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This invention relates to electrical heaters and more 
particularly to seals for electrical heater connectors and 
terminals and methods of making the same. 

While not limited thereto, the invention is especially 
applicable to sealing the terminals and connectors of 
tubular heaters. 
An object of the invention is to provide improved 

terminal and connector seals for electrical heaters. 
A more speci?c object of the invention is to provide 

improved heat resistant and water tight seals for elec 
trical terminals and connectors of tubular heaters. 

Another object of the invention is to provide im 
proved methods for making electrical heater terminal 
and connector seals. 
Another object of the invention is to provide improved 

methods of making heat resistant and water tight termi 
nal and connector seals for tubular heaters. 

In accordance with the invention, there are provided 
three modi?cations of tubular heater seals and methods 
for making the same. In a ?rst modi?cation, an in 
sulated conductor is electrically connected to a heater 
terminal, preferably by crimping a conductive metal 
sleeve around the terminal and the strands of the con 
ductor. A long epoxy sleeve is telescoped partially over 
the end of the heater sheath. The sleeve is ?lled with 
liquid epoxy to cover the connector, an insulating washer 
is inserted to close the end of the sleeve around the 
conductor and the liquid epoxy is cured at room tem 
perature. In a second modi?cation, a short epoxy 
sleeve is telescoped partially over the end of the heater 
sheath so that the terminal extends beyond such sleeve, 
the sleeve is ?lled with liquid epoxy and cured at room 
temperature. In a third modi?cation, liquid epoxy is 
applied to the end of the heater, an apertured epoxy 
member is slid over the terminal against the end of the 
heater and the liquid epoxy is cured at room temperature 
whereby the latter seals such member to the end of the 
heater. 
The aforementioned and other objects of the inven 

tion and the manner of obtaining them will best be under 
stood by reference to the following detailed description 
of three modi?cations of tubular heater seals and meth 
ods for making the same taken in conjunction with the 
accompanying drawings, wherein: ~ 
FIGURE 1 is a longitudinal sectional view of one em 

bodiment of a seal surrounding an electrical connector 
which connects a heater terminal to an electrical con 
ductor constructed in accordance with the invention; 

FIG. 2 is a cross-sectional view taken along line 2-2 
of FIG. 1; 
FIG. 3 is a longitudinal sectional view of a modi?ed 

seal which seals the end of a heater around a projecting 
terminal; 

FIG. 4 is a cross-sectional view taken along line 4—4 
of FIG. 3; 
FIG. 5 is a longitudinal sectional view of another 

modi?cation of a seal which seals the end of a heater 
around a projecting terminal; and ~ 
FIG. 6 is a cross-sectional view taken along line 6—6 

of FIG. 5. 
Referring to FIGS. 1 and 2, there is shown an end 

portion of a tubular heater having a helical heater ele 
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ment or coil 2 of resistance wire enclosed within a metal 
lic outer sheath 4 and being insulated therein by com 
pacted heat conducting electrical insulating material 6 
such as periclase, magnesium oxide powder or the like. 
An electrical terminal 8 is mechanically and electrically 
connected to heater coil 2 within the sheath and extends 
beyond the end of the heater. A ?exible electrical con 
ductor 10 of the insulated and stranded type or the like 
is connected to terminal 8. For this purpose, the insula 
tion is removed from an end portion of conductor 10 to 
expose the conducting strands 19a and the latter are 
mechanically and electrically connected to terminal 8 
by a metallic conducting sleeve 12 which is crimped 
therearound. A relatively long insulating sleeve 14 of 
solid epoxy resin having an internal diameter slightly 
larger than the external diameter of sheath 4 is partially 
overlapped around the end of the latter so as to sur 
round the connector iacluding sleeve 12 and also to ex 
tend over a portion of the insulation of conductor 10. 
Sleeve 14 is ?lled with liquid epoxy resin 16 to embed 
the connector and an insulating washer 18 is inserted 
in the end of sleeve 14 around the insulated portion of 
conductorli). The liquid epoxy solidi?es when cured 
at ambient temperature and adheres to the contiguous 
parts and seals the end of the heater between sheath 4 
and terminal 8. The liquid epoxy also embeds and seals 
the connector between terminal 8 and conductor 10. 
Moreover, the liquid epoxy ?ows between sheath 4 and 
sleeve 14 and thereby rigidly secures sleeve 14 to sheath 
4 and secures washer 18 to sleeve 14 whereby the struc 

. ture provides a high heat resistant and water tight seal 
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between sheath 4 and the insulation of conductor 10 and 
provides a mechanically strong connection for conduc 
tor 10. 
The method of making the connector and seal shown 

in FIGS. 1 and 2 comprises electrically connecting a 
flexible conductor to the terminal of a tubular heater, 
assembling as by sliding or telescoping one end of a 
relatively long solid epoxy resin sleeve partially over 
the end of the heater sheath so that the other end of such 
epoxy sleeve extends beyond the connection of the ter 
minal and conductor, ?lling such sleeve with liquid 
epoxy resin, inserting an insulating washer to close such 
other end of the sleeve, and curing the seal at ambient 
temperature approximately twenty-four hours to rigidly 
secure and seal the conductor to the heater sheath. 

In the modi?cation shown in FIGS. 3 and 4, the parts 
of the heater including heater coil 2, sheath 4, compacted 
insulating powder 6 and terminal 8 are similar to those 
in FIGS. 1 and 2 and have been given like reference 
characters. The seal in FIGS. 3 and 4 comprises a rela 
tively short insulating sleeve 30 of solid epoxy resin slid 
about half-way of its length over the end of sheath 4 
so that terminal 8 extends beyond sleeve 3%. The cavity 
within sleeve 30 around a portion of terminal 8 is ?lled 
with liquid epoxy resin 32 which is allowed to harden 
when cured at ambient temperature. Sleeve 30 has an 
internal diameter slightly larger than the external diam 
eter of sheath 4 so that liquid epoxy ?ows therebetween. 
Liquid epoxy 321, when hardened, rigidly secures sleeve 
34}? to sheath 4 and seals the end of the heater between 
sheath 4 and terminal 8. 
The method of making the seal shown in FIGS. 3 

and 4- comprises assembling asby sliding or telescoping 
a relatively shorter solid epoxy resin sleeve substantially 
half-way of its length over one end of a tubular heater 
sheath so that the heater terminal extends through and 
beyond the other end of such sleeve, ?lling such sleeve 
with liquid epoxy resin and curing the same at ambient 
temperature approximately twenty-four hours to rigidly 
secure and the seal the terminal to the heater sheath. 

In'the modi?cation shown in FIGS. 5 and 6, the parts 
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of the heater including heater coil 2, sheath 4, com 
pacted insulating powder 6 and terminal 8 are similar 
to those in FIGS. 1-2 and 3-4 and have been given like 
reference numerals. The seal in FIGS. 5 and 6 comprises 
liquid epoxy resin 5% applied to the end of the tubular 
heater and a solid epoxy resin member or sleeve 52 is 
slid over terminal 8 against the end of the heater. Sleeve 
52 has a hole therethrough large enough to receive ter 
minal 8 and to permit liquid epoxy resin to flow between 
terminal 8 and sleeve 52. Terminal 8 extends beyond 
sleeve 50 to provide for an electrical connection. Sleeve 
52 has an external diameter substantially equal to or 
slightly smaller than the internal diameter of sheath 4 
to allow liquid epoxy to ?ow between sheath 4 and 
sleeve 52 thereby to seal sheath 4 to terminal 8 when 
‘Sleeve 52 is pressed against the end of the heater. 
The method of making the seal shown in FIGS. 5 and 6 

comprises applying liquid epoxy resin to the end of a 
tubular heater and sliding a relatively thick solid epoxy 
sleeve on the terminal and against the end of the heater 
whereby the liquid epoxy ?ows between the terminal and 
sleeve and between the sleeve and sheath to seal the ter 
minal to the sheath. 
The liquid and solid epoxy employed in the aforemen 

tioned seals is characterized by high temperature heat re 
sistance, high moisture resistance and high mechanical 
strength. 
The solidi?ed ?ller 16 in FIG. 1, solidi?ed ?ller 32 in 

FIG. 3 and solidi?ed sealer St) in FIG. 5 each consists 
of a liquid epoxy resin which is cured or allowed to 
harden at ambient temperature. Epoxy resins of this 
type are available in two parts consisting of a base agent 
and a hardener which are mixed in predetermined por 
tions before use. One type of epoxy resin which can be 
cured at ambient temperature and which is Well adapted 
for use in the invention is available commercially and 
known as Helix Bonding Agent R-823. It is character 
ized by no evaporation during curing and no shrinkage. 
It is inert to acids, alkalies, corrosive salt solutions, petro 
leum solvents, lubricating oils, alcohol, acetones and the 
like. The preformed sleeves 14, 30 and 52 in FIGS. 1, 3 
and 5, respectively, are solid members of epoxy type resin 
and are available in tube form which may be cut to de 
sired lengths. These sleeves may be made of the same 
resin or compound that is used for the aforementioned 
?lling or sealing. One type of stock material from which 
these sleeves may be made is known as Resdel epoxy 
tubing and is commercially available. An advantage of 
using epoxy sleeves preferably of the same material as 
the liquid ?llter or sealer is that it provides an excellent 
bond with the liquid epoxy. Due to the high temperature 
heat resistance, high moisture resistance and high me 
chanical strength heretofore described, the invention 
affords effective seals and eliminates the breakage en 
countered with ceramics and other materials during pro 
duction and during rough handling and vibration encoun 
tered in use. Moreover, the invention affords e?icient 
and economical seals particularly characterized by the 
ease with which they can be made. 

I claim: 
1. In an electrical heater of the tubular type having a 

tubular sheath provided with an open end, a resistance 
conductor ‘within said sheath, a terminal extending 
through and beyond said open end, and electrically in 
sulating heat conducting material within said sheath for 
insulating said conductor and said terminal from said 
sheath, the improvement comprising a heat and moisture 
resistant seal on the end of said heater, said seal com 
prising a solid epoxy member on the end of said sheath 
and solidi?ed liquid epoxy securing said member to the 
end of said sheath to seal the opening in the end of said 
sheath. 

2. The invention de?ned in claim 1, wherein said solid 
epoxy member comprises a sleeve on the end of said 
sheath, and said solidi?ed liquid epoxy is disposed be 
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tween said sleeve and said terminal and between said 
sleeve and said sheath to rigidly secure said sleeve to the 
heater and to seal the terminal to the sheath. 

3. The invention de?ned in claim 2, wherein said sleeve 
at one end surrounds the end portion of said sheath, and 
said solidi?ed liquid epoxy ?lls the space around said 
terminal within said sleeve and the small space around 
the end of said sheath within said sleeve. 

4. The invention de?ned in claim 2, wherein said sleeve 
surrounds a portion of said terminal immediately adja 
cent the end of the heater, one end of said sleeve abutting 
the insulating material within said sheath, and said solidi 
?ed liquid epoxy ?lls the small space between said ter 
minal and said sleeve and the space between the abutting 
end of said sleeve and said insulating material and seal~ 
ing said sleeve to said sheath. 

5. The invention de?ned in claim 2, together with 
means connecting an insulated conductor to said terminal, 
and wherein said sleeve at one end surrounds the end 
portion of said sheath, the other end of said sleeve ex 
tending beyond said connecting means, and said solidi?ed 
liquid epoxy ?lls said sleeve to embed said connecting 
means. 

6. The invention de?ned in claim 5, together with an 
insulating washer in said other end of said sleeve closing 
the space between said sleeve and the insulation of said 
conductor. 

7. A method of making a connector seal for a tubular 
heater of the type having a tubular sheath provided with 
an open end, a resistance conductor within said sheath, 
a terminal extending from said resistance conductor 
through and beyond the end of said sheath, and heat 
conducting material compacted within said sheath for 
electrically insulating said resistance conductor from said 
sheath, comprising the steps of connecting an insulated 
electrical conductor at one end to said terminal, assem 
bling a solid epoxy sleeve to surround at one end the 
open end of said sheath and extending at the other end 
beyond said connection to surround a portion of the 
insulated conductor, ?lling said sleeve with liquid epoxy 
whereby some of said liquid epoxy flows in the small 
space between the ends of said sheath and said sleeve, 
inserting an insulating washer in the other end of said 
sleeve to close the space around the insulation of said 
insulated conductor within said sleeve, and curing said 
liquid epoxy at ambient temperature for a predetermined 
time interval whereby said liquid epoxy solidi?es to rigid 
ly secure the contiguous parts to one another and to seal 
said insulated conductor to said sheath. 

8. A method of making a seal for a tubular heater of 
the type having a tubular sheath provided with an open 
end, a resistance conductor within said sheath, a terminal 
extending from said resistance conductor through and 
beyond the open end of said sheath, and heat conducting 
material compacted within said sheath for electrically in~ 
sulating said resistance conductor from said sheath, com 
prising the steps of assembling a solid epoxy sleeve to 
surround at one end the open end of said sheath and 
extending around a portion of said terminal short of the 
extended end thereof, ?lling said sleeve with liquid epoxy 
whereby some of said liquid epoxy flows in the small 
space between the ends of said sleeve and sheath, and 
curing said liquid epoxy at ambient temperature for a 
predetermined time interval whereby said liquid epoxy 
solidi?es to rigidly secure said sleeve to said sheath and 
said terminal and to seal the open end of said sheath. 

9-. A method of making a seal for a tubular heater of 
the type having a tubular sheath provided with an open 
end, a resistance conductor within said sheath, a terminal 
extending from said resistance conductor through and 
beyond the open end of said sheath, and heat conducting 
material compacted within said sheath for electrically in 
sulating said resistance conductor from said sheath, com 
prising the steps of applying liquid epoxy to the open 
end of said sheath to cover said compacted insulating 
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material, assembling a solid epoxy sleeve on said terminal 
to surround a portion of said terminal adjacent the end 
of the heater and pressing said sleeve against said com 
pacted insulating material whereby some of said liquid 
epoxy flows in the small space between said sleeve and 5 
said terminal and between said sleeve and said end of 
said sheath, and curing said liquid epoxy at ambient tem 
perature for a predetermined time interval whereby said 
liquid epoxy solidi?es to rigidly secure said sleeve to said 
sheath and to seal the space between said terminal and 10 
said sheath. 
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