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ABSTRACT

This paper presents empirical informa-
tion on the resistance change in =linvar
strain gages when used in a steady nmag-
netic field, "The errors resulting from
thiis effect can bhe large. JMeans are pre-
sented to prevent the occurrence of this
effect, and to correct for it should it
occur in practice.

INTRODUCTION

The little-known effect of magneto-~
resistance can cause a spurious strain
reading, IN CERTAIN GAGES, of over 100
microinches per inch, when in fact no
strain exists. Such a reading corre-
spounds to a stress level of 3,000 psi for
steel. Thus, an error amouunting to 10%
of the strength of the material might he
due solely to the preseance of a STEADY
magnetic field iu which the stress meas-
urcinent was made.,

The strain-caused resistance changes
in metallic strain gages (hoth wire and
foil types) are very small, Consequently,

phenomena, other than strain,which change
resistance nust he understood. The usual
application of wire or foil strain ¢ages
involves hridge-type circuitry to measure
resistance chauges to a swall fraction of
%. "here are approximately thirty koown
effects which Yen cause resistance changes
of this order® For ordinary circuit
work, most of these can be considered as
minor second-order effects. This is not
true of strain gage work! 7o he so hold
as to infer that the resistance change
measured is due to strain alone, it is
necessary to eliminate, compensate, or to
correct for the other 29 effects,

Very few workers are called upon to
make strain measurements in magnetic en-
vironments. Consequently, this effect is
seldom encountered in practice, but when
it does occur, it can ruin an otherwise
satisfactory measurement, It is impor-
tant to note that this effect is distinct
from simple induced voltayes due to chang-
ing magnetic flux linkages. This latter
difficulty is one of the most common type
of spurious signals encountered in elec-
trical measurements, , .

: Superior numbers refer to similarly
numbered references at the end of
this paper.
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THEORETICAL BACKCROQUND

Consicderable work has been done to in-
vestigate magnetoresistance(2), but quan-
titative application to strain gages is
difficult. This 1s because the magnitude
depends upcon the degree of cold work of
the material., The three interrelated phe-
nomena involved are:

a. Elastoresistance
b. Magnetoresistance
c. Magnetostriction

ELASTORESISTANCE is the change in re-
sistance wi th externally applied strains
and forms the basis for the use of metal-
lic resistance strain gages., For certain
materials this effect is larger than that
which would be predicted by simple conser-
vation of volume anéd the application of
Poisson's ratio. Such materials are said
to have high "strain sensitivity" and are
used to make metallic-resistance strain
gages. ’

MAGNETORESISTANCE is the change in re-
sistance of a ferromagnetic conductor
under the influence of an external mag-
netic field. This change may be either
positive or negative depending upon the
material and its orientation with respect
to the magnetic field. When the field is
parallel to the ccenductor, its resistance
increases with increasing field. At ex-
tremely high fields, resistance may de-
crease again. However, when the magnetic
field is perpendicular to the ccnductor,
and hence to the current, the resistivity
usually decreases with increasing [lelds.

MAGNFTNSTRICTICN is really several ef=-
fects, but is commonly considered as the
Joule effect, which is the change in di-
mension of the material along the axis of
the applied magnetic field. Magneto-
striction 1s exhibited by iron, nickel,
cobalt and their alloys. Iron has posi-
tive magnetostriction, nickel negative;
and ircon-nickel alloys may have either,
depending upon the composition.

Magnetoresistive arnd elastoresistive
eff'ects are interrelated and may be quali-
tatively understood by consideration of
the Joule effect. The magnitude of the
change in resistance due to a magnetic
field will be different for a strained
thanfor an unstrained specimen. For ex-
ample, in positive magnetostrictive mate-
rials, this change with parallel field
will be less as the external tension on
the gage increases. This is because the
Joule effect is caused primarily by re-
orientation of the magnetic domains in the
material. These domains are randomly
oriented in unstrained metals. Thus, the
maegnetic fileld can have a strong effect.
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Tensile strain tends to line up the do-
mains in the direction of strain, thus
leaving fewer domains available for orien-
tation by the flux and thereby decreasing
the magnetic Joule effect. If the strain,
or degree of cold work, is large enough,
the magnetoresistive effect may thus be-
come negligible. The effects of external
compressive strains are opposite to those
for tension. To further complicate the
matter, negative magnetostrictive materi=-
als display a reversal of the above-
described effects.

Nther magnetic effects such as the Hall
effect and ferromagnetic attraction are
negligible under the conditions of most
strain gage applications.

BESULIS

The most important result of these
tests is that ONLY GAGES NF FLINVAR ALLOY
showed the magnetoresistive effect. Thus,
the widely used Constantan and Nichrome
gages are suitable for applications in mag-
netic environments. Unfortunately, Flin-
var gages are most useful because they
have about twice as much "strain sensitiv-
ity" as other common alloys. This conclu-
sion is drawn from tests performed on
bonded-wire and foil resistance strain
gages of the following alloys: Flinvar
(57% iron, 344 nickel), Constantan (92%
platinum with 8% tungsten), and the heat-
resistant alloy Nichrome.

The tests were performed simply with
the test gages mounted on an aluminum
cantilever beam which could be inserted
into an accurately known magnetic field.
An adjusting screw and dial indicator pro-
vided means to measure the deflection of
the cantilever beam. The strain gage
bricge information was obtained with a
Baldwin Type L strain indicator, a 2,000~
cycle reference bridge type instrument.

The test results shewn in Fig. 1 and 2
are consistent with the foregoing theory.
They show the change in resistance versus
magnetic field strength, with applied ex-~
ternal strain as the parameter. Curves
were obtained for each of the three or-
thogonal orientations of the gage with re-
spect to the field. No measurements were
made of the effect for other orlentations.

However, the magnitude of the effect is

quite sensitive to small changes 1n_orien-
tation with respect to the magnetic field.

MINIMIZING THE FBRORS
No measurable magnetoresistive effects

were found in Constantan or Nichrome gages,
either foil or wire. When gages must be
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used near magnetic circuits, the less sen-
sitive Constantan or Nichrome gages should
be used. The use of the high-sensitivity
Flinvar gages is not recommernded. 1Tt is
important to note that the stray magnetic
field around large electrical machinery
may easily be 50 gauss. For example,
electromagnetic shaker tables are fre-
quently used in laboratories. They have
high stray fields.

From Fig. 1 we can see that an Flinvar
gage with an applied real compression of
LOC micreinches per inch would have a spu-
rious strain error of approximately 90
microinches per inch when used in a 50~
gauss fileld. A simple magnetic shield of
quarter-inch steel can reduce such a field
to a negligible amount.

CORRFCTING THE EERORS

When the DIRECTION AND MAGNTTUDE of the
magrnetic field are known, the Flinvar
gages can be used by applying the correc~
tions implied by Fig. 1 and 2. Note that
under usual conditions (flux less than
saturation and magnetomotive force approx-
imately at right angles to the surface)
the magrnetic field is at right angles to
ferromagnetic surfaces. This case is
shewn in Fig. 2.

Correction involves an iterative-type
solution following the steps ocutlined be-
low.

1. Assume a real strain approximately
that measured.

Using its curve find the correspond-
ing "magnetic strain.”

Add this "magnetic strain'" to the
assumed real strain (add alpebrai-
cally).

Compare with the measured strain.
Adjust Step 1 and repeat so as to
reduce the errcr to the desired
degree of accuracy.

2.
3.

L,
5.

When the amount of data to be taken is
large erough to warrant use of computers
for data reduction, information from these
curves may be fed into the computer which
will then perform the required correction.

The exceptionally high degree of con-
sistency among strain gages is due o an
elaborate system of quality control which
the makers exercise. Because of this {t
is unlikely that the degree of cold work
will vary much between lots of gages of
the same material. Nevertheless, when
work of high accuracy is required and
Elinvar gages must be used in magnetic
fields, the apprcpriate sections of the
accompanying curves (Fig. 1 and 2) should

JCRL-7721

 be spot-checked to detect possible varia-

tions between lots and individual gages.
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R IR FIGUR'E LEGENDS

. Fig. l Effective "Magnetic Strain in- Elinvar gages, for ateady magnetic
fields parallel to the gages. C

LT ¥ ig. 2. Effective "Magnetic Strain" in Elinvar gages. for ateady magnetic
BT ﬁeidu perpendicular to the gage!- o
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