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ABSTRACT OF THE DISCLOSURE

A combined driving structure is made up of an engine and an electrical
machine. The engine is connected to the electrical machine through a clutch
which allows the electrical machine to be used as a starting metor for the
battery, and when the engine is started, allows the engine to drive a locad and
also drive the electrical machine to operate as a generator. In addition, the
electrical machine can be operated as a motor at low speeds to drive the load
by electrical power when the engine is stopped, and as a generator to provide

regenerative braking for charging the battery, either with or without friction
damping of the engine by the clutch.
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5 THE DRIVING ELECTRICAL MACHINE SPEED CONTROLLED POWER
COMBINED SYSTEM AND DEVICE

BACKGROUND OF THE INVENTION

1. Fi { vV

The present invention relates to a engine and electrical machine coupled

10 through a clutch and control component.

2. Description of Related Art
In recent years, energy and noise pollution have become more and more
serious problems, with electrical power driven carriers being considered as s
potential solution. However, research and development of electrical power driven
18 carriers has up to now been limited by the problem that increasing the capacity of
the batteries to achieve a larger moving range increases the battery volume or
number of batteries and consequently the weight of the carrier, resulting in greater
electrical energy consumption and a failure to meet economic requirements. As
a resuit, in the absence of a big brea kthrough in solving battery technical problems,

20 the more practical driving method is to use a combined driving structure.
SUMMARY OF THE INVENTION

The present invention is accordingly a unigue combined driving structure made
up of an electrical machine and an engine {or other rotational power devices)
coupled through an eccentric clutch and an electrical machine control component

25 to achieve the following working conditions in response to operation of a manuai

operating interface, a central controller and a drive control device:
A, The electrical machine is used as a starting motor, by operating the
electrical machine at high speed to pull the drive side of the eccentric cluteh

to close and drive the engine, and when the engine is started, the engine
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not only drives the load, but also drives the electrical machine to operate

as a generator.

B. The electrical machine is operated at low speed to drive the load by
electrical power while the engine is stopped, the drive mode setections
being determined by the electrical machine operating speed: if the elactrical
power drive is operated at low speed, the electrical machine is used to
provide a generator brake: and if the electrical power drive is operated too

fast, then the eccentric clutch is closed to drag the engine and function as
a friction damping brake.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic drawing of a first preferred embodiment.
Figure 2 is a schematic drawing of a second preferred embodiment.
Figure 3 is a schematic drawing of a third preferred embodiment.
Figure 4 is a schematic drawing of a fourth preferred embodiment.

Figure 5 is a schematic drawing of a fifth preferred embodiment,

DETAILED DESCRIPTION OF THE INVENTION

The key components of the combined driving structure of the invention are
as follows:

* An eccentric ciutch set FC101, FC102: in the form of a double acting
eccentric clutch constituted by two clutches embodied either in g multiple sieeve
structure or in a common structure and iIncorporated into a three layers structure:
including an inner layer, a middle layer and an external layer, wherein the inner
layer is provided with a drive friction disk to act outwardly when the eccentric
force reaches a preset value so as to couple with an output shaft for mutual
driving, the middie layer is combined with the engine and is provided with an inner
ring friction coupling surface while its outside is provided with a drive friction disk
to act outwardly when the eccentric force reaches a preset value so as to be
friction coupled with the inner ring of the external layer to constitute an output

clutch function, and the external layer structure is further combined with the
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engine for temporally releasing the linkage between the engine and the load when
the engine Is operated at a low speed.

¢ An electrical machine E101: which is & series or auxiliary compound
excited electrical machine having the electrical characteristics which cause the
rotational speed fo increase with a corrgsponding decreasing load, or an AC or DC
brush or brushless machine able to perform current control (including constant
current control}, to provide added torque functions following the load controi.

* A drive controller D101 controlled by a manual operating interface M101
and a central controller CCU101 to operate the electrical machine as a motor to
provide operations such as start, stop, speed change, or positive/reverse rotation:
or to operate the electrical machine as a generator with controiled generation

capacity.

These key components are combined in various preferred embodiments of
the invention as follows:

Figure 1 illustrates the first preferred embodiment of a speed controlied
combined system and device in which the eccentric clutch FC101 and a second
gear G102 are installed on a rotating shaft S102 between the drive shaft S103 of
an engine 1C101 and a load driving output shaft S104, wherein the output shaft
S104 can be provided either to drive the load directly or to drive the load through
an output clutch CL101 or a speed change mechanism GB101. in the illustrated
example, the second gear G102 is engaged with a first gear G101, although the

illustrated gear train can be placed by & multiple staged speed reducer or other

transmission components such as chain wheels.

An electrical machine E101 is combined with the first gear G101 and is
controlled by a manual operating interface M101, central controller CCU101, and
drive control device D101 to cause the electrical machine E101 to be powered by
a battery BAT101 in order to provide a motor output for driving the gear G101 as
follows: The gear G101 is rotated at high speed to drive the eccentric clutch
FC101 to close and start the engine 1C101, whereupon the engine IC101 either
drives the load directly or through the speed reducing device GB101, while
electrical machine E101 is either powered to drive the load with the engine IC101

together or the power to the electrical machine can be cut off to cause the
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electrical machine to be in a waiting state, or the electrical machine can be driven
by the engine IC101 to be operated as a generator to charge the battery BAT101

or supply power to other loads.

For the purpose of AC power generation, the electrical machine E101 may
be either a permanent magnet or a winding excited, variable frequency driven field
type electrical device, or a brushed alternator type electrical device, with its
armature winding being commonty connected via conducting rings for AC output
and commutators for DC input/output, and whereby the AC output can be a
variable frequency output or a constant frequency output through the engine
constant speed control. In the case of high sliding speed, the load feedback may
be used to drive the engine 1C101 to provide a friction damping brake and the
electrical machine E101 used for regeneration feedback braking functions, while
in the case of low speed drive, below the rotation speed of eccentric clutch
coupled with engine, the electrical machine may be operated as a motor to drive
the load, and in the case of a low sliding speed, the electrical machine may be
operated as a generator to a provide braking function by recovering the kinstic
energy to the battery, or to supply power to the other loads to provide the braking
function. A summary of the operating states of the various components for each
of the above-described function are shown in Table 1. Specifically, table 1 shows
the operating states of engine IC101 and gear direction (clockwise (CW) or
counterclockwise (CCW)), engine speed (Stop, 0~Max (running speed), and
Max—0 (deceleration)), battery status (charge/discharge), electric machine

operation {motor/generator}, and clutch status (open/close) during the wvarious

functions selectable by manual control M101 and controller CCU101 as described

above.

Figure 2 illustrates the second preferred embodiment of the invention in
which the eccentric clutch set FC101, FC102 and the second gear G102 are
installed between the drive shaft S103 of the engine IC101 and the load driving
output shaft S104, wherein the output shaft S104 can be provided either to drive
the load directly or to drive the load through the reducing gear train GB201. The
second gear G102 is engaged with the first gear G101, or the illustrated gear train

can be replaced by a multiple staged speed reducer or other transmission
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components such as chain wheels, and the electrical machine E101 is combined
with the first gear G101 and is controlled by the manual operating interface M101,
central controller CCU101 and the drive control device D101 to be powered by the
battery BAT101 to drive the gear G101. Electric machine E101 is again equipped
with AC power generating functions and includes z permanent magnet, winding
excited, variable frequency driven field type electrical device, or a brushed
alternator type electrical device, with its armature winding commoniy connected
to conducting rings for AC output and to commutators for DC input/output, so that
the AC output can be a variable frequency output or a constant frequency output

through the engine constant speed control.

The double acting eccentric clutch set of this embodiment is constituted by the
two eccentric clutches FC101 and FC102 embodied either in a sleeve joint
structure or in & common structure, and is incorporated in a three layer structure
including an inner layer, a middie layer and an external layer. The inner laver is
provided with a drive friction disk to act outwardly when the eccentric force
reaches a preset value and is combined with the output shaft for mutual driving.
The middle layer is combined with the engine and is provided with an inner ring
friction coupling surface while its outside is provided with a drive friction disk to
act outwardly when the eccentric force reaches a preset value thereby to be
friction coupled with the inner ring of the external layer to constitute an output
ciutch function, and the external layer structure is further combined with the
engine for temporally releasing the linkage between the engine and the load when

the engine is operated at a low speed.

This embodiment is controlied by the central controlier CCU101 , manual
operating interface M101, electrical machine drive device D101 , and the battery
BAT101 to provide the following functions:

* start engine: The electrical machine E101 is rotated at high speed to
drive the double acting ciutch FC101, FC102, so that the inner laver
drive friction disk is coupled with middie layer inner ring to start the
engine:

* Operation by engine: After the engine 1IC101 is started to drive the
double acting clutch FC101, FC102, and when the speed of the middle

-5 -
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ring structure is increased to a preset rotation speed, the outside drive

- friction disk of the middle layer is coupled with the external layer by the

eccentric force to further drive the output shaft S104, thereby to drive
the load directly or through the speed change mechanism and to drive
the electrical machine E101 to be operated as a generator to charge the
battery or to be waiting in a no-load operation at the OFF state, and
when the engine speed is slowed down, the drive friction disk of the
middie layer structure of the double acting eccentric clutch is withdrawn
to cut off the connection with the output shaft and the engine is no-load
operated.

Combined power drive: While the engine IC101 is operated to drive the
load, the electrical machine E101 supplies power to also help drive the
load to constitute a combined power drive.

Eiectric power drive: The electrical machine is powered by the battery
BAT101 to operate at a low speed which is below the rotation speed of
the inner layer drive friction disk of the double acting clutch FC101 and
FC102 and the electrical machine E101 drives the iocad directly by
electric power.

Kinetic energy recovery at low sliding speed: When the load is sliding
and the rotation speed of the driven output shaft S104 is below the
rotation speed of the inner layer drive friction disk of the double acting
eccentric clutch FC101 and FC102, then the electrical machine E101 is
operated as a generator 1o provide regenerative braking for charging the
battery.

The kinetic energy recovery at high sliding speed: When the foad is
sliding at high speed and the rotation speed of the driven output shaft
S104 is higher than the rotation speed of the inner layer drive friction
disk of the double acting eccentric clutch FC101 and FC102, the inner
layer and the middle layer are thereby coupled, and the engine IC101 is
dragged to provide friction damping. The electrical machine E101 is also
driven to operate as a generator to provide regenerative braking for
charging the battery BAT101.

-6 -
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These functions are summarized in Table 2, which gives the specific
operating states for the functions described above. Table 2 is identical to Figure
1, except that the status of both clutches FC101 and FC102is given in this table.

Figure 3 shows the third preferred embodiment of the invention, in which
an output clutch CL301 is further installed between the second gear G102 and the
output shaft S102 driven by the inner and external rings of the double acting
eccentric clutch FC101, FC102, identical to that of the embodiment iliustrated in
Figure 2, and the output shaft S105 for driving the load or the speed reducing
mechanism, to thereby link or separate the two output shafts. The clutch CL301
1s driven manually or by electromagnetic or fluid power, and when it is closed, this
embodiment has the same functions as are described above in connectien with the
second preferred embodiment. When the clutch CL301 is released, however, this
embodiment has the following additional function of generation at stand-stiil, in
which the engine IC101 drives the middie layer and the external layer of the double
acting ciutch FC101, FC102 to be coupled, thereby to driving the electricat
machine E101 to be operated as a generator to charge the battery or supply power
to other loads, in which case the power generation can be further controlled by

timing or capacity.

Electric machine E101 is again comprised of a permanent magnet or a
winding excited, variable frequency driven field type electrical device, or a brushed
alternator type electrical device, in which its armature winding i1s commoniy
connected to conducting rings for AC output and to commutators for DC

input/output, and whereby the AC output can be a variable frequency output or a

constant frequency output through the engine constant speed control.

These functions are summarized in Table 3, which gives the specific
operating states of the various systém components for each of the functions
described above in connection with the third preferred embodiment of the
invention. This table differs from Table 2 in its inclusion of operating states for
clutch CL301.
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Figure 4 illustrates the fourth preferred embodiment of the invention, in
which the output shafts of the electrical machine E101 and the engine IC101 are
embodied in a common shaft structure, while the double acting clutch FC101,
FC102is installed between the electrical machine E101 and the engine IC101 and

9  has its inner layer and external layer coupled with the common shaft S101 of the
slectrical machine E101 and the output shaft S104, while its middle layer is
coupled with the engine rotating shaft S103, and the operation types include the
foliowing:

* The electrical machine E101 is operated at high speed to start the engine

10 through the control of the manual operating interface M101, central
controller CCU101, drive control device D101; and after the engine is
started, driving of the electrical machine E101 i’s continued to help drive
the ioad with the engine together, or the electrical machine is operated
as a generator to charge the battery or supply power to the other loads.

15 As in the previous embodiment, the electrical machine E101 is selected
to be comprised of a permanent magnet or winding excited, variable
frequency driven field type electrical device, or a brushed alternator type
electrical device, having an armature winding commonly connected to
the conducting rings for AC output and to commutators for DC

20 input/output, whereby the AC output can be a variable frequency output
or a constant frequency output through the engine constant speed
control; or can be operated as a motor and controlied as to rotation
directions and rotational speeds, or can be cut off by a transmission to
remain in 8 waiting state;

25 * The electrical machine E101 is controlled to be operated a low speed,
below the required rotation speed for the inner layer drive friction disk to
couple with the middle layer inner ring of the double acting clutch, and
the electrical machine drives the load by the electric power.

* The kinetic energy recovery at low sliding speed: When the load is

30 sliding and the rotation speed of the driven output shaft S104 is below
the rotation speed of the inner layer drive friction disk of the double
acting eccentric clutch FC101 and FC102, then the electrical machine
ET101 is operated as a generator to provide regenerative braking by

charging the battery.
| _ 8 -
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¢ Engine friction damping and kinetic energy recovery at high siiding speed:
When the load is sliding at high speed and the rotation speed of the
driven output shaft S104 is higher than the rotation speed.of the inner
layer drive friction disk of the double acting eccentric clutch FC101 and
FC102, the inner layer and the middle layer are thereby coupied, and the
engine IC101 is dragged to provide friction damping. The electrical
machine E101 is also driven to operated as & generator to provide

regenerative braking by charging the battery BAT101.

The above said functions are summarized in Table 4, which gives the
specific operating status of the various system components for each of the
functions described above in connection with the fourth preferred embodiment of
the invention. Figure b shows the fifth preferred embodiment of the invention, in
which a clutch CL101 is further installed between the output shaft 8104 and the

loading shaft S105 described in connection with the embodiment of Figure 4, and

the clutch is driven manually or by electromagnetic or fluid power, such that when
it is closed, the combined system has the same functions as the fourth
embodiments, and when the clutch CL101 is released, the combined system has
the additional function of generation at stand-still, in which the engine 1C101
drives the middie layer and the external layer of the double acting clutch FC101,
FC102 to be coupled, to thereby further drive the electrical machine E101 to be
operated as a generator tc charge the battery BAT101 or supply power to other
loads, with the electrical machine E101 being selected to be comprised of a
permanent magnet or a winding excited, variable frequency driven field type
electrical device, or a brushed alternator type electrical device, with its armature
winding commoniy connected to a conducting rings for AC output and to
commutators for DC input/output, whereby the AC output can be a varied
frequency output or a constant frequency output through the engine constant

speed control and its generation function can be further controlled by timing or

capacity.

These functions are summarized in Table 5 which gives the specific
generating states of the various system components for each of the functions

described above in connection with the fifth preferred embodiments of the

- O -
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invention. The above embodiments have in common that the electrical machine

and the engine constitute a combined power, multiple functioned driving system

through a particular transmission structure which employs the relationship between
the electrical machine rotation speed and the eccentric clutch changeover point
to cause the slectric motor and/or the engine to drive the load. For city driving
conditions of frequent waiting in crowded traffic, this design provides a high

efficiency, low poliution eglectric vehicle.

- 10 -
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CLAIMS
1. A combined engine and electrical device, comprising:
an engine;
an electrical machine;

means including a clutch for connecting the engine and electrical
machine:;

means including an output shaft for connecting the engine and
electrical machine to a load;

a battery connected to the electrical machine; and

the following means for controlling said electrical machine and
engine:

a) means for operating the electrical machine as a motor powered by

electricity from said battery, at a speed sufficient to cause said

clutch to close, thereby connecting the electrical machine to the

engine and causing said electrical machine to function as a starter
for said engine;

b} means for, when the engine is running, operating the electrical
machine Lo drive the load together with the engine; and
¢) means for operating the electrical machine as a motor powered Dy

electricity from said battery, at a speed insufficient to cause siad

clutch to clogse in order to drive said load while the engine is
stopped.

2. A device as claimed in claim 1 , wherein said clutch is a two-way clutceh
arranged to close and connect said electrical machine to said engine upon
rotation at a sufficient speed of either said electrical machine or said
engine, and wherein said means for controlling said electrical machine and
engine further carries out the function of causing said engine to drive said

electrical machine to operate as a generator to charge said battery.

3. A device ag claimed in claim 1 , wherein said clutch ig a two—-way clutch
arranged to close and connect said electrical machine to said engine upon
rotation at a sufficient speed of either said electrical machine or said
engine, and wherein said means for controlling said electrical machine and
engine further carries out the function of operating said electrical machine
ag a motor while the engine is running, at a speed sufficient to cause said
clutch to close and function as a friction brake for sald motor.

4, A device as claimed in claim 1 , wherein said clutch is a two~-way clutch
arranged to close and connect said electrical machine to said engine upon
rotation at a sufficient speed of either saiad electrical machine or said

engine, and wherein said means for controlling said electrical machine and
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engine further carries out the function of operating said electrical machine
as a regenerative brake for charging said battery.

5. A device as claimed in claim 1 , wherein said electrical machine is
connected to said clutch by means of a gear train, and further comprising a
second clutch positioned between said gear train and said output shaft.

6. A device as claimed in claim 1 , further comprising a speed change
mechanism connected between said clutch and said output shaft.

7. A combined engine and electrical device, comprising:
an engine;
an electrical machine;
means incliuding a clutch for connecting the engine and electrical
machine;
means including an output shaft for connecting the engine and
electrical machine to a load;
a battery connected to the electrical machine; and
the following means for controlling said electrical machine and
engine:
a) means for operating the electrical machine as a motor powered by
electricity from said battery, at a speed sufficient to cause said
clutch to close, thereby connecting the electrical machine to the
engine and causing said electrical machine to functicon as a starter
for said engine;
b} means for, when the engine is running, operating the electrical
machine to drive the load together with the engine:
¢} means for operating the electrical machine as a motor powered by
electricity from said battery, at a speed insufficient to cause siad
clutch to close in order to drive said load while the engine is
stopped;
d4) means for, when the lcad is slipping at a low rate, causing the
engine to drive the locad and recover excess kinetic energy by
driving said electrical machine as a generator to charge said
battery and provide regenerative braking without any friction
braking by the c¢lutch; and
e) means for, when the load is slipping at a high rate, causing the
enigine to drive the load and recover excess Kinetic energy Ly
driving said electrical machine as a generator to charge said

battery and provide regenerative braking as said clutch closes to
provide frictional damping.
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