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My invention relates to a brush holder and more'par 
ticularly to a shaft-position encoder brush holder which 
overcomes defects of brush holders of the prior art. 
There are known in the prior art analogue to digital 

converters or shaft position encode-rs as well as other de 
vices in which a disk carrying segments of conductive 
material arranged in a coded pattern moves relative to 
brushes to produce an output which is a representation 

. in a binary digital code of the position of the disk shaft. 
The brushes employed in these devices must have very 
‘small contact forces so that the wear on the disk as it 
rotates at high speeds is a minimum. Moreover, it is 
required that the contact force change very little even for 
relatively large de?ections of the brushes. If contact of 
the brush with the disk is not maintained at all times, 
then an erroneous read out results. 
'It has been suggested in the prior art that a brush as 

sembly associated with a circle of coded segments, for 
example, be made up by a plurality of wires formed of 
conductive material which resiliently engage the elements 
of the circle. In response to rotation of the disk or of 
the brushes relative to the disk electrical outputs are pro 
duced in accordance with the pattern of the disk and the 
number and arrangement of the wire brushes. In most 
converters the output signals should be of a square wave~ 
form and there should be only a constant minimum volt 
age drop over the life of the brushes and segments. For 

'these requirements to be met the brushes must always 
contact the surface of the disk even at high accelerations 
and under the low contact pressures which are necessary 

.to' prevent excessive wear. It is further necessary that 
stress in the wire owing to loading will remain well below 
the elastic limit of the material. Many of these con 
verters of the prior art are miniaturized with the result 
that the requirement that the brushes of a group adapted 

».to contact a particular circle of segments be maintained 
in their lateral positions assumes great importance. 

I have discovered that by making the brushes short a 
wire brush assembly can be made to have a high fre 
quency response so that any bouncing of the brushes dies 
out very rapidly. I have discovered further that by em 
ploying relatively long wires to make up the brushes a 
relatively constant pressure over a wide range of brush 
de?ection can be achieved. It will readily be apparent 
that these two requirements are inconsistent with each 
other. 

I have invented a novel brush assembly which over 
comes the disadvantages of brushes of the prior art pointed 

My brush assembly successfully ful 
?lls the apparently inconsistent requirements for high fre 
quency response and relatively constant brush pressure 
for a wide'range of de?ections. My assembly is such that 
stress on the wires making up the brush under load is well 
below the elastic limit of the brush material. My assem 
bly is so arranged that it provides a very small contact 

little even for relatively large 
de?ection of the brush wires. My assembly ensures that 
contact of the brush wires with the coded portion is main 
tained even at high accelerations with the low contact 
pressures provided. My assembly is simple and inex 
pensive for the result achieved thereby. I 
One object of my invention is to provide a brush as 

> sembly which is especially adapted for use in a high speed 
shaft position encoder. 
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Another object of my invention is to provide a brush 

assembly which overcomes defects of brush assemblies 
of the prior art. 
A further object of my invention is to provide a brush 

assembly which ensures contact between the brush and 
an encoder disk even at high accelerations with low con 
tact pressures. 

Still another object of my invention is to provide a 
brush assembly which has a relatively constant spring pres 
sure even for a relatively wide range of de?ections of 
the brush. 
A still further object of my invention is to provide a 

brush assembly which ful?lls the apparently inconsistent 
requirements for a high frequency response and for con 
stant contact pressure over a wide range of de?ections. 

Yet another object of my invention is to provide a brush 
assembly which is simple and inexpensive. 
Other and further objects of my invention will appear 

from the following description. 
In general my invention contemplates the provision of 

a brush holder assembly for a shaft position encoder or 
the like in which a stabilizer acts at a point along the 
length of the assembly brush wires, which provide plural 
contact with the code pattern. The action of the stabilizer 
provides a high frequency response for the wires while en 
suring that the contact pressure is substantially constant 
over a relatively wide range of brush de?ections. I pro 
vide my stabilizer with means for retaining the brush 
wires in position laterally of the pattern with which they 
are associated. 

In the accompanying drawings which form part of the 
instant speci?cation and which are to be read in conjunc 
tion therewith and in which like reference numerals are 
used to indicate like parts in the various views: 
FIGURE 1 is a fragmentary plan view of a shaft posi 

tion encoder with which my brush assembly may be used. 
FIGURE 2 is a sectional view of the encoder shown in 

FIGURE 1 taken along the‘ line 2-—2 of FIGURE 1. 
FIGURE 3 is a fragmentary sectional view of my brush 

assembly showing the assembly in its unloaded position. 
FIGURE 4 is a graph illustrating the natural frequen— 

‘ cies of the wire beam (curVe‘A) and of the stabilizer 
(curve B), the phase opposition of which produces the 
“vibration ?ltering effect” or dampening. 

Referring now to FIGURES l and 2, the shaft position 
encoder indicated generally by the reference character 10 
with which my brush assembly indicated generally by the 
reference character 12 is to be used includes a shaft 14 
carrying a disk 16 the surface of which is provided with 
a pattern 18 of segments 20 of conductive material. This 
pattern may be applied to the disk in any suitable manner 
known to the art such, for example, as by photoetching 
techniques or the like. It includes a number of rows of 
segments, two of which rows 22 and 24 are de?ned by 
broken lines in FIGURE 1 and an intermediate row 26 
of conductive material providing connections to the adja 
cent rows 22 and 24. It will readily be appreciated that 
while I have shown only a portion of the coded pattern 
carried by the surface of disk 16, very nearly the entire 
surface of the disk is covered with the coded pattern. In 
the particular arrangement shown the rows 22 and 24 of 
segments 20 are arranged along the locus of a circle. It 
will be understood that they could, if desired, be linear 
in which case the converter 10 would be a linear position 
encoder. In operation of the encoder It) as shaft 14 ro 
tates the segments 20 of the rows 22 and 24 move under 
two of my brush assemblies 12 to produce electrical out 
puts in a manner known to the art. It is, of course, pos 
sible that the disk could be stationary and the brush as 
semblies moved over the rows 22 and 24. ‘ 
Each of the brush holder assemblies 12 includes a plu 

rality of wires 28, the ends 30 of which are curved to con 



3 
' tact the surface'fS of the disk 16. In the particular em 
bodiment shown there are four wires 28 for each of the 
brush holder assemblies 12. Associated with each plu 
rality of wires 28 is a stabilizer element 32 which over 
lies the wires. Any suitable means may be employed to 
vhold. the brush assemblies 12 in positions at which the 
ends 30 of the group-of wires 28 can contact their associ~ 
ated rowof segments.‘ In the holder illustrated in the 
drawings a support 34 is provided with a plurality of re 

- cesses 36 having inclined upper surfaces for receiving the 
assembly of the stabilizer 32 and the Wires 28. A retainer 
plate 38 is secured to the underside of the support 34 by 
any suitable means such as by screws 40. I provide a 
wedge 42 for each of the assemblies 12. It will readily 
be' apparent that the wedges 42 and the member 34 are 
formed of nonconductive material so that there exists no 
electrical connection between the groups of wires 28 

a through these members. In ?xing an assembly 12 in its 
position Irplace the stabilizer 32 and the wires 28 in the 
correct position and then force a wedge 42 in position in 
the recess 36 to clamp the wires and the stabilizer be 
tween the wedge and the inclined surface of the recess 36 
in the support 34. . 

Referring to FIGURE 2, I so position the wires 28 and 
the stabilizer 32 within a recess 36 that the wires 28 ex 
tend for a distance L from the end of the support 34 to 
the point at which the wires contact the surface of the 
disk 16. Stabilizer 32 extends for a distance L2 from the 
end of support 34 to the point at which its end engages 
the wires 28 so that the wires extend for a distance ,Ll 
.from the end of the stabilizer to the point at which they 
contact the surface 18 of the disk 16. 
The Wires 28 are made of a suitable resilient conductive 
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of a revolution of the shaft 14. Electrical connections 
to the brushes may be made in any suitable manner known - 
to the art. . 
Owing to the fact that the portions of the wires 28 ex 

tending from the end of the stabilizer 32 to contact the 
disk are relatively short, they have a higher frequency re 

' sponse than wires alone so that any bounce generated 
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in the brushes‘dies out relatively rapidly. ' This is demon-g 
strated by the curves in FIGURE 4 in which curve A il 
lustrates the action of the brush wire beam in free state 
vibration, and curve B illustrates the action of the sta 
bilizer beam in free state vibration. Because of the fact 
that'these two frequencies are different, they seldom will 
‘be found in phase and‘therefore one will oppose the other 
at some instant thus producing the “vibration ?ltering 
'effec ” or dampening. Owing torthe fact that the over-all 
length of the assembly from the’ end of the support 34 to 
the point of contact of thebrushes with the disk is long 

- the assembly can deflect over a relatively wide range with 
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material which preferably is of noble metal having a high _' 
tensile modulus. For the stabilizer 32 I employ a dimen 
sionally stable high tensile modulus material having a low 
creep rate. Speci?c materials which can be employed for 
the stabilizer are a polycarbonate or’ polyester film. For 

1 example, “Lexan” #100, which is the registered trade— 
mark, of the General Electric Company for a thermo 
plastic polycarbonate resin, may be used. vAnother suit 
able material is “Mylar,” which is the registered trade 
mark of E. I. du Pont de Nemours & Company for a 
highly durable, transparent, water-repellant ?lm of poly 
ethylene terephthalate resin. ' I 

I provide the stabilizer 32 of each of, my brush assem 
blies 12 with a pair of downwardly bent ears 44 and 46 
adjacent its free end. These ears 44 and 46 serve to re 
tain the brush wires 28 in position laterally of the row of 
segments withwhich they are associated. ' 
In one speci?c example of a brush assembly made. ac 

cording to my invention, I take three contact Wil‘?S'ZS 
each 0.004" in diameter. As astabilizer I use a ?lm of 
the material described'above having a thickness of 0.005 5" 
and a width of 0.050". I then assemble the wires and'the 
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stabilizer in a recess 36 in the support 34 with the length L ~ _ 
from the end of the support to the point of contact of 
the wires 0.200". The length L2 of the stabilizer from 
the end of the support to the end of the stabilizer is 
0.130". The moduli of the materials are 11.5)(106 p.s.i. 
and 3.2><105 p.s.i., respectively. 

In another embodiment of my invention, I use four 
contact wires of the type described in the ?rst example in 

' combination with a stabilizer 0.005" thick and 0.060" 
wide. I assemble the wires and this stabilizer in the sup 
port 34 with the wires extending for a distance of 0.200" 
out of the support 34 and with the stabilizer extending 
0.120" out of the support 34. l - . 

vIn operation of my improved brush holder, after the 
wires and the stabilizers have been assembled in the sup 
port 34 they are brought into engagement with the sur 
face 18 of disk 16. As shaft 14 rotates in a manner 
known to the art, the brush assemblies 12 pick up elec 
trical signals as they contact segments. 20 in the course’ 
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ferent from those of the wires. 

out appreciable change in the force with which the wire 
brushes 28 contact the disk. ‘ 

It will be appreciated that a change in the de?ection , 
at the end 30 of the wires results in a change‘ in the re~ 
sistive force exerted by the stabilizer on'the wires. Con- ' 
sequently, ithereris an increase in the structure rigidity of 
the assembly with increased tip de?ections. I have also 
discovered that the stabilizer acts as a damping agent on 
the, wires 28 since its harmonic characteristics are dif 

The stabilizer and the 
wires, acting in combination, produce a theoretical funda 
mental natural frequency which is different from the 
natural frequency of either of the elements taken alone. 
I have found that resonance at'this frequency is not dis 
tinguishable in operation of my brush assembly and I 
believe that this is a result of the damping force, which 
should be exerted by the stabilizer'on the wires. I have 
found, further, that for the same tip force there occurs a ' 
-reduction in de?ection of the tips'30 from that which 
would occur if no stabilizer were used. Consequently, 
the magnitude. of the maximum stress of the material 
is reduced. ' 

It will be seen that I have accomplished the objects of 
my invention. 1 have provided a brush holder which 
overcomes the defects of brush holders of the prior art. 
My brush holder is especially adapted for use in a high 
speed shaft position encoder. My assembly ensures con 
tact with a substantially constant force between the brush 
and its contact evensat high accelerations. My assem 
bly ful?lls the apparently inconsistent requirements for 
high frequency response and for constant contact pres 
sure over a relatively wide range of de?ections. ~ 

It will be understood that certain features and subcom 
binations are of utility and may be employed without ref 
erence to other features and subcombinations. This is 
contemplated by and is within the scope of my claims. 
It is further obvious that various changes may be made 
in ‘details within the scope of my claims without departing 
from the spirit of my invention. It is, therefore, to be 
understood that my invention is not to be limited to th 

_ speci?c details shown and described. ' , 

Having thus described my invention, what I claim‘is: 
1. A brush assembly for contacting a relatively mov-. 

able conductive. area including in combination aplurality' 
of light elongated brushes of resilient conductive material, 
a support, means mounting said brushes on said support 
in intimate side-by-side relationship with a predetermined ’ 
length of said brushes extending outwardly from saidrsup~ 
port to provide indepedentlyv movable portions of said 
brushes remote from said support adapted'lig'htly to,con-' 
tact said relatively movable conductive area, an elongated 
resilient stabilizer element form of a material, stiffer than 7 
said‘ brush material and means. mounting’ said stabilizer 
element‘ on said support with a length of said stabilizer 
element extending outwardly from said support to make 
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contact with all of said brushes on 
the brush lengths. I 

2. A brush assembly for contacting a relatively mov 
able conductive area including in combination a plurality 
of light elongated brushes of resilient conductive ma 
terial, a support, means mounting said brushes on said 
support in intimate side-by-side relationship with a pre 
determined length of said brushes extending outwardly 
from said support to provide independently movable por 
tions of said brushes remote from said support adapted 
lightly to contact said relatively movable conductive area, 
an elongated resilient stabilizer element formed of a ma 
terial stiffer than said brush material, and means mount 
ing said stabilizer element on said support with a length 
of said stabilizer extending outwardly from said support 
to make contact with all of said brushes on a line extend 
ing across the brush lengths, said stabilizer length extend 
ing outwardly from said support being greater than half 
the length of said brushes extending out of said support. 

3. A brush assembly for contacting a relatively mov 
able conductive area including in combination a plurality 
of light elongated brushes of resilient conductive material, 
a support, means mounting said brushes on said support 
in intimate side-by-side relationship with a predetermined 
length of said brushes extending outwardly from said 
support to provide independently movable portions of said 
brushes remote from said support adapted llightly to con 
tact said relatively movable conductive area, an elongated 
resilient stabilizer element formed of a material sti?'er 
than said brush material, means mounting said stabilizer 
element on said support with a length of said stabilizer 
element extending outwardly from said support to make 
contact with all of said brushes on a line extending across 
the brush lengths and depending ears formed on said sta 
billizer adjacent the outboard brushes to restrain said 
brushes against lateral movement. 

4. A brush assembly for contacting a relatively mov 
able conductive area including in combination a plurality 

a line extending across 
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of light elongated brushes of resilient conductive ma 
terial formed with arcuate portions adjacent one end there 
of adapted to engage said conductive area, a support, 
means mounting said brushes on said support in intimate 
side-by-side relationship with a predetermined length of 
said brush extending outwardly from said support with 
said arcuate portions being independently movable re 
mote from said support and adapted lightly to contact said 
relatively movable conductive area, an elongated re 
silient stabilizer element formed of a material stitfer than 
said brush material and means mounting said stabilizer 
element on said support With a length of said stabilizer 
element extending outwardly from said support to make 
contact with all of said brushes on a line extending across 
the brush lengths, said length of said stabilizer element 
extending out of said support being greater than half the 
brush lengths extending out of said support. 
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