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This invention relates to a new and useful tapped po 
tentiometer element and associated network which may 
be used for many purposes including the production of 
an output voltage having a desired functional relation 
ship to the position or movement of an electrical con 
tact, or to quantities being measured by the position 
or movement of the electrical contact. 

In many applications, particulariy in the control, guid 
ance, and servo-systeins of guided missiles and aircraft, 
and in electrical computor circuits, it is desirable to 
use potentiometer-type instruments of negligible wiper 
drain having electrical outputs which follow desired 
functions when plotted against the quantity being meas 
ured. The desired output inay be a line with fixed end 
points and a high degree of linearity or any degree of 
non-linearity. To date, several methods have been em 
ployed to achieve the desired non-linearity in the elec 
trical output of potentiometer-, or voltage divider-type 
instruments. These methods include non-linear spring 
loading, then-linear linkages, wire-woland elements using 
forms of special shapes, and/or changes in wire diameter, 
and/or variation in wire spacing and other methods of 
depositing or shaping composition-type electrical ele 
ments to produce the desired effect. All of these meth 
ods have certain limitations and disadvantages as com 
pared io the rhethod of the Subject invention. 
An object of this invention is to provide an electrical 

element and associated network for use in voltage di 
vider-type instruments which may have any desired out 
put within physical limitations. 
A further object of this invention is to provide such 

an electrical element and associated network with means 
of adjusting the shape of the voltage output curve to fit 
a desired function, thereby compensating for deviations of 
the various cornponents of the instrument, including the 
electrical element itself. 
A further object of this invention is to provide taps on 

the electrical element which may be used for any desired 
purpose including that of producing a voltage output 
curve to meet a desired requirement. 
Another object of this invention is to provide elec 

trical adjusting taps which are readily locked in any de sired position. 
A further object of this invention is to simplify the 

construction of potentiometer-type instruments by means 
of tap and shunt arrangements so that linearity or total 
Tesistance of the main resistance element will not be 
critical, and standardized resistance elements can be used 
for all instruments. In the event wire-Wound resistance 
elements are used, the smallest wire consistent with the 
life requirements and fabrication techniques would pref 
erably be used in the interest of improved resolution. 
A further object of this invention is to provide an in 

strument constructed it such a nainner that its voltage 
output curve may be altered to correspond with any of 
Several desired curves by merely adjusting electrical re 
sistors or taps, or by exchanging electrical assemblies 
comprising sets of resistors having predetermined values. 
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This may be facilitated by use of multiple contact plug 
and socket assemblies or switches in common use. 
A further object of this invention is to provide an in 

strument constructed in Sich a manner that its calibra 
tion curve may be corrected to correspond with the de 
sired curve after the instrument has been Subjected to 
severe operating conditions, aging, accelerations, or 
other factors which may have changed its calibration from 
that desired. 

in accordance with these objects and other objects 
which will become apparent in the following specifica 
tions, a potentiometer element, main element, electrical 
element, or wire-wound element having a moving con 
tact, wiper, or probe, is provided with electrical taps. 
The electrical taps, adjusting tap, spring taps, spring 
clips, or spring contacts are made of conductive ma 
terial in the form of wires or springs and contacting one 
edge of the electrical element, said edge being different 
or opposite from the edge used for the normal moving 
contact of the instrument. The construction of the pre 
ferred taps is such that they may readily be adjusted to 
the desired locations and will permanently maintain 
good electrical contact with the electrical element. The 
taps may also be made by means of spot welding or by 
pulling off turns of wire at the desired tap locations 
while the electrical element is being wound. Connec 
tions from these taps may be used outside the instru 
ment for any desired purpose, or they may be used in 
ternally or externally for the purpose of producing an 
output voltage which will follow a desired function by 
means of shunt resistors or shunt and series resistors 
connected and adjusted in an appropriate manner. The 
resistance of the shunting resistors and series resistors 
may be determined by calculations and suitable individual 
resistors, called shunts, parallel resistors or shunt re 
sistor Strips, may then be connected between the desired 
taps. A method of providing shunts, which has proved 
to be very satisfactory and convenient, is the use of 
shunting resistance elements, also called shunt elements 
or parallel elements, upon which taps are placed at de 
sired locations and electricaily connected with the taps 
on the main electrical potentiometer element. The shunt 
element taps are similar in design to those on the main 
electrical element and may be adjusted in the proper se 
quence to provide the desired voltage output curve. An 
advantage of this method, in addition to the easy ad 
justments and simplicity, is the fact that the actual re 
sistance of shunt-element segments need not be deter 
mined; only the resistance of the paraliei combination 
of the shunt element Segment and the corresponding seg 
ment of the main element need be determined. Also, 
for still further simplicity, the adjustment can actually be 
made by physically locating the moving contact on the 
main element in certain desired positions and then ad 

5 justing the shunt element taps to produce the desired 
electrical output readings at these points. Thus, this 
method gives a completely universal means of providing 
adjustable taps on the main electrical element and adjust 
able means of producing an electrical output which 
will follow a desired function. 

In certain applications, it may be desired that the cut 
put of the instrument with the electrical wiper at the ex 
trenne end of the element be some value other than zero. 
in this event, a segment of the same element used for 
the shunts can also be used as a series resistor between 
the end of the main element and one of the external ter 
minals of the potentiometer instrument. This, then, pro 
vides a means of adjusting the end setting of the in 
strument by moving the electrical tap on the series re 
ristor in a manner similar to that inentioned above. In 
the case of dual instruments, i. C., instruments having two 
entirely separate electrical circuits actuated by the same 
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mechanical means, this series element arrangement is par 
ticularly convenient inasmuch as the lengths of the main 
elements are not critical and variations therein can be 
compensated for by means of these adjustabie series re 
sistors and other correlations between the two elements 
can be made. The principles described can be used ad 
vantageously in many types of instruments, such as, 
Bourdon tube- or bellows-type instruments for measur 
ing differential, gauge, or absolute pressures; linear mo 
tion instruments; angular motion instruments, including 
such units as vane potentiometers for measuring angle 
of attack; accelerometers and many other potentiometer 
type instruments. Embodiments of this invention are con 
sidered in two general potentiometer applications. In 
one, the wiper travels in an arc, while in the other, the 
wiper travels in a straight line. 

Figure 1 indicates a representative functional output 
which may be approximated with an eiectrical element 
and associated network of the type described above. 

Figure 2 shows an approximation to the desired curve 
of Figure 1 accomplished by means of a series of straight 
lines. 

Figure 3 is a schematic diagram of a series of electrical 
elements which could be used to produce the voltage out 
put curve of Figure 2. 

Figure 4 is a modification of Figure 3 wherein paral 
lel combinations of variable resistors are substituted for 
the fixed resistors shown in Figure 3. 

Figure 5 is a schematic electrical diagram of an ele 
ment and associated network similar to that shown in 
Figure 4 but with certain components advantageously 
combined or added for mechanical, electrical, and physi 
cal reasons. 

Figure 6 shows a potentiometer element with the mov 
ing contact and electrical adjusting taps. 

Figure 7 shows the design of an element block with 
the main potentiometer element, wiper, and taps in place. 

Figure 8 shows a shunt element block with two shunt 
ing elements and taps in place. 

Figure 9 is a perspective view showing parts related 
to this invention as assembled in an instrument. 

Figure 10 shows an alternate design of the element 
block with an adjusting tap located in a cavity. 

Figure il shows an alternate design of the element 
block with fixed taps molded in predetermined positions. 

Figure 12 shows the details of an adjustable spring tap 
in the adjusting position and in the locked position. 

Figure 13 shows an alternate configuration for a spring 
tap. 

Referring to Figure 1, the output curve shown is some 
what representative of those obtainable with the features 
f this invention. However, outputs varying from an 

extremely straight line to a curve having a greater de 
gree of non-linearity than the curve shown, may also be 
accomplished. 

In Figure 2, three straight line segments 90, 91, and 
92 are shown. These lines are a close approximation 
to the curve showil in Figure 1. A closer approxima 
tion may be obtained by the use of a greater number of 
straight line segiments. In actual practice, the lines may 
be Sorihewhat curved as a result of the characteristics 
of certain components of the instrument in which the 
element and associated network are used. Referring to 
the circuit shown in Figure 3, the straight line segments 
shown in Figure 2 may be produced by a combination 
of three resistors 90a, 9ia, and 92a, having different re 
sistance per unit length; the slope of the output voltage 
curve is related to the resistance per unit length of the 
element. 

if a battery is connected across potentiometer termi 
nal 23 and 24, a voltmeter connected between terminal 
22 and 23, the meter will show an output voltage such 
as that of Figure 2 when plotted against the movement 
of the moving contact 22 as it wipes across the three elec 
trical elements, assuming the ends of the three elements 
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should be closely butted against one another. The Seg 
Inent of the curve 93 of Figure 2 corresponds to the 
high resistance segment 90a of the electrical circuit; seg 
ment of the curve 9 of Figure 2 corresponds to seg 
ment Sia of the electrical circuit; segment 92 of Figure 2, 
which is most nearly horizontal, corresponds to the volt 
age produced as the wiper 22 moves across the low re 
sistance segment 92a of the electrical circuit of Fig 
ure 3. 

In Figure 4, the three elements of Figure 3 have been 
replaced by adjustable parallel elements 90b, 94b and 92b 
connected in series so that the resistance of each element 
Segment may readily be varied. Again, the output is 
similar to that shown in Figure 2. 

Figure 5 shows the schematic circuit diagram of a 
typical arrangement of the main electrical element 2 con 
nected to an end terminal 23 and having a moving eiec 
trical contact 22. The taps 27 make contact with the 
main electrical element 2i at various desired locations 
which may readily be adjusted. Shunting resistors are 
provided across each element segment. It has been found 
convenient to use two separate shunt resistor strips, one 
having high resistance per unit length 25 and one hav 
ing lower resistance per unit length 39. The reason for 
preferring two resistance strips having different resist 
ance per unit length is that high resistance shunts are 
required when adjusting one end of the curve, whereas, 
lower resistance shunts are required at the other end. 
The values of the shunt elements are selected to give 
optimum adjustability. Taps 31 make contact with these 
shunt element strips and provide the desired shunt re 
sistance across each segment of the main electrical ele 
ment. A series resistor 26 is formed from a part of the 
shunt resistor 36 and is used to provide a desired end 
resistance between the physical end of the main potenti 
ometer element 21 and the terminal 24 in the event it 
is desired that the electrical output of the instrument be 
some value other than Zero when the wiper is at the end 
of the main electrical element. The resistance of the re 
sister 36 may be zero if this desired electrical output is 
ZCO. 

In Figure 6, 23 is an electrical element in the form 
of a high resistance wire wound on an insulating card, 
its output being linear in itself. Moving electrical wiper 
22 rides on said element, and electrical taps 27 make con 
tact with the main element on a side other than that used 
by the wiper 22. 

Figure 7 shows the electrical element of Figure 6 
mounted on an arcuate biock 23 made of insulating mate 
rial and with the taps 27 mounted in position and located 
in holes in the block 28 in such a manner as to be readily 
adjustable. 

In Figure 8, two shunting element strips, 29 and 30, 
are mounted on a block of non-conductive material 32. 
Electrical taps 3 make contact with the shunt element 
strips in Such a manner as to provide several individual 
shunt element segments of desired values. The cavity 
33 provides a convenient place for the leads which run 
between the taps of the main electrical element and the 
shunt elements in the final assembly. 

Figure 9 shows the main element assembly of Figure 7, 
and the shunt element assembly of Figure 8 mounted and 
connected with electrical conductors 34 as used in one 
application. Thus, these shunt resistor circuits as actu 
ally used, in effect, produce a number of segments on 
the main element which have different resistance per unit 
length, thereby producing an output voltage which con 
sists of a series of relatively straight lines such as is 
shown in Figure 2 to approximate the curve such as is 
shown in Figure 1. 

Figure 10 shows an electrical element 21 fixed in an 
insulating block 33, said block having taps 39 molded 
in predetermined locations and exposed in such a fashion 
as to make contact with the electrical element held in 
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the cavity. Ends of the taps are accessible for soldering 
or otherwise fastening to terminals 4. 

Figure 11 shows an electrical element 21 fixed in an 
insulating block 38, said block having a cavity, hole or 
depression of suitable form to accommodate a spring type 
tap. The tap 40 is so fastened to a soldering post, Screw 
terminal or molded insert 41 that the tap position may 
be readily adjusted. 

Figure 12 is a cross-sectional view of the adjusting tap, 
placed in a suitable electrical insulator. The spring tap 
35 is inserted in a cavity such as a hole 36 until contact 
is made on the electrical element at 37. The spring tap 
is adjusted to some desired setting by rotating the spring 
in hole 36. When the correct position is achieved, the 
spring is advanced to its maximum depth to provide 
increased force on the element 2 and to lock the spring 
in position. The locking action occurs whenever a bend 
ing moment, such as that produced by loading the spring 
on the element, is applied to the portion of the shaft that 
is inserted in the hole. Additional holding strength is 
obtained by burring the spring, cementing, or securing 
the spring wire assembly in an electrical potting compound. 

Adjusting spring wire 42 of Figure 13 is an alternate 
spring form adapted to this application. 

In this instrument, the movement of the electrical 
wiper is accomplished by means of mechanical displace 
ment which is applied by a bellows, Bourdon tube, or 
other actuating device. Many desired functional rela 
tionships between various parameters, such as pressure, 
angular displacement, and voltage output, may be 
achieved in this instrument by means of the arrangement 
of taps and shunts as described above. 

instruments constructed in accordance with the above 
description have been found to be rugged, reliable, pre 
cise and readily adjusted to produce functional outputs 
in accordance with many desired curves. 
What we claim is: 
1. A potentiometer component comprising an elon 

gated main resistance element, a pair of input terminals, 
one of said terminals being connected to one end of said 
main resistance element, a variable resistor connected 
in series between the other end of said main resistance 
element and the other of said terminals, a plurality of 
taps connected to said element at spaced intervals along 
the length thereof, a movable contact slidably engaging 
said element and having connection with an output ter 
minal, and a plurality of shunt resistors, each connected 
to a pair of adjacent taps, said shunt resistors having 
the effect of varying the resistance of said main element 
per increment of length between pairs of taps, and said 
variable series resistor providing means for adjusting the 
voltage output of said contact at the extreme end of 
said element. 

2. A potentiometer component comprising an elon 
gated main resistance element, a pair of input terminals, 
one of said terminals being connected to one end of 
said main resistance element, a variable resistor connected 
in series between the other end of said main resistance 
element and the other of said terminals, a movable con 
tact slidably engaging said element and having connec 
tion with an output terminal, a plurality of taps con 
nected to said element at spaced intervals along the length 
thereof, and a plurality of variable shunt resistors con 
nected to pairs of said taps, said shunt resistors providing 
an adjustable variation in the rate of change in voltage 
output per increment of travel of said contact along the 
length of said element, and said variable series resistor 
providing means for adjusting the voltage output of said 
contact at the extreme end of said element. 

3. A potentiometer component comprising an elon 
gated main resistance element having input terminals 
connected to the ends thereof, a movable contact slidably 
engaging said element and having connection with an 
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output terminal, a plurality of movable taps adjustably 
engaging said element at spaced intervals along the length 
thereof, and a plurality of shunt resistors, each connected 
to a pair of taps, said shunt resistors having the effect of 
varying the resistance of said main resistance element 
per increment of length between pairs of taps. 

4. In an electrical component having a body and a 
resistance element mounted thereon, an adjustable tap 
comprising a length of conductive spring material having 
two angularly related legs, said body having a hole formed 
therein into which one of said legs is inserted, the other 
of Said legs extending across and bearing on said resist 
ance element, said one leg being forced into firm fric 
tional engagement with the sides of said hole when pushed 
down into said hole to a depth such that said other leg 
is pressed firmly against said resistance element. 

5. in all electrical component having a body of non 
ductive Inaterial and a resistance element mounted 
thcreon, an adjustable tap comprising a generally L 
shaped length of conductive spring wire, one of the legs 
of Said tap being inserted into a hole in said body, and 
the other leg extending across and bearing on said resist 
ance element, said tap being rotatable within the hole 
in Said body so as to adjust the position of said other leg 
along the length of said resistance element, and said one 
leg engaging the sides of said hole with a firm frictional 
engagement Serving to hold said tap in place. 

6. In an electrical component, a body of non-conductive 
material having a channel formed therein, a resistance 
element mounted within said channel, a tap of conductive 
Strip naterial, said tap including a portion extending trans 
Versely of and underneath said element and making electri 
cal contact therewith, said portion being movable along 
the length of said element, and a terminal connected to said tap. 

7. in an electrical component, a body of non-con 
ductive material having a channel formed therein, a resist 
ance element mounted within said channel, a tap of con 
ductive strip material, said tap including a portion extend 
ing transversely of and underneath said element and mak 
ing electrical contact therewith, another portion of said 
tap extending parallel to said resistance element, and a 
terminal mounted on said body to be slidably engaged 
by said other portion of said tap, said tap being shiftable 
bodily along the length of said resistance element to adjust 
the point of contact therewith. 

8. In an electrical component, a body of non-conductive 
material having a channel formed therein, a resistance 
element mounted within said channel, a cavity formed 
within said body and intersecting said channel, a tap of 
conductive spring wire, said tap including a first por 
tion extending parallel to said resistance element on the 
outside of said body, a second portion extending down 
into said cavity, and a third portion extending transversely 
of and underneath said element and making electrical con 
tact therewith, said third portion being supported above 
the bottom of said cavity and being deflected downwardly 
by pressure of Said resistance element thereagainst, and 
a terminal mounted on said body to be slidably engaged 
by said first portion of said tap, said tap being shiftable 
bodily along the length of said resistance element to ad 
just the point of contact therewith. 

9. A potentiometer component comprising an elongated 
main resistance element having input terminals connected 
to the ends thereof, a movable contact slidably engaging 
said element and having connection with an output termi 
nal, a plurality of taps connected to said element at spaced 
intervals along the length thereof, and an elongated 
shunting resistance element having a plurality of taps 
connected thereto at spaced intervals, said taps on said 
shunting resistance element being connected to the 
corresponding taps on said main resistance element, 
whereby sections of said shunting resistance element 
function as individual shunt resistors to vary the resistance 
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of said main resistance element per increment of length 
between pairs of taps. 

10. A potentionneter component connprising an elon 
gated main resistance element having input terminals 
connected to the ends thereof, a movable contact slidably 
engaging said element and having connection with an out 
put terminal, a plurality of taps connected to said element 
at Spaced intervals along the length thereof, a high resist 
ance shunting element and a low resistance shunting ele 
ment associated with said main resistance element, a 
plurality of taps connected to each of said shunting resist 
ance elements at intervais along the length thereof, the 
taps on said high resistance element being connected to 
corresponding taps at one end of Said main resistance 
element, and the taps on said low resistance element being 5 
connected to corresponding taps at the other end of said 
main resistance element, whereby sections of said shunting 
resistance elements between pairs of taps function as 
individual shunt resistors to vary the resistance of said 
main resistance element per increment of length between 
pairs of taps. 

11. A potentiometer component comprising an elon 
gated main resistance element having input terminals 
connected to the ends thereof, a movable contact slidably 
engaging said element and having consection with an out 
put terminal, a plurality of taps connected to said ele 
ment at spaced intervals along the length thereof, a high 
resistance shunting element aid a low resistance shunt 
ing element associated with said main resistance element, 
a plurality of taps connected to each of said shunting re 
sistance elements at intervals along the length thereof, the 
taps on said high resistance element being connected to 
corresponding taps at one end of Said main resistance 
element, and the taps on said low resistance element being 
connected to corresponding taps at the other end of 3. 
said main resistance element, one of the end taps on 
said high resistance element being connected to an end 
tap on said low resistance element to connect said 
shunting elements in series with one another, sections 
of said shunt resistance element between pairs of taps . 
functioning as individual shunt resistors to vary the 
resistance of said main element per increment of length 
between pairs of taps. 

12. A potentionleter component comprising an elon 
gated main resistance element having input terminals con 
nected to the ends thereof, a movable contact slidably 
engaging said element and having connection with an 
cut put terminal, a plurality of taps connected to said 
element at spaced intervals along the length thereof, 
an elongated shunting resistance element, a plurality of 
movable taps adjustably engaging said shunting element 
at spaced intervals along the length thereof, the taps on 
said shunting element being connected to corresponding 
taps on said main element so that sections of Said 
elements between pairs of taps function as individual 
variable resistors to vary the resistance of said main 
element per increment of length between pairs of taps. 
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13. A potentiometer component comprising an elon 

gated main resistance element having input terminals 
connected to the ends thereof, a movable contact slidably 
engaging said element and having connections with an 
Gutput terminal, a plurality of movable taps adjustably 
engaging said main element at spaced intervals along the 
length thereof, an elongated shunting resistance element, 
a plurality of taps connected to said shunting element at 
Spaced intervals along the length thereof, and means 
connecting the taps of said shunting element to corre 
sponding taps on said main element so that sections 
of said shunting element between pairs of taps function as 
individual variable resistors to vary the resistance of said 
main element per increment of length between pairs of 
tapS. 

14. A potentiometer component comprising an elon 
gated main resistance element having input terminals 
connected to the ends thereof, a movable contact slidably 
engaging said element and having connection with an 
output terminal, a plurality of movable taps adjustably 
engaging said main element at spaced intervals along 
the length thereof, an elongated shunting resistance 
element, a plurality of movable taps adjustably engaging 
said shunting element at spaced intervals along the length 
thereof, and means connecting the taps of said shunting 
element to corresponding taps on said main element so 
that sections of said shunting element between pairs of 
taps function as individual variable resistors to vary the 
resistance of said main element per increment of length 
between pairs of taps. 

15. An electrical component comprising a body having 
a cavity formed therein, an elongated resistance element 
mounted on said body within said cavity, a movable 
contact wiping on said resistance element, and a termi 
nation tap of conductive spring material having a portion 
disposed within said cavity and projecting into the space 
normally occupied by said resistance element, said por 
tion of said tap being engaged and deflected by said re 
sistance element when the latter is positioned within said 
cavity so that said portion is stressed to exert spring pres 
sure on said resistance element to make electrical contact 
therewith. 
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