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Patented Sept. 24, 1946 2,408,093 

UNITED STATES PATENT OFFICE 
METHOD OF MAKING WIRE-woUND CARD 

TYPERESISTANCE DEVICEs 
Everett M. Patterson, Waterbury, Conn, assignor 
to Bell Telephone Laboratories, Incorporated, 
New York, N.Y., a corporation of New York 

Original application January 30, 1943, serial No. 
474,129. Divided and this application January 
24, 1944, serial No. 519,462 

This application is a division of my copending 
application, Serial Number 474,129, filed January 
30, 1943. w 
This invention relates to a method of making 

resistance devices comprising a card-type Sup 

1 Claim. (CL 201-60) 

port and a resistance Wire wound On the card 
type. Support. . . . . . 

The object of the invention is to make a re 
sistance device in which the turns of wire will 
remain in required positions on the card-type 
Support. . . . ' ' -- 

A feature of the invention resides in the method 
of making the card-type Support. 
Another feature resides in a method of making 

a resistance device comprising a card-type sup 
port and a resistance wire wound thereon and 
in which a thread is provided along an edge por 
tion of the card-type support. 
The card-type supports made in accordance 

with this invention are grooved at required points 
to receive the turns of resistance wire and the 
grooves extend at least part way over edge por 
tions of the card-type Support. The grooves are. 
formed in the card-type support by placing a 
Suitably formed and constructed card between . 
grooved plates and by pressing the plates against 
the card. m 

In the drawings: . 
Figs. 1, 2 and 3 show three steps in making a 

grooved plate to be used in pressure forming 
grooves in the card-type support; . . . . . . . . . 

2 
Fig. 13 is a plan view of a modification of the 

resistance device structure; and . . . 
Fig. 14 is a cross-sectional view of a portion 

of the device shown in Fig. 13 and taken on the 
line 4-4. . . . 
In making electrical resistance devices coma 

prising a card-type insulating support and a re 
sistance Wire wound helically on the support it 

O 
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Fig. 4 shows one of the grooved plates in per 
Spective; 

Fig. 5 shows an advanced step in forming the 
plate; - . . . . . . - . . . r. 35 

Fig. 6 is a view in perspective of a press with 
two of the grooved plates mounted in the press; 

Fig. 7 is a view in perspective of a piece of 
sheet material from which a card-type support is 
to be cut; . . . 40 

Fig. 8 is a view in perspective of one form of. 
Card cut from the sheet shown in Fig. 7; 

Fig. 9 is an end, view of the press shown in ... 
Fig. 6 and with a card located between two plates 
mounted in the press and after the plates have 
been pressed against the card; 

Fig. 10 is an enlarged cross-sectional view of 
portions of Fig. 9; 

Fig. 11 is a plan view of one form of card-type 
support constructed in accordance with the in 
vention and partly wound with resistance wire; 

45 

50 

Fig. 12 is a CrOSS-Sectional view of a portion 
of the resistance device and taken on the line. 

SS 12-12 in Fig. 11; 

is found necessary in Some cases to maintain, 
the turns of the resistance wire accurately spaced 
from each other. It has been found quite diffi 
cult to maintain the correct spacing of the turns 
of Wire when the card-type support does not have 
parallel long edge portions and when at least 
One of the long edge portions is contoured to pro 
vide a rather steep curve. The difficulty is over 
come in Some cases by winding the wire under 
Such tension that the wire will dig into edge por 
tions of the support. In other cases where close 
Spacing of the turns of Wire is not necessary 
notches have been cut in the edge portion of 
the support and the wire is guided into these 
notches during the winding operation. These 
procedures have their limitations, however, since . 
in the first case overtensioning the wire might 
break the wire or change its resistance value and 
in the second case hand cutting notches to very 
close space limits is tedious, expensive and, in 
most cases, not sufficiently accurate and machine. 
tools operable to accurately cut notches across 
an edge portion of a card at, say 160 notches per . 
inch, and suitable for cutting notches in cards 
of considerable length to such close limits are not 
readily available. 
In the present invention the card-type sup 

port is provided with thermoplastic flat surfaces 
and these surfaces are molded to provide required 
grooves in the card-type Support and Some of the 
thermoplastic material is extruded beyond the 
Original edge portions of the card-type support 
and retains parts of the groove pattern impressed 
On the card-type Support. 
When a wire is wound on the card-type sup 

port the portions of the wire extending over the 
edge portions of the card-type support are lo 
cated in the grooves in the extruded portions: 
of the thermoplastic material and the wire is thus 
prevented from slipping along the length of the 
card-type support. 
To obtain the required groove pattern and 

provide means for forming the pattern on a card 
type Support a cylinder 5 of impressionable mates. 
rial as shown in Fig. 1 is rotated against a cutting. 
tool 6 So that a required groove pattern will be 
cut in the outer cylindrical surface of the cylinder 
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5, the cutting tool is being moved lengthwise 
Of the cylinder 5 under the action of a lead 
Screw or other suitable tool feeding means, not 
shown, and the cylinder 5 being supported at 
opposite ends by means of supports. and 8, 
Oile at least of which is in driving engageinent 
With the cylinder 5 and rotated by a suitable 
driving means, not shown. The cylinder 5 should 
be made of such material that a helical groove 
9 may be readily cut in the outer surface 26 by 
means of the tool 6. I have used, for instance, 
lead as the material for the cylinder 5 since the 
helical groove 9 may be readily cut in this nate 
rial. It will be assumed merely for the purpose 
of explaining the invention that: the cylinder 5. 

5 

0 

is made of lead and the groove 9 extends from . . 
one end of the cylinder 5 to the other. 
After the groove 9 has been formed a metal. 

coating 2 is applied to the outer surface of the 
cylinder 5 as shown in Fig. 2. The coating 2 
may be applied, for instance, by electroplating the 
cylinder 5 with copper- or other suitable metal, 
the inner surface of the coating 2 taking in re 
Verse form the pattern of the groove on the cylin 
der 5 and the metal coating 2 being sufficiently 
thick to have no groove pattern on the outer sur 
face. 
The coating 2 is cut longitudinally as shown 

at 22 in Fig. 3 and is peeled off the cylinder 5 
as shown in this figure and is then flattened out 
to make a flat plate 23, shown in Fig. 4, the plate 
23 having the groove pattern 24 on the upper 
surface and having a plain ungrooved lower sur 
face 25. 
The plate 23 is mounted on a thicker backing 

plate 26 as shown in Fig. 5, the plain under sur 
face 25 of the plate 23 being secured to the back 
ing plate 26 in any suitable manner so that the 
plates 23 and 26 form a relatively thick plate 
27, one surface of which contains the groove pat 
tern 24. 
An exact duplicate 28 is formed of the plate 27 

and the two plates 27 and 28 are mounted in a 
press 29 shown in Fig. 6, the press 29 having two 
mounting plates 30 and 3 which may be heated 
in any Suitable manner. It Will be obvious that 
the mounting plates 30 and 3 may be electrically 
heated by heating means extending into the aper 
tures 32 or that steam or other heat supplying 
pipes may be connected to the mounting plates 30 
and 3 through the apertures 32 in order that the 
mounting plates 30 and 3 may be heated to a 
required temperature. The press 29 is constructed 
and arranged so that the mounting plates 39 and 
3 may be brought closer together. A suitable 
preSS for the purpose is a hydraulic press in which 
the mounting plate 3 is supported on a hydrau 
lically operated piston 33, the mounting plate 30 
is fixed and guide rods 34 for the mounting plates 
are supported on the mounting plate 3 and ex 
tended through apertures provided in the mount 
ing plate 30. It is obvious that if a sheet of ther 
Imoplastic material is placed between the groove 
patterned plates 27 and 28 mounted in the press 
29 and the press is operated to move the plates 
27 and 28 against opposite faces of the thermo 
plastic sheet while the mounting plates 3 and 3 
are heated to a sufficient temperature to bring the 
groove patterned plates 27 and 28 to a temper 
ature sufficient to soften the thermoplastic 
sheet, the upper and lower surfaces of the 
thermoplastic sheet will be molded to the 
groove pattern impressed therein by the plates 
27 and 28. By applying sufficient heat and pres 
sure to the thermoplastic sheet through opera 

4. 
tion of the press 29 some of the thermoplastic 
material may be made to extrude beyond the 
original edges of the thermoplastic sheet. The 
thermoplastic material and the temperature im 
parted to it should be such that the groove pat 
tern Will remain in the extruded portions of the 
material extended over the original long edge 
portions of the sheet. A suitable thermoplastic 
material for the purpose is cellulose acetate. It 
is obvious, however, that other thermoplastic ma 
terials may be used instead of cellulose acetate and 
that the invention is not limited to the use of 
cellulose acetate. It will be assumed, however, 
merely for the purpose of explaining the inven 
tion that such material is used in the construc 
tion of the card-type. Support. 

Fig. 7 shows. a. sheet 35 comprising an inner 
layer 36 coated on opposite faces 37 with thermo 
plaStic material which may be cellulose acetate or 
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other suitable thermoplastic material. 
From the sheet 35 a card is cut of desired form 

Such, for instance, as the card 38 shown in Fig. 8. 
This card has a long straight edge portion 39 and 
a curved edge portion: 40 and after being im 
pressed with the groove pattern of the plates. 27. 
and 28 in the press 29 will become a card-type 
support on which resistance wire may be wound, 
the turns of Wire being guided into and being held 
in grooves formed, in the pressing operation, on 
the edge portions';39 and 40, the grooves being 
provided to prevent the Wire from slipping along 
the long edge portions of the card-type support. 
To make a card-type support: having the re 

quired groove pattern the card 38 is placed be 
tween the plates 27 and 28 in the press' 29, the 
plates 27 and 28 are heated to a sufficient tenn., 
perature to soften the thermoplastic coatings and 
the press 29 is operated to squeeze the plates 27 
and 28 against the thermoplastic surfaces on the 
card 38. The temperature should be: only suffi 
cient to Soften the thermoplastic material and, 
not high enough to make the material run 
freely. 
As shown in Figs. 9 and 10, a cardi type sup 

port 4 has been made from the card 38 in the 
manner above described. It will be seen by look 
ing at these figures that some of the thermoplas 
tic material has been extruded as indicated at 
42-43 beyond the original edge portions. 395 and 
40 of the card, that the extruded portions 42° and 
43 turn inwardly toward each other on each edge 
portion of the card-type support 4 and that the 
groove pattern continues in the extruded portions: 
42 and 43, as indicated at 44; in the extruded 
portion 42 shown in Fig. 10. The extruded por 
tions, 42, and 43 are, in effect, spaced ridges ex. 
tending along the edges of the card-type support, 

60 

the ridges cooperating to form a channel, along 
each long edge of the card-type support. 
When a wire 45 is wound on the card-type sup 

port 4 as shown in Fig. 11, the portions of the 
Wire 45 extended around the long edge portions of 
the card-type support 4 rest in the grooves 44 in 
the extruded portions 42 and 43 so that the turns 
of the wire are held in required spaced relation 
and are prevented from slipping along the long 
edge portions of the card-type support 4. This 
is of particular advantage in making a so-called 
tapered resistance when the required taper is ob 
tained by winding the wire on a tapered form 
card-type support having a relatively steep curve 
along one of its edge portions. The wire cannot 
slide down the curved edge portion of the card 
type support. 

I have made card-type supports by the method 
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above described and have found that even when 
the edge portions are formed to provide rela 
tively steep curves the turns of wire wound on 
the card-type support will remain in their re 
quired positions. Also that the turns of wire 
will remain in their required positions on the 
card-type support when the wire-Wound card is 
bent into the form of a ring suitable for forming 
part of a potentiometer in which the resistance 
unit is a ring type support wound with wire and 
a wiper contact is rotated over and in contact 
with an edge portion of the wire-wound resist 
ance unit. 

Since the thermoplastic material is on opposite 
faces of the card-type support and some of the 
thermoplastic material is extruded so that por 
tions overhang the original long edge portions 
of the Support the sheet 35 from which the card 
type support 4 is cut may be a laminated struc 
ture in which the inner layer 36 is made of either 
metal or sheet insulating material. In Some cases 
may make the card-type support entirely of 

thermoplastic material and control the heat and 
pressure applied by the press 29 so that the outer 
flat surfaces will be softened and molded by means 
of the plates 27 and 28 to the required groove 
pattern and there will be some of the outer sur 
face material extruded beyond the original long 
edge portions of the card and the groove pattern 
will be continued into the extruded portions. 
In the modification shown in Figs. 13 and 14 

the card-type support 46 is made in the same 

O 
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nanner as the card-type support 4 above de 
scribed. In this modification, however, each long 
edge portion of the card-type support 46 is pro 
vided with an impressionable insulating thread. 
The threads 47 and 48 may be made of cellulose 
acetate or other insulating material sufficiently 
soft at normal room temperature to allow the 
wire 45 to partly sink into the thread when the 
wire 45 is wound on the card-type support. The 
thread 47 is laid in a channel 49 resulting along 
the curved edge of the card-type support 46 when 
the extruded portions 42 and 43 are formed, the 
channel 49 being defined by the original curved 
edge of the card and the extruded portions 42 
and 43 of thermoplastic material. 

35 

40 

45 

The thread 48 is laidin a channel 50 resulting . 
along the long straight edge of the card-type 
support 46 when the extruded portions 42 and 43 
are formed, the channel 50 being defined by the 
original long straight edge of the card and the 
extruded portions 42 and 43 of thermoplastic ma 
terial. The thread 51 shown in Fig. 13 is, in ef 
fect, a continuation of the thread 47 and is pro 
vided at the point indicated when the card-type 
support 46 is made in the general form shown and 
is abruptly widened on an end portion of the 
Structure. 
When the wire 45 is wound on the card-type 

support 46 the wire 45 binds the threads 47, 48 
60 

6 
and 5 into the channels formed by the extruded 
portions 42 and 43 along edge portions of the 
card-type support. The diameter of the threads 
47, 48 and 5 is slightly greater than the depth 
of the channels and the threads are indented 
under the tension of the wire 45, the indentations 
made in the threads being, in effect, continua 
tions of the groove pattern formed in the ex 
truded portions 42 and 43, one of the grooves of 
which is illustrated at 44 in Fig. 10. 

It will be seen, as illustrated in Figs. 13 and 14, 
that the grooves formed in the extruded portions 
42 and 43 of the thermoplastic material and the 
indentations made in the threads 4 and 48 will 
prevent the turns of wire A5 from slipping along 
the card-type support 46. 
The Wire-Wound resistance formed in accord 

ance with this invention may be mounted on a 
Suitable support in a resistance device in which 
a wiper contact is provided to successively engage 
the turns of resistance wire. The Wire-Wound 
card may be bent into the form of a ring and 
mounted on an annular Support and the Wiper 
contact may be arranged to operate over and in 
contact with the turns of wire extending over the 
long straight edge portion of the resistance. In 
the case of the structure shown in Figs. 13 and 14 
the thread 48 will provide a backing for the turns 
of resistance wire where the wire is engaged by 
the wiper contact and prevent undue distortion 
and displacement of the turns of the resistance 
wire by the action of the wiper contact. 
What is claimed is: 
The method of making a wire-wound resist 

ance of the type shown in Figs. 13 and 14 con 
prising making a card of the general form re 
quired to support the wire winding, said card 
having surfaces of thermoplastic material, plac 
ing said card between two plates having surfaces 
facing said card representing a required groove 
pattern to be impressed in said card, heating said 
plates to a temperature sufficient to soften the 
thermoplastic surfaces on said card, pressing Said 
heated plates against said card until said ther 
moplastic surfaces are impressed with the groove 
pattern represented on said plates and until some 
of the thermoplastic material in said Surfaces is 
extruded beyond original edge portions of Said 
card in the form of spaced ridges defining in co 
operation with the original edges of said card 
channels extending lengthwise, along edge por 
tions of said card, placing threads in the chan 
nels formed along the edges of said card and 
winding a wire around said card So that turns 
of the wire winding engage in the grooves formed 
in the extruded portions of said thermoplastic 
material and so that the turns of wire indent said 
threads where the turns of said wire extend over 
edge portions of said card. 

EVERETTM. PATTERSON. 


