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This invention relates to electrical wnits such as resis-
tors, inductance units, and the like. More particularly,
it relates to an improved hermetically-sealed unit and
the method of making it.

Resistors and other electrical elements are commonly
provided with flexible pigtail leads that are used for
making electrical connection to the unit and which are
used sometimes for mechanical support. However, such
flexible leads often provide a path whereby gases or
moisture creep into the interior of the unit, causing
deterioration and ultimate failure. Such failures are
particularly likely to occur when these pigtail Ieads are
vsed for mechanical support. The present invention pro-
vides an electrical unit, such as a coil, resistor, or the
like, which offers the convenience of the flexible connect-
ing leads and a rugged hermetically-sealed unit in which
all of the supporting and connecting members are en-
tirely within the hermetically-sealed chamber. The unit
is sealed at each end by a metal end-surface through which
only the pigtail lead extends, the seal being so mechani-
cally permanent that the unit can be mounted on the pig-
tail leads without danger of creepage of gases along the
leads into the sealed chamber. The all-metal seal con-
struction insures against failare at elevated operating
temperatures.

These and other aspects, objects, and advantages of the
present inventicn will be in part pointed out in and in
bart apparent from the following description of a pre-
ferred embodiment of the invention, considered in con-
nection with the accompanying drawings, in which:

Figure 1 is an exploded view of the components used
to make up a sealed resistor embodying the invention;

Figure 2 is a sectional view of a completed unit;

Figure 3 is a sectional view taken along line 3—3 of
Figure 2; and

Figure 4 is a perspective view of the completed resistor.

In order to support the wire which forms the resistive
element of the unit, a ceramic spool or bobbin, generally
indicated at 2, is provided having two circular shoulders
or end flanges 4 and 6 and one or more divider flanges 8
spaced along a cylindrical core portion 10. These filanges
form -spool-segments that carry the resistance wire 12
(Figure 2). As in the usual practice, the wire may be
wound in opposite directions in each segment to reduce
the inductive reactance of the unit. In addition, these
flanges also serve to center the bobbin 2 in a ceramic
tube 14.

The bobbin 2 has a radial slot 1§ extending longitu-
dinally the full length of the bobbin including the flanges
4, 6, and 8 so that the resistance wire can pass from one
of the end portions 18 of the bobbin through each wind-
ing .segment to the other end portion 20, as will be de-

scribed in more detail later.

In order to make a permanent electrical connection
between the ends of the resistance wire and the pigtail

Jeads 22 and 24, two metal end-caps 26 and 28 are con-

nected mechanically to the leads 22 and 24 and fit re-
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spectively over the end portions 18 and 20 of the bobbin.
One end of the resistance wire is connected to a small nib
30 on the end-cap 26 and the other end of the wire is
connected to a similar nib 32 on the other end of the
wire.

'The end-caps are identical in construction so that only
the end-cap 26 is described in detail. This end-cap is
cup-shaped with several, for example eight, flared “petals”
34, separated by slits 36, forming the sides of the cup.
The circular base portion of the end cap has a centrally-
positioned hole through which the end of the pigtail lead
22 extends. The pigtail lead is “headed-over” or riveted
inside the cup, as best shown in Figure 2, to form a strong
mechanical connection.

The end-cap is dimensioned to form a press-fit with
the end portion 18 of the bobbin 2 and is preferably of
such diameter that when the cap is pressed onto the end
portion 18, the flared ends of the petals 26 are forced
radially outwardly a very small distance. The ends of
the petals 26 fit closely within the tube 14 and so form
a barrier against the flow of solder along the interior of
the tube as will be explained presently. The end-caps
may be formed of copper or other metal and preferably
are tin-plated so that solder will adhere readily to them.

In order to form the connecting nib 30 a portion of
one of the petals 34 is cut longitudinally along its length
and the separated part curled outwardly as shown -in
Figure 1.

it is not necessary that these end-caps be of split con-
struction. For example, they may be drawn from thin
sheet stock .and dimensioned so that they can be forced
cnto the ends of the bobbin 2 and will expand outwardly
to form a tight fit.

To assemble the unit, the end-caps 26 and 28 carrying
the pigtail leads 22 and 24 are pressed onto the respec-
tive end-portions 18 and 2@ of the core 2; the nibs 30
and 32 are positioned adjacent the longitudinal slot 16.
One end of the resistance wire 12 is stripped of its insula-
tion and wrapped around and soldered to the nib 30; the
wire is then passed along the slot 16 and through the
flange 4. The desired amount of wire is then wound on
this segment ¢of the core 10 between the flanges 4 and 8;
the wire is then passed through the slot 16 in the flange 8
into the next winding segment where the remainder of the
wire is wound between the flanges 8 and 6; the latter
winding may be reversed in direction if desired to reduce
inductive effects. The resistance of the wire is then
checked and adjustment made if necessary. The wire is
then passed along the slot 16 through the flange 6 and
the stripped end-portion of the wire is wrapped around
and soldered to the nib 32. If desired, the nibs 30 and
32 may be flattened downwardly to provide a firm
mechanical grip on the wire 13,

This entire sub-assembly is then inserted into the tube
14 and positioned as shown in Figure 2. The tube 14
is formed of ceramic and its outside surface is glazed to
render it impervious fo moisture. The inner surface of
the tube 14 immediately adjacent each end is metallized
as at 37; this metallized coating extends over the .end
surfaces of the tubing as at 38. This metallized coating
may be applied by any one of the known fechniques
whereby a thin metal layer, for example silver, is in inti-
mate and permanent molecular contact with the ceramic
surface. This coating may be formed, for example, of
successive electro-deposited layers of silver, copper and
tin. Or the metal coating may be applied by vacuum
sputtering, chemical depesition, or in any other way so
long as a thin metal coating is obtained that forms a
substantially integral surface layer of the ceramic. This
coating which forms an internal peripheral ring at each
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end of the tube 14 permits the ends of the tube to be
hermetically sealed with metal solder.

For this purpose, two discs 40 and 42 of sclder, each
having a central opening, are slid over the pigtail leads
22 and 24 and positioned within the tube 14 adjacent
the mefallized coating 36 and against the base of the
respective end-cap. Before the solder is melted, the parts
preferably treated with soldering flux, such as rosin, or
the flux may be incorporated in the solder so ds to cover
the parts when the solder is melted.

The tube 14 is then positioned on end with the sclder
disc 42 on the top; the solder disc 42 is then melted by
induction heating, by an ordinary soldering irom, or by
other means, so that the solder flows into intimate con-
tact with: (1) the outer surfaces of the end-cap 28; (2)
the stripped end-portion of the wire 12 where it is
vrapped around the nib 32; (3) the pigtail lead 24 ad-
jacent the end-cap 28; (4) the metallized coating 36 on
the interior of the tube 14; and (5) the metallized coating
38 on the end surfaces of the tube 14, The outwardly-
curved petals 34 of the end-cap help to prevent the
molten solder from penetrating to the central portion
of the tube 14; the flanges 4 and 6 provide a further seal
preventing any molten solder from passing beyond these
flanges. The solder disc 42 has thus formed a com-
plete end seal, as at 42A, which forms a firm mechanical
and electrical bond between the pigtail 24, the end-cap
28, the wire 12, and the metallized coating at 36 and 38.
The resistor unit is then inverted and the other disc 40
of solder melted to form a similar seal 4@A at the other
end of the tube 14. The solder is prevented from passing
through the slits 35 in the end-caps and through the space
between the ends of the petals 34 and the inner surface
of the tube 14 into the space between the flanges 4 and 6
by the surface tension of the molten solder and because
of its preferential wetting of the metal surfaces.

It will be noted that the seals 48A and 42A enclose
the entire resisfance-forming unit including all of the
resistance-supporting structure. The entire surface areas
of these seals is unbroken except for the pigtail leads
22 and 24. The solder readily wets and adheres to these
leads so that a good seal is formed; the wire is small in
circumference so that the chance of an imperfect seal is
very small. The end-caps 26 and 28 are in contact
with the bobbin 2 over a substantial surface area; these
end-caps are in intimate contact with the solder seals
40A and 42A. Maximum dissipation of heat from the
core of the bobbin is thus attained.

From the foregoing, it will be apparent that the elec-
trical resistance unit embodying the invention is well

adapted for the attainment of the ends and objects here- *

inbefore set forth that it can be assembled easily and
rapidly from fewer component parts to form a hermeti-
cally-sealed, rugged, reliable resistor unit capable of sus-
tained operafion at relatively high temperatures. It is
apparent that various modifications may be made in the
sequences and series of steps set forth herein and in the
mechanical configurations of the various parts all without
departing from the scope of the present invention. For
example, the washer-shaped discs 40 and 42 of solder can
be replaced with globules or beads of solder or pieces of
solder of other form having holes or slots for the pigtails
or with short lengths of solder wound around the pigtail
leads. A perfectly satisfactory seal can be made with
a conventional soldering iron and using rosin core solder.

Resistors may be made in accordance with the pro-
cedure set forth above which are substantially smaller in
size than hermetically-sealed resistors manufactured in
other ways. For example, these resistors may be V2
inch or less in length and 3 inch or less in diameter.
Also various features of the inveation can be used at
times to advantage without a corresponding use of other
features. For example, the washers or beads of solder
may not be used and the ends of the resistor unit sealed
by pouring or dropping molten solder around the pigtail
leads.
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What is claimed is:

1. An electrical unit that is hermetically sealed and
capable of continued operation at elevated temperatures
comprising an impervious- tubular casing having metal-
lized surface portions adjacent each end, an element-
supporting member positioned within said -tube, first and
second metal end-members secured mechanically to op-
posite ends of said element supporting member, two in-
ternal element leads each secured to one of said end-
members, two externally-extending connecting leads se-
cured to said end-members and extending axially of said
casing, and a metal seal over each end of said casing,
each of said seals being in intimate soldered contact
with said metallized surface and with the junctions of
one of said internal leads and one of the external leads
with the adjacent end-member, said end-members being
entirely within said casing and fully enclosed by said
metal seals and said casing.

2. An electrical unit that is hermetically sealed and
capable of continued operation at elevated temperatures
comprising an impervious tubular casing having metallized
surface strips extending internally arcund the casing ad-
jacent each end and extending over the end surfaces,
an element-supporting member positioned within said tube,
first and second end caps secured mechanically to opposite
ends of said element-supporting member, two internal
element leads each secured to one of said end caps, two
axially-directed connecting leads secured to said end caps
and extending from opposite ends of said casing, and a
metal seal over each end of said casing, each of said seals
being in intimate soldered contact with said metallized
surface and with the adjacent end cap, said ead caps being
entirely within said casing and fully enclosed by said metal
seals and said casing.

3. An electrical unit that is hermetically sealed and
capable of continued operation at elevated temperatures
comprising an impervious tubular casing having internal
metallized surface portions adjacent each end, a resistance
element positioned within said tube, first and second end
caps secured mechanically to opposite ends of said ele-
ment, said end caps each having a base portion and a
plurality of outwardly flared petals the ends of which
are substantially in contact with the inner surface of the
casing, two internal elements leads each secured to one
of said end caps, two externally-extending connecting leads
secured to the center of the base portion of said end caps
and extending axially of said casing, and a metal seal
over each end of said casing, each of said seals being in
intimate soldered contact with said metallized surface and
with the outer surfaces of said petals, said ends caps being
entirely within said casing and fuily enclosed between
said metal seals. ;

4. An electrical impedance component comprising an
impervious tube, a metallized coating forming two spaced
peripheral rings in intimate contact with the inner sur-
face of and adjacent the ends of said tube, an impedance
element positioned within said tube, and first and second
metal end members having a base portion positioned at
opposite ends of said tube adjacent said metallized rings,
means connecting said impedance element with said end
members, first and second leads each extending outwardly
from the ends of said tube and engaging one of said end
members, and first and second end seals of fusible metal
each forming a complete peripheral soldered connection
with one of said metallized rings and a hermetic soldered
connection with one of said leads, said seals forming con-
tinnous smooth end surfaces penetrated omly by said
leads, said seals and tube completely and hermetically en-
closing the impedance element, the end members, and
the junctions between the end members and the leads.

5. An electrical component comprising an impervious
ceramic tube, a metallized coating forming two spaced
peripheral rings on the inner surface of and adjacent the
ends of said tube, a bobbin positioned within said tube
and having outwardly-extending end portions, an imped-
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ance element supported by said bobbin, first and second
metal cup-shaped end-caps each having a base portion
and a side portion formed of circumferentially-spaced
outwardly-flared side members, each of said end-caps
being positioned over one of said end portions and ad-
jacent said metallized coating, each end of said impedance
element being connected to one of said end caps, first and
second pigtail leads each extending along the axis of said
tube and in contact with one of said end-caps, and first
and second end seals of solder each forming 2 complete
peripheral soldered connection with one of said metallized
rings and a hermetic soldered connection with one of said
pigtails, and forming a soldered connection with the end-
cap, said seals having continuous smoocth end surfaces
penetrated only by said pigtail leads, said seals completely
enclosing the bobbin, the impedance element, the end-
caps, and the junctions between the end-caps and the pig-
tail leads.

6. An electrical resistor comprising an impervious cer-
amic tube, a metallized coating forming two spaced peri-
pheral rings on the inner surface and adjacent the ends
of said tube, said coating extending over the ends of said
tube, a ceramic bobbin positioned within said tube and
having cylindrical outwardly-extending end portions, re-
sistance wire wound on said bobbin, first and second metal
cup-shaped end-caps each having a base portion with a
central opening and a side portion formed of circumferen-

6

tially-spaced outwardly-flared side members, each of said
end-caps being positioned over one of said end portions
and adjacent said metallized coating, each end of said
resistance wire being connected to one of said end caps,
first and second pigtail leads each extending along the
axis of said tube and through the central opening in one
of said end-caps, and first and second end seals of fusible
metal and each forming a complete peripheral soldered
connection with one of said metallized rings and a hermetic
soldered connection with one of said pigtails, and forming
a soldered connection with the end-cap and said resistance
wire, said seals being substantially flush with the ends of
said tube and forming continuous smooth end surfaces
penetrated only by said pigtail leads, said seals com-
pletely enclosing the bobbin, the resistance wire, the end-
caps, and the junctions between the end-caps and the
pigtail leads.
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