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(57) Abstract: A high voltage, low current electric motor. The motor comprises a drive shaft turned by a sprocket that is driven by
an assembly of electromagnets. A carrier supporting permanent magnets travels in a tubular track formed into an endless loop
around the sprocket. The carrier preferably comprises a chain formed of interconnected links, each link housing a magnet. The
tubular track is non-ferrous and forms a core for a plurality of coils spaced around the tube. A sequencing circuit in the motor se-
quentially energizes the coils to cause the carrier to circulate around the tube by repelling and attracting the magnets. Teeth on the
sprocket engage the chain so that as the chain travels through the tube the sprocket is rotated. Preferably, the coils are double-
wound so that a direction control circuit may be included to selectively reverse the direction of the carrier' s travel. Speed control
also may be included.
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ELECTRIC MOTOR

FIELD OF THE INVENTION
[0001] The present invention relates to electric motors for motor vehicles and other
machines.
BACKGROUND OF THE INVENTION
[0002] As the cost of oil and gas continues to escalate, the use of alternate energy
sources becomes more important. Batteries and fuel cells may be used to power electric
motors, but in many applications have impractically short charge duration. The operating
period of a motor’s battery is determined largely by the current required by the motor, so
battery life could be optimized by using a low current motor. However, in many
applications, including motor vehicles, relatively high power also is demanded. In such
applications, the motor must be high voltage in addition to low current, since power is
proportional to the product of the voltage and the current. Thus, there is a need for a high
voltage and low current electric motor.
BRIEF DESCRIPTION OF THE DRAWINGS
[0003] Figure 1 is a side elevational, semi-schematic, partially fragmented view of
an electric motor constructed in accordance with the present invention.
[0004] Figure 2 is a plan view of a pair of links in the chain showing the pivot pin
that pivotally connects adjacent links.
[0005] Figure 3 is an enlarged, fragmented, side elevational view of a segment of
one of the sprockets showing how the sprocket teeth engage the pivot pin between each
pair of adjacent links.
[0006] Figure 4 is a cross-sectional view through the tube containing the chain and

showing the sprocket tooth engaging a pivot pin.

[0007] Figure 5 is schematic diagram of the motor’s control circuit.

[0008] Figure 6 is a more detailed schematic diagram of he motor’s control circuit.
[0009] Figure 7 is a schematic diagram of the motor’s coil operating circuit.

[0010] Figures 8A and 8B are schematic illustrations of the operation of the pulses

from the sequencing circuit on the operation of the coils.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0011] With reference now to the drawings in general and to Figure 1 in particular,
there is shown therein, an electric motor constructed in accordance with the present
invention and designated by the reference numeral 10. The electric motor 10 has many
uses, such as in electric or hybrid vehicles and various industrial belt drive applications, all
of which would benefit from its low current, high voltage characteristics.
[0012] The motor 10 comprises at least one sprocket and in the embodiment shown
it comprises first and second aligned sprockets 12 and 14 mounted for rotation. Also
included is at least one and preferably first and second drive shafts 16 and 18, each fixed
for rotation to one of the sprockets 12 and 14. Teeth, designated collectively as 20, project
from both sprockets 12 and 14.
[0013] Referring still to Figure 1, the motor 10 further comprises a tubular track
such as the tube 24 that forms an endless loop around the sprockets 12 and 14. The tube 24
is mounted so as to be fixed relative to the sprockets 12 and 14.
[0014] The tube 24 is formed of non-ferrous material as it will serve as the core for
electromagnetic coils to be described later. For example, the tube 24 may be made of
aluminum, acrylic, polycarbonate, or other magnetically transparent compositions. It may
be provided with a Teflon brand coating on the inside.
[0015] Preferably, the tube 24 is circular in cross-section (see Fig. 4), but this may
vary. The inner perimeter 26 of the tube 24 includes spaced apart access slots 28 or other
openings to allow the teeth 20 of the sprockets 12 and 14 to extend inside the tube.
[0016] Supported inside the tube 24 is a carrier 30 for supporting a plurality of
permanent magnets designated collectively at 32. The carrier 30 is configured to circulate
through the tube 24 and is adapted to engage the sprockets 12 and 14 so that as the carrier
circulates through the tube 24 the sprockets 12 and 14 rotate, thereby rotating the drive
shafts 16 and 18.
[0017] Although the structure of the carrier may vary, in a preferred form the
carrier 30 is an endless chain composed of a plurality of links designated collectively at 36.
Referring now also to Figures 2-4, each link 36 preferably is an elongate body 40 with a
first tab 42 on first end 44 and a second tab 46 on the second end 48. The tabs 42 and 46
may be offset opposite to each other and provided with holes 50 for receiving a pivot pin

52 (Fig. 4) therethrough in a manner that permits one link to pivot relative to the other for
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moving through the curved path of the tube 24, as best seen in Figure 3. As shown in
Figures 3 and 4, the pins 52 and the sprocket teeth 20 are configured so that as the
carrier 30 moves through the tube 24, the teeth engage the pins thus transferring the motion
of the carrier to the sprockets 12 and 24.

[0018] The body 40 of each link 36 is basically rectangular in shape and may be
made of any non-ferrous material, though some suitable plastic is preferred. Preferably, a
magnet 32 is contained in the body 40 of link 36. The link may be molded with the magnet
embedded inside. Alternately, the link 36 may be a housing with a magnet space inside.
In any event, the links 36 should be adapted to carry the magnets 32 in end-to-end
arrangement around the tube 24. The size, shape and number of the links may vary widely.
In the embodiment shown herein, which is only illustrative, the chain (carrier) 30
comprises 15 links, and each link 36 is four inches long end to end; each magnet 32 is two
inches long, and the tabs 42 and 46 are sized to space the magnets in adjacent links 36 one
inch apart from end to end.

[0019] Referring again to Figure 1, the electric motor 10 further comprises a
plurality of coils designated collectively at 60. While the coils 60 may each be a single
winding, a “two in hand” double wound coil is much preferred as this will permit the
polarity of the poles to be reversed by selectively energizing the windings in each coil.
[0020] As shown in Figure 1, each coil 60 is formed around the tube 24, and the
coils are spaced apart. Although the number of the coils 60 may vary, it is preferred that
the coils 60 continue around the entire tube 24. In the exemplary embodiment shown
herein, the coils 60 are one-half inch wide. As explained hereafter, the coils are operated
in groups of three. Thus, as shown in Figure 8A, each group of three coils should be
spaced to have the same length “D.” as one of the permanent magnets 32 “D,,”. That is,
the coils 60 should be spaced so that each three coils spans two inches from outside end to
outside end.

[0021] While many methods of manufacturing the motor 10 will be apparent to
those skilled in the art, only one method will be described. The tube 24 may be
conveniently formed of commercially available plastic tubing, which is prefabricated in
curved and straight segments. When assembled from such tubing, the tube 24 holds its
shape but is slightly flexible. The tube 24 may comprise a short open section (not shown

in the drawings). Next, the coils are applied to the outside of the tube 24, and the access
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slots 28 are formed. After the coils 60 are in place, the chain 30 is threaded through one
end of the open segment in the tube 24. Before connecting the ends of the chain, the
tube 24 is wrapped around the sprockets 12 and 14 so that the teeth 20 engage the pins 52
between the links 36.

[0022] Now it will be apparent that, when selectively energized in sequence, the
coils 60 will attract and repel the magnets 32 inside the tube 24 in a manner that urges the
carrier 30 around inside. A control circuit 66 is provided for this purpose. The control
circuit 66 is operatively engaged, such as by conventional wiring, with each of the coils 60
to energize the coils in response to a sequencing circuit 68 (Figure 5) for sequentially
energizing the coils to move the carrier 30 in the tube 24.

[0023] A preferred control circuit 66 is shown in Figure 5 and generally includes
the sequencing circuit 68 that is operatively connected to the assembly of coils 60. The
preferred control circuit 66 also includes a direction control circuit 70 for allowing the
carrier 30 moved bi-directionally, that is, in forward mode and reverse mode. Still further,
the control circuit 66 also preferably includes a speed control circuit 72 for varying the
speed at which the carrier 30 moves.

[0024] Figure 6, to which attention is now directed, illustrates a preferred design
for a sequencing circuit 68 with speed and direction control. As explained previously, the
plurality of coils 60 in the preferred motor 10 includes a number of coils that is a multiple
of three forming a plurality of coil sets of three coils each. Each coil set include a first or
“A” coil, a second or “B” coil, and a third or “C” coil. The sequencing circuit 68 then is
configured to energize the A coil in every group simultaneously, the “B” coil in each group
simultaneously, and the “C” coil in each group simultaneously. As will be explained
further below, the order in which the coils are energized, and which of its two windings is
energized, will determine the direction in which the magnets are urged.

[0025] The sequencing circuit 68 comprises a clock, and preferably a variable
clock 80, for providing an output in the form of an energy pulse. Where it is desired to
have a motor with a variable speed, the speed control circuit 72 is included to vary the
frequency of the pulse emitted from the clock 80. A variable resistor 82 is shown here, but
other devices may be substituted effectively, such as a capacitor or inductor.

[0026] The preferred sequencing circuit 68 preferably also includes a counter 86

adapted to receive the energy pulses from the power clock 80 and to produce sequential
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pulsed outputs. In the circuit 68 shown, the counter has six outputs, designated 1
through 6.

[0027] With continuing reference to Figure 6, the sequencing circuit 68 includes a
matrix of OR gates 90, the gates 90 being designated individually as a, b, c, d, e, and f.
The OR gates 90 are adapted to receive the sequential outputs of the counter 86 and to
provide two consecutive pulses to each coil winding with each output, for a reason to be
explained. To that end, the output 1 from the counter 86 is connected to the input of OR
gates a and f; the output 2 from the counter 86 is connected to the input of OR gates a and
b; the output 3 from the counter 86 is connected to the input of OR gates b and c; the
output 4 from the counter 86 is connected to the input of OR gates ¢ and d; the output 5
from the counter 86 is connected to the input of OR gates d and e; the output 6 from the
counter 86 is connected to the input of OR gates fand a.

[0028] When arranged thusly, there will be an output from the first and sixth OR
gates a and f every time the counter 86 emits a signal at 1. There will be an output from
the first and second OR gates a and b every time the counter emits a signal at 2. There will
be an output from the second and third OR gates b and ¢ every time the counter emits a
signal at 3. There will be an output from the third and fourth OR gates ¢ and d every time
the counter emits a signal at 4. There will be an output from the fourth and fifth OR gates
d and e every time the counter emits a signal at 5. There will be an output from the fifth
and sixth OR gates e and f every time the counter emits a signal at 6.

[0029] The sequencing circuit 68 further comprises a matrix of drivers such as the
distribution amplifiers 94 individually designated at i, ii, iii, iv, v, and vi. The use of
distribution amplifiers allows the output from one OR gate to be input to multiple coils.
The amplifiers 94 are adapted to receive the outputs of the OR gates 90 and to transmit the
outputs from the OR gates to each of the coils 60.

[0030] Outputs I and IV from drivers i and iv are input to A coils: output I to the
left winding, and output IV to the right winding. Outputs II and V from drivers ii and v are
input to the B coils: output II to the left winding, and output V to the right winding.
Outputs III and VI from drivers iii and vi are input to the C coils: output III to the left
winding, and output VI to the right winding. Now it will be understood that the I, II, IlI<
IV, V, and VI outputs from the amplifiers 94 will energize the coils 60 in the order of A-B-

C, A-B-C and so forth to move the carrier 30 in a first direction.
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[0031] Referring still to Figure 6, the direction control circuit 70 preferably
comprises switches, such as a four-pole, double-throw switch 100. The direction control
circuit 70 is configured to reverse the order in which sequencing circuit 68 energizes the
coils 60 so that the direction of the carrier 30 is reversed. Thus, the position of the
switch 100 shown in solid lines is the forward condition, that is, it is connected to cause the
output from the OR gates 90 to energize the coils 60 in the order of A-B-C to move the
carrier 30 in a first or “forward” direction. The switch position shown in broken lines
causes the outputs from the OR gates 90 to energize the coils 60 in the order of A-C-B,
thereby causing the carrier 30 to move in a second and opposite direction or “reverse.”
[0032] Power from the logic energy source 102 is supplied to the clock 80, the
counter 86, each of the OR gates 90, and each of the amplifiers 94. This energy source
may be a battery, for example.

[0033] Turning now to Figure 7 there is shown therein a coil operating circuit that
may be employed in the motor 10 of the present invention. In this embodiment, each
winding in each double wound coil 60 is provided with its own coil operating circuit, and
each of the A, B and C coils are similarly wired. Only one A coil will be described in
detail.

[0034] Coil A comprises the windings 110 and 112 each with a coil operating
circuit 114 and 116. The first terminal 120 and 122 of each winding 110 and 112 is
connected to an energy source 130, there being a separate energy source for each coil.
Preferably, the energy sources 130 are batteries, but fuel cells also may be used.

[0035] Each coil operating circuit 114 and 116 preferably includes a MOSFET 132
and 134, respectively, for turning the windings 110 and 112 off and on. The input of each
MOSFET is connected to one of the amplifier outputs I, II, III, IV, V, or VI (Fig. 6). For
example, the output I is input to the MOSFET 132 and the output IV is input to the
MOSFET 134.

[0036] One output 140 of the MOSFET 132 is connected to the second
terminal 142 of the winding 112, and the output 146 of the MOSFET 134 is connected to
the second terminal 148 of the winding 110. The second outputs 150 and 152 of the
MOSFET’s 132 and 134 are connected to ground.

[0037] The operation of the coils 60 is illustrated schematically in Figures 8A

and 8B, to which reference now is made. Figure 8A shows the magnets 32a, 32b, and 32c,
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having North, South, North, South alternating polarities as indicated. The carrier 30 (Fig.
1) in which the magnets 32 are supported is not shown in these figures to simplify the
illustration. The coils 60 are indicated only schematically in broken lines and are
designated sequentially A, B and C. The inputs from the control circuit 66 are indicated by
the numerals I, II, II, IV, V, and VI. The inputs to the left end of each coil indicating
control of the first winding, and the inputs to the right end of each coil indicating control of
the second winding.

[0038] When a pulse is input from I into the first winding of the A coils, all the A
coils are simultaneously polarized North; when the second winding of the A coils is
energized by an IV input, all the A coils are simultaneously polarized South. As illustrated
in the Figure 8B, because of the two consecutive inputs to the OR gates, as explained
above, the polarity of each coil is sustained for two consecutive pulse periods.

[0039] In response to the first pulse from the counter 86 (Fig. 6), there is an input I
and VI to make the A coils North and the C coils South simultaneously for one pulse
period. In response to the second pulse from the counter 86, there is a second input I to
maintain the North polarity of the A coils for a second continuous period and an input II to
make the B coils North simultaneously for one pulse period. In response to a third pulse
from the counter 86, there is second input II to maintain the North polarity of the B coils
for a second pulse period and to input III to the C coils to create a South polarity
simultaneously for one pulse period. In response to the fourth pulse from the counter 86,
there is a second input III to the C coil to maintain its North polarity for a second pulse
period and a input IV to the second winding of the A coil to produce a South polarity. In
response to the fifth pulse from the counter 86, there is a second input IV to the second
winding of coil A to maintain its South polarity for a second continuous pulse period and
an input V to the B coils to give them a South polarity. In response to the sixth output of
the counter 86, the V output to the B coils maintains their South polarity and now another I
output to the first winding of the A coil to return it to the North polarity.

[0040] This process repeats, creating a rolling or progressive polarity in the
coils 60 that both pulls and repels the permanent magnets 32 to urge them through the

carrier (not shown in Figures 8A and 8B). This is seen best in Figure §B.
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[0041] Now it will be seen that the present invention provides a simple and
efficient closed loop system that is high voltage due to the large number of coils that can
be employed and yet is low current because each coil has its own power source.

[0042] U.S. Patent No. 6,891,294, entitled “Electric Motor Vehicle Comprising
Same,” [sic] issued May 10, 2005, is incorporated herein by reference.

[0043] For the purpose of this description, the words left, right, front, rear, top,
bottom, upper, lower, inside and outside may be used to describe the various parts and
directions of the invention as depicted in Figure 1. These descriptive terms should not be
considered as limiting the possible orientations of the invention or how it may be used.
The terms are merely used to describe the various parts and directions so they may be
readily understood and located in the drawings.

[0044] The embodiments shown and described above are exemplary. Many details
are often found in the art and, therefore, many such details are neither shown nor described
herein. It is not claimed that all of the details, parts, elements, or steps described and
shown were invented herein. Even though numerous characteristics and advantages of the
present inventions have been described in the drawings and accompanying text, the
description is illustrative only. Changes may be made in the details, especially in matters
of shape, size, and arrangement of the parts within the principles of the inventions to the
full extent indicated by the broad meaning of the terms of the attached claims. The
description and drawings of the specific embodiments herein do not point out what an
infringement of this patent would be, but rather provide an example of how to use and
make the invention. Likewise, the abstract is neither intended to define the invention,
which is measured by the claims, nor is it intended to be limiting as to the scope of the
invention in any way. Rather, the limits of the invention and the bounds of the patent

protection are measured by and defined in the following claims.
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CLAIMS

What is claimed is:

1. An electric motor comprising:

at least one rotatable sprocket;

at least one drive shaft fixed for rotation with the sprocket;

a non-ferrous tube forming an endless loop around the at least one sprocket;

a carrier configured to circulate through the tube, the carrier engaged with
the at least one sprocket whereby as the carrier circulates through
the tube the at least one sprocket rotates;

a plurality of permanent magnets arranged end-to-end in the carrier;

a plurality of coils, each coil formed around the tube and spaced apart from
each other coil, and each coil connectable to a power source;

a control circuit operatively engaged with each of the plurality of coils and
including a sequencing circuit for sequentially energizing the coils
to move the carrier by repelling or attracting the magnets thereby
causing the carrier to circulate around the tube rotating the at least

one sprocket and the at least one drive shaft.

2. The electric motor of claim 1 wherein tube is circular in cross

section.

3. The electric motor of claim 1 wherein the at least one sprocket
includes a first a second sprocket and wherein the at least one drive shaft comprises a first
drive shaft fixed for rotation with the first sprocket and a second drive shaft fixed for

rotation with the second drive shaft.

4. The electric motor of claim 1 wherein the carrier is a chain

comprising a plurality of links.

5. The electric motor of claim 4 wherein each link comprises a block of

plastic and wherein one of the plurality of magnets is embedded in the block of each link.
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6. The electric motor of claim 5 where each link comprises a first end
and a second end, the first end pivotally connected to the second end of the preceding link

and the second end pivotally connected to the first end of the succeeding link.

7. The electric motor of claim 6 wherein the chain comprises a pivot
pin for making the pivotal connection between each pair of adjacent links in the chain and
wherein the at least one sprocket comprises a plurality of radially projecting teeth, each

such tooth configured to engage the pivot pins in the chain.

8. The electric motor of claim 7 wherein the tube is circular in cross
section and wherein the inner perimeter of the tube includes access slots through which the

sprocket teeth engage the pivot pins.

9. The electric motor of claim 1 wherein the number of coils in the

plurality of coils equals three times the number of magnets in the plurality of magnets.

10. The electric motor of claim 1 wherein each of the coils is double

wound and the operating circuit includes a direction control circuit.

11. The electric motor of claim 10 wherein the number of coils in the

plurality of coils equals three times the number of magnets in the plurality of magnets.

12. The electric motor of claim 1 wherein the sequencing circuit

comprises:

a power clock adapted to produce energy pulses;

a counter adapted to receive the energy pulses from the power clock and to
produce sequential outputs each output corresponding to one of the
plurality of coils;

a matrix of OR gates adapted to receive the sequential outputs of the
counter and to sustain the pulse from each sequential output for the
duration of two clock pulses; and

a matrix of drivers adapted to receive the outputs of the OR gates and to
transmit the outputs from the OR gates to each of the plurality of

coils.

10
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13. The electric motor of claim 12 wherein the power clock in the
sequencing circuit is a variable power clock and wherein the control circuit further
comprises a speed control circuit comprising means for varying the frequency of the pulses

in the variable power clock.

14. The electric motor of claim 13 wherein the control circuit further
comprises a direction control circuit to reverse the order in which the sequencing circuit

energizes the plurality of coils.

15. The electric motor of claim 14 wherein the control circuit includes a
coil operating circuit for each of the plurality of coils, wherein each of the coils comprises
double windings, and wherein each of the coil operating circuits comprises a MOSFET for

each winding.

16. The electric motor of claim 1 wherein the plurality of coils includes
a number of coils that is a multiple of three forming a plurality of coil sets of three coils
each, each coil set including first, second and third coils, wherein the sequencing circuit is
configured to energize the first coil in every group simultaneously, the second coil in each
group simultaneously, and the third coil in each group simultaneously, and wherein the
sequencing circuit is configured to energize the coils in each coil set in at least a selected

order.

17. The electric motor of claim 16 wherein the sequencing circuit
comprises a direction control circuit configured to reverse the order in which sequencing

energize the coils in the coil sets so that the direction of the carrier is reversed.

18. The electric motor of claim 1 wherein the control circuit further
comprises a direction control circuit to reverse the order in which the sequencing circuit

energizes the plurality of coils.

19. The electric motor of claim 18 wherein the direction control circuit
comprises switches adapted to reverse the order in which the sequencing circuit energizes

the plurality of coils.

11
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20. The electric motor of claim 1 wherein the control circuit comprises a

speed control circuit.

21. The electric motor of claim 20 wherein the sequencing circuit
comprises a variable power clock and wherein the speed control circuit comprises means

for varying the frequency of the pulses emitted by the variable power clock.

22. The electric motor of claim 21 wherein means for varying the

frequency of the pulses in the variable power clock comprises a variable resistor.

23. The electric motor of claim 20 wherein the control circuit further
comprises a direction control circuit to reverse the order in which the sequencing circuit

energizes the plurality of coils.

12
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