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ABSTRACT OF THE DISCLOSURE 

A spark suppressing arrangement for commutators. A 
shaft with a plurality of commutator. segments thereon 
has a plate-shaped varistor element which has a plurality 
of varistor portions equal in number to the number of 
commutator segment secured on the shaft perpendicular 
to the axis thereof. Each of said plurality of varistor por 
tions is connected electrically to a respective one of said 
plurality of commutator segments. 

BACKGROUND OF THE INVENTION 
Field of the invention 

A conventional commutator motor is apt to produce an 
undesirable spark discharge between the commutator and 
a brush during operation. Said spark discharge increases 
with an increase in the torque, because the increased 
torque enlarges the load current when the motor is ro 
tating at a given speed. The spark impairs the commu 
tator and the brush and shortens the life of the motor. 

Description of the prior art 
Three methods have previously been known for reduc 

ing the spark discharge voltage between the commutator 
and the brush, thus, prolonging the life of the motor. 
The first method is to employ a commutator and brush 
comprising a material which has a high resistance to 
wear due to spark discharging and which consequently 
is expensive. The second method is to reduce the induced 
voltage of the commutator by increasing the number of 
commutator segments. This increase in the number of 
commutator segments achieves the improved commutat 
ing characteristics thus reducing the spark but at the same 
time, it requires a larger number of coils and special 
care for obtaining a well balanced rotor with respect to 
the motor shaft. Such a requirement results in a higher 
price for the motor. The third method is to employ a 
plurality of spark suppressing elements such as resistors, 
capacitors or varistors. Said spark suppressing elements 
must be the same in number as the number of coils in 
the motor and must be connected in parallel to the coils 
or commutator segments of the motor. The voltage in 
duced at the commutator is discharged through said ele 
ments thus reducing or eliminating the spark generated. 
As a practical matter, a resistor having a high electrical 
resistance does not suppress the spark sufficiently. A re 
sistor having a low electrical resistance is superior in 
suppressing the spark but impairs the efficiency of the 
motor. A capacitor or a varistor does not have such a 
disadvantage and has been widely used for suppressing 
the spark in commutator motors. According to the prior 
art, capacitors or varistors, the same in number as the 
number of coils in the motor, are mounted in the slots 
of the motor and are connected in parallel to the coils. 
A motor having a large number of coils, requires a large 
number of capacitors or varistors. Said capacitors or 
varistors are difficult to mount in the small space avail 
able in the slots. In addition, it is difficult to balance the 
rotor with respect to the motor shaft when the rotor 
contains a large number of capacitors or varistors. 
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SUMMARY OF THE INVENTION 

An object of this invention is to provide a commutator 
motor having a plurality of coils in which the spark gen 
eration during operation of the motor is suppressed by 
a single varistor element which functions as a plurality 
of varistors. 
Another object of this invention is to provide a com 

mutator motor having a plurality of coils in a star con 
nection. Said coils being combined with a single varistor 
element acting as a plurality of varistors connected in 
a delta, i.e. a ring and a star connection. 
A further object of this invention is to provide a com 

mutator motor having a plurality of coils in a delta, i.e. 
ring connection, which are combined with a single varistor 
element acting as a plurality of varistors connected in a 
delta, i.e. ring and a star connection. 
This invention achieves said objectives by employing 

a motor in which said varistor is secured to the motor 
shaft perpendicular to the axis thereof. The portions of 
the varistor are electrically connected to corresponding 
commutator Segments. - 

BRIEF DESCRIPTION OF THE DRAWINGS 
These and other objects of the invention will be ap 

parent upon consideration of the following description 
taken together with the accompanying drawings wherein: 

FIG. 1 is a schematic diagram of a motor having the 
coils arranged in a delta connection and having th: 
varistor portions connected in a ring connection; 

FIG. 2 is a schematic diagram of a motor having the 
coils arranged in a star connection and having the varistor 
portions connected in a ring connection; 

FIG. 3 is a perspective view of an embodiment of the 
varistor having three varistor portions connected in a 
delta connection; 

FIG. 4 is a perspective view of the reverse side of the 
varistor shown in FIG. 3; 

FIG. 4 is a circuit diagram of the varistor shown in 
FIG. 3, having three varistor portions connected in a 
delta connection; 

FIG. 5 is a perspective view of an embodiment of the 
varistor having three varistor portions connected in a 
star connection; 

FIG. 5" is a perspective view of the reverse side of 
the varistor of FIG. 5; 

FIG. 6 is a circuit diagram of the varistor shown in 
FIG. 5 having three varistor portions connected in a 
star connection; 

FIG. 7-1 is a perspective view of another embodiment 
of the varistor element having three varistor portions con 
nected in a star connection; 
FIG. 7-2 is a perspective view of still another embodi 

ment of the varistor element having three varistor por 
tions connected in a star connection; 

FIG. 8 is a perspective view of a motor rotor compris 
ing a varistor disc according to this invention; 

FIG. 9 is a schematic diagram of a motor having the 
coils connected in a delta connection and having the 
varistor portions connected in a star connection; and 

FIG. 10 is a schematic diagram of a motor having the 
coils connected in a star connection and having the 
varistor portions connected in a star connection. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

A per se well-known commutator motor comprises a 
plurality of commutator segments and a plurality of 
coils which are connected in a star connection or in a 
delta, i.e. ring connection, and which are similar in num 
ber to the number of commutator segments. The spark 
discharge between the brush and the commutator has 
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previously been suppressed by using individual varistors 
or capacitors which are equal in number to the number 
of commutator segments and which are positioned at 
suitable places on the rotor. It has been discovered, 
according to the invention, that the individual varistors 
necessary for suppressing the spark charge can be re 
placed by a single varistor which functions as a plurality 
of varistors because it has more than three electrodes 
applied to the varistor body. 
A varistor is essentially a non-linear resistor in which 

the electric resistance decreases with an increase in the 
applied voltage. A varistor comprising any suitable mate 
rial can be employed as the active varistor material of 
the present invention. The preferable material for the 
varistor according to the invention is silicon carbide 
powder. 
A varistor having a plate form is preferable for apply 

ing a plurality of electrodes to both surfaces. A more 
preferable form is a disc having a hole at the center. 
This form is preferred because of the ease of mounting 
it on the rotor and ease of obtaining a well balanced 
rotor. 
A varistor disc which functions as a plurality of varis 

tors in a star connection can be prepared by applying a 
plurality of electrodes, each provided with terminal lead 
wires, to one surface of the disc and one electrode to 
another surface. 
A varistor disc functioning as a plurality of varistors 

in a delta connection can be prepared by applying a plu 
rality of electrodes, each provided with terminal lead 
wires, to one surface of the disc and a similar number of 
electrodes to the other surface with the respective elec 
trodes opposed to the corresponding electrodes on the 
opposite faces of the disc in pairs. Each of said plurality 
of electrodes on one surface is electrically interconnected 
to each of said plurality of electrodes on the other sur 
face with each electrode on one surface connected to the 
electrode on the other surface which is on the opposite 
side of the varistor and opposed to the next adjacent 
electrode on the one surface. 

For convenience, the following detailed illustration will 
be made with reference to a commutator motor having 
three commutator segments. The scope of the invention 
is not limited to a commutator motor having three com 
mutator segments. 

Referring to FIG. 1 and FIG. 2, reference characters 
6, 7 and 8 represent rotor coils connected together and 
A, B and C are commutator segments which are in con 
tact with the brushes 9 and 10 during rotation of the 
rotor. Varistors 11, 12 and 13 are connected between said 
commutator segments A and B, between said commutator 
segments. A and C and between commutator segments C 
and B. Said varistors are in parallel with coils 6, 7 and 
8, respectively and suppress the spark discharge between 
the brushes and the commutator segments. According to 
the prior art, said varistors 11, 12 and 13 are three indi 
vidual bodies and are mounted in available spaces such 
as the slots between the cores. 

It has been discovered according to the invention that 
said varistors 11, 12 and 13 of FIGS. 1 and 2 can be 
replaced by a single varistor element functioning as three 
varistors. The portions of said varistor element can be 
arranged in a delta connection or a star connection. Re 
ferring to FIG. 3, reference character 20 designates, as 
a whole, a single varistor element having three electrodes 
21, 22 and 23 on one surface of a disc 29 and three dif 
ferent electrodes 24, 25 and 26 on the other surface. Said 
varistor has a hole 27 at the center of the disc 29, which 
disc is made of non-linear resistance material. FIG. 3' 
is a perspective view of the reverse side of the varistor 
element shown in FIG. 3. The electrodes 21, 22 and 23 
are on the opposite side of the varistor and opposed to 
electrodes 24, 25 and 26 respectively. There are inter 
connections between electrodes 21 and 25, between elec 
trodes 22 and 26 and between electrodes 23 and 24. Said 
interconnection can be achieved, for example, by conven 

5 

20 

30 

40 

45 

50 

55 

60 

65 

70 

75 

4. 
tional soldered lead wires 31, 32 and 33. The electrodes 
21, 22 and 23 have connected thereto the terminal lead 
wires 41, 42 and 43 by a conventional soldering tech 
nique. The varistor element thus produced forms a delta 
connection of three varistor portions as shown in FIG. 4, 
wherein the reference characters 41, 42 and 43 indicate 
the terminal lead wires designated by similar numbers 
in FIG. 3. 

In order to insure correct performance of such a novel 
varistor element functioning as three varistors connected 
in a delta connection, it is important that the shortest 
distance between adjacent electrodes on one surface be 
greater than the thickness of the varistor disc. The elec 
trodes can be applied, to the surface of the varistor in 
any shape or spacing as long as the above requirement 
is satisfied. 
The following description illustrates another embodi 

ment of the invention. It comprises a varistor element 
functioning as three varistors connected in a star con 
nection. : 

Referring to FIG. 5, reference character 30 designates, 
as a whole, a varistor disc. Similar reference characters 
indicate similar components to those of FIG. 3. FIG. 5' 
is a perspective view of the reverse side of the varistor 
element shown in FIG. 5. Three electrodes 21, 22 and 
23 are applied to one surface of the varistor disc 29 
and one circular electrode 28 is applied to the other Sur 
face. There is a hole 27 at the center at said varistor disc 
29. Said three electrodes 21, 22 and 23 have terminal 
lead wires 41, 42 and 43 connected thereto, respectively, 
by a conventional soldering method. The varistor ele 
ment thus produced functions as three varistors arranged 
in a star connection as indicated in FIG. 6 wherein ref 
erence characters 41, 42 and 43 indicate the terminal lead 
wires corresponding to the terminal lead wires 41, 42 and 
43 of the varistor disc of FIG. 5. The shortest distance 
between adjacent electrbdes among said three electrodes 
21, 22 and 23 is required to be greater than the thickness 
of the varistor disc. 
A varistor disc of silicon carbide powder can be made 

by a per se well-known method. Silicon carbide powder 
is mixed with from 20 to 45% by weight of a ceramic 
binding material consisting of, for example, 50% by 
weight of pottery stone, 30% by weight of kaolinite, 15% 
by weight of feldspar and 5% by weight of silica rock, 
and, if necessary, with a conductive material, such as 
graphite powder, metal powder or metal oxide powder, 
in a wet ball mill. The mixture is dried and pressed into 
a disc shape, having a hole at the center by a conventional 
ceramic fabrification technique. The pressed disc is heat 
ed at a temperature between 1100° C. and 1300 C. in 
air or if the pressed disc contains a conductive material, 
in a non-oxidizing atmosphere such as hydrogen or nitro 
gen. The sintered disc is then provided with the neces 
Sary number of electrodes, for example, three electrodes 
on one surface and three electrodes on the other surface. 
The electrodes can be applied by any suitable technique 
such as painting, screening or metallizing. The electrode 
material can be made of any suitable, conventional mate 
rial such as copper, nickel or silver. The electrodes, if 
necessary, are coated with any conventional soldering 
material by a prior art method such as dipping. They are 
then provided with lead wires for the terminal lead wires 
and for making the interconnections between the elec 
trodes in the way described above. 
The varistor element which functions as three varistor 

functions in a star connection can also be made by an 
other method. Said method consists of applying four 
electrodes to only one surface of the varistor disc. Refer 
ring to FIG. 7-1 and FIG. 7-2 wherein similar reference 
characters designate similar components to those of FIG. 
5, and reference character 40 designates, as a whole, a 
varistor element having four electrodes 21, 22, 23 and 28 
on One Surface and no electrodes on the other surface. 
Said electrodes 21, 22 and 23 are provided with terminal 
lead wires 41, 42, and 43 respectively. They are spaced 



3,488,538 
5 

from each other in such a way that the current flowing 
between the adjacent electrodes among electrodes 21, 22 
and 23 is less than one tenth the current flowing between 
electrodes 21 and 28, between electrodes 22 and 28 and 
between electrodes 23 and 28. It is preferred that the 
spacing be from 0.7-1.0 mm. 
The spark discharge of the commutator motor having 

more than three commutator segments, i.e. three coils, 
can be suppressed by attaching a varistor element having 
the same number of varistor portions as there are com 
mutator Segments. A varistor functioning as any plurality 
of varistors can be made by applying a corresponding 
plurality of electrodes to a varistor disc in a way similar 
to that described above. For example, a varistor element 
functioning as four varistors in a star connection can be 
prepared by applying four electrodes to one surface and 
one electrode to the other surface. Each of said four 
electrodes applied to said first surface is provided with a 
terminal lead wire in a way similar to that illustrated in 
FIG. 6. A varistor element which is to function for ex 
ample, as five varistors in a ring connection can be pre 
pared, in accordance with the invention, by applying five 
electrodes to each of the opposite surfaces, interconnect 
ing these electrodes in a manner similar to that of FIG. 3 
and providing five terminal lead wires for each of the five 
electrodes on one of the surfaces. 
The varistor disc, according to the invention, can be 

attached to any type of commutator motor by placing the 
disc on the motor shaft with the shaft through the hole 
of the varistor disc. Referring to FIG. 8, reference char 
acter 50, as a whole designates the motor rotor; 54 desig 
nates the motor shaft; and 51 designates the motor cores 
Secured to Said motor shaft 54. Said cores are provided 
with coils 52 which are electrically connected to the com 
mutator segments 53. A varistor element 29, having the 
Same number of varistor portions as there are commuta 
tor Segments 53, is Secured on the shaft 54 perpendicular 
to the axis thereof, or, if convenient, to the motor core 
51. Care is necessary to match the center of the varistor 
body 29 to the center of the motor shaft 54. The varistor 
electrodes 21, 22 and 23 are electrically connected to said 
Commutator Segments 53 in the manner illustrated above. 
According to the above assembly the varistor body 29 
does not always need the lead wires 41, 42 and 43 as 
shown in FIG. 3, FIG. 5, FIG. 7-1 or FIG. 7-2, but can 
be soldered directly to the terminal of the commutator 
Segment. Accordingly, special care is not required to ob 
tain a motor which is well balanced with respect to the 
motor shaft. In these cases, the electrical connections 
among the coils, commutator segments and varistor por 
tions are shown, for example in FIGS. 1, 2, 9 and 10. 
The varistor portions in FIGS. 1 and 2 are connected 
in a ring connection, while the portions in FIGS. 9 and 
10 are in a star connection. The rotor so produced is 
combined with a brush means and a stator means com 
prising a magnet or an electric magnet and a frame in 
the conventional manner for assembling a commutator 
motor. It is obvious that such commutator motor is sub 
jected to less Spark discharge and can be constructed 
more easily and less expensively than the conventional 
commutator motor having a plurality of individual varis 
tors or capacitors for suppressing the spark discharge. 
What is claimed is: 
1. A commutator structure comprising a shaft with a 

plurality of commutator segments thereon, a plate-shaped 
varistor element which has a plurality of varistor por 
tions equal in number to the number of commutator 
segments and which is secured on the shaft with the plane 
thereof perpendicular to the axis thereof, each of said 
plurality of varistor portions being connected electrically 
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6 
to a respective one of said plurality of commutator seg 
ments and bridging at least two of said segments. 

2. A commutator structure as claimed in claim 1, 
wherein said varistor element is a plate in the shape of a 
disc and has a hole at the center through which said 
motor shaft extends. 

3. A commutator structure as claimed in claim 2, 
wherein said disc has a plurality of electrodes on one 
surface and one electrode on the other surface thereof, 
the number of said plurality of electrodes being equal 
to the number of varistor portions, each of said plurality 
of electrodes being spaced from the adjacent electrodes 
by a distance greater than the thickness of said disc. 

4. A commutator structure as claimed in claim 3, 
wherein said varistor disc has three electrodes on said one 
Surface. 

5. A commutator structure as claimed in claim 2, 
wherein said disc has a plurality of electrodes on only one 
surface thereof, one of said plurality of electrodes being 
a ring extending around the remaining electrodes said 
electrodes being spaced from each other such that the 
electric current flowing between adjacent electrodes among 
said remaining electrodes is less than the electric current 
flowing between said ring electrode and each of said 
plurality of remaining electrodes. 

6. A commutator structure as claimed in claim 4, 
wherein said varistor disc has four electrodes on said one 
surface. 

7. A commutator structure as claimed in claim 2, 
wherein said disc has a plurality of electrodes on only 
one surface thereof, one of said plurality of electrodes 
being a ring positioned inside of said remaining elec 
trodes, said electrodes being spaced from each other such 
that the electric current flowing between adjacent elec 
trodes among said remaining electrodes is less than the 
electric current flowing between said center positioned 
electrode and each of said remaining electrodes. 

8. A commutator structure as claimed in claim 7, 
wherein said varistor disc has four electrodes on said one 
Surface. 

9. A commutator structure as claimed in claim 2, 
wherein said disc has a plurality of electrodes on one 
surface each having terminal lead wires thereon and a 
plurality of electrodes on the other surface which are 
opposed to the electrodes on the one surface, respec 
tively, each of said plurality of electrodes on each surface 
being spaced from the adjacent electrodes a distance 
greater than the thickness of said disc, each of said 
plurality of electrodes on said one surface being electri 
cally connected to an electrode on the other surface which 
is opposed to the next adjacent electrode on the one 
Surface. 

10. A commutator structure as claimed in claim 7, 
wherein said disc has three electrodes on one surface and 
three electrodes on the other surface. 
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