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[57 ABSTRACT.

A low loss capacitor having hollow cylindrical elec-
trodes which are coaxially interleaved. The capacitance
is varied by rotation of the rotor electrodes which are
mounted on a screw member for axial displacement
with respect to the stator electrodes when the screw
member is turned. The scew member has a frictional
locking means.
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1
ADJUSTABLE LOW-LOSS CAPACITOR

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue. |

-.,

BACKGROUND AND SUMMARY OF THE
INVENTION

This application is a reissue of U.S. Pat. No. 3,469,160
issued Sept. 23, 1969 which was a continuation-in-part of
my application Ser. No. 558,150 filed June 16, 1966 and
now abandoned, said application Ser. No. 558,150, in
turn, being a continuation-in-part of my still earlier
application Ser. No. 510,148 filed Nov. 18, 1965 and
now abandoned. |

The present invention relates to adjustable capacitors

and more particularly to low loss capacitors having an

improved controlled tuning adjustment screw which
operates longitudinally and eliminates backlash.

The capacitors are used for tuning or as trimmers and
have maximum capacitances of the order of from 5 to
500 micro microfarads. The minimum capacitance for
the range of adjustability is usually less than ten percent
of the maximum capacitance. The capacitance varies
linearly with respect to angular displacement of the
tuning screw with a high degree of precision through-
out the adjustment range. Extremely low losses are
obtained, the “(Q” being of the order of 1000 to 4000 at
a frequency of 100 megacycles per second. The varia-
tion of capacitance with respect to operating tempera-
ture is low.

The capacitor comprises a stator unit and a rotor unit
each having a series of coaxially arranged cylindrical
electrode tubes. The stator unit 18 rigidly connected by
a hollow cylindrical insulating member with an interi-
orly threaded rotor bushing. The rotor unit comprises a
rotor screw which engages the internal threads of the
rotor bushing with a precision fit. One end of the rotor
screw carries an axially displaceable group of rotor
tubes which enter between and are spaced from the
stator tubes. The outer end of the rotor screw is formed
with a screwdriver siot for turning the rotor unit.

In one embodiment, the rotor screw has at least one
cut formed therein, the cut being formed as at least one,
and preferably two axially spaced transverse slots lo-
cated intermediate its ends. The slots, which, when
originally formed, have flat, parallel walls or sides,
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extend from diametrically opposed lateral portions of 50

the screw inwardly and across its longitudinal axis.
After formation of the transverse slots, the screw is
axially compressed to deform the slots so that their
walls are oblique with respect to each other and thereby
resiliently misalign the helical threads of the screw
adjacent to the open end of each slot.

By the provision of a plurality of slots such as two
slots, it is possible to make the deformations of the slots
complementary so that the longitudinal axis of the
screw, although interrupted by the slots, remains sub-
stantially rectilinear after the compressive deformation.
This facilitates handling of the screw and insertion
thereof into the complementary threads of a cooperat-
ing interiorly threaded member such as the rotor bush-
ing referred to above. |

When the rotor screw is progressively inserted in the
stationary rotor bushing, the screw turns smoothly until
the first slot is reached. Thereafter, a forcible axial elon-
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gation of the screw takes place so that the interrupted
threads at both sides of the first slot become realigned
and enter into yieldingly forced frictional engagement
with the cooperating continuous internal threads of the
rotor bushing. A further axial elongation of the screw
realigns the threads at both sides of the second slot to fit
the internal threads of the bushing. The axial elonga-
tions involve a widening of the outer end portions of the
transverse slots and a corresponding change in the dihe-
dral angle between their flat sides accompanied by a
resilient bending of the screw material between the two
slots and, as a result, a positive eliminating backlash
engagement which results in a effect between the screw
and the bushing is obtained. This frictional engagement
is of constant magnitude and firmly holds the rotor
assembly in any position of rotational adjustment within
its operating range.

In two preferred embodiments of the invention, the
external threads of the screw are separated into two
axially spaced sections by an annular groove which
defines a non-threaded portion of reduced diameter
intermediate the two-threaded sections. The non-
threaded portion is arranged to be axially resiliently
extensible, having been deformed by axial compression
so that the two threaded sections are helically mis-
aligned. | |

In one of these embodiments, the slots described
above are formed in the non-threaded section. As the
screw is progressively inserted in the rotor bushing, the
screw turns freely until the non-threaded section has
been passed. Thereafter, a resilient axial elongation of
the non-threaded section takes place as the threads at
both sides of the non-threaded section are forced into
helical alignment by simultaneous engagement with the
continuous threads of the bushing. This results in a
smooth and uniform frictional engagement between the
threads of the screw and the threads of the bushing,
whereby the screw is retained in any desired adjustment
position.

The invention will be better understood from the
following specification with reference to the accompa-
nying drawing forming a part thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

Referring to the drawing:

FIG. 1is an elevational view in axial section showing
a capacitor embodying the invention and having an
adjustment screw wherein the non-threaded portion is
omitted.

FIG. 2 is a transverse sectional view taken along the
line 2—2 of FIG. 1 looking in the direction of the ar-
rOwSs.

FIG. 3 is a fragmentary view in axial section tllustrat-
ing the convergent configuration of the transverse slots
in the non-threaded portion of the screw of the rotor
unit when the screw is removed from engagement with
the cooperating internal threads shown in FIG. 1.

FIG. 4 is a reduced scale perspective view of the
rotor unit partly broken away and shown in section to

‘illustrate details of construction, the non-threaded por-

tion of the screw being omitted.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to the drawing, the capacitor comprises a
stator unit designated generally as 10 and a rotor unit

‘designated generally as 11. The rotor unit 11 is thread-
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edly mounted in a rotor bushing member designated
generally as 12

The stator unit 10 comprises a metal disc-shaped
body portion 14 having an external integrally formed
axial extension 15. The free end of the extension 15 is
headed at 16 for retaining a conductor (not shown)
prior to and during the formation of a soldered connec-
tion with the conductor. The conductor, or other cir-
cuit element which i1s connected to the extension 185,
provides a utilization connection for energizing the
stator unit 10.

The stator unit 1) has an inner annular groove 18
formed therein and an outer annular groove 19, the two
grooves 18 and 19 being of rectangular cross-section
and precisely concentric with the common longitudinal
axis of the stator unit 10 and rotor bushing 12. Four
stator tubes 21, 22, 23 and 24 are precision fitted in the
grooves 18 and 19 and are of equal lengths. The stator
tubes 21-24 are permanently secured as by soldering.
The stator tubes 21-24 are formed of Invar or similar
alloy when a low temperature coefficient of capacitance
is desired. Where very low loss is important, the elec-
trode tubes are made of silver or other material of low
specific resistivity. An integrally formed cylindrical
shank 26 extends from the body portion 14 of stator unit
10 coaxially within the innermost stator tube 21.

The stator unit 10 is rigidly connected to the rotor
bushing 12 by a holiow cylindrical housing or sleeve 27
formed of a glazed ceramic material such as alumina.
Glass 1s also suitable. At its ends, the external surface of
the housing 27 is metallized to provide two thin circum-
ferential bands 28 of metal intimately and positively
adhered to the surface of the sleeve. In the drawing, the
thickness of the metallized bands 28 has been exagger-
ated for clarty of illustration. The metallized bands 28
are connected to the periphery of the stator unit 10 and
to the periphery of the rotor bushing 12 by rings of high
melting point solder 30. During the soldering operation,
the parts are so positioned that the longitudinal axes of
the stator unit 10 and the rotor bushing 12 are precisely
aligned.

The rotor unit 11 comprises a metal body portion 31
having two axially spaced series or groups of external
helical threads 32a and 32b in threaded engagement
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with complementary internal threads 33 formed in the 45

rotor bushing 12. The threads 32a and 32b constitute
two axially spaced threaded sections or groups of
threads which are separated by a groove defining a
non-threaded section 32¢ of reduced diameter. In FIGS.
1 and 4, the non-threaded portion 32c has been omitted
and the threads 32 are interrupted only by the slots
hereinafter described. The rotor unit 11 also comprises
four rotor tubes 34, 35, 36 and 37 of equal lengths
formed of metal like the stator tubes 21-24 described
above. Inward movement of the rotor unit 11 is limited
by a stop member 38 suitably retained within the inner-
most rotor tube 37 and which abuts the shank 26 in the
position of maximum capacitance. The innermost tube
34 1s press fitted or otherwise permanently and accu-
rately secured, being fitted against the lateral wall of a
cylindrical recess 39 formed in the inner end of the
rotor body 31. The intermediate tubes 35 and 36 are
similarly fitted against the inner and outer walls, respec-
tively, of an annular groove 40 formed in the inner end
of the rotor body 31, the depth of the groove 40 being
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the same as that of the recess 39. The outermost tube 37 .

1s stmilarly fitted against a cylindrical outer end surface
41 of the rotor body 31. For lower values of maximum

4

capacitance the number of rotor tubes may be reduced
to a single tube.

Each of the fmir rotor tubes 34-37 extends to an

adjustable extent within and overlies one of the four

stator tubes 21-24 and with substantially uniform radial
spacing, the external surface of the stator shank 26 oper-
ating as an innermost stator electrode cooperating with
the innermost rotor tube 34.

The rotor tubes 34—-37 may be moved axially with
respect to the stator tubes 21-24 by turning the rotor
unit 11 using a screw driver (not shown) inserted in a
screw driver slot 43 formed in the outer end of the rotor
body 31.

Intermediate its ends, the non-threaded portion 32¢ in
FI1G. 3 and the exteriorly threaded portion 32 in FIG. 4
of the rotor body 31 has two transverse flat-bottomed
slots 44 and 45 formed therein, the flat walls of each of
which extend obliquely with respect to each other and
divergently from the non-threaded or threaded lateral
surface across the longitudinal axis of the rotor body 31.
As 1llustrated i FIG. 3, the slots 44 and 45 are formed
at or adjacent to the opposite ends of the non-threaded
section 32c. The bottoms of the slots 44 and 45 are
preferably equidistant from the longitudinal axis of the
rotor body 31 and are parallel to each other, both being
perpendicular to the longitudinal axis. Prior to assembly
in the rotor bushing 12, the rotor body 31 is axially
compressed to narrow the outer ends of the slot 44 and
45, as shown in FIG. 3. This renders the flat walls of
each of the slots 44 and 45 oblique with respect to each
other and imparts a permanent deformation to the rotor
body 31 which yieldingly slightly helically misaligns
the external helical threads 32a and 32b or 32 adjacent
to the slots 44 and 45. When threaded into engagement
with the internal threads 33 of the rotor bushing 12, the
external threads 32a and 32b or 32 are resiliently
brought back into helical alignment by the internal
threads 33 with a positive frictional engagement be-
tween the external threads 32a, 32b or 32 and internal
threads 33 accompanied by a change in the dihedral
angle between the flat walls of each slot.

It 1s to be understood that the cooperating threads
32a, 32b or 32 and 33 are precision formed for a close fit
sO that the degree of misalignment required to produce
the frictional engagement is very small. This enhances
the permanency and constancy of the frictional engage-
ment during the life of the capacitor. Thus, when the
capacitance of capacitor has been adjusted by rotation
of the rotor unmit 11, there will be no subsequent slight
rotation of the unit 11 to disturb the desired value of
capacitance. No locknut or similar retaining device is
needed. As shown, the rotor tubes 34-37 are grounded
by contact between the threads 32a, 32b or 32 and sta-
tionary internal thread 33 providing a connection of
constant low resistance which is free from noise.

As shown 1in FIG. 3, the deformations of the slots 44
and 48 are complementary with the rotor umt 11 re-
moved from the rotor bushing 12, and its longitudinal
axis, although interrupted, remains substantially recti-
linear throughout its length without being constrained
to assume rectilinearity by the internal threads 33.

The capacitor 1s shown provided with an end closure
cap 37 threadedly engaging external threads 48 formed
on the rotor bushing 12. An airtight seal is provided by
a sealing disc 49 formed of resilient material. A retaining
strap 51 formed of flexible matenal interconnects the
cap 47 and the rotor bushing 12, so that the cap 47 will
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not become misplaced during its removal for capaci-
“tance adjustment.

The capacitor is shown mounted in a metal panel 52
being retained by a nut 53 cooperating with a lock
washer 55. One end of the retaining strap 51 is fixedly
held between the nut 53 and lock washer 55. The other
end of the retaining strap 51 is freely rotatably con-
nected to the cap 47, being loosely held by a washer 36
which is secured to the cap 47 by riveting over a central
projecting portion of the cap 47 as indicated at 57.

While I have shown and described what I believe to
be the best embodiments of my invention, it will be
apparent to those skilled in the art that various changes
and modifications may be made therein without depart-
ing from the spirit and scope of the invention as defined
in the appended claims.

What is claimed 1is:

1. In an adjustable air dielectric capacitor having a
hollow cylindrical stator electrode and a coaxially posi-
tioned cylindrical rotor electrode and including
threaded tuning means operatively coupled to the rotor
for making precision capacity adjustments by moving
the rotor axially of the stator the improvement which
comprises an electrically conductive body portion
mounting said stator, 2 cylindrical electrically insulating
housing surrounding said electrodes and attached at one
end to said body, a hollow cylindrical electrically con-
ducting bushing having an outer diameter about equal
to that of said housing and having one circular end
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coupled to said housing, the hollow center of said bush-
ing being threaded and having a diameter about equal to
that of inner walls of said housing, a generally cylindri-
cal rotor body having a threaded outer surface with
threads initially aligned and capable of engaging the
threads of said bushing, said rotor electrode being cou-
pled at one circular end to one end of said rotor body
for movement therewith, a pair of parallel flat bottomed
slots of equal depth formed in the threaded portion of
said rotor body extending radially inwardly from dia-
metrically opposed threaded rotor surfaces a distance
substantially greater than the radius of said rotor body,
a first one of said slots being positioned closely adjacent
to the other end of said body thereby defining a rela-
tively resilient threaded end portion on said rotor body,
the second slot being formed closely adjacent to said
[one] first slot for forming a resilient connecting por-
tion between the said [one end of said rotor body and
said rotor body threaded end portion]}, sfats and [por-
tions of the rotor body} said resilient portion being axi-
ally compressed to resiliently misalign said threads and
impart a permanent deformation to said rotor body
whereby said misaligned portion of the rotor body threads
on opposite sides of said slots [exerting ] exert an axi-
ally directed gripping force on the threads of said bush-
ing thereby resisting unintentional turning and eliminat-

ing relative lateral movement of said electrodes.
* * * * %
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