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least one terminal extending from one end of the 
sheath. The heater further comprises an add-on (e.g., 
a flexible or a solid wire lead) lead secured to the ter 
minal exteriorly of the heater body, an insulator sur 
rounding the junction of the add-on and its terminal, 
and an oversleeve surrounding the insulator and over 
lying a portion of the sheath. The oversleeve is se 
cured to the sheath thereby positively to hold the insu 
lator in position relative to the heater body. 

3 Claims, 3 Drawing Figures 
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ELECTRC HEATER WITH ADD-ON LEADS 

BACKGROUND OF THE INVENTON 
This invention relates to electric resistance heaters 

and more particularly to cartridge heaters. 
This invention is directly concerned with cartridge 

and tubular heaters to which electric power leads (e.g., 
flexible braided leads or special solid wire leads) may 
be added. Typically, cartridge heaters, such as those 
described in the coassigned Desloge U.S. Pat. No. 
2,831,951, have a resistance heating wire wrapped 
about a ceramic core to form a heating coil. The ends 
of this coil are connected to solid wire electrical power 
leads (e.g., solid nickel alloy terminal pins) inserted 
into longitudinal bores in the core so as to supply elec 
trical power to the coil. The core and the terminal wires 
are inserted in a metallic sheath with the terminal pins 
extending outwardly from the sheath at one end 
thereof. A thermally conductive, electrically insulating 
material is placed in the sheath to separate the coil 
from the sheath. The sheath is then swage-formed so as 
to seal the core within the sheath and to compact the 
electrical insulation thereby to provide increased heat 
transfer from the coil to the sheath. Tubular heaters are 
similar to cartridge heaters except that the heating coil 
is not wrapped about a core and that only one terminal 
wire extends from each end of the heater. 

In many applications, the heater power leads are not 
required to be moved or flexed once the heater is in 
stalled in a working position and, thus, solid wire termi 
nals are well suited for power leads. However, in many 
other instances the power leads are required to repeat 
edly flex, or a power lead of a different alloy is re 
quired. While solid wire terminals are preferred in 
many applications due to their good current carrying 
capacity, solid wire leads have the disadvantage of fail 
ing (breaking) under repeated flexing or bending. Flex 
ible lead wires have been provided for cartridge heaters 
by crimping or otherwise securing flexible leads to the 
solid wire terminals extending endwise from one end of 
the sheath. However, flexing of the flexible leads may 
place undue strain on the junction between the solid 
terminal and the flexible wires. An example of the 
above-described flexible lead connection is shown in 
U.S. Pat. No. 3,611,559. Also, in many known prior art 
heaters with specially added leads, the junction of the 
special lead and the terminal pin is exposed to ambient 
conditions which may in turn cause corrosion of the 
junction. So-called "compacted-in-place' flexible 
leads have been used with some success in cartridge 
heaters. These "compacted-in-place' heaters utilize a 
stranded nickel or other high temperature flexible wire 
inserted into the bores in the core to take the place of 
the solid terminal wires. These flexible leads extend 
from the end of the heater and are compacted in place 
relative to the sheath in much the same manner as con 
ventional solid leads. However, since these flexible 
leads are within the heated length of the heater, they 
are usually attached to the heater in the early stages of 
manufacture, and these flexible leads are carried along 
at all subsequent manufacturing steps thus adding to 
the complexity and cost of manufacturing the heater. 
Also, these "compacted-in-place," stranded wire flexi 
ble leads do not have as long a service life as solid wire 
leads, and cannot be added to existing heaters. 
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SUMMARY OF THE INVENTION 
Among the several objects of this invention may be 

noted the provision of an electric heater having power 
leads added to a previously manufactured heater body 
in which the junction of the added leads and the heater 
terminals are protected against strain; the provision of 
such a heater in which leads of various materials (e.g., 
flexible stranded wire or special alloy solid wire) may 
readily be secured to standard heater bodies; the provi 
sion of such a heater in which the added leads are pro 
tected from the relatively high temperatures within the 
heater body; the provision of such a heater in which the 
unheated length of the heater is not substantially 
greater than similar heaters without added leads and in 
which the unheated length is constant regardless of the 
length of the heated length of the heater; the provision 
of such a heater with flexible leads having a watt den 
sity and long service life similar to heaters having solid 
wire power leads; the provision of such a heater which 
is of rugged and economical construction. Other ob 
jects and features will be in part apparent and in part 
pointed out hereinafter. 

Briefly, an electric heater of this invention comprises 
a heater body having a sheath, a heating element within 
the sheath, and at least one terminal extending from 
one end of the sheath for supplying electrical power to 
the heating element. The heater further comprises an 
add-on lead secured to the terminal exteriorly of the 
heater body, insulating means surrounding the junction 
of the terminal and the add-on leads, and an oversleeve 
surrounding the insulating means and overlying a por 
tion of the sheath. The oversleeve is secured to the 
sheath thereby positively to hold the insulating means 
in position relative to the heater body so as to relieve 
strain from the add-on leads at the junction between 
the terminals and the add-on leads. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is an exploded perspective view illustrating a 

cartridge heater of this invention having flexible leads, 
with some of the parts shown in section; 
FIG. 2 is an enlarged longitudinal section of the 

heater showing the various parts in assembled relation 
prior to an oversleeve being secured in place to the 
heater, and 
FIG. 3 is a view similar to FIG. 2, illustrating the 

heater after securing of the oversleeve to the sheath. 
Corresponding reference characters indicate corre 

sponding parts throughout the several views of the 
drawings. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to the drawings, an electric cartridge 
heater of this invention, indicated in its entirety at , is 
shown to include a heater body 3 having a sheath 5, a 
heating element 7 disposed within the sheath, and a 
pair of terminal pins 9a,9b extending beyond one end 
of the heating element. 
More particularly, the heater body 3 is similar to the 

cartridge heater disclosed in the coasigned Desloge 
U.S. Pat, No. 2,83951 in which the sheath is a tube 
of stainless steel or other high-temperature metal 
closed at one end. The heating element 7 includes a 
core 10 of ceramic material or the like having two side 
by-side bores 11a, 11b extending lengthwise there 
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through. A length of resistance wire 13 is wrapped in 
helical fashion about the outer cylindric surface of the 
core to form a heating coil. The end of the wire at each 
end of the coil is inserted into a respective bore 11a or 
11b (one wire end in each bore) in core 10. A solid 
nickel alloy or other high-temperature conductor wire 
terminal pin 9a or 9b is inserted into a respective bore 
so that one terminal pin is in electrical contact with one 
end of wire 13 and the other pin is in electrical contact 
with the other end of wire 13, thereby to connect the 
coil in series to the terminal pins and to thus complete 
a heating circuit. An electrical insulating powder 15 
having relatively good thermal conductance, such as 
magnesium oxide (MgO), fills the gap within the sheath 
between the core and the inside of the sheath to electri 
cally insulate the coil wire from the sheath and to en 
hance heat transfer from the heating element to the 
sheath. A lava or ceramic end plug 17 having holes 
19a, 19b therethrough for passage of terminal pins 
9a,9b, respectively, closes off the open end of the 
sheath. The entire sheath with the above-described 
parts and insulating material therein is then swage 
formed to compress end plug 17 so as to close the 
sheath, to compact insulating material 15, and to com 
press core 10 so that terminal pins 9a,9b securely 
contact their respective ends of coil wire 13. In FIGS. 
2 and 3, heater body 3 is shown as a preassembled unit 
having been previously manufactured in accordance 
with the above-described procedure. It will be noted 
that terminal pins 9a,9b extend beyond the end of the 
heater element a short distance (e.g., 5/16 inch). The 
solid wire terminal pins provide high current carrying 
capability and have minimal surface area so as to mini 
mize oxidation of the portions of the terminal pins 
which are located within the heated length of the heat 
ing element and which are subjected to high tempera 
tures (e.g., 1,700°F.). 

In accordance with this invention, an add-on power 
lead 21a or 21b is secured at a respective junction 
23a,23b to a respective terminal pin 9a,9b. As shown, 
add-on leads 21a,21b are shown to be flexible leads 
having a plurality of small-diameter wires stranded or 
twisted together to form a flexible conductor 25; how 
ever, it will be understood that other add-on leads, such 
as special alloy solid leads (not shown), may be secured 
to terminal pins 9a,9b. A flexible insulation cover 27 
surrounds and insulates flexible conductor 25. As 
shown in FIGS. 2 and 3, a short length of the conductor 
extends beyond the insulation cover at one end of the 
lead for securement to a respective terminal pin at 
junctions 23a,23b. The flexible conductors are shown 
to be crimped to its respective terminal pin 9a,9b at 
junctions 23a,23b, but it will be understood that the 
flexible conductors may be secured to their terminal 
pins in any suitable manner, such as by welding or by 
soldering, as well as by crimping. Preferably, insulation 
cover 27 is of braided fiberglass material or other ma 
terial able to withstand relatively high temperatures 
(e.g., 600 to 800°F. or higher) and yet permit flexing 
of the leads. It will be understood, however, that other 
insulating material may be used, depending on the ap 
plication for the heater. 
A ceramic header or insulator 29 having a pair oflon 

gitudinal bores 3ia,31b extending therethrough is ap 
plied to flexible leads 21a,21b with bore 31a receiving 
lead 21a and with bore 31b receiving lead 21b. Each 
bore 31a,31b has an enlarged portion 33a,33b, respec 
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4 
tively, for reception of a respective junction 23a,23b, 
with the remainder of these bores being substantially 
the same cross section (i.e., diameter) as the cross sec 
tion of leads 21a,21b with insulation covers 27 thereon. 
One end of insulator 29, constituting its inner end, is 
adapted to bear against an adjacent end of heater body 
3 with junctions 23a, 23b received in the enlarged por 
tions 33a,33b of bores 31a,31b and with the flexible 
leads extending endwise from the insulator. Preferably, 
insulator 29 is molded of a ceramic material, such as 
steatite. With the diameter of bores 31a,31b substan 
tially the same as the diameter as the flexible leads 
21a,21 b, and with insulator 29 secured in place adja 
cent the outer end of heater body 3, the insulator sup 
ports the flexible leads and prevents strain from being 
placed onjunctions 23a,23b due to flexing of the leads. 

A cylindric oversleeve 35 having an inside diameter 
slightly larger than the outside diameter of sheath 5 is 
also applied to flexible leads 21a,21b, this oversleeve 
being open at both ends. Its one end, constituting its 
outer end, is of decreased cross sectional area (i.e., of 
decreased diameter) and is adapted to contact the 
outer surface of insulator 29 when the insulator is in 
abutting relation with the outer end of heater body 3. 
As shown in FIGS. 2 and 3, an inwardly projecting 
flange 37 is provided at the outer end of oversleeve 35 
for engagement with the outer end of insulator 29. 
Over sleeve 35 is longer than insulator 29 so that, with 
the insulator abutting against the heater body 3 and 
with flange 37 in engagement with the outer end of the 
insulator, a portion of the oversleeve overlies the outer 
end portion of sheath 5. Oversleeve 35 is a cylindrical 
member formed from thin-wall, stainless steel or other 
high-temperature tubing. 
With the heater of this invention assembled as shown 

in FIG. 3, oversleeve 35 is secured to the outer end of 
sheath 5, as by roll-forming, swaging or by other diame 
terreduction processes. With the oversleeve secured to 
sheath 5, the outer diameter of the sheath and the outer 
diameter of the oversleeve are substantially the same 
and the transition between the sheath and the over 
sleeve is substantially flush. It will be understood that 
with flexible leads 23a,23b secured to terminals 9a,9b 
as heretofore described and with the flexible leads 
21a,21b supported within bores 31a,31b of insulator 
29, and with the insulator secured to the outer end of 
the sheath 5 by oversleeve 35, the flexible leads may be 
repeatedly flexed relative to the heater without damage 
to the flexible leads or without damage to terminal pins 
9a,9b. 

It will be understood that the add-on leads of this in 
vention may be used in conjuction with heaters other 
than cartridge heaters, such as tubular heaters having 
one terminal extending from each end of the heater or 
other heaters having more than two terminals at each 
end of the heater. 

In view of the above, it will be seen that the several 
objects of the invention are achieved and other advan 
tageous results attained. 
As various changes could be made in the above con 

structions without departing from the scope of the in 
vention, it is intended that all matter contained in the 
above description or shown in the accompanying draw 
ings shall be interpreted as illustrative and not in a lim 
iting sense. 
What is claimed is: 
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1. An electric heater comprising a metallic sheath of 

circular cross section, a heating element within the 
sheath, means closing one end of the sheath, and at 
least one terminal extending from said one end of the 
sheath for supplying electrical power to the heating ele 
ment, said heater further comprising an add-on leadse 
cured to said terminal exteriorly of said sheath, insulat 
ing means surrounding the junction of said terminal 
and said add-on lead, said insulating means comprising 
a rigid insulator having a longitudinal bore extending 
therethrough from one end thereof to the other, said 
bore accommodating said add-on lead, and a metallic 
oversleeve of generally circular cross section surround 
ing the insulating means and overlying a portion of said 
sheath adjacent said one end thereof, said insulator 
being adapted to abut against said one end of said 
sheath and against said closing means, said oversleeve 
being open at its outer end for the passage there 
through of said flexible lead, said outer end being of de 
creased cross-section thereby to engage said insulator 
and to hold it in abutting relation relative to said one 
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6 
end of said sheath so as to relieve strain from saidjunc 
tion, said oversleeve overlapping a portion of the 
sheath being secured to said sheath by means of a diam 
eter reduction process whereupon after securing, the 
diameter of said sheath clear of said oversleeve and the 
diameter of said oversleeve are substantially the same 
so as to permit insertion of the heater in holes having 
a close fit with said sheath. 

2. An electric heater as set forth in claim wherein 
said add-on lead is a flexible lead having flexible insula 
tion on its exterior, said insulated flexible lead being 
adapted for reception in said bores in said insulator. 
3. An electric heater as set forth in claim 1 further 

comprising a pair of terminals extending from said one 
end of the sheath and a pair of add-on leads, one for 
each terminal, wherein said insulating means comprises 
an insulator having two longitudinal bores extending 
therethrough, each said bore accommodating a respec 
tive add-on lead and a respective junction, 
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