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(57) Abstract: A drivetrain for a hybrid-electric vehicle (200), including an engine (210), a first electrical machine (220), a second
electrical machine (230), and at least one driveshaft (260). The first (220) and second (230) electrical machines are axial-flux elec-
trical machines. The first electrical machine (220) is arranged to be driven by the engine (210) so as to operate as a generator and to
supply electrical power for the second electrical machine (230). The second electrical machine (230) is arranged to receive electrical

d to drive the at least one driveshaft (260). The drivetrain includes a clutch (225) selectively

€\ operable to provide inter- engagement between the rotor of the first electrical machine (220) and the rotor of the second electrical
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machine (230) to transmit rotary power therebetween.
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A DRIVETRAIN FOR A HYBRID ELECTRIC VEHICLE
TECHNICAL FIELD
This invention relates to a drivetrain for a hybrid electric vehicle.
EACKGROUND

Hybrid electric vehicles that include both an internal combustion engine and an
electrical machine operable as a motor to at least assist in driving the wheels of the
vehicle are becoming more popular. This is at least in part due to their perceived greater
fuel efficiency. The drivetrains in such vehicles, that is the collection of components
through which power is conveyed to drive the vehicle, can be arranged in several
Jayouts. Examples of two existing types of drivetrain layout used in hybrid electric

vehicles are series drivetrain layouts and parallel drivetrain layouts.

Figure 1 shows a series drivetrain layout 10 in simplified diagrammatic form. With
reference to Figure 1, an engine 20 is mechanically coupled to a first electrical machine
30 to rotate the rotor of that machine so as to allow that machine 30 to be operated as a
generator. The first electrical machine 30 is electrically coupled to a second electrical
machine 40 so as to allow that second electrical machine 40 to be operated as a motor.
The second electrical machine is mechanically coupled to a transmission 50 such that
the rotor of that machine drives the transmission 50. The transmission 50 is
mechanically coupled to wheels 60 so as to drive those wheels 60. The series layout 10
further includes a battery 70 that is arranged to store excess electrical energy when the
power output of the first electrical machine 30 exceeds the power consumption of the
second electrical machine 40, and to supply stored electrical energy when the power
output of the first electrical machine 30 is lower than the desired power consumption of
the second electrical machine 40. The battery 70 may also store electrical energy
generated by the second electrical machine 40 when that machine is operated as a motor

in regenerative braking.

Figure 2 shows a parallel drivetrain layout 100 in simplified diagrammatic form. With

reference to Figure 2, an engine 120 is mechanically coupled through a first clutch 130
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and then a driveshaft 135 to transmission 140. The transmission 140 is mechanically
coupled to wheels 150. The drive shaft 135 is also mechanically coupled to a second
clutch 160, which is in turn mechanically coupled to an electrical machine 170 operable
as a motor/generator. The motor/generator 170 is connected to a battery 180 so as to
charge the battery 180 when operating as a generator and discharge the battery 180
when operating as a motor. The two clutches 130, 160 can be selectively engaged and

disengaged such that:

(a) the engine 120 drives the wheels 150 and drives the motor/generator 170 as a

generator to charge the battery 180;

(b) both the engine 120 and the motor/generator 170 drive the wheels 150, with the

motor/generator 170 operating as a motor and discharging the battery 180

(c) the motor/generator 170 only is coupled to the wheels 150 and drives the wheels

150, again operating as a motor; and

(d) the motor/generator 170 only is coupled to the wheels 150 and is driven by the

wheels to operate as a generator in regenerative braking.

Whilst a hybrid electric vehicle incorporating a series drivetrain layout may give
improved efficiency in some operating conditions, it is also likely to be under-powered.
This is because power to the wheels is provided by the motor and so vehicle

performance is limited by the power output of that motor.

By contrast, in a hybrid electric vehicle with a parallel drivetrain layout, the
motor/generator can be operated as a motor to assist the engine in driving the wheels,
thereby increasing power to the wheels and the vehicle’s performance. This

arrangement, however, tends to be less efficient in some operating conditions.

It is therefore an object of this invention to provide a new driveline layout which seeks

to maintain some of these advantages whilst addressing some of these drawbacks.
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SUMMARY

According to one aspect of this invention there is provided a drivetrain for a hybrid-
electric vehicle, the drivetrain including an engine, a first electrical machine, a second
electrical machine, and at least one driveshaft; wherein the first and second electrical
machines are axial-flux electrical machines, the first electrical machine is arranged to
be driven by the engine so as to operate as a generator and to supply electrical power
for the second electrical machine, the second electrical machine is arranged to receive
electrical power so as to operate as a motor and to drive the at least one driveshaft; and
wherein the drivetrain includes inter-engaging means selectively operable to provide
inter-engagement between the rotor of the first electrical machine and the rotor of the

second electrical machine to transmit rotary power therebetween.

By operating the inter-engaging means to provide substantially no inter-engagement
between the rotors of the first and second electrical machines, the drivetrain can be
operated as a series hybrid drivetrain. By operating the inter-engaging means to provide
inter-engagement between the rotors of the first and second electrical machines, direct,
substantially mechanical, drive from the engine to the wheels can be achieved. Thus,
the drivetrain can be operated as a parallel hybrid drivetrain. Accordingly, it is possible
to operate the drivetrain as a series hybrid drivetrain in conditions to which a series
hybrid drivetrain is well suited, and to operate the drivetrain as a parallel hybrid

drivetrain in conditions to which a parallel hybrid drivetrain is well suited.

For example, in urban driving, where it is desirable for a vehicle in which the drivetrain
is incorporated to operate over a range of speeds, with frequent stopping and starting,
operating the drivetrain as a series hybrid drivetrain is advantageous in allowing the
engine to be operated at, or close to, its most efficient speed and power, regardless of
the speed of the vehicle. This is possible because the electrical link between the first
and second electrical machines, and the lack of any inter-engagement between the

rotors thereof allows, effectively decouples the wheels from the engine.

However, in motorway (or “highway” in US English) driving for example where high,
constant, speeds are common, operating the drivetrain like a parallel hybrid drivetrain

can be advantageous: operating the inter-engaging means to provide inter-engagement

3
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between the rotors of the electrical machines provides a direct, substantially
mechanical, link between the engine and the wheels such that conversion from
mechanical energy to electrical energy and then back to mechanical energy can be
avoided and the associated losses in efficiency also avoided. Furthermore, since the
engine generally operates with a more constant speed and power in motorway driving,
coupling of the engine to the wheels does not tend to result in great inefficiencies. In
addition, one or both of the electrical machines can be operated as motors to assist the

engine in driving the wheels.

It has been found that axial-flux electrical machines are particularly advantageous as
they can be operated efficiently at speeds similar to the efficient operating speed of an
internal combustion engine. Thus, they can be used efficiently without the need for a
gearbox to connect them to the engine. In at least certain embodiments therefore the
first electrical machine may be coupled to the engine without a gearbox therebetween.
The second electrical machine may also be coupled to the engine without a gearbox
therebetween. By omitting a gearbox between the engine and the first and/or second
electrical machines frictional losses in the drivetrain are lower than they otherwise
would be, it being understood that the friction between components of a gearbox leads
to losses. Thus, efficiency of the drivetrain, and hence the fuel efficiency of the hybrid-

electric vehicle, is improved.

The second electrical machine may be coupled to the at least one driveshaft without a
gearbox therebetween. Thus, efficiency of the drivetrain, and hence of the hybrid-

electric vehicle is further improved.

Furthermore, it has been found that the axial-flux machines, because of their short
axial-length can occupy space in a vehicle that otherwise would have been occupied by
a gearbox. Thus, axial-flux machines result in convenient packaging of the driveline

components.

The inter-engaging means may be a mechanical linkage that is selectively operable to
provide a mechanical link between the two rotors. The inter-engaging means may be
selectively operable to provide an electromagnetic link between the two rotors. The

inter-engaging means may be such that it couples one rotor to the other. The inter-
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engaging means may be a clutch. The clutch may be of the type that relies on friction to
transmit rotary power. The clutch may be of the type that relies on electromagnetism to
transmit rotary power. The clutch may be a conventional friction clutch. The clutch may
be an electromagnetic clutch. The inter-engaging means may be a decoupleable

mechanical link such as that used in gearboxes.

The drivetrain may include electrical energy storage means arranged to store electrical
energy generated by the first electrical machine and to supply stored electrical energy to
the second electrical machine for operation as a motor. The electrical energy storage
means may include one or more storage means that is arranged to convert electrical
energy to chemical energy for storage. The storage means may include one or more
batteries. The electrical energy storage means may include one or more capacitative

storage devices, such as capacitors. The capacitors may include ultra-capacitors.

The rotor of the first electrical machine may be coupled to a crankshaft of the engine.
The rotor of the second electrical machine may be coupled to the input shaft of a
gearbox, the output shaft of the gearbox being coupled to the at least one driveshaft. A
clutch may be provided between the rotor of the second electrical machine and the input

shaft of the gear box. The drivetrain may also include a flywheel.

The engine may be an internal combustion engine. The engine may be a petrol engine.

The engine may be a diesel engine.

According to second aspect of this invention, there is provided a motor-generator
arrangement for the drivetrain of a hybrid electric vehicle, the arrangement including
the first and second electrical machines and the inter-engaging means of the first aspect

of the invention.

According to a third aspect of this invention, there is provided a vehicle including a

drivetrain according to the first aspect of the invention.

According to a fourth aspect of this invention, there is provided a method of operating

the drivetrain of the first aspect of this invention.
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In one mode of operation, the method may include operating the first electrical machine
as a generator and the second electrical machine as a motor to drive the at least one
driveshaft, with the inter-engaging means providing substantially no inter-engagement
between the two rotors. This mode may correspond to period of urban operation of a
vehicle in which the drivetrain is incorporated, that would typically include frequent

stopping and starting and driving at varying speed.

In another mode of operation, the method may include operating the inter-engaging
means to provide inter-engagement between the two rotors to transmit rotary power
therebetween. This mode may correspond to a period of constant speed of the vehicle,

such as motorway cruising.

In a further mode of operation, the method may be as in the other mode with the
exception that the second electrical machine is operated as a motor to drive the at least
one driveshaft. Additionally, the first electrical machine may be operated as a motor.
The or each electrical machine may be operated in this mode as motors by drawing
stored electrical energy from the electrical energy storage means. The or each electrical
machine may be operated in this mode as generators to generate electrical energy for
storage in the electrical energy storage means. This mode may correspond to a period of

very high load, such as during maximum acceleration.

The method may include operating the inter-engaging means to provide inter-
engagement between the two rotors only when the two rotors are rotating with
substantially constant speed, or are both at rest. The inter-engagement means may
therefore be such that it does not need to provide for slipping between its input and

output.

According to a fifth aspect of this invention, there is provided electronic processing

apparatus programmed and operable to carry out a method as defined hereinabove.

According to a sixth aspect of this invention, there is provided a computer program
having code portions executable by electronic processing apparatus to cause that

apparatus to carry out a method as defined hereinabove.
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According to a seventh aspect, there is provided a record carrier carrying therein or

thereon a record of a program according to the sixth aspect.

The record carrier may be a physical storage medium, such as, for example solid state
storage means or magnetic or optical storage means; and may be, for example, flash

memory, an EPROM, an EEPROM, a magnetic storage disk or an optical storage disk.

BRIEF DESCRIPTION OF THE DRAWINGS

Specific embodiments of the present invention will now be described by way of

example only and with reference to the accompanying drawings, in which:

Figure 1 is a diagrammatic representation of an existing series drivetrain for a hybrid

electric vehicle;

Figure 2 is a diagrammatic representation of an existing parallel drivetrain for a hybrid

electric vehicle; and

Figure 3 is a diagrammatic representation of a drivetrain that embodies the present

invention.

SPECIFIC DESCRIPTION OF CERTAIN EMBODIMENTS

Figure 3 shows in schematic form the layout of a drivetrain 200 that embodies this
invention. The drivetrain 200 is for a hybrid electric vehicle (not shown). Whilst it is
envisaged that the drivetrain may be used in, or adapted for use in, hybrid vehicles of
many different sizes and applications, it is envisaged that the vehicle in this
embodiment is a van or truck of about 7.5 tonnes. It will be appreciated that such a

vehicle is a commercial vehicle of the type often used to perform deliveries of goods.

With continued reference to Figure 3, the drivetrain 200 includes a diesel engine 210, a
first axial-flux electrical machine 220, an inter-engaging means 225, a second axial-flux
electrical machine 230, a conventional clutch 240, a conventional gearbox 250,

driveshafts 260 and wheels 270.
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The first axial-flux electrical machine 220 is mounted to the engine 210, with the rotor
of that machine 220 coupled to the crankshaft of the engine 210 for rotation relative to
the stator of the machine 220, which is fixed relative to the engine block and the vehicle
chassis. The second electrical machine 230 is mounted axially adjacent the first
electrical machine 230. The second electrical machine is also mounted with its stator

fixed relative to the engine block and the vehicle chassis.

An electrical connection (not shown) is provided between the first electrical machine
220 and the second electrical machine 230 such that the former can be used as a
generator to power the latter. It will therefore be understood by the skilled addressee
that appropriate power electronics (not shown) will be provided to manage this
electrical connection and control operation of the first 220 and second 230 electrical
machines. It is envisaged that an electronic control unit (ECU) (not shown) will be
provided to control operation of the power electronics in accordance with a method that
also embodies this invention. The skilled person is familiar with such power electronics
and ECUs. These will therefore not be described. Although not shown in Figure 3, the
drivetrain 200 also includes energy storage means in the form of ultra-capacitors, which
are electrically connected to both the first 220 and second 230 electrical machines and
controllable charged or discharged thereby under the control of the power electronics

and the ECU.

The inter-engaging means 230 is in the form of an electromagnetic clutch 225. This
electromagnetic clutch 225 is mounted between the two electrical machines 220, 230. A
first rotating part (not shown) of the electromagnetic clutch 225 is mechanically
coupled to the rotor of the first electrical machine 220. A second rotating part (not
shown) of the electromagnetic clutch 225 is mechanically coupled to the rotor of the
second electrical machine 230. The electromagnetic clutch 225 is arranged such that
engagement thereof tends to couple the first rotating part thereof to the second rotating
part thereof, and hence the rotor of the first electrical machine 220 to the rotor of the
second electrical machine 230; and such that disengagement thereof tends to decouple
these two parts, and hence the two rotors. Operation of the electromagnetic clutch 225

is controlled by the ECU. An electromagnetic clutch 225 with a short axial length is
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preferred in order minimised axial separation of the first 220 and second 230 electrical

machines, thereby saving space.

The conventional clutch 240 is mounted between the second electrical machine 230 and
the conventional gearbox 250, to selectively couple the rotor of the second electrical
machine 230 to the input shaft (not shown) of the gearbox 240. In this embodiment the
casing of the conventional gearbox 250 is mounted to the stator of the second electrical
machine 230 and to the casing of the gearbox 250. In this embodiment the conventional
clutch 240 and the gearbox 250 are operated automatically under control of the ECU. It

is envisaged, however, that a manual clutch and gearbox may instead be used.

The gearbox 250 is coupled to the driveshafts 260 and the wheels 270 in a conventional

manncr.

The ECU is operable to execute a computer program to cause the ECU to perform a
method of operating the drivetrain that embodies the present invention. The method
includes several modes of operation corresponding to different driving conditions of the

vehicle. These will now be described.

A first mode of operation can be considered to correspond to normal operation of the
vehicle, such as operation in an urban setting. In this mode, the vehicle operates at a
range of speeds, with frequent stopping and starting. Very high power output to the
wheels 270 is not usually necessary and so very high power output from the second
electrical machine 230 is not usually required. In this mode, the first electrical machine
230 operated as a generator and the second electrical machine 230 is operated as a
motor, the former providing electrical power to power the latter. The electromagnetic
clutch 225 is not engaged in this mode of operation. Thus, there is no inter-engagement
between the rotors of the two electrical machines 220, 230 and so the engine 210 is

decoupled from the wheels 270.

The first mode of operation is advantageous in that, as the engine is decoupled from the
wheels, the engine can be maintained at a speed and power output that are at, or are at
Jeast close to, those corresponding to maximum efficiency. The decoupling allows this

optimal engine speed and power, and hence the associated efficiency, to be maintained

9
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irrespective of the varying speed of the vehicle. Thus, efficiency can be maximised.
Whilst the power that can be transferred to the wheels 270 is limited by the power
output of the second electrical machine 240, it is anticipated that this should be

adequate for operation of the vehicle in this mode.

In the first mode of operation, if the desired power output of the second electrical
machine 230 is less than that corresponding to the electrical power available from the
first electrical machine 220, excess electrical energy is stored in the ultra-capacitors for
later use. Similarly, if the desired power output of the second electrical machine 230 is
greater than that corresponding to the electrical power available from the first electrical

machine 220, the ultra-capacitors are discharged to make-up the shortfall.

A second mode of operation can be considered as corresponding to periods of medium
power demand from the drivetrain and in which the vehicle travels with approximately
constant speed. An example of this is operation during motorway (“highway" in
American English) cruising. In this mode of operation, the electromagnetic clutch 225
is engaged. As described hereinabove, this results in the rotor of the first electrical
machine 220 being coupled to the rotor of the second electrical machine 230, such that
each tends to rotate together. In this way, rotary power is transmitted directly from the
engine 210 through the rotor of the first electrical machine 210, the electromagnetic
clutch 225 and the rotor of the second electrical machine 230 to the conventional clutch

240 and the gearbox 250 for transmission to the wheels 270.

This second mode of operation is therefore advantageous in that the drivetrain does not
rely on converting mechanical energy into electrical energy and then back into
mechanical energy as is the case in the first mode. Instead, there is a direct,
substantially mechanical, link. As conversion of energy is minimised, efficiency is
maximised. (It should be noted that in this mode, as the vehicle speed is more constant
than in the first mode, there is little loss in efficiency by coupling the engine to the
wheels: when coupled to the wheels, the engine runs with something approaching

constant speed.)

In the second mode of operation, the first electrical machine 220 may be operated as a

generator to chaige the ultra-capacitors.

10
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A third mode of operation can be considered to correspond to periods in which
maximum power output is required from the drivetrain, or to periods during operation
in the second mode when additional power output is required, such as when
accelerating during motorway driving to overtake another vehicle. In this mode of
operation, the electromagnetic clutch 225 is engaged as in the second mode of operation
and the second electrical machine 230 is operated as a motor to assist the engine 210 in
driving the wheels 270. It is envisaged that the first electrical machine 220 would not be
operated as a generator in this mode of operation and the second electrical machine 230
would be powered by discharging the ultra-capacitors. To provide additional rotary
power to the drivetrain the first electrical machine 220 may additionally be operated as

a motor, again by discharging the ultra-capacitors.

As already mentioned above, it has been found that axial-flux electrical machines are
particularly advantageous for use in drivetrains that embody this invention. This is
because they can be operated efficiently at speeds similar to the efficient operating
speed of an internal combustion engine. Thus, they can be used efficiently without the
need for a gearbox to connect them to the engine. This improves the efficiency of the
drivetrain by avoiding losses therefrom that would otherwise result from the use of a

gearbox to connect the axial-flux machines 220, 230 to the engine 210.

In an alternative embodiment that is not illustrated, a drivetrain is provided that is as
that 200 described above with reference to Figure 3, but which differs in lacking the
gearbox 250 between the second electrical machine 230 and the driveshafts 260.

It has also been found that axial-flux machines, because of their short axial-length, can
occupy space in a vehicle that would normally be occupied by the gearbox which they
render unnecessary. Thus, axial-flux machines result in convenient packaging of the

driveline components described hereinabove.

In the embodiments described above, it is envisaged that the axial-flux electrical
machines be of the type that has a single rotor disc rotatably mounted between two
toroidal stators, The rotor disc has a plurality of permanent magnets mounted thereon in

a circumferentially-distributed series. A stator winding is provided on the stators. An

11
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example of such an electrical machine is given in International Application No.
PCT/GB2007/002560, the contents of which are hereby incorporated herein by
reference. However, it is envisaged that, in other embodiments, other types of axial-flux
electrical machine may be used. For example, the second electrical machine by be an
induction axial-flux electrical machine in which no permanent magnets are mounted on

the rotor.

12
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CLAIMS

1. A drivetrain for a hybrid- electric vehicle, the drivetrain including an engine, a
first electrical machine, a second electrical machine, and at least one driveshaft;
wherein the first and second electrical machines are axial-flux electrical machines, the
first electrical machine is arranged to be driven by the engine so as to operate as a
generator and to supply electrical power for the second electrical machine, the second
electrical machine is arranged to receive electrical power so as to operate as a motor
and to drive the at least one driveshaft; and wherein the drivetrain includes inter-
engaging means selectively operable to provide inter-engagement between the rotor of
the first electrical machine and the rotor of the second electrical machine to transmit

rotary power therebetween.

2. A drivetrain according to claim 1, wherein the inter-engaging means is a
mechanical linkage that is selectively operable to provide a mechanical link between the

two rotors.

3. A drivetrain according to claim 1, wherein the inter-engaging means is

selectively operable to provide an electromagnetié link between the two rotors.

4. A drivetrain according to claim 1 or claim 2, wherein the inter-engaging means

is such that it couples one rotor to the other.

5. A drivetrain according to any preceding claim, wherein the inter-engaging

means is a clutch.

6. A drivetrain according to claim 5, wherein the clutch is of the type that relies on

friction to transmit rotary power.

7. A drivetrain according to claim 5, wherein the clutch is of the type that relies on

electromagnetism to transmit rotary power.

8. A drivetrain according to claim 7, wherein the clutch is an electromagnetic

clutch.

13
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9. A drivetrain according to any preceding claim, wherein the drivetrain includes
electrical energy storage means arranged to store electrical energy generated by the first
electrical machine and to supply stored electrical energy to the second electrical

machine for operation as a motor.

10. A drivetrain according to claim 9, wherein the electrical energy storage means
includes one or more storage means that is arranged to convert electrical energy to

chemical energy for storage.

11. A drivetrain according to claim 10, wherein the storage means includes one or
more batteries.
12. A drivetrain according to claim 9, wherein the electrical energy storage means

may include one or more capacitative storage devices, such as capacitors.

13. A drivetrain according to claim 12, wherein the capacitors include ultra-

capacitors.

14. A drivetrain according to any preceding claim, wherein the first electrical

machine is coupled to the engine without a gearbox therebetween.

15. A drivetrain according to any preceding claim, wherein the second electrical

machine is coupled to the at least one driveshaft without a gearbox therebetween.

16. A motorﬁgenerator arrangement for the drivetrain of a hybrid electric vehicle,
the arrangement including first and second electrical machines and inter-engaging

means according to any preceding claim.

17. A hybrid electric vehicle including a drivetrain according to any one of claim 1
to claim 15.

18. A method of operating a drivetrain of according to any one of claim 1 to claim
15.

14
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19. A method according to claim 18, wherein, in one mode of operation, the method
includes operating the first electrical machine as a generator and the second electrical
machine as a motor to drive the at least one driveshaft, with the inter-engaging means

providing substantially no inter-engagement between the two rotors.

20. A method according to claim 18 or claim 19, wherein, in another mode of
operation, the method includes operating the inter-engaging means to provide inter-

engagement between the two rotors to transmit rotary power therebetween.

21. A method according to claim 20, wherein, in a further mode of operation, the
method is as in the other mode, and the first and/or second electrical machine is

operated as a motor to drive the at least one driveshaft.

22. Electronic processing apparatus programmed and operable to carry out a method

according to any one of claim 18 to claim 21.
23. A computer program for having code portions which when executed by
electronic processing apparatus cause that apparatus to carry out a method according to

any one of claim 18 to claim 21.

24. A record carrier carrying thereon or therein a record of a program according to

claim 23.

15



PCT/GB2008/003776

WO 2009/060222

LNOAVT NILSAS AIHEAH T3T1VeVd

¢ 9l4

1/2
SUBSTITUTE SHEET (RULE 26)

051
0Ll
mﬂr omr f omr
HOLYHINIO
<—= HOLNTO | S ol Ad3Livd
ef; 14VHS 3AA ONr
NOISSINSNYYL < - HOLNTO [ INIONT
0zl
00}
1NOAYTINILSAS AIYEAH STIM3S
NOISSINSNYYL |<— HOLOW |=— HOLVYINID INIONT
0S oF 0¢ 0¢
09
\ 0j— Ad3aLlve




WO 2009/060222

)
260

200
1

P o
' 0
- o
o
< —
by To)
Q o
e -
8 =]
o
N —]
o
] o
— ™
Y

212

SUBSTITUTE SHEET (RULE 26)

PCT/GB2008/003776

FIG. 3



PCT/GB2008/003776

INTERNATIONAL SEARCH REPORT | mermattonat apptication No

. CLASSIFICATION GF SUBJECT MATTER -

A ’ .
INV.. B60K6/442 - B60K6/387 ~ HO2K21/24

B. FIELDS SEARCHED

According to International Patent Ciassification (IPC) or to both national classification and IPG

B60K -HO2K :

Mintmdm documentation searched (classification system Toilowed by classification symbois)

Documentation searched other than minimum documentation 1o the extent that such documents are included in the fields searched

EPO-Internal

Electronic data _base consulted during the imémalional search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

AL) 11 January 2007 (2007-01-11)
the whole document

Category” | Citation of document, with indication, whera appropriate, of the relevant passages Relevant to claim No.

X WO 2007/017719 A (BbRDINI ENGINEERING SRL : | 1,2,4-6,
[IT]; BORDINI GIORGIO [IT]) 9,10,14,
15 February 2007 (2007-02-15) 16-24

Y the whole document 9-15

Y WO 99/21263 A (STRIDSBERG INNOVATION AB 9-15
[SE]; STRIDSBERG LENNART [SE])
29 April 1999 (1993-04-29) -
the whole document

A US 2003/106729 Al (NOREIKAT KARL-ERNST . 1-24
[DE] ET AL) 12 June 2003 (2003-06-12)
the whole document

A US 2007/007059 Al (NOMURA SHINICHI [JP] ET 1-24

D Further documents are listed in the continuation of Box C.

E See patent family annex.

* Special categories of cited documents :

*A° document defining the general state of the art which is not
considered to be of particular relevance

*E* earlier document but published on or afier the international
filing date ’

‘L* document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as spacified)

‘0" document referring to an oral disclosure, use, ‘exhibition or
other means

*P* document published prior to the internalional filing date but
tater than the priority date claimed

'T' later document published after the international filing date
or priority date and not in conflict with the applicafion but
cited to understand the principle or theery underlying the
invention

‘X" document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

*Y* document of particular relevance; the claimed invention
cannot be considered 1o involve an inventive step when the
document is combined with one or more olher such docu—
m?nls, such combination being obvious to a person skilled
in the an.

‘&' document member of the same patent family

Date of ihe actual completion of the international search

12 February 2009

Date of mailing of the intemational search report

26/02/2009

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Vogt-Schilb, Gérard

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

Internaﬂ_onal application No

PCT/6B2008/003776
Patent document Publication Patent family Publication
cited in. search report’ date member(s) date
WO 2007017719 A 15-02-2007 CN 101272925 A . 24-09-2008
EP 1954515 A2 13-08-2008
KR 20080056713 A 23-06-2008
W0 .9921263. - - A 29-04-1999 AU 9659898 A '10-05-1999
’ EP 71038346 A2 27-09-2000
us 6740002 Bl © 25-05-2004
US 2003106729 Al 12-06-2003 DE - ‘10154147 Cl- 24-07-2003
-US 2007007059 Al 11-01-2007 CN° . 101184645 A 21-05-2008
' DE 112006001432 T5 12-06-2008
JP © 2007015441 A 25-01-2007
WO 2007004356 Al

11-01-2007

Fomm PCTASA/210 {patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - wo-search-report
	Page 20 - wo-search-report

