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(54) Title: METHOD AND SYSTEM FOR CONTﬁOLLING ENGINE NOISE

(57) Abstract: The present invention provides a method of controlling noise and harshness caused by combustion in a spark ignited
engine having a combustion chamber; a fuel delivery means for delivering a fuel charge to the combustion chamber; a plurality of
spark ignition means located in the combustion chamber for igniting the fuel charge and a control unit. The control unit controls
operation of each ignition means in response to measured value of a least one combustjon noise associated parameter, being an
engine operating condition. Control may be a response to the combustion noise associated parameter breaching a threshold value.
The combustion nojse associaled parameter may be rate of rise of combustion pressure in the combustion chamber. However, the
method may be implemented in response to rate of rise of combustion pressure and one or more further parameters, such as engine
speed, acceleration and/or engine load breaching threshold values. An ignition control system for implementing the method in a
vehicle forms another aspect of the invention. The method and ignition control system may be implemented in fuel injected engines
or carburetted engines but is particularly advantageous for fuel injected engines.
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TITLE OF THE INVENTION

METHOD AND SYSTEM FOR CONTROLLING ENGINE NOISE
This invention relates to a method and system for controlling engine noise, particularly noise

associated with combustion.

The Applicant has invented an engine having a plurality of ignition means for each combustion
chamber. Such a small bore or small displacement engine, as described in the Applicant’s granted
Indian Patent 195905 dated July 16, 2002, the contents of which are hereby incorporated herein by
reference, allows efficient burning of lean air-fuel mixtures. Particularly applicable to small
displacement engines, the plural or dual ignition means arrangement allows two spark plugs to be
energized simultaneously at a predetermined instant below top dead centre to bumn a lean air-fuel
mixture in an efficient manner. Such vehicles have been well received but the Applicant wished to

improve noise levels which, while within statutory limits, were slightly high.

It appears that simultaneous energizing of spark plugs may lead to uncomfortable noise levels or
sound harshness when an engine is rapidly accelerated or operated in higher speed engine operating
regimes. This noise is to be distinguished from noise generated as a result of the well known “knock*

phenomenon in that it does not necessarily cause mechanical damage to the engine.

When a vehicle employing the engine is cruising at a constant speed, say between 15 to 60 km/h,
an engine may burn a lean fuel-air mixture at a quick enough rate to achieve efficient combustioti
without uncomfortable noise and sound harshness. In such condition, the rate of rise of combustion
pressure is good enough to achieve efficient combustion,. However, when the engine is accelerated
rapidly, the cylinder instantaneously fills with a greater amount of air-fuel mixture which is compressed
to higher pressures leading to a higher rate of rise of combustion pressure. At this instant, in known
engines, dual spark plug ignition causes the rate of rise of combustion pressure to increase further,
leading to uncomfortable noise levels and harshness of sound. Such a rapid rise in combustion pressure

also leads to rapid acceleration of the moving parts taking up the clearances between them rapidly

. during a piston stroke, This increases the noise and harshness problem. It has been observed that if the

rate of rise of combustion pressure is more than a threshold value, about 3.5 bar per degree of crank

rotation, it leads to uncomfortable noise levels or harshness of sound.
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1t has also been observed that, when the engine runs at a higher engine speed, say greater thax_;
6000 rpm, uncomfortable noise levels or harshness of sound is produced. At these speeds, the highe'r
flow velocity of the air fuel mixture creates turbulence in the engine cylinder. The air fuel ratio is also
richer to take care of the durability of engine components. These factors ie: turbulence in the cylindef
and the higher amount of richer charge Icadé to a higher rate of rise of combustion pressure in know‘x!i

engines due to dual spark plug ignition thus causing uncomfortable noise levels or harshness of sound.

It is an object of the present invention to address the problem of combustion associated noise
and harshness in engines having combustion chambers fitted with a plurality of spark ignition means.

With this object in view, the present invention provides a method of controlling noisé and
harshness caused by combustion in a spark ignited engine having a combustion chamber; a fuel delivery
means for delivering a fuel charge to the combustion chamber; a plurality of spark ignition means
locdted in the combustion chamber for igniting the fuel charge and a control unit wherein said control
unit controls operation of each ignition means of said plurality of ignition means in response 10
measured value of a combustion noise associated parameter. Such control may be implemented in
response to the measured value of the combustion noise associated parameter breaching a

predetermined threshold level,

Preferably, the fuel delivery means is a fuel injector located in a manifold for the engine. The
fuel delivery means may comprise a carburettor.

Preferably, the fuel charge is a mixture of air and fuel. The fuel charge may have an air fuel
ratio in the lean range or the rich range. Dual spark ignition may be avoided when air fuel ratio is in the

rich range.

The combustion noise associated parameter may be selected from a suite of possible engine
operating conditions. The rate of rise of combustion pressure in a combustion chamber is strong'lyl
associated with combustion noise and harshness as above described and is the preferred or primar}'z“
parameter for control. Indeed, the method may be implemented to maintain rate of rise of combustion
pressure below a predetermined threshold value at which noise levels are acceptable. The rate of rise of
combustion pressure may be expressed as pressure rise per degree of crank rotation and, accordingly,
the predeténnined threshold may be 3.5 bar per degree of crank rotation. The rate of rise of combustion

pressure may also be expressed as pressure rise per unit time.
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Rise in combustion pressure has associated parametérs such as speed, acceleration, engine load,
throttle position, air fuel ratio and manifold vacuum pressure or variation in these each of which are
secondary noise associated parameters that may be sensed or measured for a given plural, likely dual,
ignition means engine and used as a control parameter in combination with rate of rise of combustioﬁ
pressure or possibly alone, particularly at high engine speeds, for example greater than 5000 rpm:
Advantageously, control over ignition means and combustiqn proceeds on the basis of measured rate of
rise of combustion pressure and at least one other parameter, particularly engine speed or acceleratioﬁ,
i)reachingf predetermined threshold values particularly under mid engine speed conditions, for example
1600 to 5000 rpm,

In another aspect, the invention provides an ignition control system for a vehicle comprising:

a plurality of spark ignition means; and

a control unit for controlling operation of each ignition means wherein said control unit is
programmed to receive combustion noise associated parameter data and operate each ignition means in

accordance with said combustion noise associated parameter data.

The method and system are particularly applicable to the situation in which the engine is ina
load transition, usually from part load to full load. The nature of ignition means timing control in
accordance with the method may be varied dependent on engine load conditions.

Sensing of engine speed and acceleration provides a convenient way to provide data to thié
control unit. The control unit, which may be a micro-controller, may then operate the ignition means o
control the noise level through control over firing time for one or both ignition means. Firing of an
ignition means may be discontinued, if necessary, to achieve desired noise control. Retarding of the
firing timing of one ignition means relative to firing timing of another ignition means is a preferred

mode of control as well. Such retard may vary as a function of engine operating conditions.

Under “nbrmal” conditions, where noise is unlikely to be problematic, both ignition means or
spark plugs may be fired at the same time, especially if combustion of lean mixtures is required, though
the spark plugs could be fired at some fixed offset in timing. If engine speed and/or acceleration, for
example, exceed a predetennined”walue, the control unit may retard or delay energizing the firing event
of one of the spark ignition means o spark plugs. Under such conditions, even a lean mixture may not

require promotion of ignition by plural ignitioh means.
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If engine speed and/or acceleration is below the predetermined value, for example 1600 rpm for
engine speed, the spark plugs may be energized simultaneously with the emphasis on engine power
output. The control unit may implement such steps in response to combustion noise associated
parameter data other than engine speed and acceleration data. The conirol unit may be programmed
with maps of ignition firing time/ignition means discontinuation for various engine operating
conditions, for example engine speed. Such maps may correspond with part open throttle or wide open

throttle conditions.

Further, control over operation of the ignition means, for example in terms of retarding the firing
event or timing of one of the spark plugs, relative to the firing event or timing of another spark plug
may occur in response to a noise prone combination of measured or sensed combustion noise associated
parameter data. For example, delay over the timing of the firing event may occur in response to both )
rate of rise of combustion pressure and engine speed or acceleration being above threshold values for
the implementation of control.

The ignition timing for the spark plugs may be retarded in stepwise manner under operating
conditions when noise control is required, This requires less caj)acity for the control unit. However, d
smoothed ’transition of ignition firing event timing niay be preferred, the degree of retardation being
determined as a function of the selected combustion noise associated control parameter. The degree of
retardation of firing or suspension of firing of one of the spark plugs may be determined from ignition
timing/engine speed maps which may correspond with part opén throttle or wide open throttle
conditions. Maps using combustion noise associated parameters other than engine speed may also bé

employed.

The engine controlled in accordance with the method or implementing the ignition control
system aspects of the invention may be a carburetted engine, a manifold injected engine or a direct
injected engine. Use of the method and control system in relation to a fuel injected engine is a
particularly advantageous embodiment of the invention. The engine may be a two stroke or four stroke
engine and may particularly advantageously be applied to a small bore or small displacement engine. |

In a further aspect, the present invention provides a method of controlling noise and harshness ini
an engine having a cylinder provided with a plurality of ignition means comprising, during operation of
an engine in transition from part load to full load:

a) measuring rate of rise of combustion pressure in said cylinder; and
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58 Ret‘emng now to Flgureil 'there‘ ig ,shown"the. cylmder head 14 of a small bare- mtemalﬁl_"_:,‘,‘; ,. L
bombusnon engine 100 'I‘he engine 100 works on the four stmke princxple Typmal charactenst:cs of

- such & small bore engine includa @ swept cylinder VQlume rangmg from 70 ce to 200 cc and cylinder '_ _'

- bore diameter 45mm to; ‘{Omm, employed as' pnme movers for: operatxon of two or three wheeled '_

- vehmcles or other motonzed vehicles, for example as here motorcycles. S L
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Cylinder head 14 defines the top of a combustion chamber 120, of pent roof construction, and i§
fitted with two spark plugs 15 and 16, of conventional manufacture, allowing the engine 100 to operate

in a lean combustion mode to improve fuel economy.

Spark plugs 15 and 16 form part of a capacitive discharge ignition system (CDI system) 7. The
CDI system 7 is schematically shown in Figure 4 and comprises of a wave shaping means 3, a sensing
means or & micro-controller control unit 4, a charging coil 5, a power supply rectification means 6, an
ignition capacitor charging and trigger circuit A 8, and an ignition capacitor charging and trigger CII'Olllt
B 9. CDI system 7 controls the manner and timing of firing of spark plugs 15 and 16 through the
micro-controller control unit 4.

Magneto rotor 1 generates pulses in the pick up coil 2 which are input to micro-controller 4
through wave shaping means 3. The power supply to micro-controller 4 is provided by conventlonal
charging coil 5§ through power supply rectification means 6. Two outputs of the said micro-controller 4
are connected to the ignition capacitor charging and trigger circuit A 8 and ignition capacitor charging
and trigger circuit B 9. The ignition capacitor charging trigger circuit A 8 is connected to the spark plug
15 through ignition coil A 10 and the ignition capacitor charging and trigger circuit B 9 is connected to
the spark plug 16 through ignition coil B 11. The vehicle fitted with this system can also be fitted with a
throttle position sensor 12. Sensor 12 may be of a construction identifying the two states of wide open
throttle and part open throttle. A sensor prov1dmg more detailed data for throttle position could also be
employed. : Co

When a rider of the motorcycle increases the speed of the vehicle by operating the throttle, thé
rate of rise of combustion pressure, a strongly combustion noise associatéfd parameter, is sensed by
micro-controller 4 through pick up coil 2. In addition, the rate of increase of engine speed may be input
to micro-controller 4. In the preferred embodiment, it is these two combustion noise associated

parameters, one primary and one secondary, that are used in a strategy to control combustion noise to.

acceptable levels. These acceptable levels can be set and tested in a factory environment. Further
parameters, such as manifold vacuum or pressure, may also be input to the control strategy.

Under low engine speed conditions, illustratively under 1600 rpm, both spark plugs 15 and 16
will be fired, on instruction of the micro-controller 4, to promote ignition of a lean fuel-air mixture
charge delivered to engine 100, The micro-controller 4 is programmed with maps of the required
ignition timings as a function of engine speed and rate of rise of combustion pressure,
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At a threshold engine speed, illustratively above 1600 rpm, and a measured rate of rise of
¢ombustion pressure above a threshold value, say 3.5 bar per degree crank rotation, micro-controller 4
retards or discontinues firing of one of the spark plugs 16 by a predetermined value. Such control is
implemented, in the illustrated embodiment, by a step wise maneuver, the step value or degree of
retardation being dependent on measured engine speed. That is, over a mid speed range of say 1600 rpm
to 5000 rpm, the degree of retardation will vary dependent on engine speed value. The degree of
retardation may also vary with measured rate of rise of combustion pressure. The ignition timing 'of
other spark plug 15 remains unchanged. ‘
' * When the engine speed increases beyond certain value, say 5000 rpm, to the high speed range,
particularly on wide open throttle acceleration conditions, where a rich air fuel ratio range fuel charge is
delivered to combustion chamber 14, firing of the spark plug (16) is discontinued as unnecessary and
the engine 100 runs only with one spark plug energized.

Exemplary maps of spark plug firing timing vs engine speed or ignition timing curves according
to which noise and harshpess control is implementéd in accordance with the invention as abov'e?
described is shown in Figure 2. Figure 2 illustrates ignition titing curves for the engine 100 having
two spark plugs 15 and 16 per cylinder for the control strategy of the present invention wherein x-axis
shows the engine speed (RPM) and Y-axis shows the ignition timing. When engine speed increase‘g
rapidly, ignition firing timing of one of the spark plug 16 retards by a predete:miﬁed value as indicated
by D keeping ignition timing of spark plug 15 unchanged as indicated by C in the figure. This achieves
noise and harshness reduction.

In contrast, Figure 3 illustrates ignition timing curves for engines according to the prior art
wherein the x-axis shows the engine speed (RPM) and the y-axis shows the ignition timing in degreés,
before Top Dead Center. As the engine speed increases, the ignition timing also varies and is applicablé
for both spark plugs, which are energized simultaneously. This simultaneous operation of spark plugs
results in an over-promotion of combustion and potentially excessive noise and harshness. No control
strategy for the ignition means to reduce such noise levels is provided. "

Comparison of Figures 2 and 3 demonstrates that, using the ignition control strategy of the

present invention under mid and high speed conditions, the progress of ignition and combustion may be‘

conh‘olled with consequential benefits in terms of noise and harshness reduction. Controlled retardatlon
or discontinued spark plug operation when engine operating conditions in terms of measured oxj
computed combustion noise associated parameters dictate, results in less noise since simultaneous firing
of spark plugs 15 and 16 is not needlessly implemented. '
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Tﬁe degree of control in terms of degree of retardation, ignition timings, conditions under which
firing of a spark plug is discontinued and spark plug firing offset timings are dependent on whether th§
engine 100 is operated in part open throttle mode or wide open throttle mode and the engine speed.
Flowcharts corresponding with control algorithms for the two throttle position modes are presented in

Figures 5 and 6.

In such manner, the benefits of a dual spark plug ignition system for combustion of lean air-fuel
mixtures may be maintained without the noise and harshness cost or disadvantage of dual ignition wheé
rich air-fuel ratio fuel charges are required to be delivered to engine 100. Further benefits may ‘al's'é'
accrue insofar as spark plugs 15 and 16 would be expected to wear at a slower rate as firing timings aré

optimized to the engine operating conditions.

However, as the rider completes an acceleration phase by maintaining constant throttle position,
as sensed by pick up coil 2, simultaneous ignition timing of both spark plugs 15 and 16 is restored being
advantageous to good engine combustion performance. "

The mapped values of the rate of increase of the engine speed during acceleration phiase;
variation in ignition timing required to be made for one spark plug and to which of the two spark plugsj
this is to be applied and the engine speed at which the cut-off of one of the spark plugs takes place
depend upon engine design. Engine design parameters such as cylinder swept volume, engine maximum
power and maximum torque and at which engine speed these occur, maximum speed of the vehiéléj
transmission gear ratios, dynamic rolling radius of tyres etc. affect such decisions, The maps will be
programmed having regard to these parameters.

The above description relates to a system wherein the input of the engine speed has been taken
from the said pulser coil, based on which the micro-controller 4 controls the ignition fiming of one of
the two spark plugs. The inputs can also be taken based on parameters such as manifold vacuum
pressure (Figure 8), instantaneous throttle position sensor or other parameters which can indicate or léad
to indication of higher rate of combustion pressure and thus greater noise and harshness. When it 1s
required to account for the load on the engine also, it is necessary to take the input from locations sucﬂ
as the manifold vacuum and / or the throttle position sensor. Such variations in the inputs taken are well
within the scope of this invention. .
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Modifications and variations to the method and ignition control system of the present invention
may be apparent to the skilled reader of this disclosure. Such modifications and variations are deemed

within the scope of the present invention,

For example, the method and control system may be advantageously applied to a fuel injected
engine as shown in Figure 7. Here the cylinder head 114 of engine 200 defines the top of a combustioq_
chamber 120 being fitted with two spark plugs 104 and 105, of conventional manufacture, allowing the

engine 200 to operate in a lean combustion mode to improve fuel economy.

Engine 200 is a manifold fuel injected engine in which a manifold fuel injector 101 delivers é
fuel-charge to air manifold 102 delivering air to the engine combustion chamber 120. Combustion noise
control is achieved using the same general strategy as above described. ”

Specifically, during constant speed running, depending on the manifold pressure and engine

speed, an eléqtronic engine control unit (ECU, not shown) triggers ignition sparking at required timing
- for both spark plugs 104 and 105. Such timings may be sitmultaneous or different, for example firing in
some timing relationship which may be a fixed timing relationship.

During acceleration, firing of second spark plug 105 is retarded with respect to the first spark
plug 104 by a crank angle functionally dependent on the engine speed. Acceleration may be sensed in
two ways. For example, acceleration may be sensed if (-l)' the rate of change of throttle poéition sensor
position exceeds a threshold value; or (2) the rate of change of engine speed is more than a threshold
value. The ECU retards the spark timing of the second spark plug 105 if one of these two conditions is
met. The spark timing of the second spark plug 105 is restored once the rate of change of engine speed
is less than the threshold value.

The ignition timings are controlled in accordance thh an 1gmt10n map, presented as Figure 8
which sets ignition timing as a function of engine speed and manifold vacuum or pressure, '
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CLAIMS:
1. A method of controlling noise and harshness caused by combustion in a spark

ignited engine having a combustion chamber; a fuel delivery means for delivering a fuel
charge to the combustion chamber; a plurality of spark ignition means located in the
combustion chamber for igniting said fuel charge; and a control unit wherein said control
unit controls operation of each ignition means of said plurality of ignition means in
response to measured value of at least one combustion noise associated parameter.

2.. The method of claim 1 wherein control is implemented when measured value of
said combustion noise associated parameter breaches a predetermined threshold level.

3. The method of claim 1 or 2 wherein a primary combustion noise associated
parameter is rate of rise of combustion pressure. '

4. The method of claim 3 wherein a secondary combustion noise associated
parameter is at least one parameter associated with the rate of rise of combustion pressure
selected from the group consisting of engine speed, engine load, acceleration throttle
position, air fuel ratio and manifold pressure and variation in these.

5. The method of any one of the preceding claims wherein firing of an ignition
means is retarded if rate of rise of combustion exceeds a threshold value.

6. The method of claim 5 wherein firing timing of an ignition means is retarded if
engine speed or acceleration also exceeds a threshold value.

7. The method of claim 6 wherein firing timing is retarded in a step change.

8. The method of claim 7 wherein a smooth transition from one ignition means firing
timing to a retarded firing timing is effected by the control unit.

9. The method of any one of the preceding claims wherein firing of an ignition
means is discontinued if at least one combustion noise associated parameter breaches a
threshold value.

10.  The method of any one of the preceding claims wherein the engine is injected with
said fuel charge.

11.  The method of any one of claims 1 to 10 wherein the manifold of the engine is
injected with fuel. '

12.  The method of any one of the preceding claims wherein air fuel ratio of the fuel
charge is in a lean range.
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13.  The method of any one of the preceding claims wherein the engine is _operated in
-Jean combustion mode. :

14.  The method of any one of the precedmg claxms wherem control is mplemented
during a load transition of the engine, -

15, A methbd of any one of tlie breceding claims wherein control is implemented by

retarding Sring txmmg of one of ignition means relatwe to firing timing of another
1gmtxon means.

16. A method ef controlhng noise and harshness in an engine having a cylmder
provided with a plurality of ignition means comprlsmg, during operanon of an engine in
transition from part load to full load:

a) measuring rate of rise of coml_:ustion pressute in said cylinder; and

b) retarding firing of an igijition meeans in said cylinder by controlled degree 1f

measured rate of rise of combustion pressure exceeds a predcténnined value; wherein
degree of retardatlon of ﬁrmg of said ignition means is controlled dependent on sensed
engine speed and Joad conditions. |
17.  The method of any one of the preceding claims when implemented in a small bore
engine. D
18.  An ignition control system comprising:

a plurallty of spark ignition means (15, 16); and

a control unit @ for controlling operation of each ignition means (15, 16) wherein said

control unit (4) is programmed to receive combustion noise associated parameter data and
operate each ignition means (15, 16) in accordance with said data to control noise and
harshness. : _

19. The lgnition control system of claim 18 wherein the control unit is programmed
with maps pr'oﬁding ignition firing ﬁming as a function of measured combustion noise

. associated parameter data under particular engine operating conditions.

30

20.  The ignition control system of claim 19 wherein the maps provide ignition firing
timing as a function of at least one parameter selected from the group consisting of engine
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INTERNATIONAL PRELIMINARY REPORT ON PATENTABILITY
(Chapter 11 of the Patent Cooperation Treaty)

&

(PCT Article 36 and Rule 70)
Applicant's or agent's file reference FOR FURTHER ACTION See Form PCT/IPEA/416
KM-028
International application No. International filing date (day/month/year) Priority date (day/month/year)
PCT/IN2006/000227 30 June 2006 1 July 2005

International Patent Classification (IPC) or national classification and IPC
Int. Cl.  FO2P 15/02 (2006.01) FO02P 5/153 (2006.01)

Applicant
BAJAJ AUTO LIMITED et al

1. This report is the international preliminary examination report, established by this International Preliminary Examining
Authority under Article 35 and transmiited to the applicant according to Article 36,

2. This REPORT consists of a total of 3 sheets, including this cover sheet.
3. This report is also accompanied by ANNEXES, comprising:
a. (sent to the applicant and to the International Bureau) atotal of 3 sheets, as follows:

sheets of the description, ¢laims and/or drawings which have been amended and are the basis for this report and/or
sheets containing rectifications authorized by this Authority (see Rule 70.16 and Scction 607 of the
Administrative Instructions).

sheets which supersede earlier sheets, but which this Authority considers contain an amendment that goes beyond
the disclosure in the international application as filed, as indicated in item 4 of Box No. I and the Supplemental
Box.

b. D (sent to the International Bureau only) a total of (indicate type and number of electronic carrier(s)) , containing
a sequence listing and/or table related thereto, in electronic form only, as mdxcated in the Supplemental Box Relatmg fo
Sequence Listing (see Section 802 of the Administrative Instructions).

4, This report contains indications relating to the following items:

Box No, I Basis of the report

Box No. Il Priority

Box No. 11 Non-establishment of opinion with regard to novelty, inventive step and industrial applicability
Box No. IV Lack of unity of invention

Box No. V Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement .

Box No. VI Certain documents cited
Box No. VII Certain defects in the international application

N 3

Box No. VIII  Certain observations on the international application

Date of submission of the demand Date of completion of this report
11 June 2007 28 September 2007

Name and mailing address of the IPEA/AU Authorized Officer

AUSTRALIAN PATENT OFFICE C.NGUYEN-KIM

PO BOX 200, WODEN ACT 2606, AUSTRALIA AUSTRALIAN PATENT OFFICE
F-~mail address: pet@ipaustralia.gov.au (ISO 9001 Quality Certified Service)

Facsimile No. (02) 6285 3929

Telephone No. (02) 6283 2121

Form PCT/IPEA/409 (Cover sheet) (April 2007)
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B Wo.l Basis of the report
(1. With regard to the language, this report is based on:
The international application in the language in which it was filed
D A translation of the international application into , which is the language of a

translation furnished for the purposes of:

D international search (under Rules 12.3(a) and 23.1 (b))
D publication of the international application (under Rule 12.4(a))

D international preliminary examination (Rules 55.2(a) and/or 55.3(a))

2. With regard to the elements of the international application, this report is based on (replacement sheets which have been
Surnished to the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally
filed"” and are not annexed to this report).

[]

5. [

the international application as originally filed/furnished

the description:
pages 1—9 as originally filed/furnished
pages*  received by this Authority on with the letter of
pages*  received by this Authority on  with the letter of

the claims:
pages as originally filed/furnished
pages*  as amended (together with any statement) under Article 19
pages* 10-12 received by this Authority on 7 August 2007 with the letter of 7 August 2007
pages*  received by this Authority on  with the letter of
the drawings:

pages 1—8 as originally filed/furnished
pages*  received by this Authority on  with the letter of
pages*  received by this Authority on  with the letter of

a sequence listing and/or any related table(s) - see Supplemental Box Relating to Sequence Listing.

The amendments have resulted in the cancellation of:

|:| the description, pages

!:I the claims, Nos.

D the drawings, sheets/figs

[:] the sequence listing (specify):

D  any table(s) related to the sequence listing (specify):

This report has been established as if (some of) the amendments annexed to this report and listed below had not been
made, since they have been considered to go beyond the disclosure as filed, as indicated in the Supplemental Box (Rule
70.2(c)).

D the description, pages

D the claims, Nos.

[[] the drawings, sheets/figs

[] the sequence listing (specify):

D any table(s) related to the sequence listing (specify):

This report has been established taking into account the rectification of an obvious mistake authorized by or notified to
the Authority under Rule 91 (Rule 70.2(¢)).

* If item 4 applies, some or all of those sheets may be marked "superseded.”

Form PCT/IPEA/409 (Box No. 1) (April 2007)
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B No.V Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement
. Statement

Novelty (N) Claims YES
Claims 1-24 NO

Inventive step (IS) Claims YES
Claims 1-24 NO

Industrial applicability (TA)  Claims 1-24 YES
Claims NO

2. Citations and explanations (Rule 70.7)

The following international search report citations have been considered for the purpose of this statement:

D1: US 6499460 B D2: US 5259357 A D3: US 4920944 A D4:US 4517952 A
D5: US 4243005 A D6: US 4198942 A D7: US 3964454 A

D8: US 5474045 A D9: US 5107813 A D10: US 5069183 A D11: EP 451462 A
D12: US 4991554 A D13: GB 2213876 A D14: EP 284054 A D15: US 4690116 A

Novelty (N) Claims 1 — 24

The claims are not novel in the light of D1 — D7 which disclose all the essential features of the claims, namely a
method of controlling engine noise during acceleration or at high speed operation by retarding one of the spark
ignition means relatively to the other spark ignition means.

In response to the previous opinions, the attorney submits that none of D1 — D5 is concerned with the problem
solved by the invention, that is the control of noise and harshness during acceleration for high speed operation.
However, the citations do disclose the features of the claims, for example, D1 discloses a method and an ignition
control system for controlling engine noise during acceleration or high speed operation (eg. between 1500 — 4500
rpm) wherein the engine having a combustion chamber (see Fig. 1), a fuel injection means (9), a plurality of
spark ignition means (811, 8E1), and a control unit (ECU 11) for retarding/discontinuing one ignition means in
response to the engine speed (NE) and/or acceleration (see Figs. 5, 6, 7). The citation also discloses the engme
operated at a lean air/fuel ratio (see column 6, lines 21 — 22). D2 — D5 disclose similar features.

The attorney also submits that D6 discloses a mechanical switch for controlling the ignition retardation based on
the measurement of manifold pressure and hence with less precision than present invention. However, the
present claims do not exclude mechanical switches as part of the control unit (in fact the claims do not define
what the control unit consists of), and claims 7, 8, 22 allow the manifold pressure to be measured to determine
the engine acceleration/speed.

The attorney also submits that D7 solves the engine problem during acceleration by advancing the ignition of one
of the spark plugs instead of retarding as in present invention. However, D7 does disclose the ignition of one of
the spark plugs is delayed relatively to the ignition of the other spark plug during engine acceleration (see Fig. 4),
only the degree of delay (i.e. retardation) varies with speed. The present claims do not define any degree of
retardation at all. '

Inventive Step (IS) Claims 1 —24
The claims do not involve an inventive step in the light of D1 — D7 for the same reasons as above.

The claims also do not involve an inventive step in the light of D8 — D15 all of which disclose an ignition contrgY
system / method thereof, wherein the firing of the spark xgmtlon means is retarded in response to the value of one
or more engine parameters, such as combustion pressure, engine speed, engine load, etc. Although D8 —-D15 do
not disclose a plurality of spark ignition means in each combustion chamber, it is obvious to a person skilled in
the art to combine any one of D8 — D15 with any one of D1 - D7 to reach the same solution as claimed.

Industrial Applicability (IA) Claims 1 —24

The claims satisfy the requirements for industrial applicability.

Form PCT/IPEA/409 (Box No. V) (April 2007)
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From the INTERNATIONAL BUREAU b |

PCT To:

MADAN, Jose
NOTIFICATION CONCERNING Khaitan & Co
SUBMISSION-OR TRANSMITTAL Advocates, Notaries, Patent & Trade Mark Attorneys
OF PRIORITY DOCUMENT Meher Chambers, 4th & 5th Floors

R K Marg, Ballard Estaie

) . Mumbai 400 038, Maharashtra
(PCT Administrative Instructions, Section 411) INDE

Applicant ‘
: BAJAJ AUTO LIMITED et al

Date of mailing (day/month/year)
02 April 2007 (02.04.2007)
Appﬁmfé’éggem s file reference IMPORTANT NOTIFICATION
International application No. International filing date (day/month/year)
PCT/IN2006/000227 30 June 2006 (30.06.2006)
3 International publication date (day/month/vear) Priority date (day/month/year)
| 22 March 2007 (22.03.2007) 01 July 2005 (01.07.2005)

‘ 1. By means of this Form, which replaces any previously issued potification concerning submission or transmittal of priority
documents, the applicant is hereby notified of the date of receipt by the International Bureau of the priority document(s) relating to
all earlier application(s) whose priority is claimed. Unless otherwise indicated by the letters “NR", in the right-hand column or by an
asterisk appearing next to a date of receipt, the priority document concerned was submitted or transmitted to the International Bureaun
in compliance with Rule 17.1(a) or (b).

2. (If applicable) The letters “NR" appearing in the right-hand column denote a priority document which, on_the date of mailing of
this. Form, had not yet been received by the International Bureau under Rule 17.1(a) or (b). Where, under Rule 17.1(a), the
priority document must be submitted by the applicant to the receiving Office or the International Burcau, but the applicant fails to
submit the priority document within the applicable time limit under that Rule, the attention of the applicant is directed to Rule

; 17.1(c) which provides that no designated Office may disregard the priority claim concerned before giving the applicant an

‘ opportunity, upon entry into the national phase, to furnish the priority document within a time limit which is reasonable under the

| circumstances. :

3. (If applicable)An asterisk (*) appearing next to a date of receipt, in the right-hand column, denotes a priority document submitted
or transmitted to the International Bureau but not in compliance with Rule 17.1(a) or (b) (the priority document was received
after the time limit prescribed in Rule 17.1(a) or the request to prepare and transmit the priority document was submitted to the
receiving Office after the applicable time limit under Rule 17.1(b)). Even though the priority document was not firrnished in
compliance with Rule 17.1(a) or (b), the International Bureau will nevertheless transmit a copy of the document to the designated

Offices, for their consideration. In case such a copy is not accepted by the designated Office as the priority document, Rule 17.1(c)

‘, provides that no designated Office may disregard the priority claim concerned before giving the applicant an opportunity, upon entry

: into the national phase, to furnish the priority document within a time limit which is reasonable under the circumstances.

Priority date : Piarity application No. mmmmmﬂmm}i:,[ erving Offi EM. ity d
01 July 2005 (01.07.20085) \ 784/MUM/2005 IN 05 March 2007 (05.03.2007)

The International Bureau of WIPO Authorized officer
34, chemin des Colombeties . ..
1211 Geneva 20, Switzerland Dorothée Milhausen
i Facsimile No. +41 22 338 82 70
Facsimile No. +41 22338 82 70 Telephone No. +41 22 338 74 01

Form PCT/IB/304 (October 20035)
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INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY L e :

:L; i, lv‘-_f Y
B ' PCT | '2\

NOTIFICATION OF TRANSMITTAL OF
WATERMARK PATENT & TRADEMARK I TERNATIONAL PRELIMINARY

\
1

ATTORNEYS REPORT ON PATENTABILITY |
Level 2 . (Chapter 11 of the Patent Cooperation Treaty) |
302 Burwood Road
Hawthorn Vic 3122 (PCT Rule 71.1)
Date of mailing
(day/month/year) 02 UCl 2007
Applicant's or agent's file reference IMPORTANT NOTIFICATION
kM-028 P 2446 PCIN
International application No. International filing date (day/month/year) Priority date (day/month/year)
PCT/IN2006/000227 30 June 2006 1 July 2005
i Applicant

BAJAJ AUTO LIMITED et al

1, The applicant is hereby notified that this International Preliminary Examining Authority transmits herewith the |
international preliminary report on patentability and its annexes, if any, established on the international application.
) 2, A copy of the report and its annexes, if any, is being transmitted to the International Bureau for communication to all
‘ the elected Offices.
3. Where required by any of the elected Offices, the International Bureau will prepare an English translation of the report

(but not of any annexes) and will transmit such translations to those Offices.
4, REMINDER |

The applicant must enter the national phase before each clected Office by performing certain acts (filing translations
and paying national fees) within 30 months from the priority date (or later in some Offices) (Article 39(1)) (see also the
reminder sent by the International Bureau with Form PCT/IB/301).

| Where a translation of the international application must be furnished to an elected Office, that translation must contain
a translation of any annexes to the international preliminary report on patentability. It is the applicant's responsibility
to prepare and furnish such translation directly to each elected Office concerned.

For further details on the applicable time limits and requirements of the elected Offices, see Volume II of the PCT
Applicant's Guide.

The applicant's attention is drawn to Article 33(5), which provides that the criteria of novelty, inventive step and

.‘ industrial applicability described in Article 33(2) to (4) merely serve the purposes of international preliminary
examination and that "any Contracting State may apply additional or different criteria for the purposes of deciding

whether, in that State, the claimed invention is patentable or not” (see also Article 27(5)). Such additional criteria may

relate, for example, to exemptions from patentability, requirements for enabling disclosure, clarity and support for the

claims.
Name and mailing address of the IPEA/AU Authorized officer
AUSTRALIAN PATENT OFFICE C.NGUYEN-KIM
PO BOX 200, WODEN ACT 2606, AUSTRALIA AUSTRALIAN PATENT OFFICE

E-mail address: pet@ipaustralia.gov.au

Facsimile No. (02) 6285 3929 (ISO 9001 Quality Certified Service)

Telephone No. (02) 6283 2121

Form PCT/IPEA/416 (January 2004)

.
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INTERNATIONAL PRELIMINARY REPORT ON PATENTABILITY
(Chapter II of the Patent Cooperation Treaty)

(PCT Article 36 and Rule 70)

Applicant's or agent's file reference FOR FURTHER ACTION See Form PCT/IPEA/416
KM-028

International application Na, International filing date (day/month/year) Priority date (day/month/year)
PCT/IN2006/000227 30 June 2006 I July 2005

International Patent Classification (IPC) or national classification and IPC

Int. Cl.  FO2P 15/02 (2006.01) F02P 5/153 (2006.01)

Applicant
BAJAJ AUTO LIMITED et al’

1. This report is the international preliminary examination report, established by this International Preliminary Examining
Authority under Article 35 and transmitted to the applicant according to Article 36.

2. This REPORT consists of a total of 3 sheets, including this cover sheet.
3. This report is also accompanied by ANNEXES, comprising:
a {sent to the applicant and to the International Bureau) a total of 3 sheets, as follows:
sheets of the description, claims and/or drawings which have been amended and are the basis for this report and/or

sheets containing rectifications authorized by this Authority (see Rule 70.16 and Section 607 of the
Administrative Instructlons)

sheets which supersede earlier sheets but which this Authority considers contain an amendment that goes beyond
the disclosure in the international application as filed, as indicated in item 4 of Box No. I and the Supplemental
Box.

b. l:l (sent to the International Bureau only) a total of (indicate type and number of electronic carrier(s)) , containing
a sequence listing and/or table related thereto, in electronic form only, as mdlcated in the Supplemental Box Relating to
Sequence Listing (see Section 802 of the Administrative Instructions).

4, This report contains indications relating to the following items:

Box No. | Basis of the report

Box No. II Priority

Box No. II1 Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

Box No. IV Lack of unity of invention
Box No. V Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement
“Box No. V1 Certain documents cited

Box No. VI Certain defects in the international application

Box No. VIII  Certain observations on the international application

OO0 =000

Date of submission of the demand Date of completion of this report
11 June 2007 28 September 2007

Name and mailing address of the IPEA/AU Authorized Officer

AUSTRALIAN PATENT OFFICE C.NGUYEN-KIM
PO BOX 200, WODEN ACT 2606, AUSTRALIA AUSTRALIAN PATENT OFFICE
E-mail address: pct@ipaustralia.gov.au (ISO 9001 Quality Certified Service)*

Facsimile No. (02) 6285 3929 Telephone No. (02) 6283 2121

Form PCT/IPEA/409 (Cover sheet) (April 2007)
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Br No.I - Basisof the report

1. With regard to the language, this report is based on:

The international application in the language in which it was filed -

D A translation of the international application into , which is the language of a
translation furnished for the purposes of:

D international search (under Rules 12.3(a)-and 23.1 (b))
' D publication of the international application (under Rule 12.4(a))

D international preliminary examination (Rules 55.2(a) and/or 55 3(a))

2. With regard to the elements of the international application, this report is based on (replacement sheets which have been

Jurnished to the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally
Jiled" and are not annexed to this report):

D the international application as ongmally filed/furnished
- the descnptmn
pages 1—9  asoriginally filed/furnished

pages*  received by this Authority on  with the letter.of
pages* = .received by this Authority on  with the letter of

' the claims:

pages. -as originally filed/furnished

pages*  as amended (together with any statement) under Article 19

pages* 10 ~12  received by this Authority on 7 August 2007 with the letter of 7 August 2007
pages*  received by this Authority on  with the letter of

the drawings:

pages 1~8 asoriginally filed/furnished

pages*  roceived by this Authority on  with the letter of
pages*  redeived by this Authority on  with the letter of

[:] a sequence listing and/or any reléted table(s) - see Supplemental Box Relating to Sequence Listing.
3 D The amendments have resulted in the cancellation oft

D the description, pages
D the claims, Nos. -
_ D the drawings, sheets/figs
| [] the sequence listing (specify):
[] any table(s) related to the sequence listing (specify):

4, D This report has been established as if (some of) the amendments annexed to this report and listed below had not been
made, since they have been considered to go beyond the disclosure as filed, as indicated in the Supplemental Box (Rule
70.2(c)).

D the description, pages

{1 the claims, Nos.

D the drawings, sheets/figs

[] the sequence listing (specify):

D- any table(s) related to the sequence listing (specify):

5. D This report has been established taking into account the rectification of an obvious mistake authorized by or notified to
the Authority under Rule 91 (Rule 70.2(e)).

* Ifitem 4 applies, some or all of those sheets may be marked "superseded.”

Form PCT/IPEA/409 (Box No. I} (April 2007)
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B {0V Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement
1. Statement
Novelty (N) Claims YES
Claims 1-24 NO
Inventive step (IS) Claims YES
Claims 1-24 NO
Industrial applicability (1A)  Claims 1-24 YES
Claims NO
2. Citations and explanations (Rule 70.7)

The following international search report citations have been considered for the purpose of this statement:

D1: US 6499460 B D2: US 5259357 A D3: US 4920944 A D4:US 4517952 A
D5: US 4243005 A D6: US 4198942 A D7: US 3964454 A

D8: US 5474045 A D9: US 5107813 A D10: US 5069183 A D11: EP 451462 A
DI12: US 4991554 A D13: GB 2213876 A D14: EP 284054 A D15: US 4690116 A

Novelty (N) Claims 1 —24

The claims are not novel in the light of D1 — D7 which disclose all the essential features of the claims, namely a
method of controlling engine noise during acceleration or at high speed operation by retarding one of the spark
ignition means relatively to the other spark ignition means.

In response to the previous opinions, the attorney submits that none of D1 — D5 is concerned with the problem
solved by the invention, that is the control of noise and harshness during acceleration for high speed operation.
However, the citations do disclose the features of the claims, for example, D1 discloses a method and an ignition
control system for controlling engine noise during acceleration or high speed operation (eg. between 1500 — 4500
rpm) wherein the engine having a combustion chamber (see Fig. 1), a fuel injection means (9), a plurality of
spark ignition means (811, 8E1), and a control unit (ECU 11) for retarding/discontinuing one ignition means in
response to the engine speed (NE) and/or acceleration (see Figs. 5, 6, 7). The citation also discloses the engme
operated at a lean air/fuel ratio (see column 6, lines 21 — 22). D2 ~ D3 disclose similar features.

The attorney also submits that D6 discloses a mechanical switch for controlling the ignition retardation based on
the measurement of manifold pressure and hence with less precision than present invention, However, the
present claims do not exclude mechanical switches as part of the control unit (in fact the claims do not define
what the control unit consists of), and claims 7, 8, 22 allow the manifold pressure to be measured to detertfiine
the engine acceleration/speed.

The attorney also submits that D7 solves the engine problem during acceleration by advancing the ignition of one
of the spark plugs instead of retarding as in present invention. However, D7 does disclose the ignition of one of
the spark plugs is delayed relatively to the ignitlon of the other spark plug during engine acceleration (see Fig. 4),
only the degree of delay (i.e. retardation) varies with speed. The present claims do not define any degree of
retardation at all.

Inventive Step (IS) Claims 1 — 24
The claims do not involve an inventive step in the light of D1 — D7 for the same reasons as above.

The claims also do not involve an inventive step in the light of D8 — D15 all of which disclose an ignition control
system / method thereof, wherein the firing of the spark ignition means is retarded in response to the value of one
or more engine parameters, such as combustion pressure, engine speed, engine load, etc. Although D8 — D15 do
not disclose a plurality of spark ignition means in each combustion chamber, it is obvious to a person skilled in
the art to combine any one of D8 — D15 with any one of D1 - D7 to reach the same solution as claimed.

Industrial Applicability (IA) Claims | —24
The claims satisfy the requirements for industrial applicability.

Form PCT/IPEA/409 (Box No. V) (April 2007}
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CLAIMS:
1. A method aof controlling noise and harshness caused by combustion in a

spark ignited engine during acceleration or high speed operation, the engine
having a combustion chamber; a fuel delivery means for delivering a fuel charge
to the combustion chamber; a plurality of spark ignition means located in the
combustion chamber for igniting said fuel charge; and a control unit, wherein said
control unit retards operation of at least one ignition means in response to at least
one of engine speed and acceleration of the engine.

2. The method of claim 1 wherein operation of said at least one spark ignition
means is retarded in response to engine acceleration exceeding a predetermined
engine acceleration rate.

3. The method of claim 1 wherein operation of said at least one spark ignition
means is retarded in response fo engine speed exceeding a predetermined
engine speed threshold level.

4. The method of claim 2 wherein the engine acceleration rate is a high
acceleration rate.

5. The method of claim 3 wherein the engine speed threshold level is a high
engine speed.

6. The method of claims 1, 2 or 4 wherein acceleration of the engine is
determined by measuring the rate of change of engine speed.

7. The method of claims 1, 2 or 4 wherein acceleration of the engine is
determined by measuring throttle position, fuel delivery per combustion cycle or
manifold pressure and variation in these.

8. The method of claims 1, 2 or 4 wherein acceleration of the engine is
determined by measuring at least two of engine speed, throttle position, fuel
delivery per combustion cycle or manifold pressure and variation in these.

Amended Sheet
TPEA/AU
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9, The method of any one of the preceding claims wherein oper’atiop of at

least one ignition means is retarded if determined rate of rise of combustion
pressure exceeds a threshold value.

10. The method of any one of the preceding claims wherein operation of the at
least one ignition means is retarded in a step change.

11.  The method of any one of claims 1 to 9 wherein a smooth transition from
one ignition means operation timing to.a retarded operation timing is effected by
the control unit. |

12. The method of any one of the preceding claims wherein firing of an ignition
means is discontinued if at least one combustion noise associated parameter
breaches a threshold value.

13. . The method of any one of the preceding claims wherein the engine is

_injected with said fuel charge.

14.  The method of any one of the preceding claims wherein the manifold of the

‘engine is injected with fuel.

15.  The method of anyone of the preceding claims wherein air fuel ratio of the

fuel charge is in a lean range.

16. The method of any one of the preceding claims wherein the engine is
operated in lean combustion mode.

17. The method of claim 16 wherein the engine is a single cylinder engine
having a swept cylinder volume of between 70cc and 200cc.

18. A method of any one of the preceding claims wherein control is

implemented by retarding firing timing of one of ignition means relative to firing

timing of another ignition means.

Amended Sheet
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19. The method of any one of the preceding claims when implemented in a
small bore engine.

20.  Anignition control system for an engine comprising:

a plurality of spark ignition means (15, 16); and

a control unit (4) for controlling operation of each ignition means (15, 16)
wherein said control unit (4) is programmed to receive combustion noise
associated parameter data and to operate each ignition means (15, 16) in
accordance with said data to control noise and harshness when engine speed is
accelerating or is at a high level.

21. The ignition control system of claim 20 wherein the control unit is
programmed with maps providing ignition firing timing as a function of measured
combustion noise associated parameter data under particular engine operating
conditions.

22. The ignition control system of claim 21 wherein the maps provide ignition
firing timing as a function of at least one parameter selected from the group
consisting of engine speed, throttle position, fuelling rate and manifold vacuum
pressure and variation in these.

23. The ignition control system of claim 21 or 22 wherein the maps are
provided for part open throttle and wide open throttle engine operating conditions.

24. The ignition control system of anyone of claims 21 to 23 wherein the maps
provide ignition firing timings for said ignition means such that the firing timing of
one ighition means is retarded relative to firing timing of another ignition means.
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