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(57) ABSTRACT 

A compact and reliable Structure of a multi-rotor Synchro 
nous machine which may be employed as a generator/motor 
for automotive vehicles is provided. The machine includes 
an outer rotor having permanent magnets, an inner rotor 
having permanent magnets disposed to be rotatable relative 
to the outer rotor, a Stator core having armature coils 
interlinking with field magnetic fluxes produced by the outer 
and inner rotors, and a rotor-to-rotor relative rotation con 
trolling mechanism. A relative angle between the outer and 
inner rotorS is controlled within a given angular range by 
controlling the phase and quantity of current flowing 
through the armature coils to rotate the inner rotor relative 
to the outer rotor through the rotor-to-rotor relative rotation 
controlling mechanism, thereby changing the magnetic 
fluxes interlinking with the armature coils as needed. 
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FIG. 1   
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FIG. 3 
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FIG. 9 
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FIG 10 
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COMPACT AND RELIABLE STRUCTURE OF 
MULTI-ROTOR SYNCHRONOUS MACHINE 

BACKGROUND OF THE INVENTION 

0001) 1. Technical Field of the Invention 
0002 The present invention relates generally to a multi 
rotor Synchronous machine which may be used as a genera 
tor/motor for automotive vehicles such as hybrid vehicles, 
and more particularly to a compact and reliable Structure of 
a multi-rotor Synchronous machine. 
0003 2. Background Art 
0004 Typical permanent magnet synchronous machines 
are capable of producing a higher output and have the 
Structure easy to reduce in Size as compared with other types 
of Synchronous machines and thus Suitable for use as driving 
motors of hybrid vehicles or electric vehicles. However, 
increasing a magnet-produced magnetic field in Such a 
driving motor in order to ensure a Sufficient torque during 
rotation of the motor at low speeds causes an excessive 
armature winding-induced Voltage to be applied to Semicon 
ductor elements of a driving circuit during rotation at high 
Speeds undesirably. In order to avoid this problem, any 
means is needed which is designed to reduce the magnetic 
field produced during rotation of the motor at high Speeds. 
0005 U.S. Pat. No. 5,955,807 (Japanese Patent First 
Publication No. 10-304633), issued on Sep. 21, 1999, 
assigned to the same assignee as that of this application 
teaches a Stationary field coil/magnet Synchronous machine 
Which includes permanent magnets installed in a rotor core, 
magnetically coupling members inserted into the rotor core 
in an axial direction thereof to short-circuiting the perma 
nent magnets magnetically, a Stationary yoke installed inside 
the rotor core, field coils provided around the rotor core. The 
Synchronous machine works to energize the field coils to 
regulate the quantity of magnetic flux flowing through the 
magnetically coupling members to control an effective quan 
tity of magnetic flux interlinking with the armature wind 
ings, thereby regulating the Voltage generated by the arma 
ture windings. 
0006 EP 0901923 A2 discloses an automotive rear 
mounted motor generator which is disposed between a 
crankshaft and a transmission and driven by the crankshaft. 
The user of the rear-mounted motor generator allows aux 
iliary mechanical parts to be mounted along a belt in front 
of the engine which also serve to minimize the Slippage of 
the belt on a small-diameter pulley for driving the motor 
generator. 

0007. The synchronous machine, as taught in the former 
document, has a problem that the Structure is complex. 
0008. The motor generator, as taught in the latter docu 
ment, encounters drawbacks in that the mounting of the 
motor generator between the crankshaft and the transmission 
installed behind the crankshaft causes the overall length of 
the power train to be increased, thus resulting in increases in 
Size and weight of an assembly of the power train and its 
cover and also results in a difficulty in ensuring the rigidity 
Sufficient to resist mechanical vibrations and deformation of 
the power train. 

SUMMARY OF THE INVENTION 

0009. It is therefore a principal object of the invention to 
avoid the disadvantages of the prior art. 
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0010. It is another object of the invention to provide a 
compact Structure of a multi-rotor Synchronous machine 
designed to operate Selectively in a motor mode and a 
generator mode with high reliability levels. 
0011. According to one aspect of the invention, there is 
provided a multi-rotor Synchronous machine which may be 
employed in a generator/motor for automotive vehicles. The 
multi-rotor Synchronous machine includes: (a) a fist rotor 
having permanent magnet field poles, Secured to an output 
member; (b) a Second rotor having permanent magnet field 
poles, disposed to be rotatable relative to the first rotor; (c) 
a Stator core having armature coils interlinking with field 
magnetic fluxes produced by the permanent magnet field 
poles of the first and Second rotors; and (d) a rotor-to-rotor 
relative rotation controlling mechanism designed to allow 
the second rotor to rotate relative to the first rotor within a 
given angular range and prohibit the Second rotor from 
rotating out of the given angular range. 
0012. In the preferred mode of the invention, the rotor 
to-rotor relative rotation controlling mechanism includes a 
first Stopper working to limit rotation of the Second rotor 
relative to the first rotor in a first direction over a first angular 
range and a Second Stopper working to limit rotation of the 
Second rotor relative to the first rotor in a Second direction 
opposite the first direction over a Second angular range. 
0013 The rotor-to-rotor relative rotation controlling 
mechanism includes an elastic member which is engagement 
at one end thereof with the first rotor and at the other end 
with the Second rotor to urge the first and Second rotors in 
opposite directions. 
0014. The stator core is made of a hollow cylindrical 
member. The first rotor and the second rotor are disposed 
coaxially with an outer and an inner periphery of the Stator 
core, respectively. 
0015 The second rotor is disposed inside the inner 
periphery of the stator core. The rotor-to-rotor relative 
rotation controlling mechanism is installed inside the Second 
rOtOr. 

0016. The rotation of the second rotor relative to the first 
rotor is accomplished by controlling at least one of phase 
and quantity of current flowing through the armature coils of 
the Stator core. 

0017 According to another aspect of the invention, there 
is provided a multi-rotor Synchronous machine which com 
prises: (a) a pair of rotors at least one of which has 
permanent magnet field poles, the rotors being arrayed 
coaxially to be rotatable relative to each other; (b) a stator 
core; (c) armature coils wound in the stator core, interlining 
with a field flux produced by the rotors; (d) a sensor 
measuring a relative angle between the rotors; and (e) a 
rotor-to-rotor relative angle controller working to establish a 
relative rotation between the rotors to change the relative 
angle measured by the Sensor to a target angle. 
0018. In the preferred mode of the invention, the stator 
core is made of a hollow cylindrical member. The rotors are 
an outer rotor disposed around an outer periphery of the 
Stator core and an inner rotor disposed around an inner 
periphery of the Stator core. The rotor-to-rotor relative angel 
controller includes a relative rotation controlling mechanism 
disposed inside the inner rotor for controlling a relative 
rotation between the rotors. 
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0019. The relative rotation controlling mechanism 
includes an elastic member laid between the rotors in a 
circumferential direction thereof to keep the rotors in a 
neutral position. The rotor-to-rotor relative angle controller 
changes magnetic torques acting on the rotors to adjust a 
relative angle between the rotors to a target angle. 
0020. The rotor-to-rotor relative angle controller is 
designed to change the magnetic torque acting on the rotors 
to rotate one of the rotors relative to the other from the 
neutral position while compressing or expanding the elastic 
member, thereby adjusting the relative angle between the 
rotors to the target angle. 
0021. The relative rotation controlling mechanism 
includes a pair of elastic memberS Secured on one of the 
rotors to establish the neutral position in which the rotors 
have a preselected angular relation therebetween when the 
armature coils is deemergized. The rotor-to-rotor relative 
angle controller changes the magnetic torques acting on the 
rotor to cause one of the elastic members to be compressed 
while expanding the other elastic member, thereby adjusting 
the relative angle between the rotors to the target angle. 
0022. The relative rotation controlling mechanism 
includes a pair of Stoppers working to define a relative 
rotation allowable range of the rotors. 
0023. When the rotors are in a first relative angular 
position lying one of limits of the relative rotation allowable 
range defined by one of the Stopper, a maximum torque is 
produced on the rotors in a direction of rotation of the 
multi-rotor synchronous machine. When the rotors are in a 
Second relative angular position lying the other limit of the 
relative rotation allowable range defined by the other Stop 
per, a maximum torque is produced on the rotors in a 
direction reverse to the direction of rotation of the multi 
rotor Synchronous machine. 
0024. One of the rotors has an inertial mass two times 
greater than that of the other rotor or more. 
0.025 One of the rotors having the greater inertial mass is 
coupled to a crankshaft of an automotive engine. The other 
rotor is coupled to the one of the rotors through the rotor 
to-rotor relative angle controller to be rotatable relative to 
the one of the rotors. 

0026. The relative rotation controlling mechanism estab 
lish an engagement between the rotorS So as to allow the 
rotors to rotate relative to each other continuously in a given 
angular range. 

0.027 According to the third aspect of the invention, there 
is provided a drive apparatus for an automotive vehicle 
which comprises: (a) a flywheel connected to a rear end of 
a crankshaft of an engine; (b) a generator/motor includes a 
stator which is located in front of the flywheel and secured 
to a housing and a rotor which is Secured on the flywheel and 
faces a peripheral Surface of the Stator; and (c) a mechanical 
clutch establishing an engagement between the flywheel and 
an input shaft of a gear reduction unit disposed behind the 
flywheel, the input shaft extending through the flywheel 
coaxially with the crankshaft. 
0028. The mechanical clutch includes, (a) a pressure 
plate supported by the flywheel nonrotatably and slidably in 
an axial direction of the input shaft of the gear reduction 
unit, the preSSure plate facing a rear Surface of the flywheel 
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through a given gap, (b) a clutch plate Supported by the input 
shaft nonrotatably and slidably in the axial direction, the 
clutch plate being disposed between the rear Surface of the 
flywheel and a front Surface of the pressure plate, (c) an 
annular clutch Spring located behind the preSSure plate, 
Supported by the flywheel So as to urge at an outer periphery 
thereof a rear end Surface of the pressure plate frontward, (d) 
a sleeve fitted on the input shaft through a given gap between 
itself and an outer peripheral Surface of the input shaft, the 
sleeve being located behind the clutch plate and Secured at 
a rear end thereof to the housing, (e) a release piston fitted 
on the outer peripheral Surface of the sleeve Slidably in an 
axial direction of the sleeve, and (f) a release bearing fitted 
on the release piston or the sleeve to be movable in the axial 
direction to urge an inner peripheral portion of the clutch 
Spring. 
0029. The flywheel includes a small-diameter cylinder 
coupled at a front end thereof to the rear end of the crank 
shaft and a disc extending from a rear end of the Small 
diameter cylinder in a centrifugal direction to be engageble 
with the clutch plate. The clutch plate includes a cylinder 
which has a chamber opened rearward into which the release 
bearing is allowed to be inserted at least partially and which 
is fitted on the input shaft nonrotatably and slidably in the 
axial direction and a disc extending from a rear end of the 
cylinder between the rear end Surface of the flywheel and the 
front end Surface of the pressure plate. At least a portion of 
the release piston and the release bearing are located front 
ward of the clutch Spring. 
0030. In the preferred mode of the invention, the release 
bearing is fitted on the release piston. 
0031. The clutch plate includes a clutch damper located 
between the cylinder and the disc thereof for absorbing a 
variation in torque. A front portion of the clutch damper is 
disposed within a chamber formed in a rear end portion of 
the cylinder of the flywheel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0032. The present invention will be understood more 
fully from the detailed description given hereinbelow and 
from the accompanying drawings of the preferred embodi 
ments of the invention, which, however, should not be taken 
to limit the invention to the specific embodiments but are for 
the purpose of explanation and understanding only. 
0033) 
0034 FIG. 1 is a partially sectional view which shows a 
multi-rotor Synchronous machine according to the first 
embodiment of the invention, as taken along an axial direc 
tion thereof; 

In the drawings: 

0035 FIG. 2 is a partially sectional view which shows 
the multi-rotor synchronous machine of FIG. 1, as taken 
along a broken line C in FIG. 1; 
0036 FIG. 3 is a partially sectional view which shows 
the multi-rotor synchronous machine of FIG. 1 when used 
as a torque assist motor for automotive vehicles, 
0037 FIG. 4 is a graph which shows the relation between 
the phase of current flowing through armature coils and 
torques acting on Outer and inner rotors, 
0038 FIG. 5 is a graph which represents the relation 
between the phase of current Supplied to armature coils and 
an output torque when an angular difference between outer 
and inner rotorS is near Zero; 
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0.039 FIG. 6 is a graph which represents the Switching 
between a low-torque mode as shown in FIG. 2 and a 
high-torque mode as shown in FIG. 3 across a point where 
electromagnetic force is balanced with elastic pressure; 
0040 FIG. 7 is a partially sectional view which shows a 
modification of a multi-rotor Synchronous machine of the 
first embodiment; 
0041 FIG. 8 is a partially sectional view which shows a 
multi-rotor Synchronous machine according to the Second 
embodiment of the invention, as taken along an axial direc 
tion thereof; 

0.042 FIG. 9 is a partially sectional view which shows 
the multi-rotor synchronous machine of FIG. 8, as taken 
along a radius direction thereof; 
0.043 FIG. 10 is a partially enlarged view which shows 
arrangements of elastic members and ribs of a rotor Support 
Stay and an inner rotor Support Stay; 

0044 FIG. 11 is a graph which shows the relation 
between loads acting on an inner rotor and relative angle 
between the inner and outer rotors, 

004.5 FIG. 12 is a partially sectional view which shows 
the phase of current flowing through armature coils which is 
controlled when it is required to change the relative angle 
between Outer and inner rotors from that in a neutral position 
in the Second embodiment; 

0.046 FIG. 13 is an illustration which shows torques 
acting on outer and inner rotors when the phase of current 
flowing through armature coils is controlled as shown in 
FIG. 12; 

0047 FIG. 14 is a graph which shows the relation 
between torques acting on Outer and inner rotors when the 
phase of current flowing through armature coils is controlled 
as shown in FIG. 12; 

0048 FIG. 15 is a sectional view which shows the phase 
of current flowing through armature coils controlled in a 
low-speed and high torque motor mode in the Second 
embodiment; 

0049 FIG. 16 is an illustration which shows torques 
acting on Outer and inner rotors when the phase of current 
flowing through armature coils is controlled as shown in 
FIG. 15; 

0050 FIG. 17 is a sectional view which shows the phase 
of current flowing through armature coils controlled in a 
high-Speed low-torque motor mode in the Second embodi 
ment, 

0051 FIG. 18 is an illustration which shows torques 
acting on Outer and inner rotors when the phase of current 
flowing through armature coils is controlled as shown in 
FIG. 17; 

0.052 FIG. 19 is a sectional view which shows the phase 
of current flowing through armature coils controlled in a 
high-Speed low-torque generator mode in the Second 
embodiment; 

0053 FIG. 20 is an illustration which shows torques 
acting on Outer and inner rotors when the phase of current 
flowing through armature coils is controlled as shown in 
FIG. 19; 
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0054 FIG. 21 is a sectional view which shows the phase 
of current flowing through armature coils controlled to 
change the relative angle between outer and inner rotorS for 
establishing a high-torque generator mode in the Second 
embodiment; 
0055 FIG. 22 is an illustration which shows torques 
acting on Outer and inner rotors when the phase of current 
flowing through armature coils is controlled as shown in 
FIG. 21; 
0056 FIG. 23 is a sectional view which shows the phase 
of current flowing through armature coils controlled in a 
high-torque generator mode in the Second embodiment; 
0057 FIG. 24 is an illustration which shows torques 
acting on Outer and inner rotors when the phase of current 
flowing through armature coils is controlled as shown in 
FIG. 23; 
0.058 FIG. 25 is a flowchart of a program to be per 
formed to operate a multi-rotor Synchronous machine at the 
Start-up of the engine. 

0059 FIG. 26 is a flowchart of a program to be per 
formed to operate a multi-rotor Synchronous machine in a 
regenerative braking mode, 

0060 FIG. 27 is a sectional view which shows a multi 
rotor Synchronous machine according to the third embodi 
ment of the invention; 

0061 FIG. 28 is a graph which shows the relation 
between the Speed of the Synchronous machine of FIG. 27 
and the produced torque in the third embodiment; 
0062 FIG. 29 is a sectional view which shows a posi 
tional relation between Outer and inner rotors in a low-speed 
high-torque motor mode in the third embodiment; 
0063 FIG. 30 is a sectional view which shows a posi 
tional relation between outer and inner rotors in a high-speed 
low-torque motor mode, 
0064 FIG. 31 is a sectional view which shows a posi 
tional relation between Outer and inner rotors in a low-speed 
high-torque generator mode in the third embodiment; 
0065 FIG. 32 is a graph which shows the relation 
between the amount of expansion of an elastic member and 
a load acting on the elastic member in the third embodiment 
of the invention; 

0.066 FIG.33 is a sectional view which shows a multi 
rotor Synchronous machine according to the fourth embodi 
ment of the invention; 

0067 FIG. 34 is a sectional view, as developed in a 
circumferential direction of a multi-rotor Synchronous 
machine, which shows an outer rotor-to-inner rotor relative 
angle adjusting Structure according to the fourth embodi 
ment of the invention; 

0068 FIG. 35 is a sectional view which shows a multi 
rotor Synchronous machine operating in a generator mode, 

0069 FIG. 36 is a sectional view which shows a multi 
rotor Synchronous machine operating in a motor mode, 
0070 FIG. 37 shows a graph which represents the rela 
tion between the amount of expansion of elastic members 
and produced torque: 
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0071 FIG. 38 is a sectional view which shows the part 
of an automotive power train according to the fifth embodi 
ment of the invention in which a multi-rotor Synchronous 
machine is installed as a generator/motor; and 
0072 FIG. 39 is a partially sectional view which shows 
a connection of a clutch Spring to a hydraulic pressure 
releasing mechanism. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0.073 Referring to the drawings, wherein like reference 
numbers refer to like parts in Several views, particularly to 
FIGS. 1 and 2, there is shown a multi-rotor synchronous 
machine according to the first embodiment of the invention. 
The following discussion will refer to an example in which 
the multi-rotor Synchronous machine is used as a dynamo 
electric machine or generator/motor for automotive vehicles 
such as hybrid vehicles. 
0.074 The synchronous machine includes generally a 
stator 210, an outer rotor 220, an inner rotor 230, a rotor 
support frame 240, and a stator Support frame 250. 
0075) The stator 210 consists of a hollow cylindrical 
Stator core 211 disposed within an annular gap between the 
outer rotor 220 and the inner rotor 230 coaxially therewith 
and armature coils 212 magnetically coupling with the rotors 
220 and 230. 

0.076 The stator core 211 is made of a lamination of a 
plurality of magnetic discs laid to overlap each other in an 
axial direction of the Synchronous machine. The Stator core 
211, as clearly shown in FIG. 2, has outer slots 213 formed 
in an outer wall thereof at regular intervals in a circumfer 
ential direction and inner slots 213' formed in an inner wall 
thereof in the circumferential direction at regular intervals. 
Each of the outer slots 213 is, as can be seen in FIG. 2, 
aligned with one of the inner slots 213' in a radius direction 
of the stator core 211. In other words, each of the outer slots 
213 is provided at the same location in the circumferential 
direction of the stator core 211 as that of one of the inner 
slots 213'. A tooth 214 is defined between adjacent two of the 
outer slots 213. Similarly, a tooth 214 is defined between 
adjacent two of the inner slots 213'. A core back 215 is 
defined between the outer slots 213 and the inner slots 213'. 
The stator core 211 has holes 216 extending through the core 
back 215 in the axial direction. The stator core 211 is secured 
on an inner periphery of the stator Support frame 250 
through bolts 252 screwed into the holes 216. The stator 
Support frame 250 is made of a ring-shaped plate on which 
an annular Step is formed and attached at an outer periphery 
thereof to a housing (not shown) in front of and outside the 
stator core 211 in a radius direction of the stator core 211. 

0077. The armature coils 212 are made of as many 
toroidal windings as the outer slots 213 (i.e., the inner slots 
213). Each of the toroidal windings is formed by a conduc 
tor wound through one of the outer slots 213 and a corre 
sponding one of the inner slots 213' which are arrayed at the 
Same angular position in the circumferential direction of the 
Stator core 211. Leading and trailing ends of each of the 
toriodal windings extend outside the front end of the Stator 
core 211. The leading and trailing ends of the toroidal 
windings are broken into three groups and connected in the 
respective groups to provide three-phase windings: a 
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U-phase winding, a V-phase winding, and a W-phase wind 
ing. In this embodiment, the U-phase winding is wound 
through nth pairs of the slots 213 and 213' in the circum 
ferential direction of the stator core 211. The V-phase 
winding is wound through (n+1)th pairs of the slots 213 and 
213". The W-phase winding is wound through (n+2)th pairs 
of the slots 213 and 213'. The armature coils 212 are 
connected electrically to a controller 500. The controller 500 
Works to control the phase and quantity of current flowing 
through the armature coils 212. 

0078. The outer rotor 220 and the inner rotor 230 are each 
made of a hollow cylindrical member. The inner peripheral 
surface of the outer rotor 220 is magnetically coupled with 
an outer peripheral surface of the inner rotor 230 through a 
Small magnetic gap. The outer rotor 220 includes a Soft 
iron-made hollow cylinder 222 and permanent magnets 221 
each made of a magnetic plate curved along the circumfer 
ence of the hollow cylinder 222. The permanent magnets 
221 are arrayed on the inner wall of the hollow cylinder 222 
at regular intervals in the circumferential direction thereof. 
Similarly, the inner rotor 230 includes a soft iron-made 
hollow cylinder 232 and permanent magnets 231 each made 
of a magnetic plate curved along the circumference of the 
hollow cylinder 232. The permanent magnets 231 are 
arrayed on the outer wall of the hollow cylinder 232 at 
regular intervals in the circumferential direction thereof. The 
permanent magnets 221 are magnetized in the radius direc 
tion of the hollow cylinder 222 and so arranged that different 
field poles, i.e., N-poles and S-poles are arrayed alternately 
in the circumferential direction of the hollow cylinder 222. 
Similarly, the permanent magnets 231 are magnetized in the 
radius direction of the hollow cylinder 232 and so arranged 
that N-poles and S-poles are arrayed alternately in the 
circumferential direction of the hollow cylinder 232. 

007.9 The rotor support frame 240 includes an outer 
hollow cylinder 2401, an inner hollow cylinder 2402, and an 
annular disc 2403. The outer hollow cylinder 2401 retains 
the outer periphery of the outer rotor 220. The inner hollow 
cylinder 2402 Supports the inner Surface of the inner rotor 
230 rotatably in the circumferential direction thereof. The 
annular disc 2403 connects rear ends of the outer hollow 
cylinder 2401 and the inner hollow cylinder 2401 together. 
The inner hollow cylinder 2402 is coupled at a front end 
thereof to a rear end of a crankshaft 110 of the engine (not 
shown). The annular disc 2403 is coupled at a rear end 
thereof to a transmission (not shown) through a clutch 
mechanism (not shown). An example of the connection of 
the multi-rotor Synchronous machine with the engine and the 
transmission will be described in detail later with reference 
to FIGS. 38 and 39. 

0080) A support structure for the inner rotor 230 will be 
described below. 

0081. A hollow cylinder 234 serving as an inner rotor 
support stay is press fit in the inner rotor 230. The hollow 
cylinder 234 has formed on an inner wall thereof at regular 
intervals in a circumferential direction a plurality of protru 
Sions or ribs 2341 each extending in a radius direction. A pair 
of ball bearings 235 and 236 is mounted on the inner 
cylinder 2402 of the rotor support frame 240. The inner 
cylinder 2402 has formed on an outer wall thereof in a 
circumferential direction higher and lower ribs 24021 and 
24022 which extend in a radius direction of the inner 
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cylinder 2402 and are arrayed alternately at regular intervals 
in the circumferential direction thereof. An arc-shaped elas 
tic member 238 Such as rubber is installed between each of 
the ribs 2341 and one of the ribs 24021 located adjacent that 
rib 2341 in a clockwise direction as viewed in FIG. 2. 

0082 Specifically, the inner rotor support stay 234 and 
the inner rotor 230 secured on the inner rotor support stay 
234 are so constructed as to be rotatable relative to the outer 
rotor 220 within a range of an angular position where each 
of the ribs 2341 is in contact with one of the ribs 2341 to an 
angular position where the torque acting on the rib 2341 is 
balanced with the elastic pressure produced by one of the 
elastic members 238. 

0.083 Each of the elastic members 238 is in contact at a 
left end, as viewed in FIG. 2, with one of the ribs 2341 and 
at a right end with one of the ribs 24021 to urge the rib 2341 
against a corresponding one of the ribs 24022 in a counter 
clockwise direction. 

0084. In operation, the location of the field pole of the 
outer rotor 220 is monitored to determine the phase and 
frequency of a three-phase alternating Voltage to be applied 
to the armature coils 212 for producing the torque. This 
operation is the same as that of typical permanent magnet 
field pole Synchronous machines, and explanation thereof in 
more detail will be omitted there. 

0085. The adjustment of an angular position of the inner 
rotor 230 relative to the outer rotor 220 will be described 
below with reference to FIGS. 2 and 3, taking an example 
wherein the multi-rotor Synchronous machine is operated in 
a motor mode (i.e., a torque assist mode usually used in 
hybrid vehicles). It the following discussion, it is assumed 
that when the ribs 2341 of the inner rotor support stay 234 
are in the leftmost angular position in the counterclockwise 
direction, as illustrated in FIG. 2, that is, when the inner 
rotor 230 is shifted relative to the outer rotor 220 and lies at 
a counterclockwise angular limit, the elastic members 238 
work to urge the inner rotor 230 elastically in the counter 
clockwise direction at a minimum elastic pressure. FIG. 3 
illustrates the inner rotor 30 which is shifted relative to the 
outer rotor 220 in the clockwise direction to the rightmost 
angular position and lies at a clockwise angular limit. 

0.086. In the angular position of FIG. 2, the inner rotor 
230 is urged by the elastic members 238 in the counter 
clockwise direction and held at the counterclockwise angu 
lar limit. Specifically, the ribs 2341 of the inner rotor support 
stay 234 are pressed by the elastic members 238 into 
constant engagement with the ribs 24022 of the inner 
cylinder 2402. If the electromagnetic force produced in the 
motor mode acting on the inner rotor 230 in the clockwise 
direction is less than a lower limit of the elastic pressure 
provided by the elastic members 238, the inner rotor 230 are 
held at the illustrated angular position. 
0087. The setting of the electromagnetic force acting on 
the inner rotor 230 to the lower limit of the elastic pressure 
provided by the elastic members 238 or less is accomplished 
by adjusting either or both of the quantity and phase of 
current flowing through the armature coils 212 using the 
controller 500. The magnitude of the electromagnetic forces 
acting on the outer and inner rotors 220 and 230 depend 
upon the phase and quantity of current flowing through the 
armature coils 212. Accordingly, when there is the angular 
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difference, as shown in FIG. 2, between the outer rotor 220 
and the inner rotor 230, the sum of the motor torques 
produced by the outer and inner rotors 220 and 230, i.e., the 
resultant output torque will be Small. Specifically, the quan 
tity of resultant field magnetic flux interlinking with the 
armature coils 212 is Small, So that the counter electromotive 
force produced in the armature coils 212 during rotation of 
the synchronous machine at high speeds will be low. FIG. 
4 represents an example of torque characteristics when a 
greater angular difference is established between the outer 
rotor 220 and the inner rotor 230. Note that the electromag 
netic force acting on the inner rotor 230 is outputted through 
the elastic members 238. 

0088 As the electromagnetic force acting on the inner 
rotor 230 (i.e., the electromagnetic force oriented in the 
clockwise direction) increases, a balance point at which the 
electromagnetic force balances with the elastic preSSure of 
the elastic members 238 is shifted in the clockwise direction, 
as viewed in FIG. 2, thereby causing the angular position of 
the inner rotor 230 relative to the outer rotor 220 to be 
shifted in the clockwise direction. The increasing of the 
electromagnetic force acting on the inner rotor 230 is 
accomplished by increasing the quantity of current flowing 
through the armature coils 212 and/or controlling the phase 
thereof. The clockwise rotation of the inner rotor 230 
relative to the outer rotor 220 causes the phase difference 
between vectors of torques of the outer and inner rotors 220 
and 230 to decrease, thus resulting in an increase in resultant 
motor torque. 

0089. A more increase in electromagnetic force acting on 
the inner rotor 230 in the clockwise direction causes the 
balance point of the electromagnetic force and the elastic 
pressure developed by the elastic members 238 to be shifted 
in the clockwise direction further, so that the inner rotor 230 
moves relative to the outer rotor 220 toward the clockwise 
angular limit (i.e., the rightmost angular position in FIG. 2). 
When the inner rotor 230 reaches the clockwise angular 
limit, as shown in FIG. 3, and the electromagnetic force 
acting on the inner rotor 230 exceeds an upper limit of the 
elastic pressure developed by the elastic members 238, it 
will cause the inner rotor 230 to be held at the angular 
position as illustrated in FIG. 3. In this position, a near Zero 
angular difference is established between the permanent 
magnets 221 and 231 of the outer rotor 220 and the inner 
rotor 230, So that a great field magnetic flux acts on the 
armature coils 212, thereby allowing a greater motor torque 
to be outputted. FIG. 5 represents a torque characteristic 
when the angular difference between the outer rotor 220 and 
the inner rotor 230 is almost zero. The shift of the inner rotor 
230 from the angular position of FIG.3 to that of FIG. 2 is 
accomplished by decreasing the quantity of current flowing 
through the armature coils 212 and controlling the phase 
thereof in a manner reverse to that as described above to 
decrease the electromagnetic force acting on the inner rotor 
230. 

0090 AS apparent from the above discussion, when the 
electromagnetic force produced in the motor mode acting on 
the inner rotor 230 is less than the lower limit of the elastic 
pressure produced by the elastic members 238 or when the 
electromagnetic force is produced in the counterclockwise 
direction, as viewed in FIG. 2, in the generator mode, the 
inner rotor 230 is held at the angular position as illustrated 
in FIG. 2. When the electromagnetic force acting on the 



US 2002/0047418 A1 

inner rotor 230 is equal to the elastic pressure produced by 
the elastic members 238, the inner rotor 230 is held inter 
mediate between the angular positions in FIGS. 2 and 3. 
When the electromagnetic force acting on the inner rotor 
230 is greater than the upper limit of the elastic pressure 
produced by the elastic members 238, the inner rotor 230 is 
held at the angular position as illustrated in FIG. 3. There 
fore, when it is required for the Synchronous machine to 
produce a greater torque at low Speeds, for example, in a 
Start-up mode of engine operation, the Synchronous machine 
is preferably operated with the inner rotor 230 held at the 
angular position as illustrated in FIG. 3. When it is required 
to run the Synchronous machine at high Speeds, the inner 
rotor 230 is preferably held at the angular position as 
illustrated in FIG. 2, thereby decreasing the counterelectro 
motive force produced in the armature coils 212. FIG. 6 
shows an example of an output torque control mode in which 
when a required motor torque exceeds a threshold level X, 
the inner rotor 230 is Switched from the angular position as 
illustrated in FIG.2 to that as illustrated in FIG.3. The inner 
rotor 230 may also be held at the intermediate angular 
position as a function of the magnitude of the required motor 
torque. 

0091 Specifically, the inner rotor 230 is retained to be 
rotatable relative to the outer rotor 220. The inner rotor 220, 
thus, produces the torque varying as a function of an angular 
position relative to the outer rotor 220. 
0092. As apparent from the above discussion, in a case 
where the multi-rotor Synchronous machine is used as an 
automotive generator/motor, when it is required to use the 
generator/motor for assisting in outputting the drive torque, 
the reduction in counterelectromotive force induced in the 
armature coils 212 may be achieved by adjusting the mag 
nitude or phase of current to be Supplied to the armature 
coils 212. If a failure in control of an inverter occurs when 
the automotive vehicle is running at high Speeds, a great 
Voltage is not developed at the armature coils 212, thus 
improving the Safety of a power Source System. Specifically, 
when the automotive vehicle is running at high Speeds, the 
inner rotor 230 is held at the angular position as illustrated 
in FIG. 2. Thus, if the failure in control of the inverter 
occurs, the resultant field magnetic flux interlinking with the 
armature coils 212 is kept Small, thereby keeping induced 
open electromotive Voltage at a lower level. 
0093 FIG. 7 shows a modification of the multi-rotor 
synchronous machine of the first embodiment which may be 
employed as a drive generator/motor installed in a fuel 
cell-powered vehicle. 
0094. The multi-rotor synchronous machine includes a 
Stator 1, an outer rotor 2, an inner rotor 3, a rotor Support 
frame 4, and a stator Support frame 5. The stator 1 and the 
outer and inner rotorS2 and 3 are identical in Structure with 
the stator 210 and the outer and inner rotors 220 and 230 in 
the first embodiment. 

0.095 The rotor Support frame 4 includes a first plate 41 
on which an outer periphery of the outer rotor 2 is mounted 
and a Second plate 42 on which an inner periphery of the 
inner rotor 3 is mounted. The first plate 41 is made up of an 
outer hollow cylinder 411 on which the outer periphery of 
the outer rotor 2 is Secured, a disc 412, and an inner hollow 
cylinder 413 fitted on a rotary shaft 100 nonrotatably. The 
second plate 42 is made up of an outer hollow cylinder 421 
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on which the inner periphery of the inner rotor 2 is Secured, 
a disc 422, and an inner hollow cylinder 423 fitted rotatably 
on the rotary shaft 100 through a bearing metal 110. 
0096] A spring housing 111 is defined around a rear half 
of the inner hollow cylinder 423 and the inner hollow 
cylinder 413. A coil spring 200 is disposed in the spring 
housing 111 and coupled at an end thereof to the inner 
hollow cylinder 413 to urge the inner hollow cylinder 423 in 
the counterclockwise direction like the first embodiment. 

0097. The inner hollow cylinder 413 has a groove 4130 
formed in a front end thereof over a given angular range. The 
inner hollow cylinder 423 has formed on a rear end thereof 
a protrusion 4230 which extends into the groove 4130. The 
protrusion 4230 is slidable in the groove 4130 within a given 
angular range defined by contacts with ends of the groove 
4130 in a lengthwise direction thereof. This allows the inner 
rotor 3 to rotate relative to the outer rotor 2 within the given 
angular range. The inner rotor 3 is, as described above, urged 
elastically by the coil spring 200 in the counterclockwise 
direction as viewed from the front side thereof, thereby 
producing the same effects as in the first embodiment. 
0.098 FIGS. 8 and 9 show a multi-rotor synchronous 
machine according to the Second embodiment of the inven 
tion. The same reference numbers as employed in the first 
embodiment refer to the same parts, and explanation thereof 
in detail will be omitted here. 

0099 Stator windings 212 (i.e., armature coils) are 
arrayed in a magnetic core 211 of a Stator 210. Specifically, 
each Stator winding 212 consists of a conductor shaped to 
form a number of loops or turns each of which extends from 
a front Surface of the magnetic core 211 into one of slots 213' 
perpendicular to the drawing of FIG. 9 (i.e., a direction of 
lamination of magnetic discS making up the magnetic core 
211), passes over a back Surface of a core back 215, enters 
one of slots 213, and returns back to a front Surface of the 
magnetic core 211. The Stator windings 212 arrayed at a 
three-slot interval away from each other are coupled to form 
one of three-phase windings. 
0100. The multi-rotor synchronous machine also 
includes, as shown in FIG. 9, an outer rotor 220 and an inner 
rotor 230. Magnets 221 and 231 forming field poles are 
secured on rotor yokes 222 and 232. A rotor Support stay 240 
is connected to a crankshaft 110 of the engine. The magnetic 
core 211 is installed on a stator Support stay 250 through a 
pin 252. The stay 250 is connected to an engine frame or 
transmission (not shown). 
0101 A inner rotor support stay 234 which retains the 
inner rotor 230 is carried by bearings 235 and 236 to be 
Slidable along the rotor Support stay 240. An angle Sensor 
291 is installed on a back Surface of an end of the stator 
Support stay 250 and monitors an angular position of the 
inner rotor 230 relative to the outer rotor 220 to provide a 
Signal indicative thereof. A pair of angle Sensors may 
alternatively be installed on the stator Support stay 250 to 
measure the angular positions of the outer and inner rotors 
220 and 230 independently. 
0102 First elastic members 238 such as springs or rubber 
are disposed around the inside periphery of the rotor Support 
stay 240. Each of the first elastic members 238 is secured at 
one end thereof to one of protrusions or ribs 240-1 formed 
on the inside periphery of the rotor support stay 240 and 
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urges at the other end thereof one of spacers 249 elastically 
in the counterclockwise direction, as viewed in FIG. 9. This 
causes each of the Spacers 249 to be urged, as clearly shown 
in FIG. 10, into constant engagement with one of protru 
sions or ribs 240-2 formed on the inside periphery of the 
rotor support stay 240. 

0103) Second elastic members 239 such as springs or 
rubber are disposed around the inside periphery of the rotor 
support stay 240. Each of the second elastic members 239 is 
secured at one end thereof to one of protrusions or ribs 240-3 
formed on the inside periphery of the rotor support stay 240 
and urges, as clearly shown in FIG. 10, at the other end 
thereof one of protrusions or ribs 234-1 formed on an inner 
periphery of the inner rotor Support stay 234 in the clockwise 
direction as viewed in FIG. 9, so that the rib 234-1 elasti 
cally urges the Spacer 249 against the elastic preSSure 
produced by the first elastic member 238. 

0104 Stoppers 248-1 are each secured at one end thereof 
on the ribs 240-1 of the rotor support stay 240. When the 
inner rotor Support Stay 234 is rotated in the clockwise 
direction, as viewed in FIG. 9, the rib 234-1 is brought into 
engagement with the other end of one of the StopperS 248-1, 
thereby defining a maximum clockwise angle of the inner 
rotor Support Stay 234. 

0105 Similarly, stoppers 248-2 are each secured at one 
end thereof on the ribs 240-3 of the rotor Support stay 240. 
When the inner rotor support stay 234 is rotated in the 
counterclockwise direction, as viewed in FIG. 9, the rib 
234-1 is brought into engagement with the other end of one 
of the StopperS 248-1, thereby defining a maximum coun 
terclockwise angle of the inner rotor Support Stay 234. 

0106 Specifically, each of the ribs 234-1 of the inner 
rotor support stay 234 is, as can be seen from FIG. 10, urged 
elastically by one of the first elastic members 238 in the 
counterclockwise direction and one of the Second elastic 
members 239 in the clockwise direction, so that it may be 
movable between the stoppers 248-1 and 248-2 relative to 
the rotor support stay 240. 

0107 The relation between the angular position of each 
of the ribs 234-1 of the inner rotor support stay 234 relative 
to the rotor Support stay 240 (i.e., the relative angle between 
the outer and inner rotors 220 and 230) and a load F1 
produced by one of the first elastic member 238 and a load 
F2 produced by one of the second elastic members 239 
acting on a corresponding one of the ribs 234-1 is shown in 
FIGS. 10 and 11. 

0108. The operation of the multi-rotor synchronous 
machine of this embodiment will be described below. It is 
assumed that when the multi-rotor Synchronous machine is 
in an off-State, that is, when the armature coils 212 are 
deenergized, the circumferential center of each of the mag 
nets 221 of the outer rotor 220 substantially coincides, as 
shown in FIG. 9, with that of a corresponding one of the 
magnets 231 of the inner rotor 230 in a radius direction, and 
different polarities of the magnets 221 and 231 are opposed 
to each other. 

0109 FIG. 12 shows a neutral position of the multi-rotor 
Synchronous machine. In this position, the magnets 221 of 
the outer rotor 220 are shifted an electrical angle of t from 
the magnets 231 of the inner rotor 230, so that the armature 
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coils 212 interlink with a resultant magnetic flux that cor 
responds to a difference between magnetic fluxes of the 
magnets 221 and 231. 

0110. When the armature coils 212 are energized with the 
current of phase as illustrated in FIG. 12, it will cause 
magnetic torque To to act on the outer rotor 220 and 
magnetic torque Ti to act on the inner rotor 230. The 
magnetic torques To and Ti are oriented in opposite direc 
tions. 

0111 Specifically, if an elastic load (e.g., a Spring load) 
produced by the elastic members 238 and an elastic load 
produced by the elastic members 239 are defined as F1 and 
F2, respectively, torque Tf, produced by a difference F1-F2 
opposed to the magnetic force oriented in the normal direc 
tion of rotation of the Synchronous machine acts on the inner 
rotor 230. Additionally, torque Tr produced by the elastic 
load F2 opposed to the magnetic force oriented in the reverse 
direction of rotation acts on the inner rotor 230. ASSuming 
that the torque To is greater than the torque Ti as a function 
of a difference in quantity of magnetic flux between the 
magnets 221 and 231, the torque Ti is greater than the torque 
Tf, and the torque Tf is Substantially equal to the torque Tr, 
these torques work to rotate the outer and inner rotors 220 
and 230 at angular accelerations of Bo and Bi from a Start 
time to when the armature coils 212 start to be energized. 
Time-Sequential changes in angular position of the outer and 
inner rotors 220 and 230 are illustrated in FIG. 14. If the 
inertial mass of the outer rotor 220 and the inertial mass of 
the inner rotor 230 are defined as Io and Ii, respectively, 
relations between the torques and accelerations acting on the 
outer and inner rotors 220 and 230 may be expressed as 

0112 Since the inertial mass Io of the outer rotor 220 is 
much greater, preferably two times greater than the inertial 
mass Ili of the inner rotor 230 or more, the inner rotor 230 
Starts, as can be seen from FIG. 14, to rotate more quickly 
than the outer rotor 220. 

0113. When the current is applied to the armature coils 
212, and the phase thereof is So controlled as to induce the 
magnets 231 of the inner rotor 230 to produce a maximum 
motor torque to rotate the outer and inner rotors 220 and 230 
in the normal direction of rotation from the angular position 
as illustrated in FIG. 12, the magnetic torques oriented to the 
reverse direction of rotation (i.e., the counterclockwise 
direction in FIG. 12) are first exerted on the outer and inner 
rotors 220 and 230 for a short period of time. This causes the 
outer rotor 220 to rotate in the counterclockwise direction, 
however, an angular shift of the outer rotor 220 immediately 
after the Start-up is Small because the inertial mass of the 
outer rotor 220 is greater (see FIG. 14). The inertial mass of 
the inner rotor 230 is Smaller, so that the inner rotor 230 
Starts to rotate quickly in the normal direction (i.e., the 
clockwise direction in FIG. 12) the short period of time after 
the start-up. This causes the outer and inner rotors 220 and 
230 to have a relative angle, as shown in FIG. 15, therebe 
tween. In this position, each of the ribs 234-1 of the inner 
stator Support stay 234, as shown in FIG. 15, compresses 
one of the first elastic members 238 through the spacer 249 
against the elastic load of F1-F2 and is held at an angular 
position defined by the stopper 248-1. 
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0114. In the angular position as illustrated in FIG. 15, 
when the current is applied to the armature coils 212 with the 
illustrated phase, the magnets 221 and 231 of the outer and 
inner rotors 220 and 230 produce maximum magnetic 
torques in the clockwise direction. Specifically, the torques 
To1 and Ti1, as shown in FIG. 16, acting on the outer and 
inner rotors 220 and 230 are oriented in the same direction, 
thereby resulting in production of a great resultant torque 
T1=To1+Ti1 in a direction in which the multi-rotor synchro 
nous machine is to be rotated. This motor mode of operation 
is, thus, Suitable for assisting in producing a higher output 
torque when the engine is started or accelerated. 
0115. After completion of the start-up or acceleration of 
the engine, the quantity of current to be Supplied to the 
armature coils 212 is decreased to reduce the torques acting 
on the outer and inner rotors 220 and 230 as a function of a 
required output torque of the Synchronous machine. When 
the torque Ti2 acting on the inner rotor 230 drops below the 
elastically produced torque Tf, it will cause the inner rotor 
230 to rotate relative to the outer rotor 220, so that it returns 
back to the angular position as illustrated in FIG. 12. The 
resultant magnetic flux interlinking with the armature coils 
212, thus, decreases greatly, thereby causing the counter 
electromotive force produced in the armature coils 212 
during rotation of the Synchronous machine at high Speeds 
to be lowered. 

0116. The angular relation between the magnets 221 and 
231 in the high-speed low-torque motor mode or low-Speed 
low-torque motor mode is shown in FIG. 17. The torques 
To2 and Ti2 produced on the outer and inner rotors 220 and 
230 are shown in FIG. 18. The resultant torque T2 is given 
by To2-Ti2 where To2>Ti2. 
0117 The operation of the synchronous machine in the 
generation mode (e.g., a regenerative braking mode of the 
vehicle) will be described below. 
0118. The generation in a high-speed low-torque mode or 
a low-speed low-torque mode is achieved by controlling the 
phase of the current flowing through the armature coils 212 
as illustrated in FIG. 19. This control may be performed by 
Supplying the current to the armature coils 212 in addition to 
the current induced in the armature coils 212 by the torque 
transmitted form the engine and the transmission. The 
resultant torque T3 is, as shown in FIG. 20, given by the 
relation of T3=To3-Ti3 where To3 is the torque acting on 
the outer rotor 220, and Ti3 is the torque acting on the inner 
rotor 230. Note that the elastically produced torque Tf is 
greater than the torque TI3. 

0119) The Switching from the state, as illustrated in 
FIGS. 19 and 20, to a high-torque generator mode (i.e., a 
low-speed high-torque generator mode) will be described 
below. 

0120 When the quantity of current flowing through the 
armature coils 212 is increased while controlling the phase 
thereof so that the magnets 231 of the inner rotor 230 may 
produce a maximum torque in the counterclockwise direc 
tion, the inner rotor 230, unlike the start-up mode of the 
engine operation, rotates relative to the Outer rotor 220 in the 
counterclockwise direction while compressing the Second 
elastic members 239, as shown in FIG. 23, thereby causing 
the torques, as shown in FIG. 24, to be produced. Specifi 
cally, the phase and quantity of the current flowing through 
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the armature coils 212 is, as shown in FIG. 21, controlled So 
as to produce the torques To4 and Ti4, as shown in FIG. 22, 
acting on the outer and inner rotors 220 and 230, like the 
ones in FIG. 18. Note that the torque Tris produced by the 
elastic load F2. 

0121) If the inertial mass of the outer rotor 220 and the 
inertial mass of the inner rotor 230 are defined as Io and Ii, 
and the angular accelerations thereof are defined as Bo4, and 
Bi4, respectively, relations between the torques and accel 
erations produced on the outer and inner rotors 220 and 230 
may be expressed as 

0.122 Since the inertial mass Io of the outer rotor 220 is 
much greater than the inertial mass Ii of the inner rotor 230, 
the inner rotor 230 starts to rotate more quickly than the 
outer rotor 220. Specifically, the ribs 234-1 of the inner rotor 
Support stay 234 is urged by the counterclockwise torque Ti4 
to compress the Second elastic members 239 against the 
elastic load F2 produced by the second elastic members 239 
and rotates to the angular position defined by the Stoppers 
248-2. The controlling the current, as shown in FIG. 23, to 
flow through the armature coils 212, causes the torques To5 
and Ti5 to be produced, as shown in FIG. 24, on the outer 
and inner rotors 220 and 230, respectively. This causes the 
resultant toque T5=To5+Ti5 to be produced, thereby achiev 
ing the high-torque generation mode. 
0123 FIG. 25 is a flowchart of a program to be per 
formed to operate the multi-rotor Synchronous machine in 
the motor mode at the Start-up of the engine. An inverter 
used to Supply the current to the armature coils 212 is 
installed in the controller 500 and has a know structure in 
which a total of six three-phase Switching elements are 
installed on an upper and a lower arms and turned on and off 
Selectively in a given Sequence by a controller. The Structure 
and operation of Such an inverter is known in the art, and 
explanation thereof in detail will be omitted here. 
0.124. When it is required to start the engine, the routine 
proceeds to step 102 wherein it is determined whether the 
relative angle 0 between the outer and inner rotors 220 and 
230 is zero (0) or not. The relative angle 0 is determined by 
executing an interrupt routine (not shown) to monitor the 
angular positions of the outer and inner rotors 220 and 230 
through the angle Sensor 291 and calculating a difference 
therebetween. The fact that the relative angle 0 is zero (0) 
means that the inner and outer rotors 220 and 230 are in the 
neutral position as illustrated in FIGS. 9 and 10. 
0.125 If a YES answer is obtained meaning that the inner 
and outer rotors 220 and 230 are in the neutral position, then 
the routine proceeds to step 104 wherein the current of 
phase, as shown in FIG. 12, is Supplied to the armature coils 
212 to produce a maximum torque acting on the inner rotor 
230 that is Smaller in inertial mass than the outer rotor 220, 
thereby shifting the relative angle 0 between the inner and 
outer rotors 220 and 230 through +71, as shown in FIG. 15, 
So that the Sum of magnetic fluxes interlining with the inner 
and outer rotors 220 and 230 may be maximized. 
0.126 The routine proceeds to step 106 wherein it is 
determined whether the relative angle 0 has reached +It or 
not. If a NO answer is obtained, then the routine returns back 
to step 104. Alternatively, if a YES answer is obtained, then 
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the routine proceeds to step 108 wherein the current of 
phase, as shown in FIG. 15 is supplied to the armature coils 
212 to produce the maximum torque T1 in the normal 
direction of rotation of the Synchronous machine which is 
required to Star up the engine. 

0127. The routine proceeds to step 110 wherein it is 
determined whether the engine has been Started or not. If a 
NO answer is obtained, then the routine returns back to step 
108. Alternatively, if a YES answer is obtained, then the 
routine proceeds to Step 112 wherein the Supply of current to 
the armature coils 212 for producing the maximum motor 
torque is stopped and returns back to a main routine (not 
shown). 
0128 FIG. 26 shows a program to be performed to 
operate the multi-rotor Synchronous machine in a regenera 
tive braking mode. 

0129 when it is required to operate the multi-rotor syn 
chronous machine as a generator during braking of the 
vehicle, the routine proceeds to Step 122 wherein the relative 
angle 0 between the outer and inner rotors 220 and 230 is 
calculated in the same manner as in step 102 in FIG. 25 to 
determine whether the relative angle 0 is zero (0) or not. If 
a NO answer is obtained, then the routine proceeds directly 
to step 126. Alternatively, if a YES answer is obtained, then 
the routine proceeds to Step 124 wherein the phase and 
quantity of current flowing through the armature coils 212 is, 
as shown in FIG. 21, controlled so as to produce a maximum 
torque acting on the inner rotor 230 in the counterclockwise 
direction to shift the relative angle 0 between the inner and 
outer rotors 220 and 230 through -t, as shown in FIG. 23, 
So that the Sum of magnetic fluxes interlining with the inner 
and outer rotors 220 and 230 may be maximized. 
0130. The routine proceeds to step 126 wherein it is 
determined whether the relative angle 0 has reached -7L or 
not. If a NO answer is obtained, then the routine returns back 
to step 124. Alternatively, if a YES answer is obtained, then 
the routine proceeds to Step 128 wherein the phase and 
quantity of current flowing through the armature coils 212 is 
controlled So that a the maximum torque T5 may act on the 
inner and outer rotors 220 and 230 in the reverse direction 
of rotation. 

0131 The routine proceeds to step 130 wherein it is 
determined whether the regenerative braking command is 
released or not. If a NO answer is obtained, then the routine 
returns back to step 128. Alternatively, if a YES answer is 
obtained, then the routine proceeds to step 132 wherein the 
production of the torque in Step 128 is Stopped and returns 
back to a main routine (not shown). 
0132) The above program as illustrated in the flowchart 
of FIG. 25 refers only to control of the operation of the 
multi-rotor Synchronous machine in the Start-up mode of the 
engine operation, however, the multi-rotor Synchronous 
machine of this embodiment may also be used under Similar 
control for assisting in producing the output torque during 
rotation of the engine at high Speeds. 

0133. The permanent magnet field poles may also be 
provided on either of the outer rotor 220 and the inner rotor 
230. For example, the magnets 231 of the inner rotor 230 
may be replaced with iron plates. In this case, the outer rotor 
220 acts electromagnetically with the magnet 221, while the 
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inner rotor 230 works to produce the reluctance torque in 
relation to the magnetic poles of the iron plates 231. 
0.134 FIG. 27 shows a multi-rotor synchronous machine 
according to the third embodiment of the invention. The 
Same reference numbers as employed in the above embodi 
ments will refer to the same parts, and explanation thereof 
in detail will be omitted here. 

0.135 The multi-rotor synchronous machine of this 
embodiment has Substantially the same Structure as 
described in the Second embodiment. Specifically, Stator 
windings 212 (i.e., armature coils) are arrayed in a magnetic 
core 211 of a stator 210. Each stator winding 212 consists of 
a conductor shaped to form a number of loops or turns each 
of which extends from a front Surface of the magnetic core 
211 into one of slots 213' perpendicular to the drawing of 
FIG. 27, passes over a back surface of the core back 215, 
enters one of Slots 213, and returns back to a front Surface 
of the magnetic core 211. The armature coils 212 arrayed at 
a three-slot interval away from each other are coupled to 
form one of three-phase windings. 

0.136 The multi-rotor synchronous machine also includes 
an outer rotor 220 and an inner rotor 230. Magnets 221 and 
231 are secured on the outer and inner rotors 220 and 230. 

0.137. A rotor Support stay 240 is connected to a crank 
shaft 110 of the engine. A magnetic core 211 is installed on 
a stator support stay 250 through a pin 252. The stator 
Support Stay 250 is connected to an engine frame or trans 
mission (not shown). An inner rotor Support stay 234 which 
retains the inner rotor 230 is carried by bearings 235 and 236 
to be slidable along the rotor support stay 240. 

0.138 An elastic member 238 such as a coil spring is 
disposed around the inside periphery of the rotor Support 
stay 240. The elastic member 239 is secured at one end 
thereof to the protrusion or rib 240-1 formed on the inside 
periphery of the rotor support stay 240 and at the other end 
thereof to the protrusion or rib 234-1 formed on the inner 
periphery of the inner rotor Support Stray 234. 
0.139. The operation of the multi-rotor synchronous 
machine used as an automotive generator/motor will be 
described below. The relation between the speed of the 
Synchronous machine and the produced torque is illustrated 
in FIG. 28. 

0140 FIG. 29 illustrates the state of the internal struc 
tural elements of the multi-rotor Synchronous machine oper 
ating in a low-Speed high-torque motor mode. The magnets 
221 of the outer rotor 220 has a relative angle of Zero (0) to 
the magnets 231 of the inner rotor 230. The magnetic flux 
produced by the magnets 221 of the outer rotor 220 so 
interlinks with the armature coils 212 as to produce a 
maximum torque. The relation between torqueS produced on 
the outer and inner rotors 220 and 230 and the phase of 
current flowing through the armature coils 212 is shown in 
FIG 5. 

0141 FIG. 30 shows the state of the internal structural 
elements of the multi-rotor Synchronous machine operating 
in a high-speed low-torque motor mode. The magnets 221 of 
the outer rotor 220 are shifted in angular position from the 
magnets 231 of the inner rotor 230 so as to decrease the 
resultant magnetic flux interlinking with the armature coils 
212, thereby resulting in a decrease in output torque, as 
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shown in FIG. 4. The decrease in resultant magnetic flux 
causes the counter electromotive force produced in the 
armature coils 212 during rotation of the Synchronous 
machine at high Speeds to be reduced. 
0142 FIG. 31 shows the state of the internal structural 
elements of the multi-rotor Synchronous machine operating 
in a high-Speed low-torque generator mode. The relative 
angle between the magnets 221 of the outer rotor 220 and the 
magnets 231 of the inner rotor 230 is shifted 2 L from the one 
shown in FIG. 29. The resultant magnetic flux interlinking 
with the armature coils 212 is, like FIG. 29, maximized, thus 
causing the torque acting on the outer and inner rotorS 220 
and 230 to be maximized. This mode is Suitable for the 
regenerative braking. 
0143. The Switching from the high-speed low-torque 
motor mode to the low-Speed high-torque generator mode 
will be described below. 

0144. In the high-speed low-torque motor mode, the 
magnets 221 of the outer rotor 220 and the magnets 231 of 
the inner rotor 230 have the positional relation as illustrated 
in FIG. 30. The elastic member 238 is laid, like the one 
shown in FIG. 27, between the ribs 240-1 and 234-1 without 
undergoing compression and expansion. 
0145 The Switching from the state as illustrated in FIG. 
30 to the low-speed high-torque generator mode is accom 
plished by controlling the phase and quantity of current 
flowing through the armature coils 212 So as to produce a 
maximum torque through the magnets 231 of the inner rotor 
230 which compresses the elastic member 238, thereby 
causing the magnets 221 of the outer rotor 220 and the 
magnets 231 of the inner rotor 230 to have a relative angle 
as illustrated in FIG. 31. The change in current flowing 
through the armature coils 212 causes the torque produced 
by the magnets 221 of the outer rotor 220 to change, 
however, the pressure produced by the outer rotor 220 to 
compress the elastic member 238 is lower because of a 
difference in inertial mass between the outer rotor 220 and 
the inner rotor 230, so that the elastic member 238 contracts 
or expands mainly depending upon a change in torque 
produced by the magnets 231 of the inner rotor 230. 
0146 The Switching from the high-speed low-torque 
motor mode to the low-speed high-torque motor mode will 
be described below which may be performed when it is 
required to assist in producing the output torque during 
rotation of the engine at low Speeds. 
0147 The Switching to the low-speed high-torque motor 
mode is accomplished by Supplying the current to the 
armature coils 212 which has the phase to induce a magnetic 
force greater than the elastic pressure produced by the elastic 
member 238, thereby moving the inner rotor 230 relative to 
the outer rotor 220 to expand the elastic member 238 until 
the rib 234-1 of the inner rotor Support stay 234 hits, as 
shown in FIG. 29, on the rib 240-2 of the rotor support stay 
240. This control is performed when the engine speed is 
deceased, thus keeping the counterelectromotive Voltage 
below an allowable level. 

0.148. The relation between the amount of expansion of 
the elastic member 238 and the load acting on the elastic 
member 238 is represented in FIG. 32. 
0149 FIGS. 33 to 37 show a multi-rotor synchronous 
machine according to the fourth embodiment of the inven 

Apr. 25, 2002 

tion which is different from the one of the third embodiment 
only in an Outer rotor-to-inner rotor relative angle adjusting 
Structure. Other arrangements are identical, and explanation 
thereof in detail will be omitted here. 

0150. The inner rotor 230 and the inner rotor support stay 
234 are supported on the rotor Support stay 240 rotatably. 
0151. The outer rotor-to-inner rotor relative angle adjust 
ing structure is shown in FIG. 34 which is a sectional view 
developed in a circumferential direction of the multi-rotor 
Synchronous machine. 
0152 Elastic members 238-1 and 238-2 are, like the 
above embodiments, disposed between the inner rotor Sup 
port stay 234 and the rotor Support stay 240. The elastic 
member 238-1 is in engagement at one end thereof with the 
rib 234-2 formed on the inner periphery of the inner rotor 
support stay 234 and at the other end thereof with the spacer 
237. The elastic member 238-2 is in engagement at one end 
thereof with the rib 240-3 formed on the outer periphery of 
the rotor support stay 240 and at the other end thereof with 
the rib 234-3 formed on the inner periphery of the inner rotor 
Support Stay 234. 
0153. When not subjected to any load, the elastic mem 
bers 238-1 and 238-2 are held at an angular position in 
which the rib 234-4 formed on the inner periphery of the 
inner rotor Support stay 234 is in alignment with the rib 
240-3 on the rotor Support stay 240. In this position, the 
elastic pressure f1 produced by the elastic member 238-1 
and the elastic pressure f2 produced by the elastic member 
238-2 meet a relation of flef2. 

0154) The Switching from a low torque mode to a high 
torque mode of operation of the multi-rotor Synchronous 
machine will be described below. 

O155 In the generation mode of operation of the multi 
rotor Synchronous machine, the phase of current flowing 
through the armature coils 212 is controlled to produce on 
the inner rotor 230 the torque in a direction reverse to 
rotation thereof which is greater than a resultant preSSure 
f1-f2 of the elastic members 238-1 and 238-2, thereby 
causing, as shown in FIG. 35, the elastic member 238-1 to 
be compressed and the elastic member 238-2 to be 
expanded, so that the angular interval between the rib 240-3 
of the rotor support stay 240 and the rib 234-2 of the inner 
rotor Support stay 234 is decreased. The magnetS 221 of the 
outer rotor 220 has a positional relation to the magnets 231 
of the inner rotor 230 which creates a maximum magnetic 
flux interlinking with the armature coils 212, producing a 
maximum torque in the reverse direction (i.e., the counter 
clockwise direction as viewed in FIG. 35). 
0156. In the motor mode, the phase of current supplied to 
the armature coils 212 is So controlled as to produce the 
torque which is greater than the elastic pressure of the elastic 
member 238-2 on the inner rotor 230 in the same direction 
as that in which the Synchronous machine is to be rotated, 
thereby causing, as shown in FIG. 36, the elastic member 
238-2 to be compressed, so that the angular interval between 
the rib 240-3 of the rotor support stay 240 and the rib 234-3 
of the inner rotor Support stay 234 is decreased. Both the 
magnetic flux produced by the magnets 221 of the outer 
rotor 220 and the magnetic flux produced by the magnets 
231 of the inner rotor 230 interlinking with the armature 
coils 212 are maximized, thereby producing a maximum 
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torque in the direction in which the Synchronous machine is 
to be rotated (i.e., the clockwise direction as viewed in FIG. 
36). 
O157 The relation between the amount of expansion of 
the elastic members 238-1 and 238-2 and the produced 
torque is shown in FIG. 37. 

0158. In the above embodiments, the outer and inner 
rotors 220 and 230 are arranged coaxially with each other, 
however, they may alternatively be arrayed tandem in the 
axial direction of the Synchronous machine in a tandem. 

0159. In the second to fourth embodiments, when no 
current flows through the armature coils 212, the center of 
each magnet on the Outer rotor 220 is in alignment with the 
center of one of the magnets on the inner rotor 230 in a radial 
direction, however, they may alternatively be shifted in 
angular position from each other. 

0160 FIG. 38 shows the part of an automotive power 
train according to the fifth embodiment of the invention in 
which a multi-rotor Synchronous machine is installed as a 
generator/motor. 

0.161 The generator/motor 5 is disposed in a housing 3 
and coupled with a front surface of a flywheel 2. The 
flywheel 2 is secured to a crankshaft 110 leading to an 
internal combustion engine of the vehicle. The crankshaft 
110 is connected at a rear end thereof to an input shaft 6 of 
a reduction gear mechanism or transmission in alignment 
therewith through a bearing 7. The input shaft 6 passes 
through the center of the flywheel 2 and connects with the 
crankshaft 110. 

0162 The flywheel 2 is secured to the rear end of the 
crankshaft 110 through bolts. The flywheel 2 is made up of 
a small-diameter cylinder 21 joined to the flywheel 2, a 
large-diameter cylinder 23 lying coaxially with the Small 
diameter cylinder 21, and a disc 22 extending radially to 
connect rear ends of the Small-diameter and large-diameter 
cylinders 21 and 23. The small-diameter cylinder 21 has an 
opening 24 and a groove 25 formed in a rear end thereof. 

0163 A mechanical clutch 4 is fitted on the input shaft 6. 
The mechanical clutch 4 includes a clutch plate 41, a 
preSSure plate 42, a clutch Spring 43, a clutch cover 44, and 
a hydraulic pressure releasing mechanism 45. 

0164. The clutch plate 41 includes a hollow cylinder 411, 
a disc 412, and a clutch damper 413. The cylinder 411 has 
a recess 410 formed therein and is fitted on the input shaft 
6 nonrotatably yet slidably in a lengthwise direction of the 
input shaft 6. The disc 412 extends from a rear end of the 
cylinder 411 to the rear end surface of the flywheel 2. The 
clutch damper 413 is disposed between the cylinder 411 and 
the disc 412 to connect them together and works to absorb 
a change in torque. 

0.165. The disc 412 includes a frictional disc 414 which is 
engageble with the rear end Surface of the flywheel 2. The 
clutch damper 413 is made of a rubber ring or a coil Spring 
which extends around the cylinder 411 and is engagement at 
one end with the cylinder 411 and at the other end with the 
disc 412 so that it may be elastically deformed by a cyclic 
change in transmitted torque to absorb it. The clutch damper 
413 is disposed at a front portion thereof in the groove 25 
formed in the small-diameter cylinder 21 of the flywheel 2. 
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0166 The pressure plate 42 is made of an annular plate 
and is placed in engagement with the rear end of the clutch 
plate 41. The pressure plate 42 is Supported at an outer 
periphery thereof by the clutch cover 44 secured to on an 
outer end portion of the flywheel 2. 

0.167 The clutch spring 43 is made of a disc plate which 
is deformable in the axial direction of the input shaft 6. The 
clutch Spring 43 is in close engagement at an Outer periphery 
thereof with the rear end surface of the pressure plate 42 and 
fitted at an inner periphery thereof, as clearly shown in FIG. 
39, in the hydraulic pressure releasing mechanism 45 to be 
non-slidable backward. The clutch spring 43 is also in 
contact at a portion inside the Outer periphery joined to the 
preSSure plate 42 with an inner edge of the clutch cover 44. 
In the Steady State, the clutch Spring 43 is deformed in the 
axial direction of the input shaft 6 to urge the clutch plate 41 
into constant engagement with the rear end Surface of the 
flywheel 2 through the pressure plate 42, thereby establish 
ing a connection of the flywheel 2 to the input shaft 6. 
0.168. The hydraulic pressure releasing mechanism 45 
includes a sleeve 451, a release piston 452, and a release 
bearing 453. The sleeve 451 is installed on a barrier plate 30 
of the housing 3 and fitted on the input shaft 6 with a given 
play. The barrier plate 30 defines a reduction gear chamber 
and a clutch chamber. The release piston 452 is installed on 
the sleeve 451 to be slidable in the axial direction of the 
sleeve 451. The release bearing 453 is installed on the 
periphery of the release piston 452. The sleeve 451 and the 
release piston 452 define a hydraulic chamber 454 therebe 
tween. The release bearing 453 is in engagement at an outer 
race thereof with the inner periphery of the clutch spring 43. 
0169. The disengagement of the clutch 4 is accomplished 
by Supplying the hydraulic pressure into the hydraulic 
chamber 454 to advance the release piston 452 and the 
release bearing 453 together, So that the Outer race of the 
release bearing 453 moves the inner periphery of the clutch 
Spring 43 forward, thereby causing the Outer periphery of the 
clutch Spring 43 to move backward. This causes the preSSure 
plate 42 to move backward because of the tight engagement 
of the outer periphery of the pressure plate 42 with the outer 
periphery of the clutch Spring 43. The pressure urging the 
clutch plate 41 into constant engagement with the flywheel 
2, thus, disappears, thereby releasing the engagement of the 
flywheel 2 with the input shaft 6. 
0170 The engagement of the clutch 4 is accomplished by 
releasing the hydraulic pressure from the hydraulic chamber 
454 to produce the pressure urging the pressure plate 42 into 
constant engagement with the flywheel 2 through the clutch 
plate 41, which establishes the connection of the flywheel 2 
to the input shaft 6. 
0171 The generator/motor 5 includes an outer rotor 220, 
an inner rotor 230, and a stator 210. The outer rotor 220 is 
installed on the inner periphery of the large-diameter cylin 
der 23 of the flywheel 2. The inner rotor 230 is installed on 
the outer periphery of the small-diameter cylinder 21 of the 
flywheel 2. The stator 210 is disposed between the inner 
rotor 230 and the Outer rotor 220. 

0172. The inner rotor 230 includes a yoke 521 on which 
permanent magnets 512 are installed. The outer rotor 220 
includes a yoke 521 on which permanent magnets 522 are 
installed. The stator 210 includes a iron core 531 in which 
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armature coils 532 are installed. The armature coils 532 are 
each made up of a conductor shaped in a toroidal form. The 
iron core 531 is installed on the housing 3. In the motor 
mode of operation of the generator/motor, the Supply of 
current to the armature coils 532 causes the outer and inner 
rotors 220 and 230 to rotate to produce the torque acting on 
the crankshaft 1. In the generator mode, the torque is 
transmitted from the crankshaft 1 to the outer and inner 
rotors 220 and 230, thereby inducing the current in the 
armature coils 532. 

0173 AS apparent from the above discussion, the release 
piston 452 and the release bearing 453 are disposed ahead of 
the clutch Spring 43. The clutch Spring 42 is designed to be 
hydraulically urged forward through the release bearing 452 
to disengage the clutch 4. This eliminates the need for 
defining a chamber required to install hydraulic pressure 
releasing mechanism behind the clutch Spring 43, thus 
allowing the overall length of the power train to be 
decreased as compared with a conventional Structure in 
which a hydraulic pressure releasing mechanism is installed 
behind a clutch Spring. 
0.174. Additionally, the release bearing 453 is fitted on the 
release piston 452, thus allowing the length of the power 
train to be decreased by an amount equivalent to the thick 
ness of the release bearing 453 as compared with the 
conventional structure. Further, the release bearing 453 does 
not face the clutch plate 41 through the release piston 452, 
thus allowing a required interval between the outer race of 
the release bearing 453 and the inner periphery of the clutch 
plate 41 in the axial direction of the power train to be 
decreased, which allows the release bearing 453 to urge the 
clutch plate 41 into constant engagement with the flywheel 
2 through the pressure plate 42 under a decreased elastic 
preSSure. 

0.175. The generator/motor 5 may alternatively have any 
of the structures of the above described first to fourth 
embodiments. 

0176 While the present invention has been disclosed in 
terms of the preferred embodiments in order to facilitate 
better understanding thereof, it should be appreciated that 
the invention can be embodied in various ways without 
departing from the principle of the invention. Therefore, the 
invention should be understood to include all possible 
embodiments and modifications to the shown embodiments 
witch can be embodied without departing from the principle 
of the invention as Set forth in the appended claims. 
What is claimed is: 

1. A multi-rotor Synchronous machine comprising: 
a fist rotor having permanent magnet field poles, Secured 

to an output member; 
a Second rotor having permanent magnet field poles, 

disposed to be rotatable relative to said first rotor; 
a Stator core having armature coils interlinking with field 

magnetic fluxes produced by the permanent magnet 
field poles of Said first and Second rotors, and 

a rotor-to-rotor relative rotation controlling mechanism 
designed to allow Said Second rotor to rotate relative to 
Said first rotor within a given angular range and prohibit 
Said Second rotor from rotating out of the given angular 
range. 
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2. A multi-rotor Synchronous machine as Set forth in claim 
1, wherein Said rotor-to-rotor relative rotation controlling 
mechanism includes a first Stopper working to limit rotation 
of Said second rotor relative to said first rotor in a first 
direction over a first angular range and a Second stopper 
working to limit rotation of Said Second rotor relative to Said 
first rotor in a Second direction opposite the first direction 
Over a Second angular range. 

3. A multi-rotor Synchronous machine as Set forth in claim 
2, wherein Said rotor-to-rotor relative rotation controlling 
mechanism includes an elastic member which is engagement 
at one end thereof with said first rotor and at the other end 
with Said Second rotor to urge Said first and Second rotors in 
opposite directions. 

4. A multi-rotor Synchronous machine as Set forth in claim 
1, wherein Said Stator core is made of a hollow cylindrical 
member, and wherein Said first rotor and Said Second rotor 
are disposed coaxially with an outer and an inner periphery 
of Said Stator core, respectively. 

5. A multi-rotor Synchronous machine as Set forth in claim 
4, wherein Said Second rotor is disposed inside the inner 
periphery of Said Stator core, and wherein Said rotor-to-rotor 
relative rotation controlling mechanism is installed inside 
Said Second rotor. 

6. A multi-rotor Synchronous machine as Set forth in claim 
1, wherein rotation of Said Second rotor relative to Said first 
rotor is accomplished by controlling at least one of phase 
and quantity of current flowing through the armature coils of 
Said Stator core. 

7. A multi-rotor Synchronous machine comprising: 
a pair of rotors at least one of which has permanent 

magnet field poles, said rotors being arrayed coaxially 
to be rotatable relative to each other; 

a Stator core, 

armature coils wound in Said Stator core, interlining with 
a field flux produced by said rotors; 

a Sensor measuring a relative angle between Said rotors, 
and 

a rotor-to-rotor relative angle controller working to estab 
lish a relative rotation between Said rotors to change the 
relative angle measured by Said Sensor to a target angle. 

8. A multi-rotor Synchronous machine as Set forth in claim 
7, wherein Said Stator core is made of a hollow cylindrical 
member, wherein Said rotors are an outer rotor disposed 
around an outer periphery of Said Stator core and an inner 
rotor disposed around an inner periphery of Said Stator core, 
and wherein Said rotor-to-rotor relative angle controller 
includes a relative rotation controlling mechanism disposed 
inside Said inner rotor for controlling a relative rotation 
between said rotors. 

9. A multi-rotor Synchronous machine as Set forth in claim 
8, wherein Said relative rotation controlling mechanism 
includes an elastic member laid between Said rotors in a 
circumferential direction thereof to keep Said rotors in a 
neutral position, and wherein Said rotor-to-rotor relative 
angle controller changes magnetic torques acting on Said 
rotors to adjust a relative angle between Said rotors to a 
target angle. 

10. A multi-rotor synchronous machine as set forth in 
claim 9, wherein Said rotor-to-rotor relative angle controller 
is designed to change the magnetic torque acting on Said 
rotors to rotate one of Said rotors relative to the other from 
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the neutral position while compressing or expanding Said 
elastic member, thereby adjusting the relative angle between 
Said rotors to the target angle. 

11. A multi-rotor Synchronous machine as Set forth in 
claim 9, wherein Said relative rotation controlling mecha 
nism includes a pair of elastic members Secured on one of 
Said rotors to establish the neutral position in which said 
rotorS have a preselected angular relation therebetween 
when the armature coils is deemergized, and wherein Said 
rotor-to-rotor relative angle controller changes the magnetic 
torques acting on Said rotor to cause one of the elastic 
members to be compressed while expanding the other elastic 
member, thereby adjusting the relative angle between said 
rotors to the target angle. 

12. A multi-rotor Synchronous machine as Set forth in 
claim 10, wherein Said relative rotation controlling mecha 
nism includes a pair of Stoppers working to define a relative 
rotation allowable range of Said rotors. 

13. A multi-rotor Synchronous machine as Set forth in 
claim 12, wherein when Said rotors are in a first relative 
angular position lying one of limits of the relative rotation 
allowable range defined by one of the Stopper, a maximum 
torque is produced on Said rotors in a direction of rotation of 
the multi-rotor Synchronous machine, when Said rotors are 
in a Second relative angular position lying the other limit of 
the relative rotation allowable range defined by the other 
Stopper, a maximum torque being produced on Said rotors in 
a direction reverse to the direction of rotation of the multi 
rotor Synchronous machine. 

14. A multi-rotor Synchronous machine as Set forth in 
claim 7, wherein one of Said rotors has an inertial mass two 
times greater than that of the other rotor or more. 

15. A multi-rotor synchronous machine as set forth in 
claim 14, wherein one of Said rotors having the greater 
inertial mass is coupled to a crankshaft of an automotive 
engine, and the other rotor is coupled to the one of Said 
rotors through Said rotor-to-rotor relative angle controller to 
be rotatable relative to the one of said rotors. 

16. A multi-rotor Synchronous machine as Set forth in 
claim 9, wherein the relative rotation controlling mechanism 
establish an engagement between Said rotorS So as to allow 
Said rotors to rotate relative to each other continuously in a 
given angular range. 

17. A drive apparatus for an automotive vehicle compris 
Ing: 

a flywheel connected to a rear end of a crankshaft of an 
engine; 

a generator/motor includes a Stator which is located in 
front of Said flywheel and Secured to a housing and a 
rotor which is Secured on Said flywheel and faces a 
peripheral Surface of the Stator; and 

a mechanical clutch establishing an engagement between 
Said flywheel and an input shaft of a gear reduction unit 
disposed behind said flywheel, the input shaft extend 
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ing through Said flywheel coaxially with the crankshaft, 
Said mechanical clutch including, 

(a) a pressure plate Supported by Said flywheel nonrotat 
ably and slidably in an axial direction of the input shaft 
of the gear reduction unit, Said preSSure plate facing a 
rear Surface of Said flywheel through a given gap, 

(b) a clutch plate Supported by said input shaft nonrotat 
ably and Slidably in the axial direction, Said clutch plate 
being disposed between the rear Surface of Said fly 
wheel and a front Surface of Said pressure plate, 

(c) an annular clutch Spring located behind said pressure 
plate, Supported by Said flywheel So as to urge at an 
Outer periphery thereof a rear end Surface of Said 
preSSure plate frontward, 

(d) a sleeve fitted on the input shaft through a given gap 
between itself and an outer peripheral Surface of the 
input shaft, Said sleeve being located behind Said clutch 
plate and Secured at a rear end thereof to Said housing, 

(e) a release piston fitted on the outer peripheral Surface 
of Said sleeve Slidably in an axial direction of Said 
sleeve, and 

(f) a release bearing fitted on said release piston or said 
sleeve to be movable in the axial direction to urge an 
inner peripheral portion of Said clutch Spring, 

wherein Said flywheel includes a Small-diameter cylinder 
coupled at a front end thereof to the rear end of Said 
crank shaft and a disc extending from a rear end of the 
Small-diameter cylinder in a centrifugal direction to be 
engageble with Said clutch plate, 

wherein Said clutch plate includes a cylinder which has a 
chamber opened rearward into which Said release bear 
ing is allowed to be inserted at least partially and which 
is fitted on said input shaft nonrotatably and slidably in 
the axial direction and a disc extending from a rear end 
of the cylinder between the rear end surface of said 
flywheel and the front end Surface of Said pressure 
plate, and 

wherein at least a portion of Said release piston and Said 
release bearing are located frontward of Said clutch 
Spring. 

18. Adrive apparatus as set forth in claim 17, wherein said 
release bearing is fitted on Said release piston. 

19. Adrive apparatus as set forth in claim 18, wherein said 
clutch plate includes a clutch damper located between the 
cylinder and the disc thereof for absorbing a variation in 
torque, a front portion of Said clutch damper being disposed 
within a chamber formed in a rear end portion of the cylinder 
of said flywheel. 


