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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 bum 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 bum a lean fuel-air mixture at a quick enough rate to achieve efficient combustion 

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 f1irthr, 

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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It has also been observed that, when the engine runs at a higher engine speed, say greater than 

6000 rpm, uncomfortable noise levels or harshness of sound is produced. At these speeds, the higher 

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 cylinder 

and the higher amount of richer charge leads to a higher rate of rise of combustion pressure in known 

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 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 

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 to 

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 engin 

operating conditions. The rate of rise of combustion prcssuEe in a combustion chamber is strongly 

associated with combustion noise and harshness as above described and is the preferred or primary 

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 predetermined 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 parameters 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 combustion 

pressure or possibly alone, particularly at high engine speeds, for example greater than 5000 rpm. 

Advantageously, control over ignition means and combustion proceeds on the basis of measured rate of 

rise of combustion pressure and at least one other parameter, particularly engine speed or acceleration, 

breaching 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 th 

control unit, The control unit, which may be a micro-controller, may then operate the ignition meahs to 

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 "normal" 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 predeterminedvalue, the control unit may retard or delay energizing the firing event 

of one of the spark ignition means or spark plugs. Under such conditions, even a lean mixture may not 

require promotion of ignition by plural ignition 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 control 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 Bat 

the implementation of control. 

The ignition timing for the spark plugs may be retarded in stepwise manner under operating" 

10 conditions when noise control is required. This requires less capacity for the control unit. However, 
a 

smoothed transition of ignition firing event timing may 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 open throttle or wide open throttle 

conditions. Maps using combustion noise associated parameters other than engine speed may also b 

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 direbt 

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 in 

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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Cyder head 14 defines the top of a combustion chamber 120, of pent roof construction, and i cO 
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 a 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 circuit 

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 I 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 conventional 

charging coil 5 through power supply rcotification 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 ping 

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 providing more detailed data for throttle position could also be 

employed. . 

When a rider of the motorcycle increases the speed of the vehicle by operating the throttle, th 
rate of rise of combustion pressure, a strongly combustion noise associated 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. Furtler 

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 

combustion 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, Bring 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 thing timing vs engine speed or ignition timing curves according 

to which noise and harshness control is implemented In accordance with the invention as above 

described is shown in Figure 2. Figure 2 illustrates ignition timing 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 increases 

rapidly, ignition firing timing of one of the spark plug 16 retards by a predetermined value as indicated 

by 1) keeping ignition timing of spark plug 15 unchanged as indicated by C in the figure. This achieve 

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 degrees. 

before Top Dead Center. As the engine speed increases, the ignition timing also varies and is applicable 

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 

controlled with consequential benefits in terms of noise and harshness reduction. Controlled retardation 

or discontinued spark plug operation when engine operating conditions in terms of measured or 

computed combustion noise associated parameters dictate, results in less noise since simultaneous firIn& 

of spark plugs 15 and 16 is not needlessly implemented. 

t?1 
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The 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 the 

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 hi 

Figures 5 and 6. 

In such manner, the benefits of a dual spark plug ignition system for combustion of lean air-fui 

mixtures may be maintained without the noise and harshness cost or disadvantage of dual ignition when 

rich air-fuel ratio fuel charges are required to be delivered to engine 100. Further benefits may also 

accrue insofar as spark plugs 15 and 16 would be expected to wear at a slower rate as firing timings ar 

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 phase, 

variation in ignition timing required to be made for one spark plug and to which of the two spark plugs 

this is to be applied and the engine speed at which the cut-off of one of the spark plugs fakes 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 vehiól 

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 timing 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 lØäd 

to indication of higher rate of combustion pressure and thus greater noise and harshness. When it is 

required to account for the load on the engine also, it is necessary to take the input from locations such 

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. 

Foy 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 combustion 

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 a 

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 enginô 

speed, an electronic engine control unit (ECU, not shown) triggers ignition sparking at required timing 

for both spark plugs 104 and 105. Such timings may be simultaneous 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 ’n 
two ways. For example, acceleration may be sensed if (.1 the rate of change of throttle position sensbr 
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 with an ignition 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: 

L 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 

5 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. 

10 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 

15 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 *herein firing timing of an ignition means is retarded if 
engine speed or acceleration also exceeds a threshold value. 

20 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 

25 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. 

30 12. The method of any one of the preceding claims wherein air fuel ratio of the fuel 
charge is in a lean range. 

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

lean combustion mode. 

14 The method of any one of the preceding claims wherein control is implemented 

during a load transition of the engine. 

5 

15 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. 

10 16 A method of controlling noise and harshness in 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 

b) retarding firing of an ignition means in said cylinder by controlled degree if 

15 measured rate of rise of combustion pressure exceeds a predetermined value, wherein 

degree of retardation of firing of said ignition means is controlled dependent on sensed 

engine speed and load conditions 

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

20 IS. An ignition control system 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 

operate each ignition means (15, 16) in accordance with said data to control noise and 

25 harshness. 

19 The ignition control system of claim 18 wherein the control unit is programmed 

with maps providing ignition firing tuning as a function of measured combustion noise 

associated parameter data under particular engine operating conditions 

20 The ignition control system of claim 19 Wherein the maps provide ignition firing 

30 tuning as a function of at least one parameter selected from the group consisting of engine 
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clue la crercrizaciOn sirnultªnea de ia: 



.4cie combust149n tambiØn ]eva a una rÆpici aceleición de 1 

























15 

de e1eraci6r rnedida de pteaión dconbustiôr pbre un .valor 

de umbral, Øs decir 3.5 b&ts, pior grado de rotaci2 drt 

cigüefial,  �Ô1 microcontrldor 4 retarda a dicontiri’ e3 

dispâro. de una de las bujIas 16 por un valon 

.5 �predeteminado.  Tal control e implementa, en la modlidac 

ilustrada, por una rnaTiobra por etapas, el valor o grdo 4: 

là etapa de rtardo eu depeniente de la Velocidati, del 

motor medi. Es deoir, sore un mediano margn d 

velocidad, lupongamos 1,600 rpjp a 5000 rpm, el gro doil 

10 retardo vatarÆ depondendo del valor de velocidd de] 

motor. El dO de. : redo tamblØp puecte variar con L 

proporción  Oe elevación mecilia de presióri de combustibn i 

tempo de.. ignición .de Ia otra bujia 15 permanect. sin 

cambio. 

1.5 Cando la velqi dad del motor torrementa �mAiall.  

d u1 ciert4o valor, digaros 5000 rpm, en el magen da altt 

veioci4ad, Waticulattente en condciones 4e aceleaci5ii 

del elador 4bierto, totalmente, donde una .car de, 

combustible del ma.rei rico de -elación de aire-combu$tibl 

20 se dLstribuye a, la c1za 14 dB combustion, eIencenr d 

Ia hujIa (.16).. se contniIa como jnneaesario y Se descontin 

el disparo de Ia bujia (16) cuando.es inecesario y e4. 

motor 100 funciona splaro6nteL con una bujIa energzada 
Los mapas ejup1aes del t–einpo de disparo d 

25 buji: contia Ia velo:idad d1 :otor, a curvas de tiemosd 
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4kV 

cuando se equere que se ci,stribuyan cargas ric a 

cbi.tib1ede rŁlaciôn de aire-comustib1e al. motor 00  

Otros; beneicios tambiØn pueden cum’ular.e ya que so puede. 

esperr que las bujias 15 y 16 so dsgasten en una 

5 proporción mÆs len.ta ya que los tiempos de di spa io se 

� optimizan ala condiciones de operacióri del motor.. 

Sin embargo, caando el conductor termira una tase 

do ace1era6ri. al mantener ulia posiciôn coiistante d] 

acelerador,. corno detectada por 1A bobina 2 do cptación,  eYl  

0 tioipode ignición.simultÆneo  de axabas bujI&s 15 y 16 se 

resta.blece ien4o vontajoso pars el buen rndimiento cI 

oper.ac.iónd conbustiOn del motor. � 

Ls. �vaors mapadQs de la prQpOrCi. de 

incremento. do la velocidad del motor dirante la f a6e da 

15 aceler.ación la variaión e el tinpo rquerido det 

ignt#6n que và a. hacerse. paxa un bujia y a c&1 do las do 

bjIas se 4plicarÆ y Ia vlocidad del motor en la cual, 

tien.lugar Ia descorieiOn d wia do las b . depende 

del disfio dol motor. Los par4metros de dio del motoi.. 

20 taie, como el volurnen de barrido del cillndro, la eorgi 

niÆxia del notor. y el esfuero cortante Mjmo y en que 

.velocldad d1 motor se presentn e5to$f la ve.ocidad Thximq� 

de;eh1cu, las re.laciones d enranaje de transnU.sión  

el, radio dinmi.co 4e rodaclura do los’ neumÆticos, etc. 

25 afe-ctan ta’es decisiones Los mapas srÆi proqrmados coin 





H 
un cmaza 3t20 de combusti6n qie a.just4a cn dos Iiias. 

104 y 15, Oe abricaciôn  convencional, permitiendo q 

motor 200 oper4en Ufl mo& de conu.s.tión pobre para .rnrar 

la econotiia Ide combustible, 

5 El; Motor 200 es in motor inyectado I 

combustible 4e clector en el cual un inyector de 

combustible de colector 101 ditribuy una cargA de 

combustible ;i colect.or 102 de ai.re que di.tribuye are a 

la c4mara de co iubusti.ón del motor 120. Se logra el ctrol. 

10 del ruido cornbstión ut1izando la misma estratgia 

general gue e describe en lo anterior. 

Esecificamente, durate el uncionamient de 

veiocida1 costante, dependiendo de is priôn del colQctor: 

y la ve1łcidd del motor, ufla unidad e).ectrónica de control 

15 de motor (E4J, no mostrdo) activa l disparo de igi4ión  

en el tiempd recuerido para ambas bujIas 104 y 105. Ta1e 

tiempos puscn ser simuLtneos a diferen., par ejeplo, 

el thsparo en cierta reiaciói de tiempo que. puede ser, una 

re1ación4ij de tiemp.os. 

20 . . Duanto la aceleracióxi, el diparo de la seunda 

H buj1a’105 se- retarda con res-pecto a la primea bUjia 104 

por,,un-Angulo de cigUefial funcionaimente depenciiente de is 

velocidad del motor. La aceleración se ;(ude detectar de 

dos naneras,. iPor ejemplo, la ace ler4c-Iôn  .puede ..ae 

25 detectda si (1) is prorci de carnbio de posición  delHP 

. ... . 
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F1 m4tr,c3ô ci conforrrtidad cort cuaLuiera de la 

precec*ente, caracteiLzado porq e 

di�paro de n mdo ..de ignición  se descontiræ si POT l 

menos un par&mtro asciad con &. ruido de combUtiôi 

viola el vor de urnbral. 

10 F,1 mØtodo dq conformidad:don culquiexa d4 

las reivin&iccion.es ptecŁdentes carctrizado porque e.. 

motor Sc irxyecta con dictia crga de combistib1e. 

1. El rntodc de conformidad con cualquiti  d 

� las reiviflic2aciofle$.. I a 10, caracterizAd.O porqpO el, 

� colector dłl tao tor se -In-yacta con combustible, 

� 12 El mØtoda de conformidad con cualquiera de 

� las rciviriicaciones pecedntes, caraterizdo porqie l. 

rIacLôr1  do aire-combustible de la cara de combustible 

estÆ en unarqen�pcbre. 

l3. ElmØtodo de co4ormidad con �cualquiera c 

las reiviriicciones pcecientes, caracterizado porque e 

motor Se opera  en el modo de cobusti6 pobre. 

14. El mØtodo de conformidad con cuÆlqui4 d* 

ia.reivinicaciones. ptecedntes, caracterizdo porue ci 

control se Lirnplement durante una transición de carig. deL 







25 veritajoso pa motor -s inyect:dos con ctib1. 7’ 
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B No. I 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 

UA translation of the international application into , which is the language of a 
translation furnished for the purposes of 

international search (under Rules 12.3(a) and 23.1 (b)) 

Jpublication of the international application (under Rule 12.4(a)) 

0 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 
furnished 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): 

the international application as originally flied/furnished 

the description: Lai 

{] the claims: 

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 

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 - S as originally filed/furnished 
pages* received by this Authority on with the letter of 
pages* received by this Authority on with the letter of 

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

3. The amendments have resulted in the cancellation of: 

EJthe description, pages 

the claims, Nos. 

[J the drawings, sheets/figs 

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

4. [J 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)), 

the description, pages 

the claims, Nos. 

[] the drawings, sheets/figs 

Elthe sequence listing (specify): 

any table(s) related to the sequence listing (spec)5’): 
s. F1 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 ofthose sheets may be marked"superseded" 
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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 

1. Statement 

Novelty (N) Claims YES 

Claims 1-24 NO 

Inventive step (IS) Claims YES 

Claims 1-24 NO 

Industrial applicability (IA) 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: 
Dl: US 6499460 B 1)2: US 5259357 A 1)3: US 4920944 A D4:US 4517952 A 
D5: US 4243005 A 1)6: US 4198942 A 1)7: US 3964454 A 
DS: US5474045A D9:US5107813 A D10:US5069183A DI 1: EP451462A 
D11U54991554A D13:G82213876A D 14: EP 284054 A D15:US4690116A 

Novelty (N) Claims 1 �24 

The claims are not novel in the light ofDl �07 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 Dl �1)5 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, DI 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, SE 1), 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 engine 
operated at a lean air/fuel ratio (see column 6, lines 21 - 22). 1)2.-. 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 Dl - D7 for the same reasons as above. 

The claims also do not involve an inventive step in the light of 1)8 - Dl 5 all of which disclose an ignition contro,k 
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 1)8-1)15 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 1)8 - 1) 15 with any one of Dl - D7 to reach the same solution as claimed. 

Industrial Applicability (IA) Claims 1 �24 

The claims satisfy the requirements for industrial applicability. 

V 
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I. 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 elected 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)) (sec 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. 
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(Chapter II of the Patent Cooperation Treaty) 

(PCT Article 36 and Rule 70) 
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KM-028 

International application No. International filing date (day/montWyear) Priority date (day/month/year) 

PCT/1N2006/000227 30 June 2006 1 July 2005 

International Patent Classification (IPC) or national classification and IPC 

Int. Cl. F02P 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 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. El (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 indicated 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. I Basis of the report UnJ 

[] Box No. II Priority 

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

Box No. IV Lack of unity of invention 

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

0 Box No. VI Certain documents cited 

Box No. VII Certain defects in the international application 

1=1 Box No. VIII Certain observations on the international application 
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11 June 2007 
Date of completion of this report 

28 September 2007 

Name and mailing address of the IPEA/AU Authorized Officer 

AUSTRALIAN PATENT OFFICE C. NGUYEN-KIM 
P0 BOX 200, WODEN ACT 2606, AUSTRALIA I AUSTRALIAN PATENT OFFICE 
E-mail address: pctfiipaustralia.gov.au (ISO 9001 Quality Certified Service)’ 
Facsimile No. (02) 6285 3929 Telephone No. (02) 6283 2121 

Form PCT/IPEAJ409 (Cover sheet) (April 2007) 
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Br No. I Basis of the report 
1. With regard to the language, this report is based on: 

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

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

international search (under Rules 12.3(a) and 23.1(b)) 

E1 publication of the international application (under Rule 12.4(a)) 

international preliminary examination (Rules 55.2(a) and/or 553(a)) 

2. With regard to the elements of the international application, this report is based on (replacement sheets which have been 
furnished to the receiving Office in response to an invitation under Article /4 are referred to in this report as "originally 
filed" and are not annexed to this report): 

[J the international application as originally filed/furnished 

Mv 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 

LN 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 1 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 

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

3. [J The amendments have resulted in the cancellation of 

El the description, pages 

[J the claims, 

the drawings, sheets/figs 

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

4. [j] 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)). 

the description, pages 

the claims, 

Dthe drawings, sheets/figs 

[I] the sequence listing (spec 
in’): 

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

� [J 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)). 

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

Form PCT/IPEAJ409 (Box No. 1) (April 2007) 
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B’ io. V Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; A 

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 (IA) 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: 
Dl: US 6499460 B D2: US 5259357 A 03: US 4920944 A D4:tJS 4517952 A 
D5: US 4243005 A 06: US 4198942 A D7: US 3964454 A 
D8:1JS5474045A D9: US 5 107813 A D 10: US 5069183 A Dl1:EP451462A 
D12: US 4991554 A D13: GB2213876A 014: EP284054A 015: US4690116A 

Novelty (N) Claims 1-24 

The claims are not novel in the light of Dl - 07 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 Dl - 05 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, Dl 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 engine 
operated at a lean air/fuel ratio (see column 6, lines 21 �22). D2 �05 disclose similar features. 

The attorney also submits that 06 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 deterifline 
the engine acceleration/speed. 

The attorney also submits that 07 solves the engine problem during acceleration by advaning 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 Dl - D7 for the same reasons as above. 

The claims also do not involve an inventive step in the light of D8 �015 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 - Dl 5 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 Dl �07 to reach the same solution as claimed. 

Industrial Applicability (IA) Claims 1 �24 

The claims satisfy the requirements for industrial applicability. 

Form PCT/!PEA/409 (Box No. V) (April 2007) 
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CLAIMS: 

1. A method of 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 

5 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 

10 means is retarded in response to engine acceleration exceeding a predetermined 

engine acceleration rate. 

& The method of claim I wherein operation of said at least one spark ignition 

means is retarded in response to engine speed exceeding a predetermined 

engine speed threshold level. 

15 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 

20 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. 

B. The method of claims 1, 2 or 4 wherein acceleration of the engine is 

25 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 
IPEA/MJ 
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9. The method of any one of the preceding claims wherein operation 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 

5 least one ignition means is retarded in a step change. 

11. The method of any one of claims I 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 

10 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 

15 . 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. 

20 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. An ignition control system for an engine comprising: 

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

5 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. 

10 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 

15 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. 

20 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 ignition means Is retarded relative to firing timing of another ignition means. 

Amended Shea 
IPEA/AU 














