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This invention relates broadly to the manufac 
ture of ?exible cables of the general type com 
prising one or more continuous wires surrounded 
by a covering which may be electrically insulat 
ing or have other desired qualities. 
In my co-pending application Serial No. 90,881, 

I have disclosed and claimed a continuous wire 
cable of new and improved type and construc 
tion which is adapted and intended for use in 
?re detector systems. This cable comprises two 
spaced, continuous, electrically conductive wires 
which are surrounded and held in spaced, paral 
lel relation by “beads” which are spaced along 
the conductors and are fused to them. My inven 
tion is of great utility in the manufacture of such 
a cable but is of equal utility in the manufacture 
of other continuous covered wire cables gen 
erally, regardless of the number of conductors or 
the use to which the cable is to be put. The pri~ 
mary result of the invention has been to pro 
vide a method of manufacturing cables of the 
described type and construction which‘ is feasible 
and practical from the engineering, manufactur 
ing and economic standpoints. ‘ 
As stated above, the method provided by this 

invention is of great utility in the manufacture of 
?re detector elements of the continuous cable 
type particularly described and claimed in my 
co-pending application When intended for use 
in such ?re detection systems the beads of the 
cable, which surround the two wires and hold 
them in spaced relation, are formed of so-called 
thermistor material which is electrically insu 
lating at normal temperatures and becomes elec~ 
trically conductive at some predetermined tem 
perature, thus completing an electric circuit 
through the wires causing some operation, such 
as the energization of a signal, to be performed. 
While this invention is of general utility in the 
manufacture of continuous wire cables of all 
types and regardless of the purpose for which the 
cable is to be used, it will be described in this ap 
plication in connection with the manufacture of 
a cable having beads of thermistor material and 
adapted and intended for use in a fire detection 
system. 
The method of manufacture provided by this 

invention consists, in general. in forming around 
one or more continuous, parallel wires, which may 
be electrically conductive, a solid cylinder of oo 
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2, 
hesive material which on heating becomes fused 
to the wire or wires and shrinks longitudinally 
thereof to form separate, spaced beads along the 
length of the wire or wires. 
The steps in a preferred method according to 

the invention are illustrated in the drawings 
which, like the speci?cation, are only illustra 
tive of the invention and impose no limits thereon 
not imposed by the appended claims, and in 
which: 

Fig. 1 illustrates the ?rst steps of extruding 
material about spaced conductors and drying the 
extruded material; 

Fig. 2 illustrates the next step of baking the ex 
truded material; 

Fig. 3 illustrates the detector element after 
drying but before baking; 

Fig. 4 is a sectional view taken on line 4--4 
of Fig. 3; 

Fig. 5 illustrates the detector element after the 
baking step; 

Fig. 6 illustrates the detector element of Fig. 
5 after enclosure in a protective tube; and 

Fig. '7 is a sectional view taken on line 1-1 of 
Fig. 6. 
In a preferred method of manufacturing a ?re 

detector element in, accordance with this in 
vention, a thermistor material is used which will 
not deteriorate or be removed by heating within 
the range of temperatures including those to 
whichrthe detector element is subjected in man 
ufacture or use, and which will be fused to the 
metal of the conductors by heating. To this 
thermistor material is added material which will 
be removed, as by burning or volatilization. when 
heated to a temperature which may easily be 
producedv in manufacture and at which the ther 
mistor material will fuse to the wires. This ma 

' terial is formed in a continuous cylinder about 
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two spaced electrically conductive wires and is 
then dried in order to make a generally cohesive, 
unitary structure. This is then baked at a tem 
perature and for such a time that the removable 
ingredients are removed, causing the cylinder 
of thermistor material covering the wires to 
shrink radially and longitudinally thereof. In 
shrinking longitudinally the thermistor material 
separates into a plurality of beads spaced along 
the conductors and fused thereto by the baking 
treatment. This unitary assembly of conductors 
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and beads may then be encased in a tightly 
fltted metal casing which holds the parts perma 
nently and ?rmly in position. 
A material which has been found to be entirely 

satisfactory in carrying out the method of this 
invention has the following ingredients: 

Feldspar ____________________________ __ 31.00 

Flint ________________________________ __ 11.40 

Borax ______________________________ __ 37.10 

Soda ash ____________________________ __ 5.90 

Soda nitre __________________________ __ 3.80 

Fluorspar ________________ _; __________ __ 9.00 

Cobalt oxide ________________________ __ .50 

Nickel oxide ________________________ __ .40 

Manganese oxide ____________________ __ .90 

100.00 

In forming this material the ingredients listed 
above are melted, poured into water and then 
ground to powder in a ball mill. Two or more 
parts of the powder are then mixed with ten 
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parts by volume of a mixture of an inert ceramic ' 
material, such as steatite (60% to 90%), and a 
material which will be removed by heating, such 
as flour or other combustible material (40% to 
10%), and after mixing in a ball mill sufficient 
water is added to make the mixture plastic. The 
flour or other combustible material constitutes 
the material which is removed by heating to 
cause the shrinkage which produces small units, 
designated beads, all as described hereinbefore. 
Sufficient of this material must be added to the 
thermistor frit to insure that when it is removed 
by heating the shrinkage will be enough to cause 
the desired separation into beads. The spacing 
of the beads is controlled by this shrinkage and 
must be great enough to allow bending of the 
?nished detector cable through a small radius 
without breaking the wires or crushing the beads, 
but must also be small enough to prevent contact 
of the conductors with each other or with the 
protective casing. It has been found that the 
speci?ed proportion of these ingredients will pro 
duce these results. 
The described material is formed in a cylinder 

about two parallel, spaced electrically conductive 
wires. This step is preferably performed by ex 
truding the material from a hopper 2 (see Fig. 1) 
through an ori?ce 4 through which the conduc- ' 
tors 5 are led, thus producing a solid cylinder of 
the material having the conductors embedded 
therein. This cylinder is led directly from the 
extruding ori?ce to a drying furnace It! the tem 
perature in which may increase from 122° F. at 
the entrance to a maximum of 230° F. in a typical 
case. The purpose of this drying step is merely 
to impart an initial cohesiveness to the extruded 
material and permit further heating to remove 
the ?our or similar material by oxidization, 
evaporation or sublimation without the genera 
tion of steam. The product of this drying step is 
illustrated in Figs. 3 and 4 and comprises a solid 
cylinder 20 of thermistor material having the 
conductors 6 embedded therein. In accordance 
with the invention disclosed in my co-pending 
application, the tube is of elliptical cross-section 
with the conductors 6 lying in the major axis. 
The dried solid cylinder 20, in the form shown 

in Fig. 3, and preferably in relatively long or 
continuous lengths, is now baked at a su?iciently 
high temperature for a suf?cient length of time 
to cause the ceramic material to shrink into beads 
and become fused to the conductors. This step 
may be performed in any suitable heating device, 
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4 
such as the furnace 30 of Fig. 2, in which a plu 
rality of elements 32 may be baked. In a process 
using the described materials, the heating is con 
tinued for approximately 48 hours at a tempera 
ture of approximately 1600° F. During this heat— 
ing the extruded material 20 shrinks both radially 
and longitudinally of the wires, causing it to 
change from the continuous, cylindrical form 
shown in Fig. 3 to the form shown in Fig. 5, in 
which it comprises a plurality of beads 40 spaced 
along the conductors 6 and fused thereto and 
having the same elliptical cross-section as the 
continuous extruded material of Fig. 3. These 
beads will be slightly spaced apart or lightly abut 
ting each other, at the centers thereof, as shown 
at 42 in Fig. 5 and will be spaced apart by pro 
gressively greater distances as the periphery is 
approached, being rounded at the periphery as 
the material fuses. Due to the fusing of the 
thermistor material to the conductors these parts 
are substantially permanently united, forming a 
unitary structure. The spacing of the beads 
permits the cable to be bent through a small 
angle, with the advantageous effects and results 
described hereinbefore. ' 

After completion of the shrinking step the 
beads are allowed to cool and the entire assembly 
of beads and conductors is enclosed in a pro 
tective casing 50 which may be made of suitable 
material, such as the alloys now known as vMonel 
and Inconel, and which is of such small thick 
ness (e. g. a few thousandths of an inch) that 
it does not prevent bending of the detector. 

It will, of course, be apparent that other ma 
terials than those described hereinbefore may be 
used in carrying out the described process with 
out departing in any way from the invention. 

In another method of manufacture, for 
example, the material which is extruded about 
the Wires is a mixture of one or more me 
tallic organic compounds and some inert 
ceramic compound, such as steatite or aluminum 
oxide. The metallic organic compound dis 
sociates on heating and the extruded material 
therefore shrinks to provide the beads resulting 
in the provision of a supporting matrix which 
incorporates with metallic oxides. Examples of 
metallic organic compounds are tetra ethyl lead 
Pb(C2H5)4, Sb(C2H5) 3, Ca(NHCsI-I5) 2, and others. 
While I have described in this application a 

method comprising certain speci?ed steps, it will 
be apparent to those skilled in the art that other 
steps may be added, or some of those disclosed 
may be eliminated, or those disclosed may be 

. modi?ed, all without departing in any way from 
the spirit or scope of the invention, for the 
limits of which reference must be had to the 
appended claims. 
What is claimed is: 
l. The method of manufacturing a continuous 

?exible cable comprising at least one wire and a 
plurality of beads of insulating material sur 
rounding and fused thereto and spaced along the 
length thereof, which comprises the steps of 
forming about the wire a solid continuous cylinder 
of material containing an ingredient which is 
fused by heating and an ingredient which is re 
moved by heating, and heating the assembly suf 
ficiently to remove the heat-removable ingredi 
ent and fuse the fusible ingredient. 

2. The method of manufacturing a device 
which comprises two spaced, parallel, continuous, 
electrically conductive wires and a plurality of 
beads surrounding and fused to the wires and 
spaced along the length thereof, which comprises 
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the steps of forming about two spaced, parallel, 
continuous, electrically conductive wires a solid, 
continuous cylinder of material containing at 
least one ingredient which increases in electrical 
conductivity with temperature, which is not re 
moved by heating within a. range within which 
the element is to be used and which will be fused 
to the conductors by heating, and at least one 
ingredient which will be removed by heating to 
the temperature required to fuse the ?rst ingre 
dient to the conductors, and heating the cylinder 
of material to- remove the heat-removable in 
gredient and fuse the fusible ingredient. 

3. The method of manufacturing a ?re de 
tector element or like device which comprises 
two spaced, parallel, continuous, electrically con 
ductive wires and a plurality of beads surround 
ing and fused to the wires and spaced along 
the length thereof, which comprises the steps 
of forming about two spaced, parallel, contin 
uous, electrically conductive wires a solid, con 
tinuous cylinder of material comprising an inert 
ceramic compound and a mixture of metallic or 
ganic compounds which dissociate and shrink on 
heating and the electrical conductivity of which 
increases with temperature, and heating said ma 
terial to dissociate and shrink it into a plurality 
of beads spaced longitudinally along the length 
of the wire. 

4. The method of manufacturing a continuous 
?exible cable comprising at least one wire and 
a plurality of beads of insulating material sur 
rounding and adhered thereto and spaced along 
the length thereof, which comprises the steps 
of forming about the wire a solid continuous cyl 
inder of material containing an ingredient which 
is fused by heating and an ingredient which is 

10 

30 

6 
removed by heating, and heating the assembly 
su?iciently to remove the heat-removable in 
gredient and fuse the fusible ingredient. 

5. The method of manufacturing a tempera 
ture~sensitive resistance device comprising a plu 
rality of spaced parallel electrically conductive 
wires and a plurality of beads of material the 
electrical resistance of which changes with 
changes in temperature surrounding and adhered 
to the wires and maintaining the wires in spaced 
relation, which comprises the steps of forming 
about parallel spaced wires a solid continuous 
cylinder of material containing an ingredient 
which is removed by heating, at least one in 
gredient which is not removed by such heating 
and the electrical resistance of which changes 
with changes in temperature, and a material 
which is fused by such heating, and heating to 
remove the removable ingredient and fuse the 
fusible ingredient, whereby the cylinder of ma 
terial covering and spacing the wires shrinks 
longitudinally of the wires and separates at 
spaced point-s along the length thereof. 

MELVILLE F. PETERS. 
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