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The present invention relates to an electrical control 
device for providing an adjustable output voltage and more 
particularly to the type of device known as an autotrans 
former. 
As commonly manufactured, an autotransformer of the 

type to which the instant invention is directed includes a 
coil composed of an annular core on which a length of 
wire is toroidally wound to form a winding. A peripheral 
portion of each of the turns of the winding is formed into 
a commutating surface on which a brush is movable, being 
always ‘in engagement with at least one turn. By moving 
the brush along the winding, the output voltage may be 
adjusted. 
An object of the present invention is to provide an auto 

transformer so ‘constructed and arranged that it can safely 
control a larger amount of electrical current than in here 
tofore units of the same size. 
A further object of the present invention is to provide 

an autotransformer of the above type which is rugged in 
construction and less subject to malfunctioning, is com 
posed of relatively few, economically produced parts that 
are capable of ready fabrication and assembly to form the 
complete autotransforrner. 
A further object of the present invention is to provide 

a brush and brush holder unit which enables substitution 
of a brush simply and easily and which increases the dura 
bility and operation of the autotransformer by stabilizing 
the brush on the commutating surface on which it rides. 

In achieving the above objects, the autotransformer of 
the present invention provides for an annular core having 
a toroidal winding and for mounting within the open 
center of the core a shaft which connects to the brush to 
move it on the commutating surface. According to the 
present invention, the shaft and brush arm are press 
?tted together to form a single assembly whereby the shaft 
and brush relationship is maintained constant. In addi 
tion, the parts are arranged so that a substantial portion 
of the assembly is contained within the center of the core 
thereby enabling an axial-1y longer core to be employed 
and hence an increase in the rating of the unit without 
increasing the overall thickness of the autotransformer. 
A further feature of the present invention resides in 

the brush and brush holder of the brush arm which en 
ables the brush to be readily removed when needed and 
a new brush substituted. This is accomplished by con 
structing the brush and the brush arm to have ‘cooperating 
portions and by tensioning the brush arm against the com~ 
mutating surface to hold the brush in place and against 
the commutating surface. Moreover the brush and the 
brush holder stabilize the brush on the commutating 
surface to maintain a ?at area of the brush thereagainst 
by preventing movement of the brush relative to the holder 
in the path of movement of the holder while permitting 
relative pivotal movement therebetween in a plane per 
pendicular to the commutating surface to accommodate 
for unevenness in the commutating surface. 

Other features and advantages will hereinafter appear. 
In the ‘drawing: 
FIGURE 1 is a side view ‘of the autotransformer of the 

present invention shown mounted on a panel, the latter 
being in section. 
FIG. 2 is an end view looking in the direction of the 

arrows 2——2 of FIG. 1. 
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FIG. 3 is an elevation, somewhat enlarged and partly 

in ‘section, of the details of the brush actuating mechanism 
of the autotransformer of the present invention. 

FIG. 4 is an end view of the brush and brush holder 
forming part of the present invention. 
FIG. 5 is a top view of the brush of the present inven 

tion. 
FIG. 6 is a sectional view taken on the line 6-—-6 of 

FIG. 5. 
FIG. 7 is a detail, looking at the side if the brush and 

brush holding portion of the brush arm. 
Referring to the drawing, the autotransformer of the 

present invention is ‘generally indicated by the reference 
numeral 10 and has an annular coil including an annular 
core 11 preferably formed by spirally winding a length of 
paramagnetic material, such as iron. A pair of front and 
rear, annular end caps 12 and 13 abuts the ends of the core 
while a tubular member 14 encompasses the periphery of 
the core, these members being preferably formed of insu 
lating plastic material. A winding 15, composed of a 
single length of electrical conducting wire, is toroidally 
wound about the core over the members 1'2 and 13 in a 
single layer of juxtaposed turns. A commutating surface 
16 is formed on the winding as by milling ?at a similar por 
tion of each turn that is present on the raised annular 
portion 17 of the rear end cap 12. 

Positioned against the front end cap 13, opposite the 
end cap having the commutating surface, is a circular 
base 18 having the cross-sectional shape shown and this 
base, for reasons hereinafter apparent, is formed of heat 
conductive, metallic material such as cast aluminum. An 
electrically insulating disk 19', of mica for example, is 
secured to the back face of the base 18 to be positioned 
between it and the coil. A central aperture 20 is formed 
in the base and circumscribing the aperture is a larger 
circular indentation 21. 

Positioned against the rear face of the coil is an an 
nular end member 22 formed of insulating material such 
as plastic and having a shape which forms a hub or cylin 
drical portion 23, an outwardly extending flange 24 and 
a central, stepped aperture 25 having portions of increas~ 
ing diameter terminating at steps 26 and 27. A tubular 
sleeve 28 extends through the central apertures 20‘ and 
25 and at one end portion has an outwardly extending 
?ange 29 which abuts the steps 26 formed in the annular 
member 22, while its other end portion is threaded as at 
3%. A nut .31 is threaded onto the portion 29 to ?t with 
in the indentation 21 and serves to unitarily clamp the 
base 18 and annular member 22 against the coil. To 
prevent rotation of the sleeve as the nut is screwed there 
on the base 13 has a projection ‘32 ?tting in a hole in 
the end cap 13 and the aperture 20 is keyed to the sleeve 
as by mating flat portions (not shown). 
The present invention provides for the clamping pres 

sure of the base '18 and the member 22 to be parallel to 
and concentric about the axis of the coil to prevent axial 
movement of the laminations of the core relative to each 
other which would cause the end caps to become non 
parallel to each other and at an angle rather than perpen 
dicular to the axis of the coil. To this end, the base 18 
is formed with a thickened annular portion 33 (the thick 
ness occurring as a step in the back thereof because the 
front is ?at) and this is the portion that is axially aligned 
with the ?ange 24 of the member 22 so that axial clamp 
ing pressure is exerted on the coil adjacent the center 
edge portions thereof. To prevent radial movement of 
the base and member 22, the former has an annular hub 
34 while the latter has the cylindrical portion 23, both 
of which extend into the center of the coil in close 
?tting engagement therewith. 
A shaft 35 is rotatably mounted in the sleeve 28 and 

at one end portion is formed with a groove 36 in which 
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is located a C-ring 37 that abuts against the end of the 
sleeve to prevent axial movement in one direction of the 
shaft. The other end of the shaft is formed with a re 
duceddiameter portion 38 on which is press ?tted an in 
sulating bushing3§ formed of plastic material and hav 
ing the shape shown which includes a shank 40 and 
head 41. . 

An annular hub 42 having an inwardly extending 
?ange 43 is press ?tted onto the shank 40 of the bushing 
39 to have the ?ange 43 abut against the head 41 of the 
bushing 39. A brush arm 44 preferably formed of elec 
trical conducting material that is also resilient, such as 
beryllium copper, has a collar portion 45 which circum 
scribes the head 41 and for maintaining the arm secured 
to the hub 42, both electrically and mechanically, the 
hub is provided with a peripheral skirt 46 that is spun 
over onto the collar portion 45 except for an opening 47 
in the skirt through which the brush arm extends. The 
spun-over skirt prevents axial movement of the arm 
while the sides of the opening prevent radial movement 
thereof relative to the hub. The other end of the brush 
arm 35 carries a brush 48 which will be hereinafter de 
scribed that rides in electrical contact on the commutat~ 
ing surface 16. Also circumscribing the shank 40 of 
the bushing 39 is a saucer shaped annular spring washer 
49 formed of resilient, conducting material and an end 
annular portion 56 of a conducting bar 51. The con 
ducting bar 51 terminates in a terminal 52 and a screw 
53 threads into an aperture in the rear end cap 12 to 
aid in securing the bar. The annular portion 5th of the 
conductor bar is within the stepped aperture 25 and passes 
through a radial cutout 54 in the ?ange 24. 
With the above construction, it will be appreciated that 

current is conducted from the commutating surface of 
the winding through the brush 48, the brush arm 44, the 
hub 42, the spring washer 49 to the annular portion 50 
of the conducting bar 51 and then to the terminal 52, 
these parts being formed of electrical conducting mate 
rial. In addition conduction of electricity to the shaft 
35 is prevented by the parts 212 and 39 being formed of 
insulating material. - 

In the assembly of the autotransformer, the brush arm 
44 is positioned on the hub 42 and made fast thereto by 
spinning over the skirt 46. The insulating bushing 39 
is then press ?tted into the hub 42 and the shaft is press 
?tted into the insulating bushing. The washer 49 and 
sleeve 28 are then positioned on the shaft and secured 
in'place by the C~ring 37 to form a brush moving assem 
bly. To complete the autotransformer of the present in 
vention, the bar 51 and member 22 are placed on the 
sleeve and the shaft and sleeve passed through the center 
of the coil to have positioned thereon the base 18 and 
the nut 31 which is threaded to clamp the parts together. 
The screw 53 is threaded into the rear end cap 12 to 
hold the conducting bar 51 against movement while the 
slot 54 formed in the ?ange also aids in restraining move 
ment of the bar. With this structure, manufacturing 
tolerances can be absorbed because the spring washer 
49 in addition to conducting current between the hub 42 
and the bar 51 also serves to tension rearwardly the 
shaft by causing the bar 51 to abut the step 27 formed 
in the member 22 while pushing against the hub 42 there 
‘by forcing the C-‘washer against the end of the sleeve. 

The brush 48, as shown in FIGS. 4, 5 and 6, includes 
an elongate carbon part 55 having one side beveled into 
a tip 56 having a ?at rectangular surface. The other 
sides 57 are rectilinear and ?at and are secured in a 
rectangular cutout 58 formed in a block 59 of conducting 
material, as by soldering or brazing. The block 59 is of 
single-piece construction and includes a raised center 
section 60 of rectangular con?guration which ?ts within 
a rectangular aperture 61 formed in the brush arm 44 
with the sides of the aperture transverse to the length 
of the brush arm abutting the adjacent sides of the sec 
tion 60 to prevent relative movement therebetween tan 
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4 
gential to the commutating. surface. The brush arm has 
an inwardly directed lip 62 on the back side of the aper 
ture 61 and another inturned lip 63 formed on the front 
side. On either side of the aperture 61, the brush arm 
is formed to have oppositely disposed and aligned wing 
portions 64 and 65 each having a ridge 66 and 67 respec 
tively with each ridge being arcuate in cross-section, as 
shown, and being approximately as long as the width of 
the aperture 50. The ridges engage ?at rectangular sur 
faces 68 and 69 located below and at the sides of the 
raised section 66 and oppositely disposed on either side 
of the riding surface tip 56. 
With the above construction of the brush and brush 

arm, it will be appreciated that the only pressure hold 
ing the brush in place is that exerted by the brush arm 
as it is tensioned by itself towards the commutating sur~' 
face with the brush positioned therebetween, the brush 
arm in its at rest position not lying in a single plane‘ 
since it is bent at the line 70 and if a brush were present, 
the brush arm Would engage the outer periphery of the 
?ange 24. If desired to remove the brush all that is 
required is the removal of the tension of the brush arm 
by bending it awayfrom the commutating surface and 
letting the brush fall freely from the arm. A reversal 
of this procedure will enable the positioning of the brush 
in place. The brush arm is of substantial width and 
therefore has substantial resistance to twisting. 
The tip 56 of the brush provides for a substantial ?at 

area of contact with the commutating surface without one 
gaging an undesirable number of turns and the present 
invention provides for maintaining the ?at area of the‘ 
brush completely in contact with the commutating surface, 
even though there may be irregularities in the ?atness of 
the commutating surface. While theoretically it is desir 
able to have the commutating surface ?at and in a single 
radial plane, it has been found that during manufacture 
the surface formed is not exactly ?at but has portions that 
are ?at yet at an angle to the radial plane. In order to 
compensate for variations, the brush and brush holder 
of the present invention prevents the brush from mov 
ing relative to the brush arm in the path that the brush 
arm moves and yet be permitted to move freely perpen 
dicular to the path. This is, accomplished by the ridges 
66 and 67 each being of a length and extending substan 
tially along the path of movement of the brush which 
prevents pivotal movement of the brush in the brush 
arm about the tip 56. However in order to compensate 
for the commutating surface not completely lying in a 
radial plane, the ?at surfaces 68 and 69 of the brush 
are engaged only by the ridges 66 and 67 enabling it to 
be easily pivoted about the ridge for movement perpen 
dicular to the brush path. Thus the brush and brush 
‘holder provide for prevention of movement along the 
commutating surface but yet provide for pivotal move 
ment in a plane radial to the commutating surface there 
by stabilizing the brush and maintaining substantial con 
tact with the commutating surface by keeping the ?at 
tip 56 completely in engagement thereto. 
As shown in FIG. 1, the autotransformer 10 as illus 

trated is mounted on the back of a panel 71 having an 
aperture 72 through which part of the threaded portion 
30 of the sleeve extends. A nut 73 threads on the por 
tion to clamp the outer face of the circular base 18 
against the inside surface of the panel. A knob 74 is 
mounted on the end of the shaft and in addition a dial 
‘175 may be employed and preferably held in place by 
the nut 73. In order to facilitate connections to the 
‘device, there are provided three terminals 76 having the 
shape shown and secured to they peripheral covering 14 
by staples 77 having bent over ends though, of course, 
other methods of securement may be employed, if de 
siderd. Not shown are connections between two of the ter 
minals and the ends of the winding, the other terminal 
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being connected if desired to a tap intermediate the ends 
of the winding. 
The conducting bar 51 is provided with a pair of out 

turned stops 78 which are engageable by the brush arm to 
prevent the brush from engaging the coil where there 
is no commutating surface. 

It will accordingly be appreciated that there has been 
disclosed an autotransformer in which the shaft and 
brush arm assembly are composed of relatively few, eas 
ily manufactured parts that may be economically, if not 
automatically, assembled and which may then be easily 
assembled to the other parts of the autotransformer to 
fabricate it. The parts enable an increase of rating of 
the autotransformer unit without an increase in the 
thickness thereof by having substantial portions of the 
shaft and brush assembly recessed Within the center in 
the core which enables a thicker core to be employed. 
The increased rating produces more heat during use, 
however this heat is dissipated with a substantial rise in 
the ‘autotransformer by it passing to the heat conducting 
circular base 16 which acts as a radiator and ‘may dis 
sipate the heat by convection and/or conduction to 
the mounting panel. 
Moreover the present invention facilitates interchange 

ability of the brush from the brush arm quickly and 
easily without disassembling any parts and yet provides 
for a brush that is stabilized and maintains a ?at area 
of contact with the commutating surface. 

Variations and modi?cations may be made within the 
scope of the claims and portions of the improvements 
may be used without others. 
We claim: 
*1. An adjustable voltage autotransformer comprising 

an annular coil including an annular core of paramagnetic 
material and a toroidal winding encircling said core 
and formed with an arcuate commutating surface on one 
end thereof, a base formed with a central aperture and 
positioned against the other end surface of the coil, an 
annular end member of insulating material and formed 
to have an outwardly extending ?ange and a hub por 
tion formed with a stepped aperture, said member being 
positioned with its ?ange against the one end surface of 
the coil and its hub portion within the center of the coil, 
means clamping the base and annular member to the 
coil, a shaft extending through the center of the coil 
and apertures in the base and member and having one 
end terminating in the stepped aperture, an insulating 
bushing secured on the end of the shaft Within the aper 
ture, a conducting element including a brush arm se 
cured on the bushing, a brush on the end of the arm and 
adapted to ride in electrical engagement with the com 
mutating surface, a conducting bar having a portion re 
cessed within the stepped aperture encircling the bush 
ing, and a conducting means on the bushing within the 
stepped aperture positioned between the conducting bar 
and the conducting element in electrical engagement 
therewith whereby the connections to the shaft, brush 
arm and conducting bar are substantially recessed within 
the annular member. 

2. An adjustable voltage autotransformer comprising 
an annular coil including an annular core of paramagnetic 
material and a toroidal winding encircling said core and 
formed with an acruate commutating surface on one 
end thereof, a base formed with a central aperture and 
positioned against the other end surface of the coil, an 
annular end member of insulating material and formed 
to have an outwardly extending ?ange formed with a 
radial cutout and a hub portion formed with a stepped 
aperture, said member being positioned with its ?ange 
against the one end surface of the coil and its hub portion 
within the center of the coil, means clamping the base 
and annular member to the coil, a shaft extending through 
the center of the coil and apertures in the base and mem 
ber and having one end terminating in the stepped 
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6 
aperture, an insulating bushing secured on the end of the 
shaft within the aperture, a conducting element includ 
ing a brush arm secured on the bushing, a brush on the 
end of the arm and adapted to ride in electrical engage 
ment with the commutating surface, a conducting bar 
having a portion recessed within the stepped aperture 
encircling the bushing and having a ?at portion extend 
ing through the radial cutout and constituting a terminal, 
and a conducting means on the bushing within the 
stepped aperture positioned between the conducting bar 
and the conducting element in electrical engagement there 
with whereby the connections to the shaft, brush arm 
and conducting bar are substantially recessed within the 
annular member. 

3. An adjustable voltage autotransformer comprising 
an annular coil including an annular core of paramagnetic 
material and a toroidal winding encircling said core for a 
substantial portion thereof and formed with an arcuate 
commutating surface on one end thereof, a base formed 
with a central aperture and positioned against the other 
end surface of the coil, an annular end member of insu 
lating material and formed to have an outwardly extend 
ing ?ange formed with a radial cutout and a hub portion 
formed with a stepped aperture, said member being posi 
tioned with its ?ange against the one end surface of the 
coil and its hub portion within the center of the coil, a 
sleeve extending through the center of the coil and having 
one end positioned against the stepped aperture and its 
other end portion threaded and extending into and beyond 
the aperture in the base, a nut threaded on the end portion 
to clamp the coil between the member and the base, a 
shaft rotatably mounted in the sleeve and having one 
end portion extending beyond the base to provide a 
manipulatable portion, means on the shaft at the end 
portion thereof extending beyond the base abutting the 
end of the sleeve, the other end of the shaft terminating 
within the stepped aperture, an insulating bushing se 
cured on the other end of the shaft, a conducting ele 
ment including a brush arm secured on the bushing, a 
brush on the end of the arm and adapted to ride in 
engagement with the commutating surface, a conducting 
bar having a portion encircling the bushing within the 
stepped aperture and having an annular portion abutting 
a step of the annular member and a ?at portion extending 
through the radial cutout and constituting a terminal, 
and a conducting means encircling the bushing within the 
stepped aperture and positioned between the conducting 
bar and the conducting element to be in electrical en 
gagement therewith, whereby rotation of the shaft en 
ables current to be conducted from the brush through 
the conducting element and the spring to the terminal 
portion of the conducting bar. 

4. An adjustable voltage autotransformer comprising 
an annular coil including an annular core of paramagnetic 
material and a toroidal winding encircling said core and 
formed with an arcuate commutating surface on one end 
thereof, a base formed with a central aperture and posi 
tioned against the other end surface of the coil, an annu 
lar end member of insulating material and formed to 
have an outwardly extending ?ange and a hub portion 
formed with a stepped aperture, said member being posi 
tioned with its ?ange against the one end surface of the 
coil and its hub portion within the center of the coil, 
means clamping the base and annular member to the 
coil, a shaft extending through the center of the coil 
and apertures in the base and member and having an 
end terminating in the stepped aperture, an insulating 
bushing secured on the end of the shaft within the aper 
ture, a conducting element including a brush arm secured 
on the bushing, said brush arm being elongate and hav 
ing at its end substantially ?at and aligned oppositely 
disposed wing portions, a brush including a portion 
adapted to ride on the commutating surface, and a pair of 
conducting surfaces oppositely disposed about the portion, 
the conducting surfaces and the wing portions being in 
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engagement one to one and the contacting surfaces being 
formed to have contact with each other to enable the 
brush to be freely pivotable about an axis transverse to 
the brush arm and abutting means for preventing relative 
movement between the brush and brush arm transverse 
to the length of the brush arm, a conducting bar having 
a portion recessed within the stepped aperture encircling 
the bushing, and a conducting means on the bushing within 
the stepped aperture positioned between the conducting 
bar and the conducting element in electrical engagement 
therewith. 

5. An adjustable voltage autotransformer comprising 
an annular coil including an annular core of paramag 
netic material and a toroidal winding encircling said core 
and formed with an arcuate commutating surface on one 
end thereof, a base formed with a central aperture and 
positioned against the other end surface of the coil, an 
annular end member of insulating material and formed 
to have an outwardly extending ?ange and a hub portion 
formed with a stepped aperture, said member being posi 
tioned with its ?ange against the one end surface of the 
coil and its hub portion within the center of the coil, 
means clamping the base and annular member to the 
coil, a shaft extending through the center of the coil and 
apertures in the base and member and having an end 
terminating in the stepped aperture, an insulating bush 
ing secured on the end of the shaft within the aperture, 
a conducting element including a brush arm secured on 
the bushing, a brush on the end of the arm and having 
a carbon portion formed with a riding surface adapted 
to ride on the commutating surface, a pair of conducting 
surfaces aligned, elevated above and oppositely disposed 
about the riding surface, a conducting bar having a por 
tion recessed within the stepped aperture encircling the 
bushing, and a conducting means on the bushing within 
the stepped aperture positioned between the conducting 
bar and the conducting element in electrical engagement 
therewith. 

6. An adjustable voltage autotransformer comprising 
an annular coil having an annular core of paramagnetic 
material and a toroidal winding encircling said core and 
having an arcuate commutating surface formed on one 
end surface of the coil, a base formed with a central 
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8 
aperture and positioned against. the other end surface of 
the coil, an annular end member of insulating material 
and formed to have an outwardly extending ?ange and 
a central stepped aperture and a hub portion, said mem 
ber being positioned with its ?ange against the one end 
surface of the coil and its hub portion recessed within 
the center of the coil, a sleeve extending through the 
center of the coil and having one end abutting against 
the stepped aperture and its other end portion threaded 
and extending into and beyond the aperture in the base, 
and a nut threaded on the end portion to clamp the coil 
between the member and the base, the ?ange engaging 
the coil only on an annular portion adjacent the center 
thereof on the one end surface and the base engaging 
the coil at the opposite end surface thereof only at an 
annular portion adjacent the center of the coil thereby 
clamping the coil axially thereof, said base being circular 
and having a diameter approximating the diameter of 
the coil and being formed of heat conducting metal to 
have. a hub portion protruding from its inner surface 
positioned within the recess in the center of the coil and 
having’ an annular thickened part adjacent the hub por 
tion engaging the end surface of the coil to thereby form 
an air gap between the rest of the end surface of the 
coil and the base, the outer face of the base being sub 
stantially ?at and adapted to be mounted against a ?at 
surface to conduct heat away from the coil. 
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