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FIG. 4

haust fluid emitted by a combustion engine. It may be desirable to check the
functionality of the exhaust fluid treatment apparatus. A method of monitor -
ing operation of an exhaust tluid treatment apparatus is described. The meth-
od may comprise comparing a calculated temperature difference with an ex-
pected temperature difterence associated with combustion of fuel. If the cal-
culated temperature difference is within an acceptable margin of the expec-
ted temperature ditference, further fuel injection may be permitted. If the cal-
culated temperature difterence is outside the acceptable margin of the expec -
L ted temperature difference, a temperature of the exhaust gas upstream of the
exhaust fluid treatment apparatus may be increased.
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EXHAUST GAS TREATMENT APPARATUS FUNCTIONALITY CHECK

Technical Field

The disclosure relates to the field of exhaust fluid treatment and, in particular, to monitoring
operation of an exhaust fluid treatment apparatus having a diesel oxidation catalyst.

Background

An exhaust fluid treatment apparatus may comprise a plurality of modules, wherein each
module is intended to treat one or more constituents of an exhaust fluid. The modules may
be arranged in series such that exhaust fluid flows through each module in sequence.

An exhaust fluid treatment apparatus may comprise a diesel oxidation catalyst module, a
diesel particulate filter module downstream of the diesel oxidation catalyst module and/or a
selective catalytic reduction module, downstream of the diesel particulate filter module.

It may be appropriate to perform periodic checks on individual modules of the exhaust fluid
treatment apparatus to ensure that the individual modules are performing as expected.
This may be particularly important if unexpected performance of a module earlier in the
fluid flow path may have an effect on performance of modules which are located later in the
fluid flow path.

For example, unexpected performance in the diesel oxidation catalyst can result in reduced
oxidation of hydrocarbons in the diesel oxidation catalyst. This, in turn, may mean that the
fluid output from the diesel oxidation catalyst has a lower temperature than expected and/or
desired. Such unexpected performance may also result in emission of unburnt fuel to
atmosphere. Unexpected performance in the diesel oxidation catalyst may arise as a
consequence of deposits, such as sulphurous deposits, collecting on the catalytic surfaces
of the diesel oxidation catalyst. A reduced temperature of fluid output from the diesel
oxidation catalyst can result in unexpected performance of a diesel particulate filter located
downstream of the diesel oxidation catalyst since, at lower temperatures, carbon entering
the diesel particulate filter in the form of soot is less likely to oxidise in the diesel particulate
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filter. Lower temperatures can also effect performance in a selective catalytic reduction
module located downstream of the diesel particulate filter.

It is known to inject fuel into the diesel oxidation catalyst for combustion therein, for
example to increase temperature in the diesel oxidation catalyst or to cause particular
constituents within the diesel oxidation catalyst to be combusted. For example, it may be
desirable to desulphate the exhaust fluid treatment apparatus or to remove deposits
therefrom. It may be undesirable, however, to inject fuel into the diesel oxidation catalyst
where the fuel may pass through the diesel oxidation catalyst without combusting. It may,
therefore, be appropriate to check performance of a diesel oxidation catalyst in order to
ensure that injected fuel combusts as expected.

Against this background, there is provided a method for checking operation of the diesel

oxidation catalyst module.

Summary of the disclosure

A method of monitoring operation of an exhaust fluid treatment apparatus, the apparatus
comprising a diesel oxidation catalyst comprising an inlet and an outlet, the method
comprising:

receiving an input temperature data value being indicative of temperature of fluid at
the inlet;

injecting a first quantity of fuel upstream of the diesel oxidation catalyst for
combustion in the diesel oxidation catalyst;

receiving an output temperature data value being indicative of temperature of fluid
at the outlet;

calculating a calculated temperature difference between the input temperature data
value and the output temperature data value and comparing the calculated temperature
difference with an expected temperature difference associated with the quantity of fuel
injected; and:

if the calculated temperature difference is within an acceptable margin of the
expected temperature difference, injecting a second quantity of fuel into the exhaust fluid
for combustion in the diesel oxidation catalyst; and
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if the calculated temperature difference is outside the acceptable margin of the
expected temperature difference, raising a temperature of exhaust gas upstream of the
inlet to the diesel oxidation catalyst.

Specific embodiments of the disclosure will now be described, by way of example only, with

reference in the accompanying drawings in which:

Brief description of the drawings

Figure 1 shows a schematic drawing of an embodiment of an exhaust fluid treatment
apparatus to which the method may be applied;

Figure 2 shows a more detailed schematic drawing of an embodiment of an exhaust fluid
treatment apparatus to which the method may be applied;

Figure 3 shows a schematic drawing of an external appearance of the embodiment of
Figure 2; and

Figure 4 shows a flow chart which illustrates an embodiment of the method of the

disclosure.

Detailed description

Before describing the specifics of an embodiment of the method of the disclosure, the
following is an explanation of the features and broad operation of an exhaust fluid
treatment apparatus to which the method of the disclosure might be applied.

Referring first to Figures 1 to 3, there is illustrated an embodiment of an exhaust fluid
treatment apparatus 1. The apparatus 1 may comprise a fluid flow path through which fluid
may flow sequentially through various conduits, such as a first conduit 10, a first end
coupling 15, a second conduit 20, a second end coupling 25, and a third conduit 30. The
first, second and third conduits 10, 20, 30 may be substantially mutually parallel.
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The fluid flow path may comprise, in series, a diesel oxidation catalyst (DOC) module 110,
a diesel particulate filter (DPF) module 120, a mixer module 130, a selective catalytic
reduction (SCR) module 140 and/or an ammonia oxidation catalyst (AMOX) module 150.

In use, fluid may be supplied to the exhaust fluid treatment apparatus 1 via the inlet 4.
Fluid may pass into the DOC module 110 in the first portion of the first conduit 10. Prior to
receipt at the inlet 4, the pressure of the exhaust fluid may be controlled by a back pressure

valve (not shown).

The DOC module 110 may comprise one or more catalysts, such as palladium or platinum.
These materials serve as catalysts to cause oxidation of hydrocarbons ([HC]) and carbon
monoxide (CO) present in the fluid flow in order to produce carbon dioxide (CO,) and water
(H-0). The DOC may also serve to convert NO to NO, so as to achieve a NO:NO; ratio of
1:1. The catalysts may be distributed in a manner so as to maximise the surface area of
catalyst material in order to increase effectiveness of the catalyst in catalysing reactions.

Fluid may flow from the DOC module 110 to the DPF module 120 which comprises
features which are intended to restrict onward passage of carbon (C) in the form of soot.
Carbon particles in the fluid may thus be trapped in the DPF. The DPF module 120 may be
regenerated through known regeneration techniques. These techniques may involve
controlling one or more of the temperature of the fluid, the pressure of the fluid and the
proportion of unburnt fuel in the fluid at this point in the apparatus.

Exhaust fluid may pass from the DPF module 120 into the first end coupling 15 where it
flows past the injector module 16. The injector module 16 may be associated with or
attachable to a pump electronic tank unit (PETU). The pump electronic tank unit may
comprise a tank for providing a reservoir for emissions fluid to be injected by the injector.

Such emissions fluids may include urea or ammonia.

The PETU may further comprise a controller configured to control a volume of emissions
fluid to be injected from the tank by the injector. The controller may have as inputs, for
example, temperature information and quantity of NO, information which may be derived
from sensors in the SCR module 140.

Emissions fluid may pass from the injector module 16 into the mixer module (not shown)
located in the second conduit 20. The mixer module may comprise features for ensuring
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that the exhaust fluid originating from the first conduit 10 is well mixed with the emissions
fluid originating from the injector 16, to create a mixed fluid.

The mixed fluid may pass from the second conduit 20 and into the SCR module located in
the first portion of the third conduit via the second end coupling 25. The SCR module 140
may comprise one or more catalysts through which the mixed fluid may flow. As the mixed
fluid passes over the surfaces of the catalyst a reaction may occur which converts the
ammonia and NO, to diatomic nitrogen (N,) and water (H,O).

Fluid may pass from the SCR module 140 to the AMOX module 150 located in the second
portion of the third conduit 30. The AMOX module 150 may comprise an oxidation catalyst
which may cause residual ammonia present in the fluid exiting the SCR module to react to
produce nitrogen (N,) and water (H,O).

Fluid may pass from the AMOX module 150 to the exhaust fluid treatment apparatus outlet
located at the second end 32 of the third conduit 30.

As shown in Figure 2, the exhaust fluid treatment apparatus 1 may comprise sensors for
detecting characteristics of the fluids at particular stages in their flow through the exhaust
fluid treatment apparatus 1. There may be a first temperature sensor (not shown)
upstream of the DOC module 110, a second temperature sensor 190 between the DOC
module 110 and the DPF 120 and/or a third temperature sensor 191 between the mixer
module 130 and the SCR 140. There may be a first NO, sensor 192 between the DPF
module 120 and the injector 16 and there may be a second NO, sensor 193 downstream of
the AMOX module 150. There may also be a first soot sensor 194 immediately upstream
of the DPF 120 and possibly a second soot sensor 195 immediately downstream of the
DPF 120.

Having described the features and broad operation of the exhaust fluid treatment
apparatus, the method of the present disclosure will now be described.

Referring to Figure 4, there is illustrated a flow chart 300 showing an embodiment of the
method of the disclosure.

In use, exhaust fluid from an engine is received into an inlet 4 of the exhaust fluid treatment

apparatus 1 for onward travel to the DOC module 110. The exhaust fluid has a
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temperature at the point where it is received into the DOC module 110. The method may
involve receiving a first data value 310 relating to the temperature of fluid flowing into the
DOC module 110. The temperature of the gas at the point where it is received into the
DOC module 110 may not be directly measurable due to location of temperature sensors.
That is, there may not be a temperature sensor immediately prior to the inlet of the DOC
module 110. The method may therefore involve receiving temperature information at a
point upstream of the DOC module 110 and accounting, perhaps by predictive models or
similar, for likely changes in temperature between the upstream point and the inlet to the
DOC module 110. Whether directly measured or not, the first data value 310 is indicative
of a temperature of gas flowing into the DOC module 110.

The method may involve injecting a first quantity of unburnt fuel upstream of the DOC
module 110 for oxidation in the DOC module 110. This fuel may be injected at any point
upstream of the DOC module 110 such as, for example, into a combustion cylinder of an
engine to which the exhaust fluid treatment apparatus may be attached (at a time in the
combustion cycle when it is unlikely to combust in the cylinder). Alternatively, it may be
injected directly into a conduit upstream of the DOC module 110.

The method may also involve receiving a second data value 320 relating to the
temperature of fluid flowing out of the DOC module 110. This might be measured using the
temperature sensor 190 located immediately downstream of the DOC.

The method may involve checking a data library to determine the expected temperature
rise associated with oxidation in the DOC module 110 of the first quantity of fuel injected.
The expected temperature rise may be compared with the difference between the second
data value 320 and the first data value 310.

Since the temperature may be varying as a consequence of other factors (i.e. changing
speed and load on the engine with which the exhaust fluid treatment apparatus is in use),
the expected temperature rise may take into account the influence of such other factors in
addition to the temperature difference expected from the combustion of the first quantity of
fuel in the DOC module 110. This may be achieved by superimposing an expected
temperature difference deemed to be attributable to the combustion of the first quantity of
fuel in the DOC module 110 onto an expected temperature difference deemed to be
attributable to other factors, so as to arrive at a net expected temperature difference.
Alternatively, it may be achieved by seeking effectively to subtract from the total expected
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temperature difference a temperature difference deemed to be attributable to other factors
in order to isolate a temperature difference deemed to be attributable to the combustion of
the first quantity of fuel in the DOC module 110. Alternatively, the data library may
comprise a plurality of different data sets each of which take into account different
conditions likely to influence the temperature of gas in the DOC module 110 in order to
provide an expected temperature difference for a wide range of different conditions.

The method may involve determining if the temperature difference is within an expected
margin of the expected temperature difference. The expected margin of the expected
temperature difference may be, for example, within 30 % of the expected temperature
difference. Alternatively, the expected margin of the expected temperature difference may
be, for example, within 20 % of the expected temperature difference.

Any change in temperature resulting from oxidation of fluid in the DOC (or resulting from
changing input conditions) may occur after a delay. Moreover, the speed with which an
expected temperature rise may be expected to occur may vary depending on a wide range
of parameters. As such, there may be a delay between the step of receiving an input
temperature data value being indicative of temperature of exhaust fluid at the inlet and the
step of receiving an output temperature data value being indicative of temperature of
exhaust fluid at the outlet. The duration of any delay may depend on a range of operating

parameters.

It may be that a continuous flow of input temperature data values is received, each input
temperature data value being indicative of temperature of fluid at the inlet. It may also be
that a continuous flow of output temperature data values is received, each output
temperature data value being indicative of temperature of fluid at the outlet. It may also be
that the method involves comparing an input temperature data value received at a first time
with an output temperature data value received at a second time, wherein the second time
is after the first time, in order to allow for the expected period for the temperature to
change.

In the event that the difference between the first and second data values is within the
expected margin of the expected temperature rise, the method may assume that the DOC
is operating within required margins. Consequently, the method may involve injecting a
second quantity of fuel for combustion in the DOC module 110 since the check assumes
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that the second quantity of fuel will combust in the DOC module 110, thus reducing a risk
that fuel will pass out of the DOC module 110 unburnt.

In the event that the difference between the first and second data values is outside the
expected margin of the expected temperature rise, the method may involve increasing a
temperature of the gas entering the DOC module 110. This might be achieved, for
example, by moving the back pressure valve more towards the closed position therefore
requiring the engine to do more work and thereby produce more heat. The backpressure
valve may be located upstream of the diesel oxidation catalyst. By this method, the
temperature of fluid in the DOC may increase. Alternatively, if the engine comprises
exhaust gas recirculation, in may be achieved by altering the proportion of exhaust fluid
being recirculated. There are a number of options for increasing the temperature of the
gas entering the DOC module 110, and the method of the disclosure is not limited to any
particular option. However, the number of options and extent of their possible application
may be limited by a desire that the change be unnoticeable to a user.

The step of increasing a temperature of the gas entering the DOC module 110 may involve
seeking to increase the temperature in the DOC from, for example, approximately 240 °C
to, for example, approximately 270 °C.

With age (i.e., hundreds or thousands of hours of use) DOC module 110 performance may
be expected to deteriorate. When this is the case it may be appropriate, in the event that
the calculated temperature difference is outside the acceptable margin of the expected
temperature difference, to increase the temperature by a greater amount than when the
DOC module 110 is new (or freshly refurbished or regenerated). Consequently, the
method may allow for an increased temperature rise with increased age of the DOC
module 110. For example, the method may involve seeking to increase the temperature in
the DOC to at least, approximately 240 °C and possbly, up to approximately 290 °C.

As an additional or alternative approach to possible deterioration of the DOC module 110
with age, it may be that the expected margin of the expected temperature change adjusts
according to the method with age of the DOC module 110.

The method of the present disclosure may be performed periodically while the engine and
exhaust fluid treatment apparatus are in normal use. Consequently, there may be a limit
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on the parameters which can be changed in order to increase the temperature so as to
prevent the change in parameters being evident to the user of the apparatus.

As stated above, there may be a variety of reasons why and circumstances in which it may
be desirable to inject into engine cylinders fuel which is intended to pass through the
cylinders unburnt. One further example may be a desire to achieve desulphation of an
SCR module located downstream of the DOC as part of a SCR desulphation procedure.
Such a desulphation procedure may require an increased temperature in the SCR in order
that sulphur combusts. The increased temperature in the SCR may be achieved by
injecting unburnt fuel into the DOC (upstream of the SCR) for burning in the DOC and
thereby increasing a temperature of the fluid arriving at the SCR. Such a procedure may
take place intermittently and might occur only when a need for such a procedure has been
identified as part of overall engine control. The method of the present invention may be
used as part of this procedure.

The terms exhaust gas and exhaust fluid may be used interchangeably. The exhaust
gas/fluid may include solid particles such as particles of soot which, while in the solid
phase, may be understood to be a constituent of exhaust gas/fluid.

While the term data library is used in this disclosure, the data may be stored in any suitable
facility for the storage of data such as a look up table.
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CLAIMS:

1. A method of monitoring operation of an exhaust fluid treatment apparatus, the
apparatus comprising a diesel oxidation catalyst comprising an inlet and an outlet, the
method comprising:

receiving an input temperature data value being indicative of temperature of fluid at
the inlet;

injecting a first quantity of fuel upstream of the diesel oxidation catalyst for
combustion in the diesel oxidation catalyst;

receiving an output temperature data value being indicative of temperature of fluid
at the outlet;

calculating a calculated temperature difference between the input temperature data
value and the output temperature data value and comparing the calculated temperature
difference with an expected temperature difference associated with the quantity of fuel
injected; and:

if the calculated temperature difference is within an acceptable margin of the
expected temperature difference, injecting a second quantity of fuel into the exhaust fluid
for combustion in the diesel oxidation catalyst; and

if the calculated temperature difference is outside the acceptable margin of the
expected temperature difference, raising a temperature of exhaust gas upstream of the
inlet to the diesel oxidation catalyst.

2. The method of claim 1 wherein the step of raising a temperature of exhaust gas
upstream of the inlet to the diesel oxidation catalyst comprises restricting passage of
exhaust gas through a valve located upstream of the diesel oxidation catalyst inlet.

3. The method of claim 1 or claim 2 wherein the step of raising a temperature of
exhaust gas upstream of the inlet to the diesel oxidation catalyst comprises increasing the
temperature of fluid at the inlet to in excess of 240 °C, and preferably in excess of 270 °C.

4. The method of any preceding claim wherein the input temperature data value
indicative of a temperature at the inlet is obtained by receiving a temperature indication
upstream of the inlet and using a compensation factor to account for a likely temperature
change between the temperature indication and the actual temperature at the inlet of the
diesel oxidation catalyst.
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5. The method of any preceding claim wherein the expected temperature difference is
modified to take into account expected changes in temperature attributable to reasons
other than combustion of the first quantity of fuel in the diesel oxidation catalyst.

6. The method of any preceding claim wherein the step of injecting a second quantity
of fuel into the exhaust fluid for combustion in the diesel oxidation catalyst is delayed in the
event of changing external conditions.

7. The method of any preceding claim wherein there is a time delay between the step
of receiving the input temperature value being indicative of temperature of fluid at the inlet
and the step of receiving an output temperature data value being indicative of temperature
of fluid at the outlet.

8. The method of claim 7 wherein the time delay is dependent on an expected time
taken for the first quantity of fuel to combust in the diesel oxidation catalyst.

9. The method of any preceding claim wherein the step of comparing the calculated
temperature difference with an expected temperature difference comprises obtaining the
expected temperature difference from a data library having an expected temperature
difference associated with each possible first quantity of fuel.

10. The method of any preceding claim wherein the input temp data value being
indicative of temperature of fluid at the inlet is obtained by:

measuring a temperature of fluid upstream of the inlet; and

applying a function to the measured temperature value of fluid upstream of the inlet,

wherein said function is dependent on operating parameters and conditions so as to
compensate for expected changes in temperature of the fluid between the measured
temperature of the fluid upstream of the inlet and an actual temperature of the fluid at the

inlet.

11. The method of any preceding claim wherein the quantity of fuel to be injected into
the exhaust fluid upstream of the inlet for combustion in the diesel oxidation catalyst is
injected either:

(a) into one or more cylinders of an engine to which the exhaust fluid treatment
apparatus is attached in use; or
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(b) through an inlet located downstream of an engine to which the exhaust fluid
treatment apparatus is attached in use.

12. The method of claim 11 wherein the injection of the fuels into a cylinder occurs
when an exhaust valve of that cylinder is open.

13. An exhaust fluid treatment apparatus comprising a diesel oxidation catalyst and a
controller, the diesel oxidation catalyst comprising an inlet and an outlet, the controller
configured to:

receive an input temperature data value being indicative of temperature of fluid at
the inlet;

initiate a first quantity of fuel to be injected into the exhaust fluid for combustion in
the diesel oxidation catalyst;

receive an output temperature data value being indicative of temperature of fluid at
the outlet;

calculate a calculated temperature difference between the input temperature data
value and the output temperature data value and comparing the calculated temperature
difference with an expected temperature difference associated with the quantity of fuel
injected; and:

if the calculated temperature difference is within an acceptable margin of the
expected temperature difference, inject a second quantity of fuel into the exhaust fluid for
combustion in the diesel oxidation catalyst; and

if the calculated temperature difference is outside the acceptable margin of the
expected temperature difference, raise a temperature of exhaust gas upstream of the inlet
to the diesel oxidation catalyst.

14. The exhaust fluid treatment apparatus of claim 13 wherein the controller is part of

an engine control unit which controls other aspects of engine performance.

15. An engine comprising the exhaust fuel treatment apparatus of claim 13 or claim 14
and the controller of claim 13 or claim 14.



WO 2014/016597

1/4

32

PCT/GB2013/051980

ini BN

120

110

10

DPF

DOC

20 -

SCR

140

25

191

4~

FIG. 1



PCT/GB2013/051980

WO 2014/016597

2/4

¢ Old

orik
( 161
)
7
408
11103z
no
gec
r//
om“/ﬂ .0z
761
4da | 0od
Av mﬂm Av N\
4 Okt
0}




0000000000000




WO 2014/016597

300 —~,

PCT/GB2013/051980

4/4

__—305

£ Start >

Ll

Receive value (A)
indicative of temp of gas
upstream of DOC 310

y

Inject quantity (Q1) of fuel
for combustion in DOC

|

Receive value (B}
indicative of temp of gas
downstream of DOC

330

Calculate (B - A} = Ac 340

Check data library for expected value for \
(B - A) = Ae for the particular value of Q 350
representing the fuel injected

Raise temperature of
exhaust gas upstream of
DOC

380

360
Is Ac within
allowable
margin of Ae

Inject quantity (Q2) of fuel /370

for combustion in DOC
and then await next check
cycle

FIG. 4



INTERNATIONAL SEARCH REPORT

International application No

PCT/GB2013/051980
A. CLASSIFICATION OF SUBJECT MATTER
INV. FOIN3/10 FOIN11/00 FOIN3/025 FO2D41/02 FO2D41/40
ADD. FOIN3/20 FOIN13/02

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

FOIN FO2D

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

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

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

X WO 2012/081460 Al (ISUZU MOTORS LTD [JP];
NAGAOKA DAIJI [JP]; NAKADA TERUO [JP];
YUZA HIR) 21 June 2012 (2012-06-21)

the whole document

1-15

X EP 2 216 522 Al (DELPHI TECH HOLDING SARL
[LU]) 11 August 2010 (2010-08-11)
paragraphs [0008], [0033] - [0038]

X FR 2 914 693 Al (RENAULT SAS [FR])

10 October 2008 (2008-10-10)

page 3, line 18 - page 6, line 36

A US 20107199644 Al (GADY KEVIN ANDREW [US])
12 August 2010 (2010-08-12)

figure 3

1-15

1-15

1-15

_/__

See patent family annex.

Further documents are listed in the continuation of Box C.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published on or after 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

"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

special reason (as specified)

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

"P" document published prior to the international filing date but later than
the priority date claimed

considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

18 October 2013

Date of mailing of the international search report

24/10/2013

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

Tortosa Masia, A

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




INTERNATIONAL SEARCH REPORT

International application No

PCT/GB2013/051980

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

14 November 2001 (2001-11-14)
the whole document

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 2010/050757 Al (LIU YI [US] ET AL) 1-15
4 March 2010 (2010-03-04)
figure 3
A US 2012/186226 Al (REN SHOUXIAN [US] ET 1
AL) 26 July 2012 (2012-07-26)
claim 1
A EP 1 154 131 A2 (MAZDA MOTOR [JP]) 1

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




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/GB2013/051980
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2012081460 Al 21-06-2012 JP 2012127297 A 05-07-2012
WO 2012081460 Al 21-06-2012

EP 2216522 Al 11-08-2010 CN 102317586 A 11-01-2012
EP 2216522 Al 11-08-2010
EP 2394034 Al 14-12-2011
JP 2012516971 A 26-07-2012
US 2011296816 Al 08-12-2011
WO 2010089370 Al 12-08-2010

FR 2914693 Al 10-10-2008  NONE

US 2010199644 Al 12-08-2010  CN 101871380 A 27-10-2010
DE 102010007469 Al 28-10-2010
US 2010199644 Al 12-08-2010

US 2010050757 Al 04-03-2010 DE 102008054341 Al 04-03-2010
US 2010050757 Al 04-03-2010

US 2012186226 Al 26-07-2012 (N 102678240 A 19-09-2012
DE 102012001251 Al 26-07-2012
US 2012186226 Al 26-07-2012

EP 1154131 A2 14-11-2001  DE 60108995 D1 31-03-2005
DE 60108995 T2 21-07-2005
EP 1154131 A2 14-11-2001
JP 4631123 B2 23-02-2011
JP 2001263048 A 26-09-2001

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	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 - claims
	Page 13 - claims
	Page 14 - claims
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - wo-search-report
	Page 20 - wo-search-report
	Page 21 - wo-search-report

