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to be easily Sleeved thereWithin when the iller 
cylinder is wound with the resistance Wire . 
The inner cylinder as ShoWin in Figure 6 is cut, 
to Substantially the Sane leingth as the Oute' 
cylinder 9, and around it is uniforially wound 
the resistance wire 6 for Substantially its entire 
ength. The Wire 6 is wound in any convenient 
Inanner which Will afford Space between adja 
cent coils Of the windings as at 3. 
An end 28 of the inner cylinder A is closed and 

Sealed by heating and drawing an end portion of 
the cylinder together. It is understood, of 
course, that end 28 of the inner cylinder nay 
be sealed either before or after the resistance 
wire is wound around the inner cylinder. The 
inner cylinder 4 with the resistance Wire 6 wound 
upon it is then inserted into the outer cylinde 

for substantially its entire length. The open 
end 39 of the inner cylinder and the adjacent 
end 32 of the outer cylinder are then sealed or 
fused together as at 34, Figure 7, by heating in 
any convenient manner. 
Within the inner cylinder is inserted a thin 

SeeWe 36 of Suitable material Such as pressed 
asbestOS or graphite paper to keep the inner cyl 
inder When heated as Will be presently described 
from wetting the mandrel 33 upon which it is 
nounted. The sleeve 3 S also serves to insulate 
the inner cylinder during heating and to facili 
tate removal from the nandre after heating. 

After insertion of the sleeve 36, the joined cyl 
inders are mounted on the mandrel 33, as shown 
in Figure 7, which has an annular shoulder 48 
near its lower end to afford a Support for the 
cylinders. The mandrel 38 is preferably mounted 3 
in a vertical position to minimize undesired flow 
ing of the Vitreous material of the Cylinders and 
to prevent Sagging of the cylinders when Sub 
jected to heat. The mandrel 38 is supported 
from a base 42 by any Suitable means such as a 
bolt and nut arrangement 44. 

Frojecting Wertically upwards from the base 
2 are Spaced columns A-4S affording rais Or 

tracks along which a furnace 48 may be verti 
cally raised and lowered by any suitable handle 43 . 
or operating means, the Spaced wheels 5-5 
engaging the columns 48-46 and thus guiding 
the furnace along the mandrel. The furnace 3 
is shown in its normal lowered position in full 
lines and in its topmost raised position by dia 
grammatic lines at the top of Figure 7. 
The furnace 43 is preferably an interinally 

wound resistance heating unit of cylindrical 
form having an opening 52 throughout its ength 
and through which the mandrel with the cylin 
ders mounted thereon Inay be passed. It con 
sists of an upper fusing section 48a and a lower 
annealling Section, A8b, foi a purpOSEe atter to be 
dieScribed. 
At the top of the Structuaire in Figure ºis par 

tially shown a connecting hose or tube 54 of an 
associated vacuum pump. The connecting tube 
5. is securely and tightly fitted at SS over the 
open end 53 of the outer cylinder 3. It is ap 
parent from the drawings that a charnber is 
formed by sealing the end 28 of the inner cylin 
der and by the adjacent einds 39 and 32 of the 
inner and outer cylinders respectively, Which con 
sists of the spaces between the outer cylinder 
and the inner cylinder; from which the aSSo 
ciated vacuum pump extracts air through the 
tipe 54. 

In operation, the furnace 8 is heated and 
moved upwardly so as to subject the cylinders to 
a softening tennperature to fuse them together 
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progressively upwardly as the furnace is raised. 
referably the furnace Section ABC has a ten 

perature considerably higher that Such soften 
ing temperature to thereby provide quick heating 
of the cylinders to SOftening temperature as the 
frnace noves progressively upwards. The cylin 
ders are subjected to the action of the heating 
section 48a sufficiently, but not in excess, so as to 
effect the SOftening and fusion of the glass. Quick 
heating is desirable So that iow of the glass may 
be controlled more closely. The anihealing Sec 
tion 48b which is brought into juxtaposition with 
the glass immediately after the fusich thereof 
permits the glass to cool below tha fusion point, 
and provides for its gradual and partial cooling 
before engagement with the atmosphere. 
A the Same time as the furnace i3 progresses 

upwards along the cylinders, the Vacuun pump 
Operates to withdraw or Suck the air from the 
chamber between the two cylinders. It will be 
apparent that as the cylinders are heated and 
that as the air is extracted from the chamber 
between the cylinders producing a vacuun, the 
Walls of the cylinders as they reach softening 
temperature Will tend to flow toward each other 
because of atmospheric pressure exerted on the 
outside of the outer cylinder and from the in 
Side of the inner cylinder, the walls thus becom 
ing integrally fused together and around the re 
Sistance wire. The principal flow occurs in the 
Outer sleeve which is subjected to the greatest 
heat and loosely encompasses the resistance wire. 
The Outer sleeve in effect collapses onto and 
fuses to the inner sleeve and the resistance wire 
Coil. 
Before heating a loose or sloppy fit is desir 

able between the two cylinders so that progres 
sive fusion will take place and formation of air 
pocketS. by inadvertent pre-sealing of the cylin 
ders will be prevented. It will be readily seen 
that the above described operation causes the 
vitreous material of the two cylinders to unite 
by flowing together in the spaces provided be 
tween the adjacent coil windings of the resist 
ance wire, and thus the cylinders become an in 
tegral unit. 

If the outer and inner cylinders 4 and 0 are 
formed of the same material, it will be seen that 
a homogeneous resistor body is provided eXter 
nally and internally of the resistance coil, pro 
viding a body structure of uniform expansion 
characteristics and highly resistant to thermal 
shock. By selecting the outer and inner body 
tubes of different materials, any desired relative 
coefficients of expansion or other physical or 
chemical properties may be obtained. In any 
event, the fusion of the two cylinders provides an 
integral body fused together and integrally 
united to the resistance wire to firmly hold it in 
position. 
The resistance wire 6 preferably is given an 

insulating oxidized coating so that as the cylin 
derS are heated and the vitreous material of the 
CylinderS flows together between the coil wind 
ings, the Oxide of the Wire fuses into the vitreous 
Oxide material and a strong and integral bond is 
obtained between the wire and the cylinders. 
The cylinders are thus fused to the wire, and to 
each other through the wire, as well as by their 
contact in the spaces between the wire coils. The 
Spacing of the coils is of course optional, depend 
ing upon the pitch of the coil winding. 
After the cylinders have been fused through 

out their entire length, and partly annealed as 
above described, they are placed in an annealing 
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furnace whereby strains are removed, and then 
are permitted to slowly cool to room tempera 
ture over a period of hours or such other time 
as may be required. At room temperature the 
cylinder may be cut into any suitable lengths or 
segments to form resistors of desired length, de 
pending upon the capacity of the resistor de 
Sired. 
As the cylinder is cut into segments a coil 

winding of the resistance wire is cut as shown 
at 22 in Figure 4 and exposed at each end of the 
segment. Electrical contact between the termi 
nal lug band 23 and the exposed portion of the 
resistance wire 6 is then made by forming the 
terminal cap 2 earlier described. This cap is 
preferably formed by spraying a metalized paint 
onto the resistor end, whereby to firmly unite 
with the wire end; or the metal cap may be 
formed by electroplating or dipping the resistor 
ends into a metalized paint Solution. The 
sprayed metal not only is afforded an intimate 
contact with the exposed portion of the wire but 
also partly penetrates the walls of the cylinders 
to afford a secure and tight fit for the cap 2. 
By omitting the lugs and bands 23-24 the 

metal caps 2 will form fuse clip type end ter 
minals for the resistOr. 

It is apparent that many variations of this 
invention may be made without departing from 
the spirit and scope thereof, and therefore it is 
not intended to be limited except as indicated in 
the appended claims. 
The invention is hereby claimed as follows: 
1. An electrical unit comprising a body having 

an outer unitary sleeve member of insulating 
material, and an inner preformed base member 
of insulating material nested therein, said men 
bers being fused together, -an electrical element 
disposed in the form of a helical coil between the 
two members and retained in position thereby, 
and a metallic contact member carried by Said 
body and electrically and physically contacting 
said electrical element at the point of juncture 
between Said memberS. 

2. An electrical unit comprising a, body hav 
ing, an outer unitary sleeve-member of insulating 
material, and an inner unitary base member of 
insulating material nested therein, said members 
being fused together, an electrical element dis 
posed in the form of a helical coil between the 
members and retained in position thereby, a ter 
minal lug carried by said body, and a metal film 
carried by the body and electrically and physi 
cally interconnecting said terminal lug and Said 
electrical element. 

3. An electrical unit. comprising a body hav 
ing an outer unitary sleeve member of insulating 
material, and an inner complementary base 
member of insulating material nested therein, 
said members being fused together, an electrical 
element disposed between the members and re 
tained in position thereby, a band-like terminal 
lug encompassing said sleeve member and ex 
teriorly of all insulating material, and an annu 
lar metal film carried by the body and electri 
cally interconnecting said terminal lug and Said 
electrical element at the point of juncture be 
tween said members. 

4. The method of making an electrical unit 
which comprises preforming an outer Substan 
tially cylindrical sleeve member of insulating ma 
terial, preforming an inner complementary sleeve 
member of the same insulating material, nesting 
the inner sleeve member Within the Outer sleeve 
member, arranging an electrical element between 
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6 
the members, and fusing said members together 
to retain said electrical element in position there 
between while internally supporting the inner 
sleeve member on an inserted mandrel. 

5. The method of making a resistor unit. Which 
comprises preforming an outer integral sleeve 
member of vitreous material, preforming an inner 
integral sleeve member of vitreous material, nest 
ing the inner sleeve member within the outer 
sleeve member, arranging a coil of resistance Wire 
between the sleeves, and fusing said sleeves tor 
gether to retain said coil in position therebetween 
while internally supporting the inner sleeve men 
ber on an inserted mandel. 

6. The method of making an electrical unit 
which comprises preforming an outer sleeve 
member of insulating imaterial, preforning an 
inner base member of insulating material, nest 
ing the inner base member Within the outer 
sleeve member, arranging an electrical element 
between the members, fusing said members to 
gether progressively axially of their length where 
by to bond the members and retain said elec 
trical element in position therebetween, and Cut 
ting off said members and said electrical-element 
to a predetermined length leaving said electrical 
element partially exposed at one end of Said 
InnenberS. 

7. The method of Inaking an electrical unit 
which comprises preforming an Outer sleeve 
in ember of insulating material, preforming an 
inner sleeve member of insulating material, nest 
ing the inner sleeve member Within the Outer 
sleeve member, arranging an electrical element 
between the members, and applying heat to the 
Outer sleeve while internally supporting the inner 
sleeve member on an inserted mandrel to col 
lapse the outer sleeve onto the inner sleeve men 
joer and simultaneously expand the inner sleeve 
member to fuse the members together to retain 
said electrical element in position therebetWeen. 

8. The method of making an electrical unit 
which comprises preforming an Outer Sleeve 
member of insulating material, preforming an 
inner sleeve member of insulating material, nest 
ing the inner sieeve member Within the Outer 
sleeve member, arranging an electrical element 
between the members, and applying heat progres 
sively longitudinally thereof to the outer sleeve 
while internally supporting the inner sleeve 
member on an inserted mandrel to effect the 
progressive collapse of the Outer sleeve onto the 
inner sleeve member and the fusion of the two 
members together longitudinally thereof. 

9. The method of making an electrical unit 
which comprises preforning an Outer sleeve 
member of insulating material, preforming an 
inner sleeve member of insulating material, nest 
ing the inner sleeve member Within the Outer 
sleeve member, arranging an electrical element 
between the members, evacuating the space be 
tWeen the members and applying heat to the 
members While internally supporting the inner 
sleeve member on an inserted mandrei to effect 
the fusion of the members together to retain said 
electrical element in position therebetween. 

10. The Inlethod of making an electrical unit 
which comprises preforming an outer sleeve 
member of insulating material, preforming an 
inner sleeve member of insulating material, nest 
ing the inner SeeWe member within the Outer 
sleeve member, arranging an electrical element 
between the members, evacuating the space be 
tween the members, and heating the members 
progressively longitudinally thereof while in 
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ternally supporting the inner sleeve member On 
an inserted mandrel to effect the progressive 
fusion of said members together longitudinally 
while maintaining said evacuation. 

11. The method of making an electrical unit 
which comprises preforming an outer Sub 
stantially cylindrical sleeve member of insulating 
material, preforming a substantially comple 
mentary inner base member of insulating ma 
terial, nesting the inner base member within the 
outer sleeve member, arranging an electrical 
element in the form of a helical coil between the 
members, fusing said members together to form 
a body with said electrical element embedded 
therein, and applying a metallic film to the body 
in electrical contact with said element at the 
point of juncture between said members. 

12. An apparatus for making an electrical unit 
comprising an elongated mandrel adapted to re 
ceive a pair of sleeve members to be sealed, means 
arranged for connection with the sleeves to 
evacuate the space therebetween, a heating 
furnace, and guide means for guiding the 
furnace along a path of travel parallel to the 
mandrel to effect the progressive fusion of the 
sleeves longitudinally thereof. 

13. An apparatus as defined in claim 12, where 
in means is provided for supporting the mandrel 
in substantially vertical position. 

14. An electrical unit comprising a body having 
an outer unitary sleeve member of insulating 
material, and an inner base member of insulating 
material nested therein, said members being fused 
together, an electrical element disposed in the 
form of a helical coil between the two members 
and retained in position thereby, and an annular 
metallic contact band embracing the sleeve men 
ber and base member at the ends thereof, and 
electrically and physically contacting said electri 
cal element at the point of juncture between said 
ineinbers. 

15. An electrical unit as defined in claim 2, 
wherein said metal film is in electrical and physi 
cal contact with said electrical element at the 
point of juncture between said sleeve and base 
menberS. 

i6. The method of making an electrical unit as 
defined in claim 5, wherein an insulating sleeve is 
arranged upon the mandrel prior to the mount 
ing of the inner vitreous sleeve thereon to facili 
tate removal of said inner vitreous sleeve from the 
mandrel structure. 

17. An electrical unit comprising an Outer pre 
formed sleeve member of insulating material, an 
inner preformed sleeve member of insulating 
imaterial loosely nested therein to form an annu 
iar chamber between said sleeves, an electrical 
element comprising a wire coil embracing the 
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inner sleeve member and lying within the annule 
lar chamber between said sleeve members, and 
sealing means at the opposite ends of the inner 
sleeve member for sealing the interior thereof 
from said chamber, whereby said chamber may 
be evacuated by vacuum pressure applied thereto 
to collapse the outer sleeve member without Sub 
jecting the inner sleeve member to corresponding 
collapsing pressure, the sealing means at one end 
of the inner sleeve comprising an annular fused 
connection between said sleeves. 

18. An electrical unit comprising an outer pre 
formed sleeve member of insulating material, an 
inner preformed sleeve member of insulating 
material loosely nested therein to form an annu 
lar chamber between said sleeves, an electrical 
element comprising a wire coil embracing the 
inner sleeve member and lying within the annu 
lar chamber between said sleeve members, and 
Sealing means at the opposite ends of the inner 
sleeve member for Sealing the interior thereof 
from said chamber, whereby said chamber may 
be evacuated by vacuum pressure applied thereto 
to collapse the outer sleeve member without sub 
jecting the inner sleeve member to corresponding 
collapsing pressure, said sleeve members being 
formed of similar vitreous material so that they 
may be fused by the application of heat into a 
substantially homogeneous mass. 
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