 shows the connection of the accelerometer and the principle of processing of

signals therefrom,;

Fig. 8 shows an impulse response for the accelerometer where the signal on the Y

axis is the output signal in (mV) and the X axis 1s the time axis;

Fig. 9 shows the results of an accelerometer measurement at 1.7 Hz;
Fig. 10 shows the results of a measurement carried out at 3.0 Hz;
Fig. 11 shows the results of a measurement carried out at 4.4 Hz;
Fig. 12 shows the result of a measurement carried out at 10.94 Hz;

Fig. 13 shows a relative frequency response for a reference accelerometer and

produced accelerometer type;

Fig. 14 is a schematic diagram of a possible realisation of an accelerometer or AE

sensor (AE = acoustic emission) based on amorphous material; and

Fig. 15 shows the output signal of the AE sensor 1n transient exiting.

Detailed description

Application as glass breakage sensor

Functional principle
The transducer or indicator consists of an amorphous ferromagnetic material which
possesses the property that it may be given extremely high permeability,
J,000<p<200,000, at the same time as it has, for certain alloy compositions, a
relatively high magnetostriction, S<As+<40 ppm. Taken as a whole, this gives a

material with a very high magneto-elastic relationship and is therefore extremely

suitable as sensor material.
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By employing a band approx. 3*10 mm which is cut from a sheet of amorphous
material of a thickness of 22 pm and thereafter glued on an optional material,
stretching in the material can be detected. The amorphous material may be given
different properties by cutting 1t 1n different directions in relation to the rolling

direction, in the present case use has been made of longitudinally and transversely of

the rolling direction.

The material parameters may also be modified by heat treating the material in
magnetic fields in temperatures close to but below the crystallisation temperature. In

the case of breaking glass and general acoustic emission, the magnetic flow change is

detected 1n that a multi-turn coil 1s wound around the band, see Fig. 1 and Fig. 2.

Theory

.In order to detect high frequency signals, 1t 1s advantageous and simple merely to

detect the flow change and assume that it i1s proportional to the size of the

deformation to the band. This implies that a magnetically well-defined initial state

must be achieved, since an unmagnetised band gives no flow change in stretch

change.

In order to attain a magnetised basic state, 1n principle the earth magnetic state is
sutficient of 30-60 pT (20-40 A/m), but on the other hand it is unpractical to need to

monitor the direction and size of the earth magnetic field when an indicator is to be

mounted and calibrated.

There are two ways of attaining a satisfactory initial state:

Lightly magnetic encapsulation and direct current through the pickup coil.

Lightly magnetic encapsulation and bias magnetisation with permanent magnet.

The s1ze of the field should be such that the magnetisation will be 0,2-0,7 T, which

implies that the magnetising field in the band should be of the order of magnitude of
2-56 A/m. The size of the field may generally be calculated from the formula
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where H 1s the magnetising field, B 1s the magnetic flow density, the permeability for
free space o = 41 * 10”7 Vs/Am and the relative permeability p for, in this case, the

amorphous band.

10 The measurement signal is obtained by detecting the flow change in the band

because of stretching/compression. For the linear case, the following connected

equation should describe the function:

AB=d Ac+ o p AH

15
Where ¢ describes mechanical stress and d is the magneto-elastic relationship
coefficient. The prefix A describes the change from the original value. The material
parameter d may be approximated by taking maximum magnetostriction at constant
mechanical stress, Ac = 0, divided by magnetising field in magnetic saturation, i.e.
20
Amax
=d
Hmax
25  since
Ac
A=— +d AH
gH

which, with Amax = 35 ° 10 and H,u = 200 A/m, gives the relationship factor d =
30 1.75°107 m/A, a very high value for all types of magneto elastic relationship.
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The output signal which may be expected is proportional to the flow change and the

mechanical stress

dB
Ul)=N" A"
dt
where N is the number of turns in the pickup coil and A is the cross sectional area of
the amorphous band. By the assumption that AH = 0, the following equations apply:
{Ac = A\ -EY
AB= d Ac
where E" is the modulus of elasticity in constant magnetising field. The transition to
the frequency plane and the utilisation of the above equations give:
N\
U= IN"A" o-d AL EY|
where o 1s the angular frequency in rows/sec. The circumflex indicates that the
amplitude value is intended. With the assumption that the modulus of elasticity is of
the order of magnitude of 100 GPa, the stretching in the sensor at 100,000 kHz
should be of the order of magnitude of 0,0025 ppm for the case P1 2, see Fig. 4 and
Fig. 5 centre. :
Measurement results

Initial experiments with sensors glued to a glass slide show that vibrations in the
frequency range 40 kHz — 1 MHz can be detected.

The following comparative tests have been carried out:
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Table 1, description of indicator

Sensor | Orientation of |Number Comments Static unloaded |
band __|tumms o  permeability [mH]
P11 Transverse  [280 | Thick glue joint |158
Pl 2 Transverse 230 B I
P1 3 Longitudinal 230 Thick plastic 32 -
N | | encapsulation |

T'he test was carried out in that the corner of the glass slide was broken oft and the

output signal registered with an amplification of approx. 100 times.

Fig. 3 shows the inductance change in different stretching for the sensors P1 , P1 2
and P1_3. Here it is clearly apparent that P1 1 and P1 2, which have bands cut out
in the transverse direction, have the highest magneto-elastic relationship. These two
samples also display a considerably higher permeability. This is also shown in glass
breaking experiments where the signal levels in similar excitation will be higher for
P1_1 and P1_2.-P1_2 displays a considerably more broad band signal spectrum
compared with P1 1 and P1 3. This may probably be explained by the larger glue

quantities, see table 1.

Application in a developed first prototype of general accelerometer with real

static measurement

Functional principle

The transducer or indicator consists of an amorphous ferromagnetic material which
possesses the property that it can be given extremely high permeability,

5,000<p<200,000, at the same time as, for certain alloy compositions, it has a

relatively high magnetostriction, 5<Asx<40 ppm. Taken as a whole, this gives a

‘material with a very high magneto-elastic relatiohship and 1s, therefore, extremely

suitable as sensor material. The transducer or indicator is composed of two
amorphous bands of a size of 3 - 16 * 0.022 mm. The bands are glued to a fixing
block, see Fig. 1. At the fixing block, a coil is wound around each band. The coils are
connected in a half bridge, see Fig. 2. By connecting the coils in such a manner that a

similar change in both bands does not give a signal, a high degree of insensitivity to
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temperature and other symmeiric disruptions may be achieved. On flexing of the
“beam” which consists of the two amorphous bands and an interjacent plastic band, a
stretching 1n the one band will be obtained at the same time as a compression in the
other band. The output signal from the coils will then be the opposite, 1.e. an increase

of inductance (permeability) on stretching and a reduction in compression.

The reaction mass (see Fig 14), which is located in the end of the flexural beam gives
a flexing moment which is proportional to the acceleration, the length of the beam
and the mass. This naturally gives the possibility of adapting the accelerometer to
almost any maximum acceleration whatever. The frequency performance is

substantially determined by the rigidity of the beam and the mass of the reaction

1114SS.

Theory

Since this transducer or indicator is to have real static measurement, the
measurement principle cannot be based on induced tensions as a result of flow
changes. In this case, 1t 1s necessary that the relative permeability of the band is

measured using a carrier wave which should have a frequency roughly 10 times

- higher than the expected band width of the accelerometer.

For the linear case, the following linked equation should describe the function:
AB=d Ac+pp p AH

where H 1s the magnetising field, B is the magnetic flow density, the permeability for
free space po = 4n " 107 Vs/Am and the relative permeability u for, in this case, the

‘amorphous band.

Further, o stands for mechanical tension and d is the magneto-elastic relationship

coefficient. The prefix A designates change from the original value. The material
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parameter d may be approximated by taking maximum magnetostriction at constant

mechanical stress, Ac = 0, divided by magnetising field at magnetic saturation, i.e.

kmax

Hmax

Since

A
AN = Fd° AH
gH

which, With Amax = 35 10 and Hpay = 200 A/m, gives the relationship factor d =
1.75 * 107" m/A, a very high value for all types of magneto-elastic relationship. The

measurement magnitude which is of interest here is hence the permeability as a
function of stretching. By assuming that a well defined magnetic state has been able
to be achieved, 1.e. constant and known magnetising field, the change in magnetic

flow density can, with a revision of the above equations, be designated as:
AB=d E™" A\

Hence, the change in magnetic flow density is proportional to the stretching in the
band with the proportional constant d * E™ which, with E® = 100 GPa, will be
approximately 1.75 - 10° T.

Assume that the cﬂoils are connected in a half bridge and that we have a stretching of
10 ppm m the one band and a compression of 10 ppm in the other band. Since the H
field may be assumed to be constant and that the change in the B field is proportional
td the change in permeability and naturally also to the inductance in the coils, this

1mplies that the output signal from the balanced bridge will be -
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AU= 1.75-10*2-10"10% =0,35V

This 1s an output signal which is so powerful that it does not need to be amplified.

Measurement results

Each coil has 800 turns, which gives an inductance of 8,2 mH. The half bridge is
supplied with a sinusoidal voltage of an amplitude of 4,4 V and 19,3 kHz. Since the
coils are connected in series, this implies that the bridge impedance may be kept in

the order of magnitude of 10 kQ, which is a good adaptation to be driven by

operational amplifier.

For calibration of the transducers, use is made of the earth’s force of gravity of 9.81

G. This gives a sensitivity of 35 mV/G. The transducers appear to be saturated at
approx. 1 V, which implies that the linear area is approx. + 0.5 C which is equivalent

to + 14 G. The resonance frequency, which may be calculated as:

|k

fres=|— 2w

\| m

has, by studying an impulse response, been measured up to approx. 80 Hz, see Fig. 3.

Measurements in accelerometer test equipment

In order to examine linearity, and to some degree frequency performance,

measurements were carried out in the accelerometer test equipment.

A teature common to Fig. 4, Fig. 5, Fig. 6 and Fig. 7 is that a curve with relatively
large output signal variations shows the output signal from the reference:
accelerometer, another curve with as good as equally large output signal variations
shows the signal from the prototype accelerometer, while the almost solid line

continuous curve shows the analytically simulated acceleration which should be
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exactly right. The scale on the axes 1s for the y axis acceleration in G and for the x

axis time in seconds. Approximately 1,5 periods have been presented throughout.

By comparing the output signal of the accelerometers and relating them to the

simulated acceleration, a frequency response can be evolved, see Fig. 8.

The developed accelerometer displays good linearity up to the expected linearity
limit of 14 G. There 1s no reason to assume any form of frequency dependence until
the frequencies begin to approach the resonance frequency at 80 Hz. The decline at

11 Hz in Fig. 8 may be explained by the fact that saturation has been reached.

Application in developed first prototype of sensor for acoustic emission

Functional principle
The indicator or transducer consists of an amorphous ferromagnetic material which

has the property that it may be given extremely high permeability, 5,000<u<200,000,

at the same time as, for certain alloy compositions, it has a relatively high

- magnetostriction, 5< A< 40 ppm. Taken as a whole, this gives a material with a

very high magneto-elastic relationship and, as a result, is excellently suitable as

sensor material. The indicator or transducer 1s composed of an amorphous band of a
size of 3 * 18 " 0,022 mm. The band 1s wound two turns with an insulating plastic
band 1n between. It 1s vitally important that the different strata of the band do not
have electric contact with each other, since the band would then function as a short-
circuited secondary winding. The resulting active cylinder is glued on the
measurement object with a thin glue joint and to the bottom of a bowl-shaped plastic
bobbin on the other side. On the bottom of the plastic bobbin, there is secured a
reaction mass, while a 1,000 turn coil is wound on its side surface. This transducer
principle 1s best suited for detecting dynamic cycles, since there is only one coil. By
using two coils coupled in a half bridge (presupposes that the coils operate
differently, i.e. that for positive acceleration one coil gives a positive output signal
while the other gives a correspondingly negative signal), the advantages will be

afforded that the effects of all currents (air-born electromagnetic waves etc.) and
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variations caused by external, global phenomena (heat, magnetic field, etc.) which

occur symmetrically in relation to the coils will be reduced/eliminated.

The reaction mass (see Fig. 14) which is secured on the bottom of the plastic bobbin
gives a reaction force on the active cylinder which is proportional to the acceleration
and the mass. This naturally affords the possibility of adapting the accelerometer to
almost any maximum acceleration and resonance frequency whatever. The frequency

performance is determined substantially by the rigidity of the cylinder, as well as the

mass of the reaction mass.

Theory

In order to detect high-frequency signals, it is advantageous and simple merely to
detect the flow change and assume that it is proportional to the size of the
deformation of the band. This implies that a magnetically well-defined initial state
must be attained since an unmagnetised band gives no flow change 1in stretch change.
In order to achieve a magnetised basic state, the earth magnetic field of 30-60 puT
(20-40 A/m) 18 in principle sufficient, but on the other hand it is unpractical to need
to monitor the direction and size of the earth magnetic field when a transducer or
indicator is to be mounted and calibrated. There are two methods of attaining a good
initial state:

1. Lightly magnetic encap sulatibn and direct current through the pickup coil.

2. Lightly magnetic encapsulation and bias magnetisation with a permanent magnet.
The size of the field should be such that the magnetisation will be 0,2-0,7 T, which
implies that the magnetising field in the band should be of the order of magmtude of
2-56 A/m. The size of the field can generally be calculated from the formula

where H is the magnetising field, B is the magnetic flow density, the permeability for
free space o = 47 107 Vs/Am and the relative permeability p for, in this case, the
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amorphous band. By detecting the flow change in the band because of

stretching/compression, the measurement signal will be obtained. For the linear case,

the following linked equation should describe the function:

AB=d Ac+uy p  AH

Where o designates mechanical stress and d is the magneto-elastic relationship

coefficient. The prefix A designates change from the original value. The material
parameter d can be approximated by taking maximum magnetostriction in constant

mechanical stress, Ac = 0, divided by magnetising field at magnetic saturation, i.e.

Kmax

Hmax

since

Ah=— +d " AH

which, with Amax = 35 * 10 and H,.x = 200 A/m, gives the relationship factor d =
1.75 10" m/A, a very high value for all type of magneto-elastic relationship.
The output signal which may be expected is proportional to the flow change and the

mechanical stress

dB

U(t)=N" A’
dt

where N is the number of turns in the pickup coil and A is the cross sectional area of

the amorphous band. By the assumption that AH = 0, the follovizing equations apply:
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frequency plane and the utilisation of the above equations give:

N\

U=N'A" o d AL EX

where o 1s the angular frequency in rows/sec. The circumflex indicates that it is the

amplitude value which is imtended.

Measurement results

The coil which is measured has 650 turns, which gives an inductance of 3.2 mH. The

resonance frequency may be calculated as:

k 1
fres= —

m 27

which, with the assumption that the modulus of elasticity is 100 GPa, the height of
the active cylinder is 3 mm and the cross sectional area 2 - 3' 1t - 0,022 mm” and the
reaction mass is 4 gram, gives a resonance frequency of approx. 10 kHz. Fig. 2
shows a 50 times amplified output signal from the transducer when this has been

mounted on a large iron blank and excited with a hammer blow.

A frequency analysis in the time series in Fig. 15 shows that signals up to approx. 5

kHz occur broadband, thereafter there is a distinct peak at 8 kHz and one at 60 kHz.
It appears probable that the 8 kHz signal is the transducer resonance, while the 60

kHz signal 1s that which is traditionally called acoustic emission, i.e. transient release
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of energy 1n, for example, material deformation. The broadband signal content below

5 kHz consists of vibrations on the test body.
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WHAT IS CLAIMED IS:

1. A method of indicating and sensing a deviation, caused to a pertinent part
in relation to a permanent state, whereby said detection i1s based upon a
temporary inner material oscillation, a so called acoustic emission in real time,
whereby a deviation dependent element being at least partly surrounded by one
or more multi-turn coils, wherein:

one or more band formed elements are applied in a suspended manner to
sald pertinent part;

one end of said band formed element is fixed, to allow free swinging of an
opposite end in relation to said pertinent part;

said band element is formed from an amorphous and/or nano-crystalline
material,

said band formed element is influenced by a bias magnetization, by
applying a direct current through a pickup colil and/or using a permanent magnet,

said deviation being transferred to said band element by causing internal
atomic movements (oscillations) within said band element; and

said deviation is causing an indication and a sensing of a detectible
magnetic flow change (dB/dt) within said coil in proportion to said atomic
movement or an indication and sensing of a detectable inductance change within

sald coil.

2. A method according to claim 1, wherein said amorphous and/or nano-
crystalline material is subject to a magnetic heat-treatment in temperatures close
to, however below, a crystallization temperature, causing high permeability and a

relatively high magnetostriction.

3. A method according to claim 1, wherein said amorphous material 1s

chosen a ferromagnetic material.
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4. A method according to claim 1, wherein a permeabillity i1s chosen between
5000<u>200 000 ppm.

. A method according to claim 1, wherein a magnetostriction 1s chosen

between 5<Aga <40 ppm.

0. A method according to claim 1, wherein said amorphous material is cut to
form one or more band elements, where its longitudinal extension Is chosen

transversely of a chosen rolling direction.

7. A method according to claim 1, wherein said band element, attached to a

glass slide, is caused to expose sensitivity within a frequency range of 40 kHZ to
1 MHz.

8. A method according to claim 1, wherein one or more, at least
approximately 20 um thick, amorphous or nano-crystalline, magnetically heat-
treated band elements with high permeability and relative high magnetostriction

are used.

9. An apparatus for indicating and sensing a deviation, causead to a pertinent
part in relation to a permanent state, whereby said detection is based upon a
temporary inner material oscillation, a so called acoustic emission in real time,
whereby a deviation dependent element being at least partly surrounded by one
or more multi-turn colls, wherein:

one or more band formed elements are applied in a suspended manner to
sald pertinent part;

one end of said band formed element is fixed, to allow free swinging of an
opposite end in relation to said pertinent part;

said band element is formed from an amorphous and/or nano-crystalline
material;

said band formed element is influenced by a bias magnetization, by
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applying a direct current through a pickup coil and/or using a permanent magnet;
said deviation being transferred to said band element by causing internal
atomic movements (oscillations) within said band element; and
said deviation is causing an indication and a sensing of a detectible
magnetic flow change (dB/dt) within said coil in proportion to said atomic
movement or an indication and sensing of a detectable inductance change within

said coll.

10.  An apparatus according to claim 9, wherein said amorphous and/or nano-
crystalline material is subject to a magnetic heat-treatment in temperatures close
to, however below, a crystallization temperature, causing a high permeabiiity and

a relatively high magnetostriction.

11.  An apparatus according to claim 9, wherein one or more, at least
approximately 20 um thick, amorphous or nano-crystalline, magnetically heat-
treated band elements of high permeability and relatively high magnetostriction

are used.

12.  An apparatus as claimed in claim 9, wherein said band element/elements
with associated coil/colls are enclosed in an elastically deformable epoxy

polymer.

13.  An apparatus as claimed in claim 9, wherein the band element/elements
and the coil/coils are glued to said permanent state as an object whose

permanent state deviations are to be indicated.

14.  An apparatus as claimed in claim 9, wherein the caused sensitivity Is
different depending upon chosen orientation of the detection direction in reiation
to a rolling direction of the band element/elements, as a consequence of

directional dependent properties in the material.
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15.  An apparatus as claimed in claim 9, wherein the band elements with
associated coils are bridge-and amplifier connected, in order to Increase

sensitivity and detectability, respectively.

16. The apparatus as claimed in claim 9, wherein it is realized as a glass

breakage indicator.
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