
March 9, 1965 R, C, HEM 3,173,037 
MAGNETOSTRICTIVE TRANSDUCER APPARATUS 

Filed Jan. 31, 1963 

WITNESSES 
JAZ-2 4%-2424. 

Fig.1. 

2 Sheets-Sheet 

INVENTOR 

Richord C. Heim 

  



March 9, 1965 R. C. HEM 3,173,037 
MAGNETOSTRICTIVE TRANSDUCER APPARATUS 

Filed Jan. 31, 1963 2 Sheets-Sheet 2 
  



United States Patent Office 3,173,037 
Patented War. 9, 1965 

3,173,037 
MAGNETOSTRICTEVE TRANSJCEER 

APPARATUS 
Richard C. Hein, Baltimore, Md., assigner to Westing 

house Electric Corporation, East Pittsburgh, Pa., a cor 
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The present invention relates to magnetostrictive trans 
ducer apparatus of the type Suited for vibrating a liquid 
medium to improve cleaning operations, form emulsions, 
homogenize liquids, etc.; and more particularly to im 
provements in such a transducer apparatus as is disclosed 
in copending U.S. patent application Serial No. 223,305, 
filed September 11, 1962, as a continuation of copending 
U.S. patent application Serial No. 722,817, filed March 
20, 1958, now abandoned, employing a highly-efficient 
array of thin space-separated magnetostrictive elements, 
or so-called laminations, distributed over substantially the 
entire liquid-exposure area of a radiating plate which 
couples the ends of the magnetostrictive elements vibra 
tionally to the liquid without significant bending of the 
plate between elements and loading of the elements by 
the mass of the plate, to afford matching the impedance 
of the magnetostrictive elements to the inpedance of a 
depth of liquid contained in a tank or vessel. 

in such previous apparatus of the identified patent ap 
plication, spacers were employed to obtain the desired 
space separation between the magnetostrictive elements 
and each element had a window or opening which was 
aligned with corresponding windows in a linear array of 
the elements to accommodate the windings of a coil for 
energizing all elements of such array. 

While entirely satisfactory from the standpoint of per 
formance, such structural features introduce an element of 
complexity with respect to fabrication of the apparatus 
which becomes reflected in the cost both as to labor and 
material. For example, the aligned coil-turn-accommo 
dating windows necessitates the forming of the coil while 
it is introduced to the array, by threading each turn 
through these windows and this dictates the use of rela 
tively-expensive multi-strand wire in order to satisfy the 
initial flexibility requirement. Furthermore, multi-strand 
wire of limited cost, such as Class A, presently is coated 
with a plastic insulating material of such temperature 
withstanding limitation as to have required the use of a 
small fan or blower in such previous apparatus in behalf 
of assuring integrity of such material during prolonged 
periods of operation. 

In accord with the present invention, improved features 
of the transducer apparatus include: the use of magneto 
strictive elements which are self-spacing, as by inclusion 
of portions on each element which abut corresponding 
portions on adjacent elements while affording the desired 
degree of distributed space-separated end area contact of 
such elements with the radiating plate of the apparatus; the 
use of open-ended coil-accommodating slots extending 
from the free or non-radiating-plate end of the elements, 
rather than windows, to enable the energizing coil to be 
prewound on a coil winding machine and readily inserted 
into and removed from the accommodating recess formed 
by a series of such slots when aligned in a space-separated 
array of the improved magnetostrictive elements bonded 
at their opposite ends to the radiating plate; and the use 
of such a prewound coil in compatability with such coil 
accommodating slot feature and which coil may be fur 
ther distinguishable by the use of the well-known relatively 
low-cost, durable, enameled magnet wire, Class H, for 
example, which will withstand temperatures up to 200 
C. and obviate need for forced air cooling of the appara 
tuS. 
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These and other features of the invention will become 

apparent from the following detailed description in con 
nection with the accompanying drawings in which: 
FIGURE 1 is a view in outline of one face of the in 

proved magnetostrictive element employed in plurality in 
the transducer apparatus of the present invention; 

F.G. 2 is a view in outline showing the ends of a num 
ber of the improved magnetostrictive elements when as 
sembled in abutting, self spacing, relationship in a linear 
array; 
FIGURE 3 is a three-dimensional cut-away view in ele 

vation of the improved magnetostrictive transducer ap 
paratus as embodied in a liquid-holding tank for Such as 
ultrasonic cleaning purposes involving cavitation of the 
liquid medium with the tank; and 

FIG. 4 is a bottom view of the transducer assembly as 
including two linear arrays of the improved magnetostric 
tive elements, including the performed energizing coils, as 
bonded to the underside of the radiating plate. 

Referring to FIGS. 1 and 2 in the drawings, the im 
proved magnetostrictive element as exemplified herein 
is made of thin-sheet magnetostrictive material, such as 
Grade A nickel .005 inch thick, which is shaped, as by 
stamping, to provide two spaced-apart, open-end, rectan 
gular coil-accommodating slots 2 extending longitudinally 
from one end, which end is frequently the bottom end 
where the upper end is bonded to the underside of a radiat 
ing plate 3 which constitutes the bottom of a tank as in 
FIGS. 3 and 4. Preferably the length of element 1 is one 
half the wavelength of the high frequency electrical energy 
source; this is approximately four and one-eighth inches 
for grade. A nickel at a twenty kilocycle energizing fre 
quency. A successful experimental configuration of the 
shape exemplified in F.G. 1 employed an overall width of 
approximately two and fifteen sixteenth inches, with the 
two slots 2 symmetrically arranged, about three and five 
sixteenths inches long, about five-eighths of an inch wide, 
and separated about seven-eighths of an inch. At each 
edge of each slot 2 there is provided a corrugation to 
afford a spacing ridge 5 which is offset perpendicularly 
from planar areas 6 in the vicinity of the slots 6 at 
the extreme edges, and in the middle. This offset was 
about one-sixteenth of an inch in the experimental con 
figuration. Each ridge 5 is joined at one edge to the 
planar areas 6 at a perpendicular rib 7 and at the opposite 
edge by a sloping rib 8, which in the experimental con 
figuration extended at an attitude of thirty degrees with 
respect to planar surfaces 6 and was one-eighth of an 
inch wide. 

In assembly of the magnetostrictive elements 1 for bond 
ing at their one end to one face of the radiating plate 3 
the elements are stacked as in a rectangular frame for 
abutting contact between their respective spacing ridges 5 
with such ridges on any two immediately-adjacent ele 
ments extending thicknesswise in opposite directions, as 
can be seen in FIG. 2. This gives a distributed spacing 
of dual-arranged thin edge areas of the magnetostrictive 
elements such that the total edge area of such elements 
relative to the area of the radiating plate 3 over which 
such end area is distributed is within the limits one-half 
to one and one-thirtieth to one for a radiating plate 3 of 
stainless steel having a thickness of from ten thousandths 
of an inch to one quarter of an inch, or equivalent in 
rigidity and mass of other suitable material. With such 
end area distribution of five-thousandths inch thick nickel 
magnetostrictive elements spaced-apart in dual abutment 
by one eighth of an inch, bonded to the bottom of a one 
eighth inch thick stainless steel radiating plate 3 as the 
bottom of a cleaning tank containing six inches of water, 
distributed over substantially the entire liquid exposure 
area of such plate, and energized at a frequency of twenty 
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kilocycles has operated with a high degree of overall 
efficiency. 
As so stacked and self-spaced in a frame, the space 

Separated and distributed ends of the stacked ridge-abut 
ting magnetostrictive elements, opposite to the slot 2 ends, 
are bonded to the radiating plate 3 by brazing such as an 
epoxy adhesive. This may be repeated, according to the 
size of the radiating plate 3, to give a dual array as in 
FIGS. 3 and 4, or greater number where necessary, to ob 
tain the preferred full coverage of the liquid-exposure 
area of such plate. 

Following the bonding of Such an array of elements to 
the radiating plate 3, an oval-shaped insulating member 
and coil mount 10 of V-shape in cross-section is inserted 
in the slots 2 of a particular array so as to extend between 
such slots at their opposite ends. Next a preformed ener. 
gizing coil it of such as Grade H enameled magnet wire 
is inserted into the slot 2 and nested in the coil mount 
10. Both coil 11 and mount 10 are held in place within 
the array of elements 1 by suitable retaining means 29 
So as to be held in place during a common attitude of the 
transducer assemblage, as in FIG. 3, where the slots 2 open 
downwardly. 

Each coil 11 in each array is preferably energized by 
a common source of alternating current power, as in FIG. 
4, and for the design parameters exemplified herein, this 
is preferably about twenty kilocycles per second. 
The radiating plate 3 oftimes will be provided with up 

Wardly extending walls 14, as in FIG. 3, to compose a 
tank for containing such as a liquid cleaning medium; the 
plate 3 Serving as the bottom of the tank. In order to take 
full advantage of the invention, the space separated end 
areas of the magnetostrictive elements should be dis 
tributed over Substantially the entire area of the bottom 
plate 3 within the domain of the tank walls 14. 
While the slotted configuration for energizing coil ac 

commodation of the present invention does not afford a 
complete flux path of magnetic material around the coil 
18 due to the open end of the slots 2, it has been found 
that the magnetic flux associated with operation of the 
magnetostrictive elements of the transducer is carried by 
the air gaps at the open slot ends, with no significant 
change in effective permeability of the magnetic circuit 
relative to the previous window accommodation of the 
coil. The number of turns of electrical winding of the 
coil required for driving and biasing the elements and for 
imatching the electrical impedance to the transducer were 
the same as previously required for the coil-accommodat 
ing window-type elements, and electro-acoustic efficiency 
also remained as high as afforded in such previous win 
dow-type elements. 
While the ridges of the magnetostrictive elements : 

afford the particular self-spacing feature of the inven 
tion, such ridges along the length of the elements also add 
stiffness and rigidly to the elements and to the transducer 
assembly. 
Although an exemplification of the invention has been 

described with a degree of particularly, it will be under 
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A. 
stood that the invention is not necessarily so limited and 
that it is intended that the invention as defined by the 
appended claims is of a spirit and scope which embraces 
-obvious modifications of such exemplification which 
would readily be apparent to those versed in the art. 

Having now described the invention, claim: 
1. A transducer assemblage comprising a plurality of 

thin magnetostrictive elements vibratorily coupled at their 
one end to a radiating plate, said elements having longi 
tudinaliy-extending.corrugations with their ridges in back 
io-back abutting relationship to afford distribution of 
Such elements on said plate in a self-spacing space-sepa 
rated relationship, said elements aiso having respective 
aligned slots extending longitudinally inward from their 
opposite ends; and a pre wound energizing coil extending 
through said slots. 

2. A transducer assemblage as set forth in claim 1, 
wherein the dimensions of such magnetostrictive elements 
are such as to give an end area of such elements of from 
one-half to one-thirtieth of the area of said radiating piate 
over which such elements are distributed. 

3. A transducer assemblage comprising a radiating 
plate, a plurality of parallel-arranged magnetostrictive 
elements each bonded at its one end to said radiating plate 
and having two paralei-arranged slots extending longi 
tudinally from its opposite end, the slots in each element 
being aligned with the corresponding slots in the other 
elements to form two parallel troughs, and a preformed 
coii nested in said troughs, such troughs and coil being 
So Constructed and arranged to permit insertion and re 
moval of said coil while remaining intact as a coil. 

4. A thin vibratory element of magnetostrictive ma 
terial having one edge for bonding to a radiating plate, 
and having corrugations extending perpendicular from 
Such edge longitudinally along said element, each of said 
corrugations in cross-section having a flat ridge for abut 
ting engagement with a corresponding flat ridge on an 
adjacent lamination bonded to the same radiating plate, 
an end rib at one ridge edge extending perpendicularly 
therefrom, and a sloping rib extending angularly of said 
other ridge edge. 

5. A vibratory element as set forth in claim 4, wherein 
Said element comprises two parallel-arranged slots ex 
tending longitudinally thereof from an edge opposite to 
its aforesaid edge to be bonded to a radiating plate, said 
slots being constructed and arranged for alignment with 
corresponding slots in other vibratory elements bonded 
to Such plate to accommodate disposition of an energiz 
ing coil wiich may be preformed and inserted and re 
goved from Such Siots while intact as a coil. 
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