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METHOD FOR ELECTRICALLY INSULATING
MAGNETOSTRICTIVE MATERIAL

BACKGROUND OF THE INVENTION

The present invention relates to metal vibrators,
magnetostrictive transducers and the like, and more
particularly to an improved method for electrically in-
sulating adjacent laminations of magnetostrictive mate-
rials.

Metal vibrators (materials exhibiting the magneto-
strictive effect) are usually laminated structures be-
cause eddy currents must be kept small. Since it is pref-
erable to construct a resonator so that stress waves
propagate parallel to the lamination surfaces rather
than across lamination boundaries, tubes which are to
be used as longitudinal resonators should be con-
structed as scrolls rather than as ring stacks.

In previous methods, metal laminations have been
annealed in a protective atmosphere by running them
through a predetermined heat cycle which was found
to enhance the desired magnetostrictive properties.
Cold working of the material after anneal had to be
avoided if the full benefits of the anneal are to be re-
tained.

In building up laminated structures, electrical insula-
tion between laminations must be maintained in order
to keep eddy current effects low, and the laminations
kept free of burrs which could cause shorting. Organic
adhesives have been used to effect consolidation of the
laminations. To maintain insulation it has been neces-
sary at times to pre-coat the laminations before consoli-
dating them, or to use a filler in the adhesive.

For the case of 2V Permendur, which is an iron-
cobalt alloy frequently used where high saturation re-
quirements -justify its rather high costs, Jlaminations
must be separated by a gap (as in some transformer
cores) or by some form of epoxy-type potting com-
pound applied after annealing (as in underwater sound
transducer scroll type applications). In such case, a
scroll, for example, is placed within a container and an-
nealed within a protective, non-oxidizing atmosphere
while it is loosely wound and after annealing the potting
or insulating compound is poured into the container,
covering the scroll. The scroll is then wound tightly and
maintained under tension while the potting compound
cures. The net effect on the scroll material is some de-
gree of cold working (work hardening) and induced in-
ternal stresses. Also, air bubbles and bare spots may
exist in the potting compound, between laminations,
after the scroll is wound, resulting in a non-acceptable
device.

The prior method of annealing a scroll, cooling and
applying liquid potting compound, and further winding
(tightening) the scroll and maintaining tension until the
potting compound has hardened results in the deleteri-
ous effects of: work hardening during handling and
tightening of the scroll, resulting in a reduction of oper-
ating efficiency; the creation of bubbles or dry spots be-
tween adjacent scroll layers, resulting in poor coupling
between laminations and/for electrical short circuits
during operation, further reducing operating efficiency
and possibly requiring the scroll to be scrapped.

The present invention, which is for an improved
method of electrically insulating magnetostrictive ma-
terial, involves coating the surface of a scroll magneto-
strictive material with metallic nickel and annealing in
an air or oxygen enriched atmosphere to convert the
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nickel to non-conducting nickel oxide. The scroll is
then allowed to cool and is tightly wound, and while
maintaining tension, is reannealed in order to eliminate
the work-hardening induced during the winding proce-
dure. The scroll again is allowed to cool so that it may
be potted. This process eliminates all of the deleterious
effects of the prior methods.

Increasing the efficiency of underwater sound trans-
ducer construction techniques, procedures and proc-
esses is significant from a cost standpoint. The present
invention can lower the rejection rate of defective
transducers, solve existing problems in applying insu-
lating layers to transducer laminations, and increase
the operating efficiency of individual transducer units.

Other objects, advantages and novel features of the
invention will become apparent from the following de-
tailed description of the invention when considered in
conjunction with the accompanying drawings wherein:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows transducer scroll prior to winding.

FIG. 2 shows a transducer scroll as in FIG. 1 after
being tightly wound.

FIG. 3 shows a cross section taken along line 3—3 of
FIG. 1 after plating and prior to annealing.

FIG. 4 is a cross-sectional view as in FIG. 3 taken
after annealing.

FIG. 5 is a cross-sectional view of two adjacent sec-
tions as in FIG. 4 after winding and a second annealing.

In referring to the drawings like references refer to
like components in each of the figures.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

In the example described herein, 2V Permendur, an
iron alloy with approximately 50 percent cobalt is used;
its oxide is electrically conductive. Various other mag-
netostrictive materials whose oxides are electrically
conductive are suitable, and the following process will
apply to them. The improved process involves coating,
by electroplating for example, the surface of a loosely
wound scroll 19, as shown in FIG. 1, of 2V Permendur
with metallic nickel 12 so that a layer 0.001 to 0.005
inch in thickness is deposited over the entire surface of
the metal.

The thickness of the deposited nickel coating 12, as
shown in FIG. 3, will depend on the radius of curvature
of the scroll, i.e., — smaller radii require thinner coat-
ings to preclude cracking of the deposited layer of
nickel. The nickel coated scroll 10 is then annealed in
an air or oxygen enriched atmosphere. During the an-
nealing process the nickel coating 12 is changed to
non-conducting nickel-oxide as shown in FIG. 4. After
annealing, scroll 10 is wound tightly, without the need
for a separate application of epoxy-type pottirig com-
pound to insulate and mechanically bind or consolidate
the scroll. After the scroll is tightly wound, as shown in
FIG. 2, the nickel-oxide coating forms an electrically
non-conductive, insulating partition between conduct-
ing layers or laminations 10 of the scroll, as illustrated
in FIG. 5. Then the scroll is again annealed in order to
eliminate the work-hardening and internal stresses in-
duced during winding. After this second anneal the
scroll can be immersed in an epoxy type potting com-
pound in order to effect consolidation. It should be
noted that the potting compound is not needed or used
to insulate the layers. Further annealing cannot be ac-
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complished after application of the potting compound
due to temperature limitations of the compound.

While 2V Permendur material was used as an exam-
ple, any material which does not produce an electri-
cally non-conductive oxide after annealing and which
can be nickel plated may benefit from this described
process.

Obviously many modifications and variations of the
present invention are possible in the light of the above
teachings. It is therefore to be understood that within
the scope of the appended claims the invention may be
practiced otherwise than as specifically described.

What is claimed is:

1. A method for making a magnetostrictive device,
comprising:

a. coating a sheet of magnetostrictive material with

metal nickel,

b. annealing said sheet coated with nickel in an oxy-
gen rich atmosphere to convert said nickel coating
to non-conducting nickel oxide,

c. rolling said nickel oxide coated sheet into a scroll
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having a plurality of adjacent layers wherein said
nickel oxide coating insulates and separates the
layers of magnetostrictive material,

d. re-annealing said scroll to eliminate any work

hardening and internal stresses.

2. A method as in claim 1 wherein said nickel coating
is from 0.001 inch to 0.005 inch in thickness.

3. A method as in claim 1 wherein said magnetostric-
tive material is a ferrous material which can be nickel
plated.

4. A method as in claim 1 wherein said magnetostric-
tive material is an iron alloy with approximately 50 per-
cent cobalt.

5. A method as in claim 1 wherein said magnetostric-
tive material is any magnetostrictive material whose
oxide is electrically conductive.

6. A method as in claim 1 wherein said layers, after
re-annealing, are encased in a potting material for con-

solidating them into a compact assembly.
* * * * *



