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MEASUREMENTS OF HUGE
MAGNETOSTRICTION OF THE HEAVY RARE
EARTH - IRON INTERMETALLICS

The method described in this work is the strainggamethod used to measure huge
magnetostriction of the heavy rare earth — iroerimetallics. The measuring system
and the procedure of measurement are presentéisimork. The results of huge
magnetostriction determined for the heavy rareheiaon compounds with the
MgCuw. — type crystal structure are shown.

Keywords: strain, huge magnetostriction, measuring systeayheare earth, iron,
intermetallics

1. INTRODUCTION

Magnetostriction, discovered by James Joule in nickel in 1842, involves
changing the dimensions and the shape of the material undgdidbace of mag-
netic field [1]. Linear magnetostriction, recognized as eqgentab linear strain
is defined agtl/l =4, wheredl is the change of the lendtinduced by the applied
external magnetic field characterized by field intenbity2-4]. The theory of
magnetostriction can be found in literature as, for example, in. [fk@rnal
forces which induce magnetostriction are of quantum-mechanical nature.

Thel/l quotient labelled as(H) changes with the increased field strength
H. For large valued{ reaches its saturation levikl A change of the strain is
associated with the rotation of the domains accompanying the grélvifigeis
parameter equals -7x2Q-7 ppm) for iron, -60 ppm for cobalt and -35 ppm for
nickel [7]. The values of magnetostriction observed for the 3tsitran metals
(Fe, Co, Ni) are too small to be used in applications.

There are, however, other intermetallic materials with biguge magneto-
striction, which have various applications, for instanceesms@s or actuators
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[6,8]. For this reason, the significance of heavy rare eartbn-RFe) com-
pounds is dominant. These materials have a number of advantages, saorely:
reaction time, low power consumption, operability in difficult wogkconditions,
ability to withstand heavy load, and are subject to a relgtsiriple synthesis, as
discussed in literature [9].

Both scientific and practical reasons create interestrinuastudies of these
materials. Especially, measurements of their magnetietiscare of vital im-
portance. Different experimental methods can be used to measaeriagne-
tostriction, for instance: dilatometer technique, interferoynekeasurements, ca-
pacitance method¥-ray studies and the strain gauge method. The strain gauge
tensometry is a simple and cost-saving method to measuredimeoéta material
as a result of the intensity of the applied external magnetic fie

The purpose of the paper is to describe the basic strain gapgeatus for
magnetostriction measurements, the measurement procedurd, astivelexem-
plary results obtained for huge magnetostrictive materials.

2. THE STRAIN TENSOMETRY

Stress and strain

Stresss is the relation of the applied foréeto the are&® where it acts [10].
In accordance with Fig. 1, results can be expressed as

o = FIS=F/(x-AX)(y-Ay) Q)
Acting forceF induces the longitudinal strain defined by the relation
e=Azlz (2)
The stresg and the strain are related with Hooke’s law, namely
e =olE 3)
whereE is the Young’'s modulus.

Longitudinal straire is accompanied by a transverse constriciiaefined
by the ratio (Fig. 1)

5 = AXIX ()



Pomiary ogromnej magnetostrykcji zgkéw migdzymetalicznych... 67

T
1/'*" “““ T2
d B Y
[ ¢ ! !
| : | : 1
| I
| : : I I
L | I
1 I I
zl ! | ZiAz
| o 1 I
I 1 I
oy 1 I
| Asmssmasza [ o s
r’ T - l“/"»i
Yl S i
4 ! y-Ay
x-Ax l_F

Fig. 1. Stress and strain of the cuboid specimemrasult
of the acting forcé; the cuboid (red contour) before acting of Ehferce,
the cuboid (black contour) as a result of the actince

Electrical resistance and strain
Electrical resistancR of a wire is described by a simple formula [10]

R=pl/A (5)

wherep is the proper resistance of the wire matetislthe length of the wire and
A'is its cross sectional area.

If the stress is applied to the wire, its lenbthcreases byl, its cross sec-
tional areaA decreases, and consequently its resistRrinereases byR. Thus,
sensitivityx for the wire can be defined with the use of the expression [10]

x = (ARIR)/(AIN) = (ARIR) /¢ (6)

Assuming that th& parameter is constant, it can be seen from the last for-
mula that the electrical resistantR varies in proportion to the strainThe last
formula constitutes the basis for the operation of a strain gauge [10].

Strain gauge

As mentioned above, the most popular and simple method to detestnaiine
is to use a strain gauge. In order to reduce strain gaugarsiz® increase its
efficiency, its main component, i.e. a thin resistive wiraligned as a grid
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(Fig. 2, left-hand side). Thin wires of copper-nickel alloy (¢antan) or nickel-
chromium alloy are commonly used. The grid is located on a#niiecand fixed
to it by a thin layer. The grid is finished with solder pads allowegcbnnection
with Wheatstone bridge. The active gauge is tightly gluebeddsted specimen
by a thin layer of the cyanoacrylate adhesive (Fig. 2, right-hand &itie) 2].

Fig. 2. Longitudinal strain gauge. Ohmic wire offieift),
a sample with the glued strain gauge (right)

The strain gauge element is chracterized by #adR parameters (formula
6). When a specimen (Fig. 1) is strained alongZtheis, the strain is transmitted
through the adhesive to the grid resistor changing its eldctesistance. The
tensometric amplifier electrically stimulates Wheatstomgge (Fig. 3) providing
an input voltagdJin [11]. The change in electrical resistance of the active gauge
glued to the grid change the output voltalge . The amplifier circuit records this
voltage and microprocessor calculates the vdRiand as a result determines the
straine (formula 6). In the case when the gauge is glued alon tnes, the
amplifier circuit records the transverse strgin

Wheatstone bridge

Figure 3 shows schematic arrangements and the photography of Wheatstone

bridge. A sample with the glued strain gauge and three accompastyaig
gauges are mounted on a thin laminate plate.

Fig. 3. Wheatstone bridge diagram consisting of firain gauges (left), 1 - inpWin voltage,
2 - outputUout voltage, 3 - specimen under measurement with thedgétrain gauge
Photo (right) of Wheatstone bridge consisting trhia gauges glued to a thin carrier plate
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3. THE MAGNETOSTRICTION MEASURING SYSTEM

The measuring system (a diagram presented in Fig. 4) consists of: 1 — spec-

imen of a magnetostrictive material (with a Wheatstonggle)i located centrally
between the pole pieces of the electromagnet usingtli@ positioning system,
2 — the tensometric amplifier, 3 — Hall probe system (tlodgrand the meter),
Hall probe is positioned close to the tested specimen, 4 — PC confputeulti-
meter, 6 — power supply for electromagnet, 7 — electromagnet.

The photograph (Fig. 5) shows main components of the measuring system.

Fig. 4. A diagram of magnetostriction measuringeys
1 — specimen with Wheatstone bridge, 2 — tensomainiplifier,
3 — Hall probe system, 4RC, 5- multimeter, 6 — power supply,
7 — electromagnet with pole pieces

Fig. 5. Photo of the main part of the measuringesys
1 — the specimen with the attended Wheatstone dyridg
7 — 7 — the electromagnet with the pole pieces
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The process of measuring. As a result of a command sent from the computer
(4), a power supply (6) slowly increases the direct currgmting via the coils of
the electromagnet (7), thus increasing the magnetic field intensity.

H from zero to the requestéth., and the magnetic field induces the strain
in the specimen. The direct current is controlled by the comgitausing the
multimeter (5) Consequently, the increasiafH) strain is measured by the ten-
someter measuring set (2) (a Wheatstone bridge and the téns@mwlifier)
and the result is recorded by the computer (4). Both the Hall (8kend the
computer (4) control the magnetic field intensity H.

The determined strammequals to thé magnetostriction parameter.

Measurement of the longitudinal magnetostrictiont

Figure 6 shows the geometry of the measurement of the longituatigle-
tostrictionA|.

Fig. 6. The geometry of the measurement of theitodimal
magnetostrictiori|. The magnetic field intensity is perpendicular
to the(x,y) wall surface. The strain gauge is glued to theigpen

along thez-direction. It measures the strain in the z-diatti

The axis of rotatio®O’ is in the position 1, thedimension is parallel to the
magnetic field intensityH. As a result of the magnetic field influence, the speci-
men is elongated totAz, the strain gauge records thstrain. Perpendicularly to
the fieldH the specimen is reducedxdalx and y-4y dimensions. The longitudinal
magnetostrictiorl| equals

e= AZdz=) (7)

In accordance with Figures 1 and 6.
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The measurement of transverse magnetostrictiof.

Figure 7 shows the geometry of the measurement of tranavegeeto-
striction1 1. TheOOQ’ axis is in the position 2, it is rotated clockwise byz0Ola
this case, the x dimension is parallel to the magnetic field intdrsity

P

-1z /
0 / y-ay

X+AX
2

Fig. 7. The geometry of the measurement of traissvenagnetostrictiohL .
The magnetic field intensity is perpendicular te {i,z) wall surface.
The strain gauge is glued to the specimen along-ttieection.
It measures the shortening along the z-direction

As a result of the magnetic field influence, the specim&hingated t+4x
introducing the: strain. Perpendicularly to the fieli the specimen is reduced to
z-/1z and y-Ay dimensions. In that case, the gauge measures the coostircthe
z-direction,

n= Az/lz =\ (8)

i.e., it measures the strairor the transversal magnetostriction.

4. MAGNETOSTRICTION OF THE RARE EARTH —
IRON COMPOUNDS

Materials

The strain gauge method was used to measure magnetostrictierneskin-
plary RFe— type compounds- rare earth). The synthesis of these materials has
been carried out using the arc melting method with the non-cdgtation, as
described in this work [9]. On the basis of X-ray studigsiezhout it is known
that theRFe intermetallics form a regular flat centred Laves pHadam C15



72 J. Pszczotla, T. Cetnar

MgCuw — type structure. Thél5Laves phase has been described in detail in other
works [13].

Magnetostrictions

Fig. 8 shows the results of magnetostriction measuremeritsef@olycrys-
talline TbFe (curve 1),Tho2r Dyo7s Fex (2) andYFe (3) compounds. FofbFe
andTho27 Dyo7s Fe: the longitudinall) and the transverser magnetostrictions
reach huge values. Since thibFe compound has a large magnetocrystalline
anisotropy, its magnetostriction parameters increase witrdvang intensity of
the magnetic field, yet they do not tend to saturate. This property poses problems
in applications. The mixtur&=Thy27 Dyo73 in the T2z Dyo7s Fe2 compound
known as Terfenol D removes this difficulty [6]. Magnetosimits are reduced
as compared to thEbFe values, yet are still huge and tend to saturate with the
growing intensity of the external magnetic field (curve 2). Rrriare earth com-
position the magnetocrystalline anisotropy is reduced to alreost{@,8]. Huge
magnetostrictions have their origins in large magnetic mésnef 4f-atomic
shells of rare earths. These moments, influenced by thenaktaagnetic field,
interact with the crystal lattice introducing the strain @ thagnetostriction of
this lattice [4,6].
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Fig.8 The longitudinal| and transversalt magnetostriction
parameters measured against the intehéiby the external magnetic field
for compounds: 1 ¥bFe, 2 —Tho27 Dyo.7s Fezand 3 -YFe.
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It is worth noting that the theoretical magnetic monwglt of Th equals to
9us (experimental value 9.34) and thatdf equals tdlO ugs (experimental value
10.33) [14]. The letteg indicates the Landé factor adddenoteghe number of
the total angular quantum momentum of the atoffighell, s is the Bohr mag-
neton [3,4,14].

Since yttrium atoms are non-magnetic, they have no magnetiensm
therefore magnetostrictions measured for ke compound (dependencies 3)
are close to zero. This isostructural material is added dongarison with huge
magnetostriction compounds.

The experimental error of the magnetostriction measuremantsecappre-
ciated as being 1-2 percent.

5. SUMMARY

Production technology of the heavy rare earth — iron intermetdiaving
huge magnetostriction has been fully developed and described imaither[9].

The present paper describes a simple measuring systenugé emagneto-
striction. These technological and testing systems can be used to pmutece
als with a huge magnetostriction for the laboratory purposerdhé limited in-
dustrial use. These systems can be developed to inchesstethnological and
testing power.
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