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(57) ABSTRACT 

A motor/generator comprises a stator (2) having plural coils 
(C1-C14), and plural rotors (3, 4) disposed coaxially with 
the above-mentioned Stator and driven by a compound 
current. The phase difference between the currents (70, 71) 
driving the rotors (3, 4) is arranged to be other than 180 
degrees. Thereby, the utilization factor of the Voltage of the 
direct current power Supply (10) is improved. 
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MOTOR/GENERATOR 

FIELD OF THE INVENTION 

This invention relates to a motor/generator provided with 
two or more rotorS driven by a compound current. 

BACKGROUND OF THE INVENTION 

JP1999-275826A published by the Japanese Patent Office 
in 1999 discloses a motor/generator driven by a compound 
current. This motor/generator provides a cylindrical inner 
rotor and a hollow outer rotor disposed coaxially with a 
hollow cylindrical Stator, there being a predetermined gap 
between the inside and outside of the stator. 

SUMMARY OF THE INVENTION 

However, in this conventional motor/generator, even if 
linear Voltage control is performed by an inverter, the 
maximum phase Voltage of each phase can only be half of 
the alternating current Voltage Supplied from the inverter, 
and the utilization factor of the Voltage is low. Moreover, as 
the phase Voltage cannot be increased even if the current 
utility factor is improved by using a compound current, the 
required apparent power becomes Small. 

If the alternating current Voltage is increased by using a 
chopper, the alternating current Voltage is high and the loSS 
of the inverter increases. Furthermore, the number of power 
devices forming the inverter increased, the number of elec 
tronic parts, Such as drivers, increased as a result, and this 
leads to restriction of layout flexibility and increased cost. 

It is therefore an object of this invention to provide a 
motor/generator which Solves the above-mentioned prob 
lem. The details as well as other features and advantages of 
this invention are set forth in the remainder of the specifi 
cation and are shown in the accompanying drawings. 

To achieve the above objects, this invention provides a 
motor/generator comprising a Stator in which plural coils are 
disposed, rotors that are coaxially arranged with the Stator 
and rotate by magnetic force generated by the coils, a device 
that generates a compound current from a direct current base 
on a command Voltage to Supply to the coils, and a controller 
functioning to calculate a neutral point potential and calcu 
late the command Voltage with reference to the neutral point 
potential. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a Schematic diagram of a motor/generator 
according to this invention. 

FIG. 2 is a schematic block diagram of the motor/ 
generator of this invention. 

FIG. 3 is a phaser diagram describing a compound cur 
rent. 

FIG. 4 is a diagram showing a compound current having 
a drive current with a phase difference of 180 degrees. 

FIG. 5 is a diagram showing a compound current having 
a drive current with a phase difference other than 180 
degrees. 

FIGS. 6A-6B are diagrams showing the characteristics of 
the compound current generated by the inverter of this 
invention. 

FIGS. 7A-7B are spectrum drawings of the phase voltage 
generated by the inverter of this invention. 

FIG. 8 is a diagram showing the motor/generator accord 
ing to a Second embodiment of this invention. 
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2 
FIG. 9 is a schematic block diagram describing the second 

embodiment of this invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIG. 1, the motor/generator 1 according to 
this invention is provided with a cylindrical Stator 2 com 
prising coils C1-C10, an outer rotor 4 coaxial with the stator 
2 and Situated outside the Stator 2, and an inner rotor 3 
coaxial with the Stator 2 and Situated inside the Stator. 

The Stator 2 and outer rotor 4, and the Stator 2 and inner 
rotor 3, are respectively Separated by a gap 50 and a gap 51. 

Five sets of coils C1-C10 are disposed in the stator 2. 
Each Set of coils is composed of two coils and is arranged 
to be Symmetric each other about the rotation axis of the 
Stator 2. 

The current input Side is connected to these Symmetrical 
coils C1-C10 So that the same current flows through all of 
them. 

Specifically, the connection is Such that the same current 
flows through coils C1 and C6, C2 and C7, C3 and C8, C4 
and C9, C5 and C10. 
By passing an alternating current through the coils 

C1-C10, a magnetic field which rotates the inner rotor 3 and 
the outer rotor 4 is generated. 
The inner rotor 3 is provided with a predetermined 

number of pairs of permanent magnets 30A-30D. Each pair 
is composed of two permanent magnets each having the N 
pole or the S pole. The number of these pairs is hereafter 
referred to as number of pole pairs. 
The number of pole pairs of the permanent magnet 30 

with which the inner rotor 3 is provided is represented by the 
following equation. 

Number of pole pairs=(number of coils of stator)/(phase of drive 
current) (1) 

According to this embodiment, as the Stator 2 is provided 
with ten coils, the number of Sets of the permanent magnets 
30 with which the inner rotor 3 is provided is 10/5=2. 

These permanent magnets 30A-30D are arranged at inter 
vals of 90 degrees symmetrically about the axis of rotation 
of the inner rotor 3, and such that the N-poles and S-poles 
are alternating. 
The outer rotor 4 also comprises permanent magnets 40 

with twice the number of pole pairs of the permanent 
magnets 30 with which the inner rotor 3 is provided. Each 
pole pair comprises a N-pole permanent magnet 40 and a 
S-pole permanent magnet. According to this embodiment, as 
the inner rotor 3 is provided with a permanent magnet 
having two pole pairs, the number of pole pairs of the 
permanent magnets 40 with which the outer rotor 4 is 
provided is 2x2=4. 
AS in the case of the inner rotor 3, these permanent 

magnets 40 are arranged at intervals of 45 degrees Sym 
metrically on both sides of the axis of rotation of the outer 
rotor 3, and with alternating N and Spoles. 

Next, referring to FIG. 2, the motor/generator 1 is further 
provided with a 5-phase inverter 8 which generates an 
alternating current Supplied to the Stator 2, an inverter 
controller 7 which controls a 5-phase inverter 8, a direct 
current power Supply 10 which Supplies direct current to the 
5-phase inverter 8, and a current sensor 6 which detects the 
output current of the 5-phase inverter 8. 
The inverter controller 7 calculates the drive current 

comprising a sinusoidal wave required to drive the inner 
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rotor 3 and the outer rotor 4. The inverter controller 7 
calculates a command Voltage for generating a compound 
current which combines these two currents, and transmits 
the command voltage to the 5-phase inverter 8. This com 
pound current comprises a current component which drives 
the inner rotor 3, and a current component which drives the 
outer rotor 4. The calculation of the command voltage will 
be described in detail later. 

The 5-phase inverter 8 generates the same wave-like 
alternating current as the command Voltage from the direct 
current Supplied from the direct current power Supply 10 
based on the command Voltage, and Supplies it to the coils 
C1-C10 via a terminal 11. These alternating currents gen 
erate magnetism in the coils C1-C10 which drives the inner 
rotor 3 and the outer rotor 4. The compound current, after 
flowing in the coils C1-C10, flows to a neutral point 
connection. 

The current Sensor 6 monitors the output Voltage from the 
5-phase inverter 8, and feeds it back to the inverter controller 
7. 

According to this invention, regarding the compound 
current obtained by combining the drive current of the inner 
rotor 3 and the drive current of the outer rotor 4, the current 
which drives one of the inner rotor 3 and outer rotor 4, has 
a phase difference other than 180 degrees relative to the 
other current. Specifically, one of the drive currents is not 
advanced or delayed by 180 degrees relative to the other 
drive current. 

For example, a 4-phase alternating current having a phase 
which is a multiple of 90 degrees and a 6-phase alternating 
current having a phase which is a multiple of 60 degrees, are 
alternating currents having a mutual phase difference of 180 
degrees. On the other hand, as will be described later, 
compound currents comprising a 5-phase alternating current 
and a 7-phase alternating current do not have a phase 
difference of 180 degrees, therefore the principle of this 
invention can be applied. 

Although a 1.5-phase alternating current, for example, 
also does not have a phase difference of 180 degrees, the 
motor/generator 1 cannot be started with a phase of 2 or less, 
So the alternating current of the compound current is given 
a phase of 2 or more. 

Here, let the number of phase of the drive current com 
prising the compound current be N. If the number of pole 
pairs of the inner rotor 3 driven by a N-phase alternating 
current Satisfying the condition of not having the phase 
difference of 180 degrees, is given an arbitrary natural 
number M, the number of coils P of the stator 2 is expressed 
by the following equation. 

PNXM (2) 

Moreover, the number of pole pairs L of the outer rotor 4 
is given by the following equation, as mentioned above. 

L=Mix2 (3) 

Therefore, the phase number of the alternating current which 
drives the outer rotor 4 is N/2. 
As an example, if N=5, the drive current of the inner rotor 

3 will be 5-phase, and the drive current of the outer rotor 4 
will be 2.5-phase. The phase at the instant when the voltage 
of each drive current is a peak, is a number given by the 
following table (4). 
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Phase Sequence 5-phase current 2.5-phase current 

1. O O 
2 -72 -144 
3 -144 -228 
4 -216 -72 
5 -228 -216 

The unit of phase in the table is electrical degrees. 
As shown in the table above, when N=5, the phase 

difference of the two drive currents does not become 180 
degrees. 
When driving the inner rotor 3 by the 5-phase alternating 

current and driving the outer rotor 4 by the 2.5-phase 
alternating current, the inverter controller 7 calculates a 
target Voltage of each phase using the following equation 

where, V1-V5=target voltage of the compound current 
for each phase 
Oi=phase angle 
C=initial phase angle of inner rotor drive current 
f=initial phase angle of outer rotor drive current 

The left-hand term on the right-hand side of the above 
mentioned equation shows the command Voltage of the inner 
rotor 3, and the right-hand term shows the target Voltage of 
the outer rotor 4. 

FIG. 3 is a phaser diagram for calculating the neutral point 
potential VN of the 5-phase alternating current and the 
2.5-phase alternating current. The phaser shown by the Solid 
line shows the Voltage of the 5-phase alternating current 
which drives the inner rotor 3 for each phase, and the phaser 
shown by a dashed line shows the voltage of the 2.5-phase 
alternating current which drives the outer rotor 4 for each 
phase. The Sum of the phasers of the 5-phase alternating 
current and the 2.5-phase alternating current is shown by the 
end of the phaser shown by a dashed line. 

Here, the maximum size of the X-axis component mapped 
by the X-axis of the Voltage phaser at each phase, is 
calculated. AS Shown in FIG. 3, as the maximum voltage is 
V1 and the minimum voltage is V5, the total length of the 
Voltage phaser of each phase of the X-axis component is 
V1VS. 

In this case, the neutral point potential VN of the com 
pound current is given by the following equation using the 
target voltage calculated by the formula (5) above. 

VN=(max(V1-V5)-min(V1-V5))/2 (6) 

where, max(V1-V5)=maximum phaser in the phaser at 
each phase 
min(V1-V5)=minimum phaser in the phaser at each 

phase 
According to the phaser drawing showing in FIG. 3, the 

maximum Voltage is V1 and the minimum Voltage is V5, So 
the neutral point potential is VN=(V1-V5)/2. 
AS compound current is generated from the direct current 

Supplied by the direct current power Supply 10, the greatest 
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length of this phaser cannot exceed the Voltage of the direct 
current power supply 10. This relation is expressed by the 
following equations. 

Vk-Vms V, (7) 

where, V=direct current Voltage 
Vk=maximum Voltage 
Vm=minimum Voltage 

However, based on the X-axis or the Y-axis, the command 
Voltage can be set only in a range of a magnitude equal to 
the positive direction and the negative direction relative to 
the X-axis. For example, when the Voltage of the direct 
current power supply 10 is 100 volts, the command voltage 
cannot exceed 50 volts in the positive direction, and cannot 
exceed 50 volts in the negative direction. 
When based on the neutral point potential VN, a com 

mand Voltage exceeding 50 volts can be Set in the positive 
direction and a command Voltage exceeding 50 volts can be 
Set in the negative direction relative to the neutral point 
potential VN. 
AS an example, a compound current is assumed for which 

the voltage of the direct current power supply 10 is 100 
volts, V1=70 volts and V5=-30 volts. At this time, the 
neutral point potential VN is 20 volts from the equation (6). 
If the command Voltage is calculated on the basis of the 
intersection of the X-axis and the Y-axis, as V1 will exceed 
the range of 50 volts, the compound current cannot be 
generated. However, if the command Voltage is calculated 
on the basis of the neutral point potential, as V1 and V5 will 
be within the range of 20 to 50 volts of the neutral point 
potential VN, the compound current can be generated. 

In order to perform the above-mentioned operation, 
according to this invention, the inverter controller 7 per 
forms a calculation expressed by the following equation (8). 

Where, V1-V'5=command voltage based on the neutral 
point potential 

The inverter controller 7 transmits the calculated com 
mand voltage V'1-V5 to the 5-phase inverter 8, and the 
5-phase inverter 8 generates a compound current based on 
this command voltage V1-V'5. 

Next, the concept of this invention will be described 
referring to FIG. 4 and FIG. 5. The peak voltage and 
frequency of a drive voltage 70 of the inner rotor 3 and a 
drive voltage 71 of the outer rotor 4 are assumed to be the 
Same to facilitate understanding. Moreover, the Specification 
in this description does not necessarily coincide with the 
Specification of this embodiment. 

FIG. 4 shows a voltage waveform when the drive voltage 
70 of the inner rotor 3 and the drive voltage 71 of the outer 
rotor 4 have a mutual phase difference of 180 degrees. In this 
case, as the drive voltage 70 of the inner rotor 3 and the drive 
Voltage 71 of the outer rotor 4 reach a peak at the same time, 
the Voltage difference between the peak to peak of the drive 
voltages 70, 71 is the voltage of the direct current power 
supply 10. 
On the other hand, as shown in FIG. 5, when the drive 

voltage 70 of the inner rotor 3 and drive voltage 71 of the 
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6 
outer rotor 4 do not have a phase difference of 180 degrees, 
the peak of the drive voltage 70 of the inner rotor 3 and the 
drive voltage 71 of the outer rotor 4 cannot occur at the same 
phase. That is, when the drive voltage 70 of the inner rotor 
3 reaches a peak, as the drive current 71 of the outer rotor 
4 is offset from the peak, the voltage difference between the 
drive voltage 70 and the drive voltage 71 is smaller as 
compared with the case where the phase difference is 180 
degrees. 
AS Stated previously, the inverter controller 7 calculates 

the neutral point voltage VN by dividing the difference 
between the peak voltage Vp of the drive voltage 70 of the 
inner rotor 3 and the voltage V'g of the drive voltage 71 of 
the outer rotor 4, by 2. The drive voltages 70, 71 are 
recalculated on the basis of the neutral point voltage VN, and 
the command Voltage V is Set. At this time, the Voltage 
difference between the drive voltages 70, 71 based on the 
neutral point potential VN is less than the direct current 
Voltage Supplied by the direct current power Supply 10 to the 
inverter 8. 
On the other hand, when the drive voltage 71 of the outer 

rotor 4 reaches the peak Voltage V"p, the Voltage difference 
between the peak voltage V"p of the drive voltage 71 for the 
outer rotor 4 and the drive voltage V'g for the inner rotor 3 
is divided by 2. From this, the neutral point voltage VN is 
calculated. The drive voltages 70, 71 are recalculated on the 
basis of this neutral point voltage VN, and the command 
Voltage V is Set. At this time also, the Voltage difference 
between the drive voltages 70, 71 based on the neutral point 
voltage VN is less than the voltage of the direct current 
Voltage Supply 10. 

The inverter controller 7 performs the above computation 
continuously so as to follow the neutral point voltage VN as 
the phase varies. Therefore, the inverter controller 7 can be 
set so that the peak to peak voltage of the drive voltage 70 
of the inner rotor 3 and the drive voltage 71 of the outer rotor 
4 are larger than the direct current Voltage of the direct 
current power Supply 10. Thereby, a larger drive Voltage 
than the Voltage actually Supplied by the direct current 
power Supply 10 can be obtained, and the utilization factor 
of the direct current Voltage is improved. 

Here, the improved direct current Voltage utilization fac 
tor will be described. In FIG. 3, the angle of 2.5-phase at 
which the distance at the tip of the phaser in the X-axis or 
the Y-axis is a maximum relative to 5-phase, is determined. 
This angle is given by the following equation. 

According to this equation, when 0=0, the Voltage V is a 
maximum, and the maximum Voltage is given by the fol 
lowing equation. 

WDC (10) 
2W = 1588 

Here, the reason for assigning 2V is that Voltages are 
Supplied to the inner rotor 3 and the Outer rotor 4, respec 
tively. 
On the other hand, in the usual Symmetrical 4-phase 

alternating current which does not use a compound current 
which has a 180 degree phase shift, the Voltage of each phase 
is given by the following equation. 

Here, V satisfies the following condition. 
2V=V, 
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Here, the Voltage utilization factor of the 4-phase alter 
nating current and the 5-phase alternating current is com 
pared with the case when the direct current Voltage of the 
inverter V is 100 volts. For the 4-phase alternating 
current, the phase Voltage can be set to 50 volts at the 
maximum, and for 5-phase alternating current, it is set to 
approximately the calculated 65 volts. This gives about 30% 
improvement in efficiency compared to the 4-phase alter 
nating current. At this time, the inner rotor 3 and the outer 
rotor 4 can share 32.5V, respectively. 
As there is no phase shift of 180 degrees phase for the 

command voltages from the controller 7 to the inner rotor 3 
and the Outer rotor 4, the neutral point potential will vary 
Sharply. 

Next, referring to FIGS. 6 and 7, the gate driving signal 
which the 5-phase inverter 8 generates will be described. 
FIG. 6A shows the modulation rate computed by the inverter 
controller 7, and FIG. 6B shows the phase current corre 
sponding to this modulation rate. 

Although not shown, in the usual Symmetrical 4-phase 
alternating current, when the direct current Voltage is 200 
volts, when the inverter controller 7 commands a voltage of 
65 volts to the inner rotor 3 and the outer rotor 4, the 
maximum voltage of the compound current is 65 VoltSX2= 
130 volts. As this is 30% of over voltage, it cannot drive the 
motor/generator 1. 

However, according to this embodiment, the modulation 
rate can be suppressed to below 100% by line voltage 
control, as there is no phase for which there is a mutual 
phase difference of 180 degrees. At this time, as shown in 
FIG. 5, the spectra of the phase voltages both show 65 volts. 

Therefore, by not shifting the 180 degree phase, i.e., by 
not advancing or retarding the 180 degree phase, the utili 
Zation factor of the direct current Voltage can be improved. 

Moreover, the phase Voltage of the motor/generator 1 
driven by the compound current can be improved, and the 
required inverter apparent power can be increased. 

Further, when a chopper which increases the phase Volt 
age is used, the loSS of the inverter due to the increased direct 
current Voltage can be prevented. 

The number of the power devices forming the inverter is 
reduced, therefore the number of electronic parts Such as 
drivers can also be reduced, and it is possible to improve 
layout flexibility and reduce costs. 
AS shown in equation (1), the basic sinusoidal wave 

patterns for the inner rotor 3 and the outer rotor 4 are similar. 
Therefore, it is unnecessary to generate a Sinusoidal wave 
pattern for each of the inner rotor 3 and the outer rotor 4, and 
the memory capacity of the inverter controller 7 can be 
reduced. 
A second embodiment of this invention will now be 

described referring to FIG. 5. 
According to this embodiment, the Stator 2 is provided 

with 14 coils C1-C14. As the current supplied to the coils 
C1-C14 is 7-phase alternating current, the motor/generator 
1 is provided with a 7-phase inverter 8. 

Further, the 14 terminals are provided in the inverter 
terminal 11. The other components are identical to the 
components of the first embodiment. The same reference 
numbers are given to the same components as those of the 
first embodiment. 

According to this embodiment, the target Voltage which 
the inverter controller 7 calculates is given by the following 
equations (12). 
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8 
V3=Vixsin(0i-102.9 deg+C)+Voxsin(0.0-205.7 deg+B) 

V4=Vixsin(0i-154.3 deg+C)+Voxsin(0.O-308.6 deg+B) 

V5=Vixsin(0i-205.7 deg+C)+Voxsin(0.0-51.4 deg+B) 

V6=Vixsin(0i-257.1 deg+C)+Voxsin(0.0-154.3 deg+B) 

V7=Vixsin(0i-308.6 deg+C)+Voxsin(0.0-257.1 deg+B) 

In the above equations, as in the equation (1) shown in the 
first embodiment, since the phase difference between the 
command Voltage to the inner rotor 3 and the outer rotor 4 
is other than 180 degrees, the neutral point potential fluc 
tulateS. 

The inverter controller 7 calculates the neutral point 
potential using the following equation. 

VN=(max(V1-V7)-min(V1-V7))/2 (13) 

where, max (V1-V7)=the maximum voltage in each 
phase 
min (V1-V7)=the minimum voltage in each phase 

AS there is no effect on the phase potential attained even 
if the neutral point potential VN is deducted from the target 
Voltage of each phase, the value obtained by deducting the 
neutral point potential from the target Voltage using the 
following equations (14) is newly set as the target Voltage. 

The command voltage V1-V2 calculated by the above 
equations drives the gates of the 7-phase inverter 8. 

In this way, the utilization factor of the direct current 
Voltage can be improved as in the first embodiment, and the 
number of power devices which form the inverter can be 
reduced. 

This invention can also be incorporated in a motor/ 
generator which has a N-connection which distributes cur 
rent to each coil, which was disclosed by U.S. application 
Ser. No. 09/731,862 submitted by the Applicant. 

Thereby, the reactive current is reduced, and copper loSS 
and generation of heat are prevented. 

This invention was described for a N-phase alternating 
current which drives the inner rotors 3 and the outer rotor 4 
using 2.5-phase alternating current and 5-phase alternating 
current which do not have a phase difference of 180 degrees. 
However, this invention is not limited to a combination of 
2.5-phase alternating current and 5-phase alternating 
current, and provided that it is an alternating current which 
has a phase difference other than 180 degrees, there is no 
limitation on the phase of the alternating current. 

Moreover, the number of pole pairs of the inner rotor 3 
and the outer rotor 4 may be reversed. 
The entire contents of Japanese Patent Application P2001 

260646 (filed on Aug. 30, 2001) are incorporated herein by 
reference. 

Although the invention has been described above by 
reference to certain embodiments of the invention, the 
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invention is not limited to the embodiments described 
above. Modifications and variations of the embodiments 
described above will occur to those skilled in the art, in light 
of the above teachings. The Scope of the invention is defined 
with reference to the following claims. 
What is claimed is: 
1. A motor/generator comprising: 
a Stator in which a plural coils are disposed; 
two rotors which have different numbers of pole pairs and 

are coaxially arranged with the Stator and rotate by 
magnetic force generated by the coils, 

a device that generates a compound current from a direct 
current based on a command Voltage to Supply to the 
coils, the compound current being compounded with 
two currents, each of the currents driving each of the 
rotors, and 

a controller functioning to: 
calculate a neutral point potential of the compound 

current; and 
calculate the command Voltage with reference to the 

neutral point potential, 
wherein the compound current comprises currents, for 

driving the rotors, having a phase difference other than 
180 degrees. 

2. The motor/generator as defined in claim 1, wherein 
each of the driving currents has phases of a real number of 
tWO Or more. 

3. The motor/generator as defined in claim 1, wherein the 
rotors comprise a inner rotor that is arranged inside the Stator 
and an Outer rotor that is arranged outside the Stator, one of 
the rotors comprises pole pairs of permanent magnets of a 
predetermined natural number M and is driven by an alter 
nating current having phases of number N, the other rotor 
has the pole pairs of permanent magnet twice as many as M 
and is driven by a alternating current having phases of N/2, 
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and the stator comprises the coils of the number P defined by 
the following equation: 

4. A motor/generator comprising: 
a Stator in which a plural coils are disposed; 
two rotors which have different numbers of pole pairs and 

are coaxially arranged with the Stator and rotate by 
magnetic force generated by the coils, 

a device that generates a compound current from a direct 
current based on a command Voltage to Supply to the 
coils, the compound current being compounded with 
two currents, each of the currents driving each of the 
rotors, and 

a controller functioning to: 
calculate a neutral point potential of the compound 

current; and 
calculate the command Voltage with reference to the 

neutral point potential, 
wherein the rotors comprise an inner rotor that is arranged 

inside the Stator and an outer rotor that is arranged 
Outside the Stator, wherein one of the rotors comprises 
pole pairs of permanent magnets of a predetermined 
natural number M and is driven by an alternating 
current having phases of 5, and wherein the other rotor 
has the pole pairs of permanent magnet twice as many 
as M and is driven by a alternating current having 
phases of 2.5, and the Stator comprises the coils of 
MX5. 

5. The motor/generator as defined in claim 4, wherein the 
motor/generator comprises a N-connection that distributes 
the compound current to the coils. 
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