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IMPEDANCE STRAIN GAUGE CHARACTERISTICS OF GLASS COVERED
AMORPHOUS MAGNETIC WIRES
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Impedance strain gauge characteristics of amorphous wires prepared by glass-coated melt
spinning method are reported. A change in wire impedance Z with a strain € is enhanced by
anneding after glassremoval. The gauge factor S, (= AZ/Z/g) isestimated to be more than 2000
for the 21um diameter Co-based Cogg 25F€4.551 12, 25B 15 Wires due to the skin effect. For the case
of 17 pum diameter Co-based wires, alinear impedance change characteristicsis observed in a
widerange of strain (€ =% 0.03%). Although Fe-based Fe;; 5Si75B1s 20 um diameter wires have
ahigh positive magnetostriction, S.of Fe-based wiresis not higher than that of the nearly zero
magnetostrictive Co-based wires. The i mpedance gauge sensors based on Cogg 25F€45Si12.25B15

wires show both sensitive and linear response for the torque detection.
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1. Introduction

There are many devices empl oying strain gauges as the sensing d ement for measuring severa
physical quantities such as force, pressure, torque, accel eration and displacement. Semi conductor strain
gauges have a large gauge factor S, (=AR/R/g) of 200 because of the piezoresistive effect. However,
semiconductor gauges are quite sensitive to temperature variaion [1].

Recently, a new gauge dement using amorphous wires has been investigated [2,3]. The
inverse magnetostrictive effect leads to a change of permeability in the wires so that applying stress can
change the impedance of the amorphous wires due to the skin effect with high frequency current
excditation[2]. As a result of stress dependence impedance change, the gauge factor of about 2000 has
been obtained for CoSiB amorphous wires [3].
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spinning method are reported here. Amorphous glass-covered magneti c wires, which can bemade inthe
very thin form, have excell ent mechanical and € ectromagnetic propertie[4]. Both very thin form and
excdlent mechanical properties are necessary for attachment of the wire gauge on the d astic d ement to
produce asignal, which is rdated quantity to be measured. Excdlent € ectromagnetic properties would
contribute to the high signd to noise ratio for strain detection. A torque measuring system based on
glass-covered CoggosFey5Sio5B1s wires is presented for a typica application of the high sensitive
impedance strain gauges.

2. Impedance-strain characteristics

Fig. 1 shows an experimenta system to measure strain gauge characteristics of amorphous
wires. Two conductor pads were glued on a surface of a metal plate. Both ends of the amorphous wire
are bonded on the pads by soldering. All wires used in this investigation were kindy provided by
Institute of Technical Physics, lasi, Romania. When abending moment M (= FX) is applied to the plate,
astrainisinduced in the amorphous wires. In case of a deformation of a plateis sufficiently small, the
induced strain is expressed as

€ = (h+H/2)M/EI, @
where E is the Yong's modulus and | is an area moment of inertia. The value of impedance |Z] is
evaluated from the eguation |Z| =V./l, where V,, is an amplitude of the voltage e, which appears
between both ends of the wire, and I, is an amplitude of current i, which flows through into the
amorphous wire.

Fig. 2 shows impedance Z versus strain € characteristics of Co-based Coss2sFes5Siiz2sBis
amorphous wires after glass removd. A diameter @ of the wireis 21 umand alength | is5 mm. The
peak to peak val ue of applied current 1, is5 mA and frequency is 5MHz. Thelarge impedance change,
which is due to the skin effect, was obtained by annealing with a dc current of 50 mA for 20 minutes
flowing through the wires. The linear increment of the impedance is observed frome = - 0.01%to € =
0.01%. Thegaugefactor S, (= AZ/Z/¢) is estimated to be morethan 2000 in thislinear region. The value
of Sqismore than twice larger than that of CoSiB at 5 MHZz[2]. When the strong skin effect isinduced
by the high frequency i, the wire impedance Z is expressed as

__a
12| = 7 Ric\/ WHe(0) @)

whereaisaradius of thewire pisaresistivity, Ryisadc resistance, wis an angular frequency, W isa

circumferential permeability, and o is applied stress to the wire. According to eg.(2), a change in
Mg with o dueto the inverse-magnetostriction effect | eads to an i mpedance change.

Carrying the ac current i, changes in circumferential BH 1oops with a strain were measured.

Fig. 3 shows BgHg 100ps for annealed Co-based wires. Hg isacircumferential magnetic fied of i,/2ma
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Be is obtained from the rdation . = dg/dt, where @is a circumferencitd flux and e_is an inductive
component of e,[5]. The coercivity H. depends on the strain, which makes interna stress to the
wireThe coerdivity decreases with gpplying a positive strain, while that increases with applying a
negativestrain. Generally [ increases with decreasing H.. The changein H, seemsto bereflected onthe
change of the impedance of the wires due to the skin effect.

Fig. 4 illustrates impedance versus strain € characteristics of 17 pm diameter wires
(Coes 25F€45Si1225B15) after glass removal. S is estimated to be about 300 for annealed samples. The
linear impedance change in a wide range of strain (¢ =% 0.03%) was obtained by annealing with a dc
current of 40mA for 20 minutes. A linear responseis preferabl e for an accurate measurement of astrain.

The impedance-strain characteristics of high magnetostrictive Fe;;5Si;sBiswires (As = 35 x
10° for as-cast[4]) are also investigated to compare with the properties of the low magnetostrictive
COpg 25F€15Si12.25B15 Wires (As =-1x 107 for as-cast[4]).
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Fig. 1 Experimental system for Fig.2. Z vs € characteristics for Co-based
impedance gauge characteristics. 21 Um wires.

Fig. 5 shows Z versus € characteristics of Fe-based Fe;7sSi-sBiswires. A slight enhancement
of an impedance change was obtained after anneal ed with atension of 160 MPa and a dc current of 50
mA. S of the Fe-based wiresis not higher than that of 21 um diameter Co-based wires.

Fig. 6 illustrates BgHg characteristics of the tension-annealed Fe;75Si7sBiswire. Both a slope
of BgHg curve and the coercivity H. show dependence on strain. The slope increases remarkably with
applying anegative strain (& = -0.02 %) due to a high positive magnetostriction, while an increase of H,
occurs at thesametime. Theincrease of the d opeleadsto anincreasein u but theincrease of H. leads to
adecreasein . Asaresult of the compensation effect, a changein u seems to be suppressed.

3. Torque measurement

Fig. 7(a) shows a torque measurement system employing the impedance strain gauge sensor,
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which is based on the 17um diameter Cogs 25F€45Si1225B1s Wire. A brass shaft with diameter of 13 mm
was used for this experiment. In case of atorque T is applied to a metal shaft, the main direction of a
stress is an angle of * 45 degree with shaft axis. Both ends of the amorphous wire are bonded on
conductor pads glued on the shaft, aligning the wire axis in the direction of 45 degree. The maximum
strain in that direction is expressed equation (3) [6].
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Fig. 7. Torque measuring system. Fig. 8. Typica output characteristics of the

impedance gauge sensor for torque detection.
|em] = 16T(1+v)/(TED®), €)

wherev isthe Poison ratio and D isadiameter of the shaft. The ac voltage source was used to apply the
high frequency current to the amorphous wires. The ac voltage g, is converted to a dc output voltage
Eou by use of a peak hold dircuit.

Fig. 8 shows the response of impedance gauge sensor for the torque detection. AE oy = (Eout
(T) - Eow (T=0)) isadifferentia voltage when no torque applied. A linear response was obtained in the
range of = 3 Nm, which corresponds to strain range of * 0.01% in thewire.

For the case of power steering applicationsin the automotiveindustry, atorque sensor having
afull scaeof + 10 Nmisexpected [7]. Assuming 13 mm diameter sted shaft, the corresponding strain
rangeis + 0.015% for the full scale. Based on the experimentd results presented here, impedance wire
gauge sensors would have enough sensitivity and an excdlent linearity to detect the steering torque. It
will be necessary in future work to investigate a stability of the impedance gauge sensors. Devel oping
of abrush-less torque sensor system would be necessary for arotary shaft.
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