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2,994,016 
MAGNETIC TRANSLATING DEVICE 

Raymond W. Tibbetts and George C. Tibbetts, Camden, 
Maine, assignors to Tibbetts industries, Inc., Camden, 
Maine, a corporation of Maine 

Filed Aug. 28, 1957, Ser. No. 680,765 
8 Claims. (C. 317-172) 

The present invention is concerned with magnetic trans 
lating devices having a movable armature, depending for 
operation on variable gaps and variable magnetic fluxes, 
and thereby capable of translating mechanical to elec 
trical energy or vice versa. 
A primary object of the invention is to provide a mag 

netic transducer in which the eiectrical signal coil is sub 
Stantially encased in magnetic material, with the result 
that the undesirable sensitivity to stray magnetic fields is 
greatly reduced. 
A further object of the invention is to provide a mag 

netic translating device in which the magnetically soft 
portions carrying polarizing flux may be minimized in 
thickness in order to minimize both eddy current losses 
and physical size. 
Another object of the invention is to provide a mag 

netic transducer in which the electrical signal coil can 
readily be located with precision. 

Still another object of the invention is to provide a 
magnetic translating unit which is highly stable and 
rugged, and which is compact and structurally complete, 
2nabling it to be applied readily in a variety of complete 
translating assemblies. 
These objects are accomplished in our invention by pro 

viding the magnetic portions which carry polarizing flux 
in such a way that the electrical signal coil is substan 
tially enclosed, by feeding the gaps with polarizing flux 
from a large proportion of their peripheries, and by ar 
ranging whenever possible for the signal flux and polariz 
ing flux to be approximately orthogonal in field direction 
in the greater part of the magnetically soft portions that 
carry both types of flux. 
According to this invention the magnetic translating 

device comprises a vibratory armature with means for 
supporting one part of the armature while leaving another 
part free to vibrate transversely of a predetermined plane, 
characterized by magnets extending lengthwise of the 
armature on the opposite sides thereof which are inter 
sected by said plane, the poles of the magnets being di 
rected transversely of the plane in corresponding direc 
tions, and sheets of magnetic material substantially bridg 
ing the space between the poles of the magnets on oppo 
site sides of the aforesaid plane respectively, the sheets 
substantially covering the armature and presenting pole 
faces to the vibratory part of the armature. 

In a more specific aspect the invention involves means 
for holding the parts together including a U-shaped clip 
straddling the aforesaid sheets intermediate the magnets 
at one end of the device. 
For the purpose of illustration typical embodiments 

of the invention are shown in the accompanying draw 
ngs in which 
FIG. 1 is a plan view; 
FIG. 2 is a left end view; 
FIG. 3 is a side view; 
FIG. 4 is a right end view; 
FIG. 5 is a section on line 5-5 of FIG. 3; 
FIG. 6 is a section on line 6-6 of FIG. 1; 
FIG. 7 is an isometric view with parts broken away; 
FIG. 8 is a section like FIG. 6 showing a modified con 

struction; 
FIG. 9 is a plan view of another embodiment; 
FIG. 10 is a section on line 10-10 of FIG. 9; 
FIG. 11 is a right end view of FIG. 9; and 
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FiG. 12 is an isometric view of the modification with 

parts broken away. 
The particular embodiment of the invention shown in 

FIGS. 1 to 7 comprises a coil 1, which may for example 
be of the type disclosed and claimed in the copending 
application of Raymond W. Tibbetts, Ser. No. 681,393, 
filed August 30, 1957, now Patent No. 2,988,804, issued 
June 20, 1961, an armature 2 extending through the 
opening 3 in the coil, magnets 6 and 7 extending length 
wise of the armature on the opposite sides of the 
coil which are intersected by the plane of the armature, 
the poles of the magnets being directed transversely of 
the plane in corresponding directions as indicated by the 
letters N and S in FIGS. 2 and 4, and thin sheets 8 and 9 
of magnetic material substantially bridging the space be 
tween the poles of the magnets on opposite sides of the 
aforesaid plane respectively. While the coil may be 
mounted on one sheet only, as by adhesive, as illustrated 
the sheets are shaped to fit the coil snugly and hold it in 
position. At each end the sheets 8 and 9 converge toward 
the armature both laterally and longitudinally to central 
portions which parallel the armature in close juxtaposi 
tion thereto. At the right-hand end (FIGS. 1, 3 and 6) 
non-magnetic spacers 1 and 2 are interposed between 
the sheets and the armature and the parts are secured to 
gether by means of a screw i3. At the left-hand end 
the armature is free to vibrate between the pole faces 14 
and i6 (FIG. 6). To transfer vibration to or from the 
armature a yoke 17 straddles the armature and pinches it 
Snugly therebetween, the yoke extending outwardly 
through an opening 18 in the sheet 8. At its anchored 
end the armature has flexible tabs 19 and 20 which may 
be bent toward one or the other of the sheets 8 and 9 
Variably to collect magnetic flux, thereby to equalize the 
flux flowing between the armature and each of the pole 
faces 14 and 16. The ends of the coil may be connected 
to insulated terminals 21. 

In addition to the screw 13 a non-magnetic clip 23 may 
be slipped over the central end portions of the sheets 8 
and 9 as shown in FIG. 8. Also the sheets 8 and 9 may 
be secured to the magnets 6 and 7, and if desired also to 
the coil 1, by means of a suitable cement such as fluid 
epoxy resin with an amine type hardener. The clip 23 
serves to define the thickness of the air gaps very accu 
rately. Also it does away with the necessity of extend 
ing the pole faces beyond the free end of the armature 
for the purpose of securing them together. Thus the 
length of the unit is reduced, this being of prime impor 
tance in miniature devices. 
The modification shown in FIGS. 9 to 12 is similar to 

that shown in FIGS. 1 to 7 and corresponding parts are 
correspondingly designated. However instead of the 
armature being T-shaped it is E-shaped, comprising a 
central portion 22 corresponding to the part 2 of the first 
embodiment, an end portion 23 and side portions 24. In 
stead of a single magnet on each side there are two mag 
nets 26 and 27 on opposite sides of the portions 24 of 
the armature. As in the first embodiment the poles of 
the magnets are directed transversely of the plane of the 
armature in corresponding directions as indicated by the 
letters N and S in FIG. 11. Tabs 29 and 30, correspond 
ing to tabs 19 and 20 in the first embodiment, are located 
on the ends of the portions 24 of the E-shaped armature, 
the magnets 26 and 27 being shortened to provide a 
Space between the sheets 8 and 9 so that each tab may be 
bent toward either sheet. 
As is well known in the art of magnetic transducers, 

current passing through the coil and about the armature 
causes circulatory signal fluxes through the paths defined 
by the armature and the two sheets 8 and 9. Inasmuch 
as the signal fluxes have opposite directions in the air 
gaps between the armature and the pole faces 14 and 16, 
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whereas the polarizing flux supplied by the magnets is in 
the same direction in the two gaps, the signal flux in 
creases the total magnetic flux in one gap and decreases 
it in the other gap, so that the armature is deflected to 
actuate the yoke 17. In the opposite direction of trans 
duction the total fluxes in the two gaps vary oppositely 
as the armature is moved back and forth, causing elec 
trical output to be induced in the coil. 
An important feature of the invention consists in that 

the coil 1 is throughly shielded from stray magnetic fields 
by the magnets 6 and 7 and the sheets 8 and 9. Further 
more the pole faces 14 and 16, and the corresponding 
pole faces on the right end (FIGS. 1, 3 and 6), are sup 
plied with polarizing flux from three sides, that is length 
wise of the armature from the inside and crosswise from 
both sides. The embodiment shown in FIGS. 1 to 7 
has the further advantage that since the magnets Supply 
polarizing flux to the sides of the sheets 8 and 9 and 
since the signal flux traverses the sheets in a generally 
lengthwise direction, the signal flux and polarizing flux 
are approximately orthogonal in their field directions 
over the greater part of the sheets, with the exception of 
the regions near the pole faces and near the lengthwise 
axis of symmetry. This is of significance because a 
polarizing flux perpendicular in field direction to a sig 
nal flux reduces the incremental permeability of the ma 
terial for the signal flux much less than the same polariz 
ing flux when superposed on the signal flux in the same 
field direction. As a result of these latter two features, 
the polarizing flux density is minimized in the regions of 
the magnetic sheets near the gaps, and the effect of the 
polarizing flux upon the incremental permeability of the 
sheet material for signal flux is minimized in much of 
the remainder of the sheets. Therefore the thickness of 
the sheet material may be considerably reduced as com 
pared with conventional designs, resulting in consider 
ably reduced eddy current losses and in a smaller unit. 

It should be understood that the present disclosure is 
for the purpose of illustration only and that this inven 
tion includes all modifications and equivalents which fall 
within the scope of the appended claims. 
We claim: 
1. A transducer comprising an electromagnetic coil 

having an opening therethrough, an armature extending 
through said opening with a part projecting from each 
end of the coil, means for supporting one part, the other 
part being free to vibrate transversely of a plane contain 
ing the axis of the coil, magnets extending lengthwise of 
the armature on the opposite sides of the coil which are 
intersected by said plane, the poles of the magnets being 
directed transversely of the plane in corresponding direc 
tions, and sheets of magnetic material substantially bridg 
ing the space between the poles of the magnets on oppo 
site sides of said plane respectively, said sheets and mag 
nets substantially enclosing the coil and having portions 
projecting beyond the ends of the coil, the projecting por 
tions extending substantially parallel to the projecting 
ends of the armature so as to present pole faces flatwise 
to at least one end of the armature, whereby the coil is 
thoroughly shielded from stray magnetic fields and said 
pole faces are supplied with polarizing flux from three 
sides. 

2. A transducer comprising an electromagnetic coil 
having an opening therethrough, an armature extending 
through said opening with a part projecting from each 
end of the coil, means for supporting one part, the other 
part being free to vibrate transversely of a plane con 
taining the axis of the coil, magnets extending lengthwise 
of the armature on the opposite sides of the coil which 
are intersected by said plane, the poles of the magnets 
being directed transversely of the plane in corresponding 
directions, and sheets of magnetic material substantially 
bridging the space between the poles of the magnets on 
opposite sides of said plane respectively, said sheets locat 
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4 
ing the coil therebetween and having portions projecting 
beyond the ends of the coil, the projecting portions of the 
sheets extending in approximately parallel juxtaposition 
to the projecting ends of the armature so as to present 
pole faces flatwise to the armature, whereby the coil is 
thoroughly shielded from stray magnetic fields and said 
pole faces are supplied with polarizing flux from three 
sides. 

3. A transducer comprising an electromagnetic coil 
having an opening therethrough, an armature extending 
through said opening with a part projecting from each 
end of the coil, means for supporting one part, the other 
part being free to vibrate transversely of a plane con 
taining the axis of the coil, magnets extending lengthwise 
of the armature on the opposite sides of the coil which 
are intersected by said plane, the poles of the magnets 
being directed transversely of the plane in corresponding 
directions, and sheets of magnetic material substantially 
covering the coil and armature on opposite sides of said 
plane respectively, said sheets having portions projecting 
beyond the ends of the coil, the projecting portions of the 
sheets extending substantially parallel to the projecting 
ends of the armature so as to present pole faces flatwise 
to at least one end of the armature. 

4. A transducer comprising an electromagnetic coil 
having an opening therethrough, an armature extending 
through said opening with a part projecting from each 
end of the coil, means for supporting one part, the other 
part being free to vibrate transversely of a plane con 
taining the axis of the coil, magnets extending lengthwise 
of the armature on the opposite sides of the coil which 
are intersected by said plane, the poles of the magnets 
being directed transversely of the plane in correspond 
ing directions, and sheets of magnetic material Substan 
tially bridging the space between the poles of the mag 
nets on opposite sides of said plane respectively, said 
sheets and magnets substantially enclosing the coil and 
having portions projecting beyond the ends of the coil, 
the projecting portions of the sheets at at least one end 
of the coil first converging towards the armature and 
thence continuing substantially parallel to the projecting 
ends of the armature so as to present pole faces flatwise 
to at least one end of the armature, whereby the coil is 
thoroughly shielded from stray magnetic fields and said 
pole faces are supplied with polarizing flux from three 
sides, said supporting means including at least one of 
said sheets. 

5. A transducer according to claim 4 further charac 
terized in that said projecting portions of the sheets also 
converge toward each other transversely from the pro 
jecting ends of the magnets toward said pole faces. 

6. A transducer comprising an electromagnetic coil 
having an opening therethrough, an armature extending 
through said opening with a part projecting from each 
end of the coil, means for supporting one part, the other 
part being free to vibrate transversely of a plane con 
taining the axis of the coil, magnets extending length 
wise of the armature on the opposite sides thereof which 
are intersected by said plane, the poles of the magnets 
being directed transversely of the plane in corresponding 
directions, sheets of magnetic material substantially 
bridging the space between the poles of the magnets on 
opposite sides of said plane respectively, said sheets 
substantially covering the armature and having portions 
projecting beyond the ends of the coil, the projecting 
portions of the sheets extending substantially parallel 
to the projecting ends of the armature so as to present 
pole faces flatwise to at least one end of the armature, 
and means for securing the parts together including a 
U-shaped clip straddling said projecting portions of the 
sheets intermediate the magnets at one end of the device. 

7. A transducer comprising an electromagnetic coil 
having an opening therethrough, an E-shaped sheet of 
magnetic material the middle arm of which extends 
through said opening with a part projecting from each 
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end of the coil, magnets extending lengthwise of the 
arms of the sheet and located on each side of each of the 
outside arms of the sheet, the magnets each being polar 
ized transversely of the sheet in the same direction, and 
plates of magnetic material substantially bridging the 
free poles of the magnets and substantially covering the 
coil, portions of the plates projecting beyond the ends 
of the coil so as to present pole faces flatwise to the 
unattached end of said middle arm, the unattached 
end of said middle arm being free to vibrate between 
said pole faces. 

8. A transducer comprising an electromagnetic coil 
having an opening therethrough, an E-shaped sheet of 
magnetic material the middle arm of which extends 
through said opening with a part projecting from each 
end of the coil, magnets extending lengthwise of the 
arms of the sheet and located on each side of each of 
the outside arms of the sheet, the magnets each being 

6 
polarized transversely of the sheet in the same direc 
tion, and plates of magnetic material substantially bridg 
ing the free poles of the magnets and substantially cov 
ering the coil, portions of the plates projecting beyond 
the ends of the coil, the projecting portions at one end 
of the coil first converging towards said middle arm and 
then extending substantially parallel thereto so as to pre 
sent pole faces flatwise to the unattached end thereof, 
said unattached end being free to vibrate between said 

0 pole faces. 

References Cited in the file of this patent 
UNITED STATES PATENTS 

is 2,433,739 Collins et al. ------------ Dec. 30, 1947 
2,511,114 Lavery ---------------- June 13, 1950 
2,582,942 Baker ------------------ Jan. 22, 1952 
2,912,523 Knowles et al. ---------- Nov. 10, 1959 



UNITED STATES PATENT OFFICE 
CERTIFICATE OF CORRECTION 

Patent No. 2,994,016 July 25, l96l 
Raymond W. Tibbetts et al. 

It is hereby certified that error appears in the above numbered pat 
ent requiring correction and that the said Letters Patent should read as 
'corrected below. 

Column 3 line 64, beginning with "2. A transducer" 
strike out all to and including "sides." in line 8 column 4; 
columns 4 and 5 for the claims numbered '3, 4, 5, 6, 7 and 8" 
read -- 2, 3, 4, 5, 6 and 7 --; column 4 line 48 for the 
claim reference numeral "4" read -- 3 --; in the heading to the 
printed specification line 7, for "8 Claims" read -- 7 Claims 

Signed and sealed this 23rd day of January 1962. 

(SEAL) 
Attest: 

ERNEST W. SWIDER DAVID L, LADD 
Attesting Officer Commissioner of Patents 



UNITED STATES PATENT OFFICE 
CERTIFICATE OF CORRECTION 

Patent No. 2994 Ol6 July 25, 1961 
Raymond W. Tibbetts et al. 

It is hereby certified that error appears in the above numbered pat 
ent requiring correction and that the said Letters Patent should read as 
'corrected below. . 

Column 3 line 64, beginning with "2. A transducer" 
strike out all to and including "sides." in line 8, column 4; 
columns 4 and 5 for the claims numbered "3, 4, 5, 6, 7, and 8" 
read -- 2, 3, 4, 5, 6 and 7 --; column 4 line 48 for the 
claim reference numeral '4" read -- 3 --; in the heading to the 
printed specification line 7, for "8 Claims" read -- 7 Claims 

Signed and sealed this 23rd day of January 1962. 

(SEAL) 
Attest: 

ERNEST W. SWIDER 
Attesting Officer 

DAVID L, LADD 
Commissioner of Patents 

  


