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2,972,726
ELECTRICAL RESISTOR

‘Otis F. Boykin, Chicago, Ill., assignor, by mesne assign-
ments, to CTS Corporatmn, Elkhar¢, Ind., a corpora-
tion of Indlana

Filed Feb. 27, 1956, Ser. No. 567,765
21 Claims. (CL 338—297)

-This invention relates to an electrical resistor, and
p_articularly t0 a high precision wire-type resistor.

Precision resistors as heretofore constructed have
been difficult to manufacture and hence have been quite
expensive. Commonly, prec131on resistors have been
wound on bobbins or spools in spaced reversely wound
sections. The bobbins have cores of relatively small diam-
eter and are rotated at high speed to wind the wire there-
on so that the wire is subjected to relatively great ten-
sion. It has been found that the strains resulting from
the winding operation cannot be economically fully re-
lieved by heat treatment. Further the stretching of the
wire during winding prevents accurate measurement of
~ the wire as it is applied to the bobbin. The prior art
spool or bobbin type resistors have also presented dif-
ficulties due to the differential exlaansion and contraction
of the wire relative to the bobbin in operation, and ad-
ditionally the bobbin type resistor has very definite space

reqmrements which make it unsuitable or disadvantage-

ous In many applications.

The present invention provides a precision type wire
wound electrical resistor which can be readily adapted to
different space requirements and configurations. The

resistor will meet relatively stringent inductance require-

ments without the necessity for reverse winding as in the
bobbin resistor, and may be made very cheaply and
quickly W1th0ut wire strain. In bobbin type wire wound
resistors, design changes to minimize the inductive effect
usually bring about an increase in capacitance. . How-
ever, with the present invention, the resistor can be de-
signed to combine minimum mductlve with mmunum
capacitive effects.

Resistors according to the present invention can be
designed to provide tolerances as low as required, for
example .02%, and can be designed to withstand rela-
tively great accelerations and shocks and great tempera-
ture changes such as encountered in rocket flight and the
like. The resistors may be made in flat form for maxi-
mum heat transfer to flat mounting surfaces, or may be
adapted to a wide variety of other mounting procedures.
. It is therefore an important object of the present in-

vention to provide a precision wire wound resistor elimi-

nating the conventional bobbin.
- It 1s a further object of the present invention to provide
a novel resistance element in which the inductive effects
associated with the element may be greatly reduced
without the need for reverse winding of the wire.

A further object of this invention is to provide a
novel electrical resistor which is simple and inexpensive
to manufacture,:

It is yet another object of the present invention to
provide a resistance element which is readily adaptable
- to different space and mounting requirements. _

A still further object of the present invention is to
prowde a resistor which can withstand extreme accelera-
tions and shocks and great temperature changes without
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VA _
the danger of breakage of the fine resistance wire or
other detrimental effects.

It 1s a more specific object of the present 1mentlon to
provide a novel and improved termmal connection for
a resistance wire. |

Other and further objects, features and advantages of
this invention will become apparent from the following
detailled description taken in connection with the accom-
panying drawings showing certain preferred embodi-
ments, in which:

Figure 1 is a more or less diagrammatic elevational
view of a resistance element comprising an embodiment
of the present invention;

Figure 2 is a greatly enlarged longitudinal sectional
view of a portion of the resistance element of Figure 1,
and illustrating somewhat diagrammatically ‘the manner
in which the wire may be wound in multiple layers on
its support;

Flgure 3 1s a cross sectional view through the element
shown In Flgure 1;

Figure 4 is a plan view of a resistance element of the
type shown in Figure 1 embedded in an insulated casing
with the successive sections of the. resistance element of
Figure 1 connected to individual terminals;

Figure 5 is an elevational view of the structure of
Figure 4 and illustirating the resistor secured to a flat
heat conductive mounting surface;

Figure 6 illustrates the resistance element of Figure 1
with the supporting tape thereof folded to dispose the
sections of the elements in such a way that the magnetic
fields of adjacent sections opposed one another;

Figure 7 is an elevational view illustrating the re-
sistance element of Figure 6 secured within an insulating
casing and mounted against a suitable heat conductive
surface; | |

Figure 8 1llustrates a resistance element of the type
shown in Figure 1 folded about a longitudinal axis and
then wound arcuately on a spool, the resistance element
having a length such that the opposite ends thereof will
be in spaced relation after the element is wound on the
Spool; -

Figure 8a is a diagrammatic view of a single turn
of resistance wire in the resistor configuration of Fig-
ure 8; |

Figure 9 is a cross sectional view taken generally along
the line IX—IX of Figure 8;

Figure 10 is an elevational view of the structure of
Figure 8 embedded within an insulating housing;

Figure 11 represents a resistance element such as shown

in Figure 1 folded on a longitudinal axis and wrapped
helicaily on an insulating tube;

Figure 12 i1llustrates a modlﬁcation of the resistance
element shown in Figure 1, characterized by the fact that
the tape or support upon which the winding sections are
wound is severed between the sections and the sections
are turned to dispose their magnetic axes in parallelism

but with the magnetic fields of adjacent sections opposing

one another;
Figure 13 is a perspective view of another form of
resistor made in accordance with this invention:

Figure 14 is an enlarged longltudmal sectional Vlew
through the resistor of Figure 13;

Figure 15 is a fragmentary elevatwnal VIEW upon a
larger scale of the resistance element shown in Figure 13;

Figure 16 is a perspective view of a resistance clement,
similar to that shown in Figure 15, wound into a spiral;

Figure 17 is a cross sectional view taken on the line
XVII—XVII of Figure 14:

Figure 18 is a greatly enlarged top plan view of the
resistance element shown in Figure 15;

Figure 19 is a view sumlar to Flgure 17 showing a
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resistor constructed with a resistance element that is
folded into pleats in accordion fashion; and '
Figure 20 is a perspective view of a pleated resistance
element of the type used in the resistor shown in
Figure 19. |
Ag shown on the drawings: _
The present invention concerns high precision electri-
cal resistors which are formed by lengths of resistance
wire preferably of the order of .0006 inch to .010 inch
in diameter. Wires of these sizes are commonly uged
for resistors of relatively small current ratings having
resistance values from about .05 chm to several megohms.
To form the resistance unit illustrated in Figures 1 to 3,
a length of insulating material preferably in the form
of a tube 18 is placed on a mandrel in such a manner
that a resistance wire 11 may be helically wound onto
‘the tube as by rotation of the mandrel, preferably with-
out the wire coming into contact with the surface of the
mandrel itself. As the wire is wound onto the tube 10
the wire may be waxed or cotherwise suitably cemented

to the tube, and when the winding operation is complete.
the unit is removed from the mandrel. The tube 19
with the wire thereon is then flattened so that the tube

becomes a flat multi-ply tape and the convolutions of
the winding are disposed in closely adjacent straight
stretches. This flattened multi-ply tape provides a very
satisfactory and convenient support for the wire.

By way of specific example, the tube 19 may be of
polyethylene with the wall thickness for example of
002 inch. When the tube of polyethylene is flattened as
indicated in Figure 3, it may form a tape having a width
of 1V4 inches and a total thickness of .004 inch. Such
a tape will be universally flexible and may be bent on
any axis, and thus will accommodate a multiplicity of
configurations as space or mounting requirements, induc-
tive or capacitive limitations and the like may indicate.

Figure 2 illustrates, by way of example, the preferred
manner in which the resistance wire 11 may be wound
on the tube 10. In winding the resistance element illus-
“trated in Figure 2, the wire may be wound in contiguous
helical turns in a first layer 13 along the tube 1@ from
left to right with the last turn in this first layer designated

4

by properly selecting the number of turns per section.

The resistance element of Figure 1 including the tube
or tape 10 and the wire 11 wound thereon will hereafter
be designated by the reference numeral 47. The section

or pi indicated at 43 of element 47 has a right hand
portion thereof represented in Figure 2 in the multiple

layers 13, 17, 19, 23 and 25, while the p1 44 has its

* left hand side represented by the multiple layers 30, 32,

10

34, 36 and 38 in Figure 2. The conductive portion 48
of wire 11 has an insulating coating or covering thereon
as indicated at 49 in Figure 2. The wire may be wound
closely on the tube or tape 18 so that succeeding turns
have their insulating coatings 49 in contact. The coat-
ings will have the required thickness to properly insu-
late the turns of the wire taking into account the fact
that the turns such as 16 and 20 will have a potential

difference many times greater than the potential d.ffer-

ence between successive turns such as 15 and 16, the
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- viding a very compact assembly with the chassis.

40

by the reference numeral 15. The next turn 16 of the

wire is wound generally in a second layer 17 on top of
or outwardly of the first layer 13, but with the second
layer 17 being laid down helically in the opposite direc-
tion from the first layer 13. The third laver indicated
by the reference numeral 19 is wound from left to right
as viewed in Figure 2 on top of the second layer 17 and
has an end turn 29 which mav be considered generally
superposed on the end turns 15 and 16 of the preceding
layers. The fourth layer indicated generally by the
reference numeral 23 nroceeds from right to left and the

outer layer indicated by the reference numeral 25 pro- ”

ceeds from left to right and terminates in an end turn 26,
for example.

The length of wire indicated at 27 in Figure 1 con-
nects the turn 26 to a turn 29 in Figure 2 which is in
a first layer 3%, The laver 3¢ is wound helically in the
direction from left to right just as layer 13. Successive
layers are indicated at 32, 34, 36 and 38 and are wound
in the same manner as lavers 17. 192, 23 and 25, respec-
tivelv. Tt will be noted that the first turn in layer 13 and
the first turn 40 of the outer or fifth laver 38 will have
a maximum difference in potential. However, the ca-
pacitive effect associated with these turns 15 and 48 is
minimized by the proper selection of the spacing indicated
generally at x in Ficure 1 between these turns.

It will be appreciated that the advantage of winding

the wire in multivle lavers resides in the relative com- 70

pactness of the resultant resistor element, particularly
as reflected in the length of the tube or tape 10 required
for - a given resistance value.

limitation may be achieved by properly spacing the multi-

layer sections 43, 44, 45 and 46 shown in Figure 1, and 75

45

- conductive portion 48 of resistance wire 11.

50

difference in potential between the turns 16 and 20 being
a function of the number of turns in the layers 17 and
12. By way of specific example, the layers may each
have 350 turns, or the layers may be pyramided with
the layers 17, 19, 23 and 25 having progressively fewer
turns than layer 13. - Resistors in accordance with the
present invention generally have power ratings of the
order of 12 watt. o

Figures 4 and 5 illustrate the resistance element of
Figure 1 embedded in an epoxy resin case 68. As illus-
trated in Figure 4, the case 6& may be provided with
suitable mounting apertures such as 61 for fastening the
case 6% in flat extended surface contact with a chassis
surface 62 by means of suitable fastening means 64
as shown in Figure 5. The epoxy resin case is of a
thickness to properly contrcl the capacitive eftect be-
tween the resistance element 47 and the chassis 62.
This type of mounting gives very advantageous heat dis-
sipation characteristics to the resistor, as well as pro-
ror
example, the resistor may advantageously extend the en-
tire length of the chassis in conforming contact therewith
in certain applications.

A very advantageous manner of connecting fo the
resistance wire 11 is indicated in Figure 4 wherein a
conductor 67 of circular cross section and of relatively
large diameter as compared with the conductive portion
48 of wire 11 has a flattened end pertion @8 bent into
hook shape and mechanically clamped to the end of the
This
method provides extended conductive contact between.
the terminal 67 and the wire 11 without requiring braz-
ing or silver soldering of the parts which embrittles the

wire.

b5

The epoxy resin recommended for use in embedding
the resistance element 47 requires no pressure molding
or high temperature, and thus avoids danger of damage
to the wire in the molding or forming of the case €0
about the resistance element. The resistor need not be

~ in actual contact with the chassis 62 as indicated in Fig-

60

65

ure 5, since advantageous heat dissipation eifects are
achieved even where the resistor has a broad flat surface
snaced from the flat surface of the chassis. The casing
60 may have a glass fiber mesh embedded therem for
added strength and for reinforcement of the mounting
holes 61, and under such circumstances the resistor may
withstand extremely hizh accelerations and shocks. The
epoxy case 69 occupies the entire space about the resist-
ance element, or in other words the resistance element

~ is encapsulated in the resin to eliminate air pockets adia-

The desired- capacitive | .

cent the element. The case 69 thus prevents the forma-
tion of moisture near the resistance element, and the
consequent possibilities of corrosion and the like. |

The tube or tape 10 might also advantageously be
formed of glass fiber or the like in such a way that
upon forming of the case 60, the material of the casing
would flow into the space between the plies correspond-
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5
mg to 10z and 105 in Figure 3 of the glass fiber and
~interlock the same. However, whether the tube or tape
1s of glass fiber or a plastic such as polyethylene, it
provides a relatively soft pliable surface free from sharp
edges on which to mount the relatively fine resistance
wire 11, Also relative expansion and contraction of the
tube or tape and wire will not endanger the wire be-
cause the material of which the tube or tape is made

will readily bend or comstrict to accommodate relative

~ contraction of the wire. This attribute of the tube or
tape has the further advantage of enabling the resistance
element to be bent or folded as needed to meet space
reqmrements

It will be understood that instead of havmg two ter-
minals such as 71 and 72 between successive pies such
as 43 and 44 in Figure 4, a single terminal may be con-
nected to a conductor such as 27 extending between the

pies, without cutting the conductor connecting successive

pies as is done in Figure 4.

In Figure 1, if the spacing between successive pies
such as 43 and 44 designated x, is equal to or greater
than the 10ng1tud1nal dimension y of the succeeding pi

10

15

- 20

such as 44, the resistance element 47 may be folded -

as illustrated in Figure 6. In Figure 1, the arrows 80
indicate the direction of the magnetic fields of the suc-
cessive pies in their straight condition, and it will be
observed that the magnetic fields are all in the same
direction. Hence, they tend to add in the lengthwise
direction, although of course they are relatively small
because of the close spacing of the conductor portions
on opposite sides of the tape as illustrated in Figure 3.
To further reduce the inductive effect of the resistance
element, the flattened tube or tape 10 may be folded
as 1llustrated in Figure 6 to reverse the direction of the
magnetic fields in alternate pies such as 44 and 46 rela-
tive to the pies 43 and 4:, thereby opposing the mag-
netic fields of adjacent pies as well as providing a longi-
tudinally more compact resistance element which for
convenience will be designated by the reference numeral
81. It is to be understood that while for clarity Figure
6 shows the pies in more or less staggered or stepped
relation, in actual practice they would be flattened to
lie between closely spaced parallel planes. As with ele-
ment 47 of Figure 1, a flexible flattened insulating tube
c¢ould be slipped over the resistance element 81 of Figure
6 to form a flexible resistor.

As illustrated in F1gure 7, the resistance elcment 81
could be embedded in an insulating case 88 of epoxy
resin and the case 88 may be of a flat rectangular con-
figuration for mounting in close proximity to a chassis
%0 or the like for optimum heat dissipation. Terminals
85 and 86 may have flat end portions such as 87 crimped
over and pressed against the resistor wire end portion
48 in the same manner as in Figure 4. The case 88
may have mounting holes extending therethrough as illus-
trated in Figure 4 at 61, or the case 88 may be clamped
to the chassis 9¢ or simply pressed thereagainst. The
case may have a reinforcing skeleton of fiber glass or
the hke embedded therein for added strength as with
the previously described embodiment.

Figures 8, 9 and 10 represent one manner in which
the resistance element of Figures 1, 2 and 3, or Figure
6 may be formed for center hole mounting should such
be desired. The element 47 or 81 is folded on a longi-
tudinal axis into generally U or V cross section. The
number of layers or the number of pies used on the
clement 47 or 81 may be selected in accordance with
the size of the resistor to be formed. In the embodi-
ment of Figure 8, each turn of wire such as indicated
at 15 in Figure 2 is of an elongated loop form bent
about a mid-point so that the opposite ends of the loop
are folded toward each other to form four wire seg-
ments with the current flowing in successively opposite
directions in the four segments to further neutralize the
- inductive effects of the wire as well as to render the
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6
resistance element more compact. in width, By way of
llustration, a single conductor turn 95 is illustrated in
Figure 8a with arrows indicating the direction of cur-
rent flow in the four successive segments 95a, 955, 95¢

and 954 of the conductor 95. A resistance eiement of

the type shown at 47 or 81 with the tape folded on a
longitudinal axis is designated by the reference numeral
96 and is illustrated in cross section and end elevation
in Figure 8. The element 96 may be used as a resistor
in straight form in the same manner as elements 47
and 81, or may be disposed in a straight flattened flex-
ible tube of insulating material as described in connec-
tion with the embodiments of Figures 1 and 6. Alter-
natively, the resistance element 96 may be wrapped arcu-
ately about the core 97 of a spool 98 as illustrated in
Figure 8. By way of illustration in Figures 8 and 9,
terminal lugs 100 and 101 may have portions such as
100z in Figure 9 encircling the core 97, and may have
flat Iugs such as 1005 struck out and hooked to receive
the respective ends of the resistance wire, such as 48
in Figure 9, for mechanically clinching the wire end por-
tion 48 in the flat hook portion of the Ing 1006 in good
electrical contact therewith.

Figure 10 indicates the manner in which the sub-
assembly of Figures 8 and 9 would be embedded in an
insulating case 102, with the center mounting hole 163
extending through the spool 98 and through the case
102 and with the terminal lugs such as 1€1 projecting
from the case 182. By way of example, the case 102
may be in a cubical or other rectilinear form, and both
the cases of Figure 7 and Figure 10 may be of epoxy
resin.

Figure 11 illustrates an element of the tvpe shown at
47 or 81 folded on a longitudinal axis as in Figure 8
with the resistance wire wound thereon as illustrated in
Figures 1 to 3 and with the folded resistance element
wrapped helically onto a cylindrical tube 186. The final
product may be identical to that shown in Figure 10,
except that the casing 102 would be more elongated to
accommodate the additional length of the tube 106.

The resistance element 47 or 81 may of course be
wrapped around a core such as 97 in Figure 8 without
first folding the element on a longitudinal axis, and the
element may be wrapped helically about a tube such
as 106 in Figure 11 without first folding the element
along a longitudinal axis. ‘Any suiltable means could
be utilized to maintain the element 81 of Figure 6 in
its folded condition as it is wrapped about the hub
97 or tube 166, for example a flattened flexible tube
of insulating material could be slipped over the element
81, before it is wrapped into either of the arcuate con-
figurations specified.

Each of the above mentioned modifications could, of
course, be enclosed in a suitable insulating housing as
illustrated in Figure 10, for example, or as illustrated
in Figures 4 and 5, whichever is more suitable or advan-
tageous.- In each case, the casing is preferably of epoxy
resin and fills the entire space adjacent the resistance
element.

Figure 12 illustrates an embodiment wherein the resist-
ance element 47 of Figure 1 is cut along severance lines
such as indicated by the dotted lines 115, 116 and 117
in Figure 1, and the resulting segments 118, 119, 120
and 121 with their respective tape portions 19a, 10b,
10c and 104 and pies 43, 44, 45 and 46 are turned
through 90° in opposite directions to cause the magnetic
axes of pies 43 and 45 to extend in the opposite direc-
tion from the magnetic axes of the pies 44 and 46.
The resulting element designated by the reference nu-
meral 122 could be suitably secured to a flexible strip
of insulating material as by stapling or cementing to form
a flexible resistance element, or the resulting configura-
tion could be embedded in an insulating casing in the
manner Iillustrated in Figures 4 and 5. Alternatively,
the segments 118 and 120 in Figure 1 could be main-




a.078,746"

o
tained 'in the orientation illustrated in Figure 1 after

severance along the lines 115, 116 and 117, and the seg-
ments 119 and IZ1 could be turned through 180° to.

direct the magnetic axes of the pies 44 and 46 in the
longitudinal direction but in the opposite sense to the

magnetic axis of the pies 43 and 45. In this case, the
magnetic axes would be directly in line and opposing

rather than being offset and extending in opposite di-
rections as in Figure 12. Here again, the resulting con-
figuration could be secured to a flexible insulating tape,
or embedded in an insulating casing as just mentioned.

- Referring to the embodiment of Figures 13 to 18, there
is provided an elongated flexible flat tape 210 of insu-
lating, or non-conductive material, such as paper or the
like. The elongated tape 21¢ has a width which is very
much greater than the thickness of the tape as can be
seen by comparing Figure 15 with Figure 18. An elon-
gated resistance wire 212 is wound onto the flexible in-
sulating tape 2310. The wire is wound into elongated
loops and the successive loops of the winding defines what
could be considered an elongated helical coil having elon-
gated loops therein. |

Insulated wire is employed and the wire may, if de-
sired, be coated with wax, cil, or the like before being
wound onto the insulating tape. A confinuous process
is used, and so, for example, the tape 216 may be drawn
off a roll therefor (not shown) and the wire is formed
and wound about the tape as the tape is being with-
drawn. By this means a continuocus length of resistance
element, comprising the tape 210 and the wire 212 wound
thereon is produced. In order to form a resistance unit
of some desired resistance value, the circuit resistance of
the resistance element so formed may be calibrated in
lengths so that a partiuclar length of tape with a par-
ticular size resistance element wound thereon produces a
desired, or particular, resistance.

After a segment of insulating tape with wire wound
thereon has been cut to a desired length, that resistance
element is preferably wound into a spiral 214 as shown
in Figure 16, and the spiral 214 is inserted into a tubu-
lar insulating housing 216 formed of ceramic or the like.
The spiral 214 has the ends 218 and 220 of the resist-
ance wire 212 extending therefrom. The ends 21§ and
220 of the resistance wire 212 are adapted to extend out-
wardly through the ends of the housing 216 and are
connected mechanically or by scldering to terminals 222
and 224. In the preferred embodiment disclosed, the
resistor R is completed by the attachment of ferminals
222 and 224 io the ends of the housing 216 by inserting
said terminals into the housing 216. The terminals 222
and 224 may be provided with enlarged terminal ends,
calibrated to the inner diameter of the housing 216, for
engaging the leads 2318 and 229 of the electrical resist-
ance to provide gaod electrical contact between the ends
of the resistance wire and the terminals. If desired, the
terminals may be soldered to the housing, as generally
indicated at 226, to provide greater strength for the re-
sistor and to seal the resistor unit against ingress of
moisture or foreign material. Where porcelain housing
and body members are used, the end portions thereof
"may be coated with copper or other metals to facilitate
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soldering. The unit when completed is also a very rugged

unit in which the desired resistance value can be accu-
rately maintained with a minimum of inductive effect.

In the construction shown in Figure 19, the resistor
is in most resvects similar to the resistor shown in Fig-
ures 14 and 17 except that the resistance element 228
in the housing is folded into pleats in accordion fashion
rather than being wound in a spiral as shown in Figure
17. A perspective view of the accordion pleated resist-
ance element of Figure 19 is also shown in Figure 20.

- In all of the resistor units described herein, it will be
noted that the resistance element comprises an elongated
wire whose length can be accurately controlled to-control

70

&
the resistance value thereof, and the resistance element is
formed with a flat flexible tape having the resistance wire’
wound thereon. A length of resistance element so con-.
structed may be wound into a spiral, or pleated in ac-
cordion fashion in such a manner as to substantially

neuntralize the inductance effects in the resistance element.
Where the resistance element is mounted in the housing

216, as shown in Figures 14, 17 and 19, the housing may
be filled fully or partially with a silicone varnish, a grease
or like filling material to increase the resistance of the
resistor unit to humidity and to hold the resistance element
firmly in place in the housing. *

In the embodiments of Figures 13 to 20, it Wlll be noted
that the resistance element of the resistor is formed so
that segmental lengths of the tape 218, with the resistance
wire 212 wound thereon lie in stacked relation adjacent
each other and the disposition of the loops of wire is such
as to reduce reactive capacity effects of the resistor. In
the case of the spiral, the stacked segments are adjacent
arcs of the spiral, and in the case of the pleated resistance
element, the stacked segments are the adjacent segments
of the pleat

Tt will be understood that the embodiments of Figures
13 to 20 could be formed on a flattened tube of insulating.
material just as in the embodiments of Figures 1 to 12.
The embodiments of Figures 13 to 20 could have multiple
layers as in Figure 2, or the embodiments of Figures 1 to
12 could comprise a tape of single thickness, or a flattened
tube construction with a single layer winding.

The present application is a continuation-in-part of my
copending application, Serial No. 458,384, ﬁled September
27, 1954, now abandoned.

While numerous embodiments of the invention have
been. shown and described herein, it will be understood
that they are illustrative only and not to be taken as a
definition of the scope of the invention, reference being

had for this purpose to the a,ppended claims.

I claim as my invention:

1. An electrical resistor comprising tape means, elec-
trical resistance means extending along said tape means,
and said tape means having longitudinal segments thereof
in a generally V configuration, with points of the re-
sistance means representing the highest potential differ-
ence between the respective segments having the greatest
spacial separation, and an Insulating material disposed

‘between said segments.

2. An electrical resistor comprising tape means, and a
Iength of resistance wire wound on said tape means In
spaced groups of turns with successive groups of turns

spaced apart by a distance at least substantially equal to
the length of the respective groups.

3. An electrical resistor comprising tape means, a
length of resistance wire tightly wound on said tape means,
and an insulating casing substantially completely occupy-
ing the space surrounding said tape means and wire to
eliminate the effects of humidity on the wire, said wire
having an insulating coating thereon to prevent short

circuits be_tween adjacent turns thereof and said tape

means having a cross section of loop configuration.

4., The method of making a fixed precision type wire
wound resistor which comprises forming a thin walled
tube of highly pliable insulating material, with the tube
having a precise predetermined perimeter, winding a
length of resistance wire helically on said tube, flattening
said tube together with the resistance wire wound thereon
into a tape-like resistance element, and completely em-
bedding the resistance element in a rigid insulating casing.

5. The method of making an electrical resistor which
comprises, winding a length of resistance wire transverse-
ly about a length of highly pliable insulating material in
groups of turns of substantially equal length with said
groups spaced apart a distance greater than the length
of one of said groups.of turns, and folding said one group
of - tums toward an adjacent group of turns to reverse the
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magnetic axis of said one group of turns with respect to
the magnetic axis of said adjacent group of turns.

6. The method of making an electrical resistor which

comprises, winding a length of resistance wire helically
on a thin walled tube of highly flexible insulating mate-
rial, flattening said tube and the resistance wire thercon
to form a tape-like resistance element, and folding said
resistance element on a longitudinal axis to reduce the
transverse space requirements of the element.

7. The method of making an electrical resistor which
comprises, winding a length of resistance wire helically
on a thin walled tube of highly pliable insulating material,
flattening said tube with the resistance wire thereon to
form a tape-like resistance element, folding said resistance
element on a longitudinal axis to reduce the transverse
space requirements of the unit, and wrapping the thus
folded element into an arcuate configuration.

‘8. The method of making an electrical resistor which
comprises, placing a length of material in a generally open
loop configuration, winding a length of an elongated
resistance element helically on said length of material in
spaced groups of turns, flattening said length of material
and the resistance element thereon into a tape-like re-
sistance unit, and severing said length of material between
adjacent groups of turns and shifting the resultant seg-
.ments of the resistance unit to cause successive groups
of turns to have ‘magnetic axes extending in opposite
directions.

9. An electrical resistor comprising: a thin walled tube

of pliable plastic insulating material; and a precise pre-
determined length of resistance wire wound upon said
tube 1n spaced apart groups of turns, said groups of turns
being substantially equal in Ilength and adjacent groups of
turns being spaced apart a distance greater than the length
- of one group. -

10. An electrical resistor comprising: tape means, and
a length of resistance wire wound on said tape means in
spaced groups of turns, which groups are of substantially
equal length and spaced apart along the length of the tape
means a distance substantially no less than the length of
one group of turns, said tape means with the spaced apart
groups of turns thereon forming a resistance eclement
~which is divided into a plurality of longitudinally spaced
apart segments, and said resistance element being folded
upon itself about a longitudinal axis.

11. The electrical resistor of claim 10 further charac—
terlzed by the fact that said folded resistance element is
- formed arcuately about a hollow core.

12. The electrical resistor of claim 11 further charac-
terized by the fact that said folded and arcuately formed
resistance element is encapsulated in a I‘Igld casing of
insulating material.

13. An electrical resistor comprising an insulating hous-
ing, an elongated resistance wire wound onto a flexible
tape which in turn is rolled into a spiral so as to sub-

stantially neutralize the inductance effects in the resistance

wire, and positioned in said housing, and the ends of said
wire projecting in opposite directions from the spiral
within said insulating housing.

14. An electrical resistor comprising an elongated tubu-
lar insulating housing, an elongated resistance wire wound
onto a flexible tape which in turn is rolled into a spiral so
as to neutralize the inductance effects in the resistance
wire, and is positioned in said housing, so that the axis
of the spiral is disposed parallel to the longitudinal axis
of said housing, the ends of said wire projecting from the
spiral, and terminals projecting in opposite directions
beyond the housmg and electr;tcally connected to said
ends of the wire.

- 15. An electrical resistor comprising: a coil support in
the form of a length of tape-like insulating material folded
upon itself on at least two transverse bend lines so that
said coil support has at least one straight middle portion
between said bend lines and two end portions, each over-
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Iying a part of the middle portion; a coil of resistance
wire wound transversely upon the medial part of said
middle portion of the support;.and a coil of resistance
wire wound transversely upon each of said two end por-
tions of the coil support, each with one end thereof con-
tiguous to one end of the coil on said middle portion of
the said support and. its other end contiguous to one end
of said middle portion of the coil support so that said coils
are endwise adjacent and their combined length substan-
tially equals the length of said middle portion of the coil
support; the winding direction of adjacent coils being
Opposite.

16. The method of making an electncal resistor hav-
ing minimum inductance and capacitance which com-
prises: winding a precise length of resistance wire trans-
versely about a tube of highly pliable insulating mate-
rial 1n groups of turns of substantially equal length with
the convolutions of all of the turns running in the same
direction and with said groups of turns spaced apart a
distance greater than the length of one of said groups
of turns; flattening the tube of insulating material with
the wire wound thereon to collapse the tube and give it
the formation of a multi-ply tape and to dispose the con-
volutions of the turns in closely adjacent substantially
straight stretches at opposite sides of said multi-ply tape;

- and folding the multi-ply tape about transverse bend lines

upon itself to superimpose portions of the tape which
have no windings thereon upon adjacent groups of turns
in endwise juxtaposition but endwise reversed from their
original relationship so that the magnetic fields of ad-
jacent groups of turns oppose one another.

17. The method of making an electrical resistor hav-
mg a mimmum of inductance and capacitance which
comprises: winding a plurality of endwise spaced apart
coils of resistance wire upon an elongated flexible sup-
port, with all of the coils wound in the same direction;
and folding the flexible support about transverse bend
lines upon 1itself to superimpose portions of the support
having no coils thereon upon adjacent coils and to dis-
pose adjacent coils in endwise juxtaposition but endwise
reversed from their original relationship so that the mag-
netic fields of adjacent coils oppose one another.

138. A resistor of the character described comprising:
a resistance element consisting of a spirally rolled length
of pliant electncally non-conductive tape with a length
of resistance wire wound transversely on and cemented
to the tape; a tubular container of insulating material
enclosing said element; and terminals connected to the
ends of the resistance wire and projecting to the exterior
of the container.

19. For use in making resistors of the character de-
scribed: a section of pliant electrically non-conductive

tape; and a length of resistance wire transversely wound
on and cemented to the tape; the wire-wound tape being
folded on a longitudinal axis substantially in the middle
thereof, and also being rolled lengthwise into a compact
unit.

20. A method of making resistors consisting in: wind-
ing resistance wire transversely om-and cementing the
same to flexible electrically non-conductive tape; and
forming the wire-wound tape lengthwise into a spiral
roll suitable for insertion into a container.

21. A method of making resistors consisting in: wind-
Ing resistance wire transversely on flexible electrically
non-conductive tape in predetermined spaced windings
and cementing the windings to the tape, so that the length
of the wire-wound tape is an accurate measure of the
resistance value of the amount of wire wound thereon:
cutting the wire-wound tape to a length corresponding
to the total resistance required; and rolling the thus cut
length of wire-wound tape lengthwise into a compact
spiral roll.

(References on following page)
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