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The present invention relates to electric heating, more 
particularly to hermetically sealed, sheathed electric resist 
ance heating elements and methods of making the same, 
and the principal object of the invention is to provide 
new and improved methods and articles of the character 
described. 
When a metallic, tubular sheathed electric resistance 

heating element is hermetically sealed and then operated 
at elevated temperatures, a perplexing phenomenon has 
been observed. Initially, breakdown voltage, i.e., that 
voltage which will jump from the normal current carry 
ing internal parts of the element to the external Sheath, 
Wili be satisfactorily high indicating that internal dielec 
tric clearances are adequate; however, after the unit has 
been operated for some time at elevated temperatures, its 
breakdown voltage drops to such a low leve that the ele 
ment will short out and thus fail at normal operating 
voltages. Study of elements which have failed as above 
described indicates that the air gap at the terminal end 
of the element for some reason becomes inadequate after 
a short period of operation although it is quite adequate 
initially and quite adequate for elements which are not 
hermetically sealed. 
The present invention, by means of a novel structure 

and a novei method, provides a hermetically Sealed, tti 
bular sheathed electric resistance heating element Whose 
breakdown voltage remains sufficiently high to insure 
against premature element failure. This is accomplished 
in a relatively simpie manner and at littie increase in 
manufacturing cost. These and other advantages wili 
readiy become apparent from a study of the folioWing 
description and from the appended drawing. 

in the drawing accompanying this specification and 
forming a part of this application there is shown, for 
purpose of illustration, an embodiment which the inven 
tion may assume, and in this drawing: 
FIGURE 1 is a fragmentary, broken view in longitu 

dinai section of a heating element embodying the present 
invention, 
FEGURES 2, 3 and 4 illustrate successive stages in the 

manufacture of the element seen in FGURE 1, 
FIGURE 5 is a sectional view of certain structure Seen 

in FGURE 1, and 
FIGURE 6 is a Vievy similar to FIGURE 1 bit of 

prior art construction. 
With reference to FIGURES 1 and 2, there is frag 

mentarily illustrated one end of an electric resistance 
heating element of the well-known type having a tubular 
metallic sheath 10 enclosing a coiled resistor conductor 
11 which terminates short of the sheatin end. A terminal 
conductor pin 12 is connected to the end of the resistor 
conductor 11 and projects axially outwardly beyond the 
end of the sheath 0 for connection to a source of elec 
trical energy. Sheath 10 is filled with highly compacted, 
electric-insulating, heat-conductive material 13 which 
maintains the resistor conductor and the terminal pin cen 
tered within the sheath. For a purpose to appear, ma 
terial 3 preferably terminates short of the end of the 
sheath to forma recess 14thereat. 

Substantially filling the sheath recess 14 is a body of 
cement-like, dielectric material 15 in which is embedded 
one end of a dense, dielectric ceramic sleeve 16 through 
which passes the termina pin 12. Sleeve i6 terminates 
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2 
short of the free end of the terminal pin for a reason 
later to appear. 
The means for hermetically sealing the heating element 

thus far described comprises an assembly 17 best seen 
in FIGURE 5. Such assemby includes an enlarged, 
dielectric ceramic sleeve 18 having at one end a metal 
collar 9 and at the other end a metal ferrule 20. Collar 
19 and ferrule 20 are hermetically Sealed to the exterior 
of sleeve 18 in aXially spaced relation and each projects 
beyond adjoining sleeve ends. The projecting portion 
of collar 9 is of a size to cosely fit over the exterior 
of the sheath 10 while the projecting portion of ferrule 
29 is necked down at 2 to pass the terminal pin 12. 
Ferrule portion 2 may be externay threaded, as shown, 
to faciliate its connection to a source of electrical energy. 
Assembly i 7 is secured to the sheath 10 of the heating 

element by sliding it over the terminal pin 12 unti the 
end of the sheath enters the collar E9 and abuts the sleeve 
3. Collar 19 may then be hermetically sealed to the 

sheath by means of a silver soidered joint 22 or the 
like. Completing the assembly, a silver soldered joint 
23 secures the ferrule 20 to the termina pin E2. 

In assembling the heating element illustrated in FIG. 
URE i, the recess 4 of the unsealed element as seen 
in FGURE 2 is first substantially filed with the material 
15 in a plastic state as shown in FGURE 3. The sleeve 
16 is then slid over the terminal pin 2 and forced into 
the stili plastic material 3 in the sheath recess 4. The 
sleeve end wil be deeply embedded in material E5, the 
latter being compressed and extruded about the exterior 
of the sleeve and into its intericr substantially as shown 
to preclude the presence of any air gaps across which 
electricai current rnight jump. Thereafter, and prefer 
aby following hardening of the material 5 to a rock 
like mass, the assemby 7 Will be slid over the terminal 
pin and silver soldered or the like to the element sheath 

(º and to the terminai pin 12 as previousy described. 
While but one terminal end of the heating element has 

been shown and described, it wil be understGod that its 
other termina end wil be similary constructed. More 
over, it is also to be understood that the invention is 
not limited to elements having terminals at opposite ends 
thereof but may also be employed with elements having 
their terminals in adjoining relation. 
The advantage of the present invention will become 

apparent from a study of the prior art construction seein 
in FIGURE 6 wherein similar parts are identified with 
the Same reference characters as before but with the 
suffiX “a” added. In this prior art construction, current 
Will jump the relativey small air gap between the terminal 
pin 12a and the extreme terminal end of the sheath 
i 9a under the conditions previously outlined. How 
ever, with the construction shown in FIGURE 1, the 
addition of the sleeve i6 wiil force the current to travel 
practically the entire length of Such sleeve in order to 
bridge the gap between the terminal pin and the extreme 
end of the sheath. In practice, the normal voltages im 
pressed across the heater terminals wil be unable to 
jump Such a tremendously increased air gap and thus 
electrical breakdowns which previously plagued sealed 
heating elements is effectively prevented. 

In view of the foregoing it will be apparent to those 
skilled in the art that I have accomplished at least the 
principal object of my invention and it will also be ap 
parent to those skilled in the art that the embodiment 
herein described may be variously changed and modified, 
without departing from the spirit of the invention, and 
that the invention is capable of uses and has advantages 
not herein specifically described; hence it will be ap 
preciated that the herein disclosed embodiment is illustra 
tive only, and that my invention is not limited thereto. 
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I claim: 
1. An eiectric resistance heating element comprising a 

tubular metallic sheath and a resistor conductor in radially 
spaced relation With said conductor disposed Within said 
sheath in axially spaced relation from one end thereof, 
a termina conductor pin secured to said resistor conduc 
tor within said sheath and projecting outwardly of said 
one sheath end, compacted, electric-insulating, heat-con 
ductive material within said sheath embedding said resis 
tor and terminal conductors and such material terminating 
short of said one sheath end to forma recess thereat, a 
metalic sleeve having a fluid-tight fused connection with 
said one sheath end and projecting axially therebeyond, 
a metallic cap having a fluid-tight fused connection With 
the Gutwardly projecting portion of Said terminal pin and 
disposed in axially spaced relation with the metallic sleeve 
aforesaid, and ceramic sleeve means througin which said 
termia pin eXtends and having a first portion eXtending 
between and hermetically sealed to said metallic sleeve 
and said metailic cap and a second portion eXtending into 
Said sheath end recess, said ceramic sleeve means com 
prising a first ceramic sleeve extending over said terminal 
pin between said metallic sleeve and said metalliccap and 
a second ceramic sleeve extending over said terminal pin 
and projecting from the recess at said one sheath end 
axially beyond the latter. 

2. The construction of claim 1 wherein said first and 
Second ceramic sleeves are in concentric, superimposed 
relation. 

3. The construction of claim 2 wherein cement-like 
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dielectric material is hardened in situ in said sheath end 
recess and embeds the adjoining portion of said second 
ceramic sleeve. 

4. The method of forming a hermetically sealed clos 
ure at the terminal end of a tubular, metalic sheathed, 
erbedded electricº resistance heating element having at 
Such end an axially facing recess through which a ter 
mina conductor pin protrudes beyond the sheath end, 
which method comprises disposing a plastic, cement-like 
dielectric material in said recess Which subsequently 
hardens in situ, sliding over said terminal conductor pin 
and into said recessa first ceramic sleeve having a length 
less than that of the protruding portion of said pin 
and greater than that of Said recess to embed Such sleeve 
in said piastic material, siiding over said terminal conduc 
tor pin and said first ceramic sleeve a second ceramic 
sleeve having a metal collar and a metal ferrule hermetic 
ally sealed to respective sleeve ends in aXialy spaced rela 
tion With each other So that the element sheath fits within 
said collar and said termina pin fits Within said ferrule, 
and forming a fluid-tight juncture between the element 
sheati and Said colar and between said terminal con 
ductor pin and said ferrule. 
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