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7 Claims

ABSTRACT OF THE DISCLOSURE

This gauging transducer includes a tip member which
is attached by a metal bellows to a housing member. The
tip has one end of an armature fixed axially thereof which
passes through an axial passage way in the housing and
extends to a region between a plurality of coils located
around the path of travel of the armature. The armature
shaft may include a projecting pin which rides in a groove
in a fixed anti-rotation sleeve within the housing.

This invention pertains to inductance variation type
transducers having a mechanical input. More partic-
ularly, it relates to novel details of construction for such
transducers which enable them to be further miniaturized
and which simultaneously simplify their construction and
increase their efficiency.

In prior art mechanical input inductance variation type
transducers, such as are frequently used in gauges,
comparators, and the like, certain elements are always
present. These elements include a longitudinally extend-
ing housing, within which coils are mounted, and an
armature assembly mounted for reciprocation with respect
to the interior of the housing. Mechanical inputs produce
reciprocation of the armature assembly with respect to
the housing, and the electrical components mounted
therein, so as to vary the inductance of the unit. The
armature is customarily resiliently biased so as to be
restored to a predetermined position upon the removal of
displacement producing mechanical forces. This biasing,
in the past, has been achieved with a wide variety of
springs, somé devices using coil springs within the hous-
ing, others using flat springs and still others using com-
binations of both.

Additionally, in the prior art, there has been recognition
of the need for sealing the end of the housing through
which the armature, or a portion of the armature
assembly, protrudes. Due to variatjons in position possible
for the armature, a flexible seal such as a bellows
diaphragm has often been used.

Finally, it has been found desirable to permit only
reciprocation of the armature assembly with respect to the
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housing while preventing its angular rotation with respect

thereto. This is most advantageous where the magnetic
characteristics of the armature are not uniform through
its cross-section and where, consequently, a calibration
made with the armature assembly in one angular orienta-
tion would not be valid were the armature assembly to
rotate as well as reciprocate within the housing.

Accordingly, it is an object of the invention to provide
a transducer, of the type described above, which includes
simple and effective means for preventing rotation of the
armature assembly with respect to the housing even when
the former is reciprocating.

It is also an object of the invention to provide a trans-
ducer having a resiliently biased armature assembly
wherein the means for producing the resilient bias are
external to the housing and are readily accessible and/or
visible.

Still another object of the invention is to provide a
transducer wherein the same component both seals and
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resiliently biases the armature, with respect to the hous-
ing, thus eliminating internal springs and performing two
prior art functions simultaneously.

These and other objects of the invention will be
apparent to those skilled in the art from a consideration
of the specification when read in conjunction with the
drawing, wherein:

FIGURE 1 represents a longitudinal cross-section taken
through a transducer embodying the invention with the
parts shown in phantom representing a conventional
application for the unit.

FIGURE 2 represents a perspective exploded view,
partially fragmented, of the transducer shown in FIG-
URE 1.

FIGURE 3 represents a fragmentary longitudinal cross-
section taken through another transducer embodying the
invention,

FIGURE 4 represents a section taken on line 4-—4 of
FIGURE 3.

FIGURE 5 represents a fragmentary exploded perspec-
tive view of portions of the transducer shown in FIGURE
3 with the phantom lines indicating the working rela-
tionships between the parts shown.

Referring now to the drawings, wherein like reference
numerals designate like parts, it will be observed that
the transducer comprises a longitudinally extending, gen-
erally cylindrical housing A, within which is mounted
an annular bobbin assembly B having a plurality of wind-
ings. An armature assembly C is mounted in the axial
core of bobbin assembly B and is adapted to reciprocate
therein. )

Housing assembly A comprises a generally cylindrical
metal shell 10, the distal end of which is provided with
an internal shoulder 11 and the proximal end of which
is provided with another internal shoulder 12. A metal-
lic bushing 13, having a plurality of circular wireways
14 and an axial armature ventway 15 is mounted across
the distal end of the housing in contact with shoulder
11 and is retained in that position by the application of
an insulating sealing composition 16, This composition
is preferably applied during assembly after a cable 17,
having a plurality of conductors 18, is positioned (as
shown in FIGURE 1) with conductors 18 passing through
wireways 14 en route to bobbin assembly B.

The proximal end of shell 10 is adapted to be closed
with a metal cap, generally 19, which includes a leading
neck 20, an externally threaded portion 21 and an ex-
ternally shouldered portion 22 adapted to fiit within the
shell 10 in juxtaposition with shoulder 12. The cap may
be cemented into place or otherwise affixed. Neck 20
is provided with an axial bore 23 which is enlarged, once
it passes the neck 20, into a cylindrical chamber 24 hav-
ing a circular cross-section. Fixedly mounted in chamber
24, as by being cemented to the walls thereof or press
fitted thereinto, is a metallic anti-rotation bushing or
sleeve 25 having a guide way 26 extending longitudinally
in or through a wall thereof. As shown in the instant
embodiment, the bushing is longitudinally split but a
groove, keyway or other conmstruction permitting only
longitudinal motion of a pin riding therein, would be
equally suitable,

Bobbin assembly B is formed with a plurality of an-
nular spools 36, 31 and 32 as well as an annular wire-
way 33. Coils 34, 35 and 36 are wound, respectively, on
spools 30, 31 and 32 and the various lead ends (not
shown) are passed through slots or orifices in spool sepa-
rators 38 into wireway 32 where connections are made
to conductors 18.

The construction and function of the coils are conven-
tional. For example, coil 35 may be a primary coil ex-
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cited from a suitable source whereas coils 34 and 36 may
be secondary coils. The specifics of the magnetic and
electrical circuits form no part of the instant invention
and are well known in the art as reflected, for example,
by the disclosure in U.S. Patent #3,221,281.

The bobbin assembly also includes a proximal cylin-
drical end portion 39 having an O.D. slightly less than
the 1.D. of shell 1¢ which, when the unit is assembled,
abuts sealing cap 19 proximate shoulder 12. An axial
bore 40 extends longitudinally through the assembly,
from end 39 to slotted distal end 41, and is in axijal align-
ment with ventway 15. The slots in end 41 are cut so
as to be in registration with holes 14 to permit connection
of appropriate conductors 18 to their electrically related
coils. As assembled, end 41 abuts bushing 13 proximate
shoulder 11. Assembly B may be cemeted in housing
A or merely held in place by bushing 13 and cap 19.

Armature assembly C, which is mounted for recipro-
cation between fixed limits within bore 40, may be made in
several sections which are screwed or cemented together.
As is conventional, it is metallic and forms an important
part of the flux circuit. The armature comprises a ter-
minal section 50, having an O.D. slightly less than the
ID. of bore 40, which further includes a hemispherical
end 51. Adjoining section 50 is a section 52 having a
smaller diameter, which extends longitudinally past the
proximal end of shell 10. Fitted into section 52, and ex-
tending radially therefrom, isan anti-rotation pin 53 which
is adapted to ride in guideway 26. This pin also serves

to limit reciprocal motion of armature C when it contacts -

the closed end of axial chamber 24.

A metal seal 54 having an internally threaded bore 55
and a neck portion 56 is mounted on the free end of
armature section 52 and moves with it as part of the
armature assembly., Mounted coaxially about armature
portion 52, and affixed to seal 54, is a non-metallic (e.g.
nylon) stop sleeve 57. This sleeve limits distal motion
of the armature C with respect to housing A, proximal
motion being limited as described above.

The armature assembly is resiliently biased in the ex-
tended position shown in FIGURE 1 by a metallic bel-
lows 58 having shaped ends 59 and 68. End 59 mounts
on and is affixed to neck portion 56 of the metal seal
54, whereas end 60 mounts on and is affixed to neck
20 of cap 19. Bellows 58 has the elasticity of a spring
and functions as such while, simultaneously, sealing the
end of the armature assembly where it emerges from bore
23. In its spring function the bellows has a great advan-
tage over a helical spring. Whereas a helical spring ap-
plies forces only at a point of contact, the ends 59 and
60 insure an even distribution of thrust forces around
the armature. Thus there are no unbalanced transverse
force vectors which would tend to axially misalign the
armature with respect to the bobbin assembly or the
housing. Further, such a bellows-like spring has a highly
predictable spring rate. Suitable bellows are preferably
formed by electro deposition on a shaped mandrel and
are made of corrosion resistant metal.

In use the transducer may be mounted in a fixed re-
taining surface 61 utilizing, for example, threaded portion
21. Into bore 55 may be threaded a gauging link 62 on
which is mounted a gauging roller or tip 63. Roller 63 is
placed in juxtapositon with a moving surface 64, irregu-
larities of which are to be gauged. Motion components
along the axis of the transducer, caused by the irregu-
larities, are transmitted to the armature as the mechanical
input of the device. The spring characteristics of the bel-
lows insure normal contact with the surface and the spring
rate predictability prevents galling or scratching of sur-
face 64 by tip 63. Truly precise calibration is possible
because the armature is prevented from rotating (and
thereby changing magnetic circuit characteristics) but not
from reciprocating by the anti-rotation means described
above.
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In the embodiment shown in FIGURES 3 to 5 inclu-
sive, the armature assembly C includes a large diameter
shaft portion 70 and a portion 71, having a reduced diam-
eter, which latter portion projects outwardly from hous-
ing A. The armature assembly is completed by a metal end
seal 72 having an internally threaded bore 73 and a shoul-
dered neck portion 74. Additionally, it is provided with a
projecting half sleeve 75 which extends toward housing
A. Sleeve 75 includes a flat transverse bearing surface 76.

Generally, end seal 72 functions in the same manner as
seal 54, with bore 73 receiving a gauging link, such as
62 and with one end of bellows 58 mounting on neck
portion 74. The seal is fixed, as by cementing or press
fitting, to the free end of shaft 71. Bellows portion 59 is
cemented or otherwise affixed to neck 74. The primary
difference between the two seals involves sleeve 75.

Housing assembly A is also somewhat different in that
the end sealing cap 80 is provided with an internal bore
81 whose diameter complements the outside diameter of
shaft section 71 and provides a bearing for it as it recipro-
cates in the housing. The cap also includes a transverse
terminal face 82 which serves as a stop to limit the out-
ward travel of enlarged shaft portion 70. This sealing cap
is provided with a cantilevered outwardly extending half
sleeve 83 which includes a flat transverse bearing surface
84. Surface 84 is complementary to surface 76 and seal
72 and cap 80 are so positioned that these two surfaces
make sliding contact with each other as the armature as-
sembly reciprocates. The other portions of sealing cap 80
are identical in function and appearance to similar portions
of cap 19, and have been so marked in the figures.

In operation the two sleeves 75 and 83 act as means
for preventing rotation of the armature assembly with re-
spect to the housing, They further serve as means for
limiting compression of bellows 58. Stated in an alter-

. native manner, they act effectively as a single sleeve, split

transversely, to limit rotation of the armature with re-
spect to the housing. They also limit reciprocation in one
direction, and reciprocation in the opposite direction is
limited by contact between face 82 and the end of en-
larged shaft portion 76. This embodiment presents greater
resistance to side-thrust at gauging tip 63 than the em-
bodiment shown in FIGURE 1. It also provides greater
bearing surface for the armature assembly C and a more
positive anti-rotation action.

While a plurality of embodiments of my invention have
been described in detail it is apparent that many applica-
tions exist in the transducer field for the resilient bellows
and/or anti-rotation means disclosed. Accordingly, my in-
vention is intended to be defined and limited only by the
appended claims.

Having described our invention, we claim:

1. In an inductance variation transducer having a longi-
tudinally extending housing in which are mounted a plu-
rality of coils and along the axis of which an armature
assembly is mounted for reciprocation in response to a
mechanical input and wherein a portion of the armature
pr9jects beyond the housing, the improvement which com-
prises providing a unitary flexible means which simul-
taneously resiliently biases the armature assembly with re-
spect to the housing and acts as a flexible seal around the
projecting armature portion and further comprises slotted
bushing means surrounding the armature and cooperating
therewith for preventing rotation of the armature assem-
b]y. with respect to said housing without interfering with
reciprocation,

2. The improved transducer of claim 1 which further
1:n'c1udes sleeve means surrounding said armature for lim-
iting reciprocation of the armature assembly with respect
to the housing. ’

3. In an inductance variation transducer having a longi-
tudinally extending housing in which are mounted a plu;
rality of coils and along the axis of which an armature
assembly is mounted for reciprocation in response to a
mechanical input and wherein a portion of the armature
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assembly projects beyond that housing, the improvement
which comprises providing a unitary flexible means which
simultaneously resiliently biases the armature ‘assembly
‘with respect to the housing and acts as a flexible seal
around the projecting armature portion and -which further
includes means which serve both to prevent rotation of
the armature assembly with respect to the housing and to
limit reciprocation of the armature assembly with respect
to the housing, said limit means comprising a pin radially
extending from a portion of the armature which is within
the housing, and a longitudinally extending groove, fixed
with respect to said housing, into which pin extends, at
least one end of the groove being enclosed to limit longi-
tudinal travel of the pin therein.

4. The transducer of claim 3 wherein said limit means
comprises a longitudinally extending sleeve coaxially
mounted about said projecting armature portion, said
sleeve being transversely split into two portions, each
having flat surfaces, which bear on each other, one of
said portions being fixed with respect to said armature
assembly and the other of said portions being fixed with
respect to said housing, whereby travel of the armature
toward the housing is limited and rotation of the arma-
ture with respect to the housing is also limited.

5. In an inductance variation transducer having a longi-
tudinally extending housing in which are mounted a plu-
rality of coils and along the axis of which an armature
assembly is mounted for reciprocation in response to a
mechanical input and wherein a portion of the armature
essembly projects beyond the housingz, the improvement
which comprises providing a unitary flexible means which
simultaneously resiliently biases the armature assembly
with respect to the housing and acts as a flexible seal
around the projecting armature portion, said unitary flex-
ible means comprising a resilient metal bellows diaphragm
coaxially mounted about the projecting portion of the
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armature, one end of said diaphragm being sealingly cou-
pled to the housing and the other end of said dia-
phragm being sealingly coupled to said armature assembly
at a point longitudinally spaced away from the housing,
and also including a longitudinally extending sleeve co-
axially mounted about said projecting armature portion
inside said diaphragm which limits compression of said
sleeve and thereby limits the travel of said armature as-
sembly toward said housing.

6. The transducer of claim 5 which further includes a
longitudinally extending sleeve coaxially mounted about
said projecting armature portion, inside said diaphragm
said sleeve being transversely split into two portions, each
having flat surfaces, which bear on each other, one of said
portions being fixed with respect to said armature and the
other of said portions being fixed with respect to said
housing, whereby travel of the armature toward the hous-
ing is limited and rotation of the armature with respect
to the housing is also limited.

7. The transducer of claim 6 wherein a portion of said
armature assembly, located within said housing, limits ex-
tension of said projecting portion with respect to said
housing.
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