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(54) Improved magnetostrictive position transducer

(57) The invention relates to a position transducer
with a magnetostrictive effect (100) comprising a mag-
netostrictive waveguide (1) suitable to propagate torsion-
al mechanical waves, detection and transduction means
(20, 21) of these waves associated with an end (1’) of

the waveguide (1) and a support element (24) of the de-
tection and transduction means (20, 21).

The transducer is characterized in that it further
comprises an element made of polymeric material (40)
to coat (1’) said waveguide end (1) and fix said end to
said support element (24).
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Description

[0001] The object of the present invention is a position
transducer with a magnetostrictive effect. Particularly,
the object of the invention is an improved position trans-
ducer which is easy to be implemented.
[0002] A position transducer with a magnetostrictive
effect is known to comprise a waveguide consisting of a
wire (or a tube) made of a soft ferromagnetic material
travelled by current pulses.
[0003] At a measurement point external to the
waveguide there is positioned a permanent magnet,
which determines the point being subjected to position
measurement within the transducer operating area. A
current pulse traveling along the waveguide creates a
circular magnetization on the latter. At the permanent
magnet, the circular magnetization field interferes with
the magnet field thereby generating on the waveguide a
localized distortion by magnetostrictive effect (Wiede-
mann effect). This distortion generates a torsional wave
which travels as an acoustic wave on the waveguide.
[0004] The magnetostrictive transducer comprises
means to detect the torsional wave traveling along the
guide which are generally placed at a first end of the
waveguide. These means comprise, for example, a coil
suitable to detect the magnetic field associated with the
torsional wave traveling along the guide from the magnet
position and to turn the same into an electric signal which
can be processed. Particularly, starting from the trans-
duced signal, a suitable electronic circuitry is capable of
measuring the time interval elapsed from the moment
when the excitation current pulse has been sent and the
detection moment of the generated torsional wave on the
coil. The measurement of this time interval is used to
determine the distance between the magnet and the coil
which represents the data as supplied from the transduc-
er.
[0005] Furthermore, the magnetostrictive transducer
generally comprises dampening means placed at a sec-
ond end of the waveguide opposite the first end. This
dampening means are suitable to dampen the torsional
acoustic wave which propagates on the waveguide from
the magnet position in the opposite direction relative to
the torsional wave detection means.
[0006] It should be observed that the transducer
waveguide, besides being electrically connected to an
electronic circuit generating the excitation current pulse,
also requires to be mechanically connected to other com-
ponents of the transducer, such as, for example, a con-
tainment and support outer tube, a board comprising the
electronic circuits arranged for processing the signal
transduced from the coil, support means for the coil, etc.
[0007] This mechanical connection of the waveguide
can be provided in different manners known to those
skilled in the art.
[0008] A first connection mode provides that the sec-
ond end of the waveguide is fastened to the outer support
tube, whereas the first end of the guide is kept loose, i.e.

it is not fastened to other transducer components. This
solution has some drawbacks due to waves reflected at
said guide first end.
[0009] In fact, the torsional wave, after it has been de-
tected on the coil, does not disappear but travels beyond
the coil to the first terminal end of the waveguide. This
wave is reflected at this first terminal end and travels back
throughout the guide to the second end of the latter,
where it is dampened.
[0010] The wave reflected at the first terminal end can
interfere with the original wave to be detected on the coil
such as to alter the shape thereof. Thereby, a consequent
alteration is also obtained of the transduced electric sig-
nal, which, as is known, to be properly processed requires
to have, for example, a pulsed development, substantial-
ly similar to a sinusoid period of suitable amplitude.
[0011] To avoid the inconvenience caused by the re-
flected wave, the waveguide is positioned such that the
distance from a center of the detection coil and the first
terminal end of the guide is equal to 1/4 wavelength of
the original wave. Thereby, the reflected wave is in phase
with the original wave under a constructive interference.
This solution is, however, difficult to be implemented as
the positioning of the first terminal end of the waveguide
relative to the coil center can change as a function of the
temperature following an expansion/contraction of vari-
ous extent between the waveguide and the support outer
tube.
[0012] As an alternative to this solution, preferably, the
original wave is completely dampened, which is detected
from the coil, before it reaches the first terminal end of
the guide and is reflected. To this purpose, the first ter-
minal end of the guide is moved away from the center of
the coil such that further dampening elements can be
included within the transducer structure at this first ter-
minal end. Thereby, however, there results a greater size
of the transducer with the same operating measurement
range.
[0013] A further manner for mechanically connecting
the waveguide to the transducer structure provides for
the possibility of directly fastening the first end of the
guide, i.e. the end proximate to the detection means of
the torsional wave, to another structural component of
the transducer, for example, by providing a rigid fastening
with the electronic circuit board for the processing of the
transduced signal. In this case, in order to mitigate the
disturbing effects of the reflected wave generated by the
interaction of the wave with this rigid fastening, it is re-
quired to place dampening elements at the rigid fasten-
ing. These additional dampening elements provide, how-
ever, a greater overall size of the transducer.
[0014] A further known solution provides to fasten the
first end of the waveguide to the transducer support struc-
ture by means of a mechanical fitting. However, the pro-
vision of this mechanical fitting increases the transducer
manufacture complexity.
[0015] The object of the present invention is to con-
ceive and provide a position transducer, particularly of a
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magnetostrictive type, which allows at least to overcome
the drawbacks stated above with reference to the known
manners for connecting the waveguide to the other trans-
ducer components. Particularly, the object of the inven-
tion is to provide a position transducer which has a re-
duced size and is easy to manufacture.
[0016] This object is achieved by means of a magne-
tostrictive transducer in accordance with claim 1. Pre-
ferred embodiments of said transducer are as defined in
the dependent claims 2-18.
[0017] Further characteristics and advantages of the
magnetostrictive transducer according to the invention
will result from the following description of preferred ex-
emplary embodiments, which are given as non-limiting
illustrations, with reference to the annexed figures, in
which:

- Fig. 1 illustrates a perspective and partially exploded
view of a position transducer according to the inven-
tion during an intermediate fabrication step;

- Fig. 2 illustrates an enlarged view of a transducer
portion in Fig. 1;

- Fig. 3 illustrates an enlarged view of the transducer
portion in Fig. 2 during a final fabrication step;

- Fig. 4 illustrates a side view of the transducer portion
in Fig. 3.

[0018] With reference to said Fig. 1-4, with 100 has
been generally designated a position transducer with a
magnetostrictive effect according to an example of the
invention. Particularly, Fig. 1 shows the position trans-
ducer 100 in an intermediate fabrication step in which
the transducer components are assembled to each other
to be mechanically and/or electrically connected to each
other.
[0019] Particularly, the magnetostrictive position
transducer 100 (hereafter, the magnetostrictive trans-
ducer) comprises a waveguide 1, for example a wire as
shown in Fig. 1, fabricated from a magnetostrictive ma-
terial, preferably from a nickel alloy.
[0020] Alternatively to the wire, the waveguide 1 can
be a circular section tube of a magnetostrictive material
or a bar having a different section, such as squared, rec-
tangular, polygonal, oval, and the like. Herein below, for
clarity’s sake, by waveguide 1 will be meant a wire-like
guide.
[0021] Said waveguide 1 is suitable to propagate tor-
sional mechanical waves generated on the basis of an
interaction of a magnetic field external to the guide and
a circular magnetic field generated by at least one exci-
tation current pulse associated thereto.
[0022] The magnetostrictive transducer 100 further
comprises an electric conductive element 5 (shown in
detail in Fig. 4) operatively associated with the wire-like
waveguide 1. This conductive element 5 is preferably a
copper wire. Particularly, said copper wire 5 is electrically
connected to the waveguide 1 to provide a closed electric
path for the excitation current pulse of the transducer

100. Thereby, the waveguide 1 is representative of a for-
ward path for this current pulse, whereas the copper wire
5 is representative of a backward path.
[0023] With reference to Fig. 1, and as shown in greater
detail in Fig. 2 and 3, the waveguide 1 of the transducer
100 is fitted within a substantially tubular sheath 2. This
sheath is configured to coat the waveguide throughout
the length thereof and is made from, for example, a glass
fiber fabric. This sheath 2 is further made as one piece
or can comprise a plurality of contiguous segments.
[0024] The waveguide 1 coated by the sheath 2 is ac-
commodated within a containment and support tubular
element or support tube 10 manufactured from an insu-
lating material, for example polycarbonate.
[0025] As is known to those skilled in the art, the sup-
port tube 10 is, in turn, accommodated within a further
metal tube (not shown in the figures) to which at least
one magnetic-type locator (permanent magnet), i.e. a
magnetic cursor moving relative to the magnetostrictive
transducer. This locator determines the point being the
object of measurement of the position of the operating
area of the transducer 100.
[0026] It should be observed that also the copper wire
5 of the backward pathway of the transducer 100 is ac-
commodated within the support tube 10.
[0027] The position transducer 100 comprises detec-
tion and transduction means 20 of torsional waves gen-
erated on the waveguide 1. These detection and trans-
duction means 20 are, particularly, associated with a ter-
minal end 1’ of the guide 1 and are connected to the
support tube 10 by means of a joining member 30, for
example, of tubular shape, manufactured from a plastic
material.
[0028] In greater detail, with reference to Fig. 2 and 3,
these detection and transduction means 20 comprise a
coil 21 which is, for example, manufactured on a plane
support 22 that is suitable to be inserted within a respec-
tive seat 23 provided on a support element 24 for this
coil 21. As shown in Fig. 2 and 3, the support element is
embodied by a support plate 24.
[0029] It should be observed that the support plate 24
is suitable to accommodate a first electronic printed cir-
cuit board configured to process the electric signal trans-
duced from the coil 21 following the detection of a tor-
sional wave that propagates in the guide 1.
[0030] It should be observed that, in the exemplary em-
bodiment of the transducer 100 of Fig. 2 and 3, the planar
support 22 of the coil 21 is transversally oriented relative
to the longitudinal development of the waveguide 1 such
that a plurality of planar turns of the coil 21 result sub-
stantially orthogonal to this guide 1. In a further embod-
iment, the planar coil 21 can be directly provided on the
support plate 24 such that the respective planar turns are
parallel to the waveguide 1. In another embodiment, the
planar support 22 of the coil 21 can take relative to the
support plate 24 any inclination ranging between the or-
thogonal position of the turns relative to the waveguide
1 and the parallel position of the same relative to the
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guide.
[0031] It should be observed that the planar support
22 of the coil 21 comprises a first through-opening A con-
figured to allow the insertion and the support of the
waveguide 1. Similarly, a second through-opening pro-
vided in the planar support 22 (not shown in the figures)
is such as to allow inserting the return copper wire 5.
[0032] Furthermore, an end 25 of the support plate 24
proximal to the coil 21 is fixed to the joining member 30
and accordingly to the tube 10.
[0033] The support plate 24 of the planar coil 21 com-
prises, at a respective distal end 26 from the coil 21, a
plurality of electric contacts 27, for example six electric
contacts, preferably of copper (only three contacts are
shown in Fig. 2 and 3). This distal end 26 is shaped as
to engage, under operating conditions, a respective
through-seat 28 of a tip 38 of the transducer 100 shown
in Fig. 1. This tip 38 is, for example, made of plastics and
is fitted on a coating element 29 of the support plate 24.
[0034] In greater detail, this coating element 29 has a
substantially tubular shape, and is suitable to accommo-
date both the support plate 24 and the planar coil 21. It
should be observed that the coating element 29 is made
from a shielding nickel alloy with external magnetic fields,
preferably a high-magnetic permeability ferromagnetic
alloy. Thereby, the coating element 29 has a function of
protection and magnetic shielding of the coil 21 of the
transducer 100.
[0035] It should be observed that the support plate 24
can be connected, by means of the electric contacts 27,
to a further electronic circuit for the generation of the ex-
citation current pulses. In greater detail, the transducer
100 comprises a conductive element 11 joining the ter-
minal end 1’ of the waveguide 1 to a metal track that is
provided on the plate 24 and connected to said contacts
27. In other words, the joining element 11 electrically con-
nects the waveguide 1 to the electronic circuitry gener-
ating the excitation current pulses thereby ensuring elec-
tric continuity therebetween. This joining conductive el-
ement 11 is embodied, for example, by a conductive wire
or tape preferably made of copper. In addition, this joining
element 11 is more flexible than the waveguide 1. In the
case where this conductive element is a wire 11, the di-
ameter of a respective cross-section of this wire is com-
prised between 0.05 mm and 0.25 mm, preferably 0.15
mm.
[0036] It should be observed that a first end of the join-
ing conductive wire 11 is mechanically fastened to the
terminal end 1’ of the wire-like waveguide 1 by means of
a soldering. This soldering provides a rigid fastening be-
tween the conductive wire 11 and the guide 1. Said sol-
dering defines on the terminal end 1’ of the guide 1 a
respective soldering area lower than or almost equal to
the area of a cross-section of the waveguide 1. This sol-
dering is, for example, a tin soldering, a resistance sol-
dering, or a laser soldering.
[0037] A further soldering similar to the above is pro-
vided to firmly fastening a second end of the conductive

wire 11 to the metal track arranged on the plate 24.
[0038] Furthermore, the transducer 100 comprises a
coating element 40 for the terminal end 1’ of the
waveguide 1 and for fixing said end to the support plate
24. Particularly, this coating and fixing element 40 is put
down on the plate 24 to completely coat and enclose the
terminal end 1’ of the guide 1 and the conductive wire 11
to cover a middle portion 24’ of the plate 24 as shown in
Fig. 3 and 4.
[0039] It should be observed that the coating and fixing
element 40 is made of a polymeric material. Particularly,
this coating and fixing element 40 is a pure resin or a
polymeric compound. This compound particularly com-
prises a resin, additives, and fillers. Furthermore, the
compound comprises cross-linkers and solvents.
[0040] It should be observed that the resin referred to
herein is a Room Temperature Vulcanizing (RTV) sili-
cone or epoxy resin. This resin is suitable to be firmly
adhered to metals and plastics.
[0041] Furthermore, the above mentioned fillers are
insulating fillers comprising, for example, titanium diox-
ide, zinc oxide, silica, alumina, glass.
[0042] In an alternative embodiment, this fillers are
conductive fillers comprising dust or granules of metal
materials, such as for example silver or copper.
[0043] It should be observed that the resin comprised
in the polymeric compound has a weight percentage of
more than 30%, preferably 70% to 90%.
[0044] Furthermore, the additives, cross-linkers and
solvents of the polymeric compound have a weight per-
centage ranging between 0% and 30%, preferably 0%
and 10%.
[0045] In addition, the fillers of the polymeric com-
pound have a weight percentage ranging between 0%
and 70%, preferably 0% to 20%.
[0046] It should be observed that the coating and fixing
element 40 of the transducer 100 formed by the polymeric
compound described above has a tensile strength at
break greater than 1 MPa. In addition, this coating and
fixing element 40 has an elongation at break ranging be-
tween 50% and 500%, preferably 100%. In addition, the
coating element 40 has a shore A hardness ranging be-
tween 20 and 80, preferably 45.
[0047] The coating and fixing element 40 made by
means of the polymeric compound described above ad-
vantageously has visco-elastic characteristics and the
Applicant has found that it is an effective dampening
means for torsional elastic waves propagating on the
waveguide 1.
[0048] It should be observed that, by means of this
coating and fixing element 40, the terminal end 1’ of the
waveguide 1 is fixed in a non-removable manner to the
support plate 24, whereas a respective further end of the
waveguide 1 opposite said terminal end 1’, is loose as it
is not fastened to the support tube 10.
[0049] The magnetostrictive position transducer 100
of the present invention has a number of advantages.
[0050] Particularly, using the polymeric compound as
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the coating and fixing element 40 allows fixing the end
1’ of the waveguide 1 of the transducer 100 to the support
plate 24 of the coil 21 in a simple and cost-effective man-
ner.
[0051] In addition, the Applicant has found that provid-
ing this fixing element 40 using a resin or compound hav-
ing dampening visco-elastic characteristics allows elim-
inating any distortion of the reflected wave which are gen-
erated on the soldering between the waveguide 1 and
the joining wire 11. Thereby, the transducer 100 of the
invention does not require using bulky additional damp-
ening elements placed at the torsional wave detection
means as is the case with the prior art solutions.
[0052] Furthermore, in the transducer 100 of the in-
vention the mutual position of the terminal end 1’ of the
waveguide 1 and centre of the coil 21 is set such that a
constructive interference is established between the orig-
inal torsional wave and the reflected wave. This mutual
position is not subjected to significant variations at the
traditional operating temperatures of the transducer 100,
for example between -30° and +80°.
[0053] In fact, fixing the waveguide 1 to the plate 24
rather than to the outer support tube 10, causes the rel-
ative position of the waveguide 1 relative to the coil 21
to be independent from expansion/contraction effects of
different extent that may occur when the temperature is
changed, which on the other hand occur when the
waveguide 1 is connected to the outer tube 10.
[0054] Therefore, the transducer 100 of the invention
avoids the drawback of the reflected wave which is ex-
perienced in the prior art solutions and maintains un-
changed performance within the above-mentioned tem-
perature range.
[0055] In addition, the Applicant has found that the size
of the soldering area surface (for example, resistance or
laser) between the joining wire 11 and the terminal end
1’ of the waveguide 1 also contribute to generate in this
terminal end 1’ a reflected wave non-interfering with the
torsional wave detected by the coil 21. Thereby, the pre-
cision of the measurement of the transducer 100 is en-
sured.
[0056] To the embodiments of the transducer as de-
scribed above, those skilled in the art, in order to meet
contingent requirements may carry out modifications, ad-
aptations and replacements of elements with others func-
tionally equivalent, without departing from the scope of
the claims below. Each one of the characteristics de-
scribed as belonging to a possible embodiment can be
provided independently from the other embodiments de-
scribed herein.

Claims

1. A magnetostrictive position transducer (100), com-
prising:

- a magnetostrictive waveguide (1) suitable to

propagate torsional mechanical waves;
- detection and transduction means (20, 21) of
said torsional waves that are operatively asso-
ciated with an end (1’) of the waveguide (1);
- a support element (24) for said detection and
transduction means (20, 21) proximal to said
end (1’) of the waveguide (1),

characterized in that it further comprises an ele-
ment (40) made of a polymeric material coating said
end (1’) of the waveguide (1) and fixing said end to
said support element (24).

2. The position transducer (100) according to claim 1,
wherein said coating and fixing element (40) made
of a polymeric material is a resin or a polymeric com-
pound.

3. The position transducer (100) according to claim 2,
wherein said compound comprises a resin, addi-
tives, and fillers.

4. The position transducer (100) according to claim 2
o 3, wherein said resin is a room temperature vul-
canizing (RTV) silicone or epoxy resin.

5. The position transducer (100) according to claim 3,
wherein said compound comprises cross-linkers and
solvents.

6. The position transducer (100) according to claim 3,
wherein said fillers are insulating fillers comprising:
titanium dioxide, zinc oxide, silica, alumina, glass.

7. The position transducer (100) according to claims 3
to 6, wherein said polymeric compound resin has a
weight percent of more than 30%, preferably 70% to
90%.

8. The position transducer (100) according to claim 7,
wherein said polymeric compound additives, cross-
linkers and solvents have a weight percentage rang-
ing between 0% and 30%, preferably 0% to 10%.

9. The position transducer (100) according to claim 7
and 8, wherein said polymeric compound fillers have
a weight percentage ranging between 0% and 70%,
preferably 0% to 20%.

10. The position transducer (100) according to claim 3,
wherein said fillers are conductive fillers comprising
silver or copper dust or granules.

11. The position transducer (100) according to at least
one of the preceding claims, wherein said coating
and fixing element (40) made using the polymeric
compound has a tensile strength at break greater
than 1 MPa.
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12. The position transducer (100) according to at least
one of the preceding claims, wherein said coating
and fixing element (40) made using the polymeric
compound has an elongation at brake ranging be-
tween 50% and 500%, preferably 100%.

13. The position transducer (100) according to at least
one of the preceding claims, wherein said coating
and fixing element (40) made using the polymeric
compound has a shore A hardness ranging between
20-80, preferably 45.

14. The position transducer (100) according to claim 1,
further comprising a conductive element (11) having
a first end mechanically fastened to the end (1’) of
the waveguide (1) and a second end fastened to a
metal track arranged on the support element (24) to
electrically connect the waveguide (1) and an elec-
tronic circuit for the generation of excitation current
pulses of the guide (1).

15. The position transducer (100) according to claim 14,
wherein said coating and fixing element (40) of a
polymeric material completely coats said conductive
element (11) thereby enclosing the latter.

16. The position transducer (100) according to claim 14,
wherein said conductive element (11) is a wire hav-
ing the diameter of cross-section ranging between
0.05 mm and 0.25 mm, preferably 0.15 mm.

17. The position transducer (100) according to claim 16,
wherein said first end of the wire (11) is fastened to
the end (1’) of the waveguide (1) by means of a sol-
dering which provides on the end (1’) of the
waveguide (1) a respective soldering area lower than
or almost equal to the area of a cross-section of the
guide (1).

18. The position transducer (100) according to any pre-
ceding claim, wherein said support element compris-
es a support plate (24) and said detection and trans-
duction means comprise a planar coil (21) associat-
ed with said support plate.
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