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Magnetoelastic Force Sensor Using Amorphous Alloy
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A force sensor which employs the measurement of the change in the maximum induction of an amorphous core was

constructed. This force sensor has a standard deviation of the non-linearity less than 0.1% within the range of O to 1 N.

. Cae . . .
and a resolution of 1X10 "N for the core cross section of 6X10 *nf. The sensor can also measure transient force at a

sampling rate of 10 kHz which is the same as the magnetizing frequency of the core.

I. Introduction

The load cells are widely used for the measurement of
force. The load cell employs different kind of principles,
for example, 1) strain gauge, 2) electromagnetic {orce
compensation, 3) vibrating-siring, 4) gyroscope. 5) tun-
ing-fork, 6) capacitive, 7) piezoelectric. and 8) magne-
toelastic[1]. The magnetoelastic force sensor uses the
changes of magnetic properties of magnetic material
under stress. Amorphous magnetic material is suitable
for this type of the force sensor because of its high yield
stress and magnetoelastic properties. Highly magnetos-
trictive amorphous material has been applied to force
sensor[2,3]. Most magntostrictive force sensors make
use of the change in the permeability as measurand(4.5].
In other case, the measurement is based on the multi-
vibrator bridge technique[6.7].

Recently a new kind of force sensor was introduced
(8.9], in which the measurement of the changes of the
maximum induction in ac magnezization of an amor-
phous alloy was used, In this work, we have constructed
an improved weighing machine and studied in more
detail the physical charateristics of the force sensor to

improve the linearity and sensitivity.

I. Construction of the sensor

For the construction of the force sensor, a Co-based
amorphous ribbon(Co Ni _Si.B . saturation magnetos-
triction A.==6X10") produced by vacuumschmelze,
was used. The changes of hysteresis loop of this mate-
ral at magnetizing frequency of 10 kHz under different
tensile stresses 1s shown in Fig.l. From this figure, one
can apply to a force sensor if the change of the max-
imum induction ABn. is used as a measurand. This
decrement A B... is approximately proportional to the

tensile stress within a certain range ie.
AB,.=ko (1)

where ¢ is the tensile stress(o =F/A : F is the exter-
nal force and A is cross sectional area of the core) and k
Is a proportional constant which is the function of mag-
netizing frequency and maximum magnetic field
strength.

For the development of the force seusor, we have
constructed a weighing machine which uses Roberval
principle as shown in Fig.2. For the core material, 2mm
wide, 50 mmlong and 30 zm thick amorphous strip was

etched from the 25.4mm wide as-quenched ribbon. A



Fig. 1. The changes of hysteresis loop of CoNi Si B,
amorphous ribbon at 10 kHz under different ten-

sile stresses(1 © ¢ =0 N/mm’, 2 { ¢ =19 N mm’,
3:38 N/mn% 4. 06=57 N/, 5. 6=76 N
m?, 61 6 =95 N,/ mm’).

_Amorphous
| ribbon

winding

Primary
winding

= I ,j;, . -

Fig. 2. Schematic diagram of the force sensor.

bakelite was used as coil former material. The magnetiz-
ing coil N of 280 turns, 15mm in length was wound
using 0.14 mm ¢ enamelled copper wire at the center of
the coil former. The secondary coils N, of 100 turns
each, 5mm in length were wound at the ends of coil
former. Two secondary coils were connected in series.

The block diagram of the measuring circuit is shown
in Fig.3. For the measurement of maximum magnetic
induction Bu. of the core, a quadrature oscillator(BB
4423) was used. Sinewave output of the oscillator is fed
into a voltage to current converter to magnetize the core.
The time positon of the B, is the same as that of the
maximum magntic field strength H,, which is prop-
ortional to the primary current. This time positions cor-
respond to the zero crossing points of cosinewave of the

oscillator and are inﬂependent of external force. To mea-
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Fig. 3. Block diagram of the measuring circuit of the

force sensor.

sure A Baa, the secondary voltage is integrated using
Miller integrator. The inteegrated signal is fed into non-
inverting input of instrumentation amplifier. A dc refere-
nce voltage which corresponds to the voltage is inte-
grated using Miller integrator. The in'tegrated signal is
fed into non-inverting input of instrumentation amplifier.
A dc reference voltage which corresponds to the voltage
of B.. under zero tensile stress is fed into inverting
input of the instrumentation amplifier. The output signal
of the instrumentation amplifier is fed into the analog
input of the sample and hold (S/H) amplifier. Sampling
pulses for the S/H amplifier are obtained from the zero
crossing points of the cosinewave using the voltage
comparator and multivibrator.

The relation between the output voltage U, of the
S/H amplifier and the force, which is derived from

equation (1), is as follows:

KGN,
U="%rc

(2)

where G is amplification factor of the instrumentation
amplifier and RC is time constant of the Miller integra-
tor. From equation (2), one can see that the transfer
function (U, /F) of the force sensor, within a certain
linear range for external force, is independent of the
external force. Moreover, the measuring time positions
are also independent of the external force. From above
conditions, one can measure a transient force with a
sampling rate which is the same as magnetizing frequen-

cy of the core.
II. Experimental results and discussion

The sensor output voltage (U,) vs. force (F), in the
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Fig. 4. Qutput voltage of the force sensor as a function
of the external force at 10 kHz for different max-
imum magnetizing current I (1 230 mA, 2 160
mA, 3 :100 mA).

range of O to 1.47 N for the magnetizing frequency of
10 kHz for the different maximum magnetizing current
I, 1s shown in Fig4. This figure shows that the linear-
ity and sensitivity depend on the I... That means one
can not find easily the optimum conditions for the
linearity and sensitivity. To understand the characteris-
tics of sensor, the output voltage vs. .. at fixed magne-
tizing frequency fm and the output voltage vs. fm at
fixed maximum magnetizing current I, were measured.
Fig.5. shows that the output voltage depends on the I,
under the force of 1.47 N. From this figure, one can see
that the output voltage increases in the range of low
magnetizing current and reaches its maximum value and
then decreases slowly as the current increases. The max-
imum values of the sensor output voltage were obtained
at I, =30 to 40 mA with magnetizing frequency of
2 kHz,and at I,,=60 mA with the magnetizing frequen-
cy of 10kHz. As I, the maximum magnetizing current
becomes higher, the voltage U, becomes independent of
magnetizing frequency. This can be interpreted from the
behavior of ac hysteresis loop i.e. the maximum magne-

tic induction is independent of magnetizing frequency
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Fig. 5. Output voltage of the force sensor as a function
of the maximum magnetizing current at 2kHz
and 10 kHz under the tensile stress of 1.47 N.
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Fig. 6. Frequency dependence of the force sensor output
voltage at maximum magnetizing current of 60
mA under the tensile stress of 1.47 N.

for high magnetic field strength, and peak permeability
depends strongly on frequency for lower peak magnetic
field strength. The frequency dependence of the sensor
output voltage under the force of 1.47 N is shown in
Fig6. The voltage U. is nearly constant up to the
magnetizing frequency of 4 kHz. Between 4 kHz and
6 kHz, there is relatively large change in U., and above
6 kHz it decreases linearly. From Fig5 and Fig.6, one
can suggest that the higher magnetizing frequency is
better for the requirement of high dynamic characteristic
of the force sensor at the expense of the sensitivity and
linearity. In opposite case, for higher sensitivity and
linearity, the lower magnetizing frequency is better but
the dynamic characteristics becomes poor. For higher
megnetizing current, the effect of external magnetic field
for sensor becomes smaller but sensitivity becomes low-

er. From above discussion, we suggest that the force
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Fig. 7. Deviation from linearity € of the force sensor at
magnetizing frequency of 2kHz and the max-
imum magnetizing current of 40 mA.

sensor should be required the different conditions of
magnetizing frequency and maximum magnetizing cur-
rent for the purpose of application.

To demonstrate the linearity of the force sensor, the
deviations from the linearity € at the magnetizing fre-
quency of = kHz and the maximum magnetizing current
of 40 mA is shown in Fig.7. The non-linearity of the
sensor was smaller than 0.1 % up to 1 N and the sensitiv-
ity was better than 110" N. To demonstrate the dyna-
mic characteristic of the sensor, the mechanical shock of
the table was measured using a digital oscilloscope and
shown in Fig.8. The magnetizing frequency and max-
imum magnetizing current was 10 kHz and 60 mA re-
spectively for this measurement. The external transient
force was measured at the sampling rate of 10 kHz as

shown in Fig8.
V. Conclusion

In this work, a force sensor which employs the
changes of the maximum magnetic induction of amor-
phous alloy was developed and tested on the various
characteristics for the possible applications. The best
results of the achieved linearity was 0.1 % at magnetizing
frequency of 2kHz and the maximum magnetizing cur-
rent of 40 mA in the range of O to 1 N for the core cross
section of 6X10 'nf. The force sensor can measure a
transient force with a sampling rate of 10 kHz which is

the same as the magnetizing {requency of the core.
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Fig. 8 Digital oscilloscope display of the force sensor
output voltage under the mechanical shock of
the measuring -table to demonstrate the
dynamical property of the sensor.
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