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Abstract

A new amorphous magnetic core multivibrator applied to tensile-stress transducers is
presented.

This “differential-type multivibrator” has two kinds of transducing behaviors : (i) analog-
type (or linear-type) transducer with no zero output, good linearity and high sensitivity,and no
hysteresis for tensile-stress variations, and (1) threshold-type transducer with adjustable
threshold o:s, of tensile stress, zero output for tensile stress under oea while maximum output
for over o:x, and no hysteresis at small o:». Both transducers have dc output, and portablity
due to dc voltage source. This multivibrator is simple, stable, and reliable, and is possible to
transduce the tensile stress with the values from zero to 8x kg. by using amorphous ribbon-
wound cores with 4z layers (» =1, 2, ---).

INTRODUCTION

Recently, special interest has been put to amorphous magnetic alloys, named Metgla*s“
ribbons (1) made by Allied Chemical Corp., Morristown, N. J., because of its outstandingly
good dc magnetic properties under tensile stress (2),(3). However, few applications of
amorphous magnetic alloys have been reported ( 4 ), This is probably due to difficulty to treat
tensile stresses successfully. The remarkable sensitivity in magnetic properties with tensile
stress is one of the most inherent qualities of amorphous magnetic alloys.

So, we present, in this paper, a new multivibrator (temporarily named ‘differential type
multivibrator’) with two amorphous magnetic cores and two switching transistors applied to
tensile-stress transducers. This differential-type multivibrator has dc output as same as
magnetic mixing amplifiers (5), and has two kinds of transducing behaviors : (i) an analog-
type transducer with no zero output, good linearity and sensitivity, no hysteresis for tensile-
stress variations, and (i) an threshold-type transducer with zero output for tensile stress under
threshold, oe», maximum output for tensile stress over g, no hysteresis for tensile-stress
variations at small 6:». Both the transducers have dc output and portability due to dc voltage
source.

This multivibrator is simple, stable, and reliable, and is possible to transduce the tensile
stresses up to 8# kilograms by using amorphous ribbon-wound cores with 4 layers (n =1,
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AMORPHOUS MAGNETIC CORES

Metglas amorphous magnetic ribbons (2826) ( 1 ) have magnetic properties under tensile
stress similar to Supermalloy regarding maximum permeability p,,saturation flux density Bs,
and coercive force He, and similar to 50% Ni-Fe in regard to squareness'B,/Bs, as shown in
Table 1. The resistivity p is about three times that of Supermalloy.

Table 1. The characteristic values of Metglas 150mm
2826 amorphous ribbon with applied

tension of over 10 kg/mm’ ZOI @ () D tension

Metglas 2826 (Fe oNisoP12Bs) Y1000 T Metglas 28 26
4 X 105 "2 1mm
o ? 10007 d=0.057mm
H. 0.03 oe with tension .S
B, 8000 gauss | of 10 kg/mm”. ( 0) XL CO)
B,/B; 0.95
0 180 #Q2-cm # 2 N__ AMORPHOUS RIBBON
tensile strength 230 kg/mm?
width 2.1mm ) _
thickness 0.05 mm Fig. 1. Amorphous magnetic cores with 4
layers.

Fig.1 illustrates two amorphous ribbon-wound cores, used for tensile-stress transducers,
consists of 4 layers around two bakelite bobbins and a winding with 1000 turns, respectively.
Tension is applied to one of the cores, while the other core is reference one. We now investi-
gate the characteristics of one of the cores (# 1) against tensions in Fig. 2 and 3.

T T T T T T T T T T ¥ 40 T T M H v ¥
701 .
- 35 3
60 .
. & 30 .
50 .
R 4 =25 1
Z 40 . li
1 |.820 1

ID30
20

I’U'zf

| 10 A
- B T e )
10 5 o Okg |
! i ] -
L i 1 1 . 1,
0 2468'!:9— % 18 22 0 5 10 1B 20 25 30
ip( mA) Ic (mMA)

Fig. 2(a). Experimental results of induced Fig. 2(b). Experimental results of induced
voltage ¢ versus magnetizing second harmonic voltage o,
current i, with and without ten- versus input dc current J. with
sion o and without ¢ in a modulator

circuit.



Fig2(a) shows the experimental results of induced voltage # (r.m.s. value) of winding
versus sinusoidal magnetizing current i, (r.m.s. value) with frequency of 60 Hz. Maximum
gradient from the origin of the curve at tension o of 12 kg is about seven times that of one at
o = 0. Fig.2(b) is the experimental results of output voltage 7z, versus input dc current I, of
a magnetic modulator circuit whose winding are set on two legs of the core (not shown in Fig.
1). Maximum gradient from the origin of the curve at ¢ = 12 kg is about twenty-two times
that of one at ¢=0.

Fig.3(a) shows the measured values of magnetizing current i» (r.m.s. value) of the core
versus ¢ under “voltage excitation” ; solid lines are at sinusoidal voltage, while broken lines
are at rectagular voltage. All curves reveal fairly good linearity. But these lines no longer
show linearity at higher frequencies over 1 kHz, while all lines are still in good linearty under
“rectified sinusoidal and rectagular voltage excitation” as shown in Fig.3(b). This is consider-
ed due to that saturation regions of BH loop are less-influenced with frequency. This is the
origin of good linearity in differential-type mutivibrator. These curves in both (a) and (b)
have almost no hysteresis for variation of . This is considered due to small coercive force
of amorphous alloys.

These experimental results suggest the probability of realizing tensile-stress transdu-
cers with good linearity and no hysteresis.
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Fig. 3(a). Measured values of magnetizing Fig. 30b). Measured values of magnetizing
current i, versus ¢ under “vol- current i, versus ¢ under “vol-
tage excitation” by sinusoidal tage excitation” by rectified
(solid line) and rectangular (bro- sinusoidal (solid line) and rec-
ken line) ac voltages with 60 Hz tangular (broken line) ac vol-
respectively. tages with 1 kHz respectively.

DIFFERENTIAL-TYPE MULTIVIBRATOR

We newly present an amorphous core multivibrator for tensile-stress transducers as
shown in Fig.4. Two amorphous cores are as same as that illustrated in Fig.1, and tensile
stress is applied to one of the cores, so that no zero output reveals at no tension. R; and C.
are load resistance and filtering capacitance respectively , and variable resistance VR is for
complete zero output adjustment. Cs and Rz are for commutation. We can obtain two kinds
of dc voltage outputs corresponding to the difference flux behaviors in the two cores : (1) ana-
log output proportional to applied tension at output terminals 1-2. This proportionality is
predicted by Fig.3(a), because that two cores is magnetized by rectangular voltage (am-
plitude E) under near “voltage excitation” due to small R.. And (i) digital output with vari-



able threshold of tension at terminals 1’ -2, obtained by only adjusting the value of R and by
using a diode. The method for detecting dc output in a multivibrator is developed at “mag-
netic mixing amplifier” (5).
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EXPERIMENTAL RESULTS OF TENSILE-STRESS TRANSDUCERS

ANALOG-TYPE TRANSDUCER

Fig.5 represents the experimental results for the characteristics of dc output voltage at
terminals 1-2 as shown in Fig.4 versus applied tension with parameter amplitude of dc voltage
source E. Good lineariry with accuracy less than 29 was obtained for all curves in the range
of tensions 0 — 7 kg (0—10 kg in the case of E =8V).
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Fig. 5. Experimental results of E,. versus
o with parameter E in the analog-
type transducer.
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The oscillation frequencies of the multivibrator are 15 - 24 KHz depend on tensions.
Optimal values of C. for linearity were 0.47, 10, 1, and 50 ¢F for £E=3, 6, 8, and 9V
respectively. The linearity is improved by using a negative feedback system with a opera-
tional amplifier and feedback windings as shown in Fig. 6 (a). The experimental result of E4.
versus ¢ is illustrated in Fig. 6 (b). That is, the linearity was very improved to less than 0.2
9% of full scale and the maximum output is simultaneously increased about twenty times
because of small amount of negative feedback. Zero output is completely removed by
adjusting VR. These lines has almost no hysteresis. This analog-type transducers are
stable, reliable, and portable due to dc voltage source. The mechanism of the circuit behavior
will be discussed later.

THRESHOLD-TYPE TRANSDUCER

Threshold-type transducers are available for detecting the critical or limited physical
quantity. The differential-type multivibrator, as shown in Fig. 4, behaves not only as a
analog-type transducer but also as a digital-type one by only setting the value of Rs to a
proper one. Digital output is obtained at the terminals 1'-2 in Fig. 4. A diode is used in
order to set the output at zero for tensions under threshold os.
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Fig. 7 shows the measured values of dc output voltage E,., versus tension with the
values of R3 (one of the two Rs) as the parameter. The characteristic of E4c versus tension
at small g., is almost ideal because of no hysteresis, and almost infinite gain near g,,. The
value of g:x Is easily changed by adjusting the value of R} as shown in Fig. 8. The jumping
behavior becomes nonideal with increasing ¢,,. The value of g.s is also changed due to R.,
CL, and Cs.

These jumping properties are improved by constructing a positive feedback system with
IC operational amplifer and feedback windings in the same manner as one shown in Fig. 6 (a).
The experimental results are represented in Fig. 9: ascending and descending lines of Eac
versus ¢ are vertical, the value of E4c is constant over descending threshold, and the value of
Eac is over 12 volts.

DISCUSSIONS

We simply express the phenomena of the relation of E.. and ¢ in these transducers. Fig.
10 illustrates measured dynamic BH loops and voltage- and current-wave shapes in analog-
type transducer. The solid lines are without g, while the broken lines are with . In
dynamic BH loops, as shown in (a), the maximum value of flux variation 4¢,., in #1 core is
almost constant, while d¢.n, in # 2 core decreases with increasing g. That is, the maximum
value of magnetizing current é:m of # 1 core increases with increasing ¢ because of decreasing
permeability. On the contrary i:m in # 2 core decreases with ¢ due to the interaction
between 7, and i, at R, through Rsand Cs. The periods 7 (TR, is saturated, and TR: is off)
and T: (TR, is off, and TR; is saturated) are expressed for small R as follows,

T1 = NA¢1m/E

Ts = NAsnlE )

where N and E are the number of core winding and the value of dc source voltage, respecti-
vely.

Fig. 10. Dynamic BH loops and current-
and voltage- wave shapes in ana-
log-type transducer.
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Then T < T.for g, while Ti = T:for 6 =0 as shown in (b), (¢), and (d). In (c) e and
e. are induced voltages of windings, and e.; and e;. are voltage drops at both R. in (d).
Therefore, dc output voltage Eac reveals in output voltage with ¢ due to the differences of Ty
and T2, and of 71m and izm in (e).

Fig. 11 represents dynamic BH loops and voltage-wave shapes in digital-type transducer
with an output diode and small Rs. Solid lines are for ¢ = 0, while broken lines are for ¢.
Since the dc output is obtained through the diode, the values of both R, are chosen in different
ones (R =10 Q, R =5 Q)inorder toset Eac = 0at g = 0. Thatis, t1m < i2m and déim <
o =01in (@) ; Tn < T: as shown in (b). When we apply o over g,,, the amount of 4¢,,
A¢am for suddenly decreases and becomes Adim = Pzm and izm < f1m. So, Eac suddenly
reveals due to that er: becomes greater than er2 as shown in (c) and (d).
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Fig. 11. Dynamic BH loops and voltage-
wave shapes in digital-type trans-
ducer.



CONCLUSIONS

Amorphous magnetic alloys have inherent advantageous points over crystalline materials
such as high tensile-strength and anti-corrosiveness due to its homogenity. So,application for
high sensitive tensile—stress transducers is one of the most available ones of amorphous alloys.

New results obtained in this paper are as follows :

(i) New tensile-stress transducer using amorphous magnetic ribbon cores is presented.
This transducer consists of “differencial-type” multivibrator with amorphous cores and two
switching transistors, and has two kinds of transducing behaviors of “analog(linear)-type” and
“digitel (threshold)-type” by adjusting the value of circuit parameters.

(i) The properties of analog-type transducer are : good linearity, no zero output,no hyste-
resis, and dc output. The linearity of less than 2% is obtained in only this multivibrator for
tensions under 7 kg. This linearity is improved to less than 0.2 % and the sensitivity to more
than ten times by constructing a negative feedback system using an IC operational amplifier
and feedback windings.

(iii) The properties of digital-type transducer are : Eqc = 0 for ¢ under ¢s ; Eac jumps to
its maximum value for over ¢, and no hysteresis near small g

These jumping behaviors are emphasized by constituting a positive feedback system
using a IC operational amplifier and feedback windings. That is, jumping lines are vertical and
maximum value of E . becomes over 12 volts, and E,. is constant for ¢ over descending thre-
shold.
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