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[57] ABSTRACT 

An ignition system for an internal combustion engine 
that has at least two spark plugs for each of the cylin-
ders. The number of spark plugs ignited is controlled in 
accordance with the operational condition of the en-
gine. The system includes an ignition control means for 
controlling the ignition in such a manner that an all-
point ignition In which all the spark plugs are ignited is 
carried out in a condition where the temperature of the 
engine Is equal to or lower than a predetermined value, 
and so that a decreased number-point ignition in which 
the ignition of at least one of the spark plugs is discon-
tinued is carried out in a condition where the tempera-
ture of the engine Is higher than the predetermined 
value. By selecting the two-point ignition in a low tern. 
pera:ure region in which the temperature of the cooling 
water is low, reductions in fuel firing performance and 
combustion speed are prevented, and by selecting the 
one-point ignitionin a high temperature region in which 
the temperature of the cooling water is high, an increase 
in the amount of NOx due to excessively high combus.. 
tion speed Is prevented. The ignition may also be con-
trolled on the basis of engine load and exhaust gas recir. 
culatlon valves. 

14 Claims, 22 Drawing Sheets 
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IGNITION SYSTEM FOR INTERNAL 
COMBUSTION ENGINE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an ignition system for 
an Internal combustion engine, and particularly, to an 
ignition system having at least two spark plugs for each 
of the cylinders, In which the number of spark plugs 
ignited is controlled in accordance with an operational 
condition of the engine. 
2. Description of the Prior Art 
There are conventionally known ignition systems 
having two spark plugs provided for each of cylinders 
in an internal combustion engine, wherein the switch-
14-over of a two-point Ignition in which both of the 
two spark plugs are ignited and a one-point ignition in 
which only one of the two spark plugs Is Ignited, is 
controlled in accordance with the magnitude of the 
load on the internal combustion engine, thereby provid-
ing a reduction in the amount of nitrous oxides (NOx) in 
the exhaust gas (see Japanese Patent Application Laid. 
open Nos. 63531/77 and 124676/81). 
In a condition in which the temperature of the inter-
nal combustion engine Is low, the air-fuel ratio Is varied 
due to an increase in the amount of fuel adhering to the 
intake pipe and/or an insufficient atomization of the 
fuel, thereby resulting in an unstable firing performance 
provided by the spark plugs. 
In an internal combustion engine including’ an intake 
valve opening and closing control mechanism for con-
trolling the opening and closing timing of an intake 
valve to control the amount of air drawn in accordance 
with the demand load, the period of opening of the 
intake valve is shortened remarkably during an ex-
tremely low load operation, such as during idling, and 
after closing of the Intake valve, a longer adiabatic 
expansion period is started and followed by a compres-
sion stroke. For this reason, the temperature during the 
compression Is not increased sufficiently, resulting in an 
unstable firing performance provided by the spark 

Plugs. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention 
to provide an ignition system for an internal combustion 
engine, wherein an appropriate firing performance can 
be provided in accordance with various operational 
conditions of the internal combustion engine. 
To achieve the above object, according to a first 
aspect and feature of the present Invention, there Is 
provided an ignition system for an internal combustion 
engine, having at least two spark plugs for each of the 
cylinders, the number of spark plugs that are Ignited 
being controlled in accordance with an operational 
condition of the engine, wherein the system includes an 
Ignition control means for controlling the ignition in 
such a manner that an all-point ignition in which all the 
spark plugs are ignited is carried out in a condition 
where the temperature of the engine Is. equal to or lower 
than a predetermined value, and that a decreased num-
ber-point Ignition In which the ignitiOn of at least one of 
the spark plugs is discontinued is curried out in a condi-
tion where the temperature of the engine is higher than 
the predetermined value. 
With the above first feature of the present invention, 
the all-point ignition by the plurality of spark plugs is 

carried out when the temperature of the engine is lower 
than the pródetermined value. Therefore, the fuel firing 
performance can be improved, and the fuel combustion 
speed can be increased, thereby providing a reduced 

5
 

variation In combustion during a lower temperature 
operation of the engine. In addition, the decreased num-
ber-point ignition is carried out when the temperature 
of the engine is equal to or higher than the predeter-
mined value. Therefore, It is possible to avoid the disad-

10 vantage that the fuel combustion speed Is too high and 
the amount of harsufid substances in an exhaust gas is 
Increased. 
In addition, according to a second aspect and feature 
of the present invention, there Is provided an ignition 

is system in an internal combustion engine, comprising at 
least two spark plugs for each of the cylinders, the 
number of spark plugs that are Ignited being controlled 
in accordance with an operational condition of the en-
gine, wherein the system includes an ignition control 

20 means for controlling the ignition in such a manner that 
an all-point ignition in which all the spark plugs are 
ignited is carried out in a condition where the amount of 
exhaust gas recirculation (EOR) is equal to or more 

25 
than a predetermined value. 
With the above second feature of the present inven-
tion, the all-point ignition Is carried out when the 
amount of EGR in the internal combustion engine is 
equal to or more than the predetermined value. There-

30 fore, It is possible to achieve reductions not only in 
combustion variation, In fuel consumption and in the 
amount of hydrocarbons (HC) in the region of a large 
amount of EOR, but also in the amount of NOx in the 
region of a small amount of EOL 

35 Further, according to a third aspect and feature of the 
present invention, there is provided an ignition system 
for an Internal combustion engine, having at least two 
spark plugs for each of the cylinders and an Intake valve 
opening and closing control mechanism for controlling 

40 the opening and closing timing of an intake valve to 
control the amount of air drawn Into a cylinder In ac-
cordance with the required load, the number of spark 
plugs ignited being controlled in accordance with an 
operational condition of the engine, wherein the system 

45 Includes an ignition control means for controlling the 
ignition in such a manner that an all-point ignition in 
which all the spark plugs are ignited is carried out in a 
Ł condition where the load on the engine is equal to or 
lower than a predetermined value, and a reduced num-

50  ignition in which the ignition of at least one of 
the spark plugs is discontinued Is carried out in a condi-
tion where the load on the engine Is higher than the 
predetermined value. 
With the above third feature of the present invention, 

ss 

the all-point Ignition is carried out when the load on the 
Ł engine Is equal to or lower than the predetermined 
value. Therefore, even if a drop in temperature of the 
intake gas occurs due to the shortening of the period of 
opening of the intake valve when the load on the engine 

60 Is low, the fuel firing performance and the fuel combus-
tion speed can be maintained to prevent an increase in 
variation of combustion. In addition, because the re-
duced number-point ignition is carried out when the 
load on the engine is higher than the predetermined 

65 value, It is possible to reduce the amount of harmful 
substances In the exhaust gas. 
In addition to the third feature, a fourth feature of the 
present Invention Is that the ignition control means 
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IGNITION TIMING CONTROL DEVICE FOR 
INTERNAL COMBUSTION ENGINE 

BACKGROUND OF THE INVENflON 

[0001] 1. Field of the Invention 

[0002] The present invention relates to an ignition timing 
control device for an internal combustion engine in which 
two ignition plugs are disposed for each cylinder. 

[00031 2. Description of the Related Art 

[0004] Conventionally, an ignition timing control system, 
for example, as shown in Japanese Patent Unexamined 
Publication No. Hei, 6 323230, in which a plurality of 
ignition plugs are disposed for each cylinder of an internal 
combustion engine, and the ignition timings of the ignition 
plugs are made different from each other to improve exhaust 
emission characteristics is known. In this system, in order to 
reduce the load on a calculation unit in the case where the 
ignition timings of the plural ignition plugs are determined 
in accordance with the operation state of the engine. On the 
other band, a calculation for determining normal ignition 
timing with respect to specific ignition plug(s) Is performed, 
and, with respect to the other ignition plug(s), the ignition 
timing is determined by a relatively simple - calculation 
expression in accordance with the ignition timing of the 
specific ignition plug(s). 

[0005] In an Internal combustion engine in which each 
cylinder has a plurality of ignition plugs, however, it is not 
always necessary to make ignition timings of the ignition 
plugs different from one another in all of operation states of 
the engine. From the viewpoint of reduction of the calcula.. 
tion load on the calculation unit, therefore, there is room for 
further improvement. 

SUMMARY OF THE INVENTION 

[0006] The invention has been conducted in view of the 
problem. It is an object of the invention to provide an 
ignition timing control device for an internal combustion 
engine in which two ignition plugs are disposed for each 
cylinder, can control more adequately ignition timings of the 
ignition plugs to reduce the load on a calculation unit, and 
effectively realize suppression of knocking and vibration 
noises. 

[0007] In order to attain the object, according to a first 
aspect of the invention, an ignition timing control device for 
an internal combustion engine controls ignition timing of an 
internal combustion engine. Here, in the internal combustion 
engine, two ignition plugs that perform at least one igniting 
operation in one cycle are disposed on an diagonal line of a 
combustion chamber of each cylinder. The two ignition 
plugs ignite at different ignition timings in a predetermined 
operating region which is determined on the basis of a 
rotational speed and load of the engine, and ignite at a same 
ignition timing in an operating region other than the prede-
termined operating region. 

[0008) According to this configuration, in the predeter-
mined operating region which is determined on the basis of 
the rotational speed and load of the engine, the two ignition 
plugs ignite at different ignition timings. While, in the 
operating region other than the predetermined operating 
region, the ignition plugs ignite at the same ignition timing. 
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In this case, the predetermined operating region is restricted 
to a region where the effect of the setting of different ignition 
timings is remarkably achieved. Therefore, the load on a 
calculation unit and the memory capacity can be reduced. In 
the predetermined operating region, an excellent effect of 
suppressing knocking and vibration noises can be attained 
by the setting of different ignition timings. 

[0009] The predetermined operating region is preferably 
set to an operating region where the engine rotational speed 
is in a region between predetermined upper and lower limits 
and the engine load is equal to or larger than a predetermined 
load. By the way, each of the cylinders of the engine can be 
divided into an intake side and an exhaust side by a plane 
that is substantially perpendicular to a direction along which 
an intake port connected to the combustion chamber of the 
cylinder elongates. Here, the plane contains a center line of 
the cylinder, preferably, the two ignition plugs are placed in 
the intake side and the exhaust side, respectively. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a diagram showing the configuration of 
main portions of an internal combustion engine and a control 
device therefor according to an embodiment of the inven-
tion; 

[ODU] FIG. 2 is a view illustrating the arrangement of 
ignition plugs in each of cylinders in the internal combustion 
engine; 

[0012] FIG. 3 Is a diagram showing connections between 
an electronic control unit (ECU) and the ignition plugs of the 
cylinders;. 

[0013] FIG. 4 is a time chart illustrating ignition timings 
in the configuration of FIG. 3; 

[0014] FIG. 5 Is a flowchart of a process of calculating the 
ignition timings; 

[0015] FIG. 6 is a view illustrating setting of the ignition 
timings according to the operation range of the engine; 

[0016] FIG. 7 is a view showing an example of setting of 
a map for calculating the ignition timings; 

[0017] FIG. 8 is a view illustrating suppression of knock-
ing due to the phase-difference ignition, and increase of the 
engine output; and 

[0018] FIGS. 9A to 9D are views illustrating reduction of 
the maximum rate of change (dP/dOMAX) of the cylinder 
pressure due to the phase-difference ignition, and increase of 
the engine output caused by the reduction. 

DETAILED DESCRIPTION OF THE PREFERED 
EMBODIMENT 

[0019] Hereinafter, an embodiment of the invention will 
be described with reference to the accompanying drawings. 

[0020] FIG. 1 is a diagram showing the configuration of 
main portions of an Internal combustion engine and a control 
device therefor according to an embodiment of the inven-
tion. In a four-cylinder internal combustion engine (herein-
after, referred to merely as "engine") 1, each of the cylinders 
2 has two ignition plugs. FIG. 2 Is a view as seeing from the 
upper side of the cylinder 2, and illustrating the configura-
tion of main portions In the figure, an intake valve, an 
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Ł 
encendido por chispa que tiene una camera de combustion, un medlo de disthbu10n 

Ł : : de combustible, una pluralidad dº medios de igniciOn por chispa situados en la 
Ł camera de combustion y una unidad de control. 

El objeto de la presente Solicitud se relaciona con la Clasificación lnternàcional de 
Patentes PIP): F 02 P 15/02 

4. Es una lnvenciOn (Art 16 D. 486 Morales (a) - (f)) 

El objeto de las reivindicaciones 1 -22 se considera unainvenciOn, de acuerdo con 
el Art citàdo.. 

5. No es una excepclón a la Patentablildad (Art 20 D 486 hterales (a) - (d)) 

El objeto de las reivindicaciones 1 Š22 es patentable de acuerdo con el Art citado 

S. ReIvindicaciones relativas a Un uso o a un segundo uso (Art 14 y21 D486) 

Las reivindicaciones I - 22 son patentabtes. porque:no se refieren a uso, ; de acuerdo 

Ł Ł Ł con los Art citados 

7. Do la Solicitud de Patente. . Ł Ł Ł . Ł . 

Titulo Ł . 
Ł Ł Ł 

El tltulo corresponde con-el objeto de la solicitud. Ł Ł 

Relvindicaciones (Art 30 D 486, Art 22 PCT) . . 

Ł . . Las reivindicaciones son claras, colicisas yestÆn soportadas por-la DescripciOn. 

Descpcl6n 28 D 486).  

La DescripciOn es clara porque la informaciOn quecontiene permfte que el experto en 
la materia pueda córnprenderel problerna tØcrilco y la soluciOn aportada por la 
invenciOn. .. . Ł Ł . . 

La Descripción divulga Ia irvenciOn de manera suficientemente complete para que el: 
experto en la materia pueda ejecutar!a. . . . 

8. Unidad do lnvenclôn (Art 25 D 486) . . 

La solicitud comprende una Sole invenciOfl, por tocualcumplŁel requisitode Unidad 
Ł de InvenciOri. .. Ł . Ł Ł Ł Ł Ł.. . Ł Ł 

9. ŁAnâlisis do las Oposiciones . Ł Ł Ł Ł Ł 

Ł Ł: 
NO se presentaron oposiciones. 

10 Determinaciôn dcl Estado do fa TØcnlca 

Ł El Estado de la TØcnica se determinO con base en Is fe.cha de presentaciOn de la 
Ł Solicitud de.Prioridad: Julio 01 de 2005 y se encont!aron los siguientes doOumentos 
Ł Ł Expediente .07134104 1arM 45 Ł . Ł 



que anticipan el objeto de esta solicitud: 
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Item Documento TItulo Fecha de Publlcación* 

Di us 5f259.357 
Ignition system for internal 09/Noviembre/1 993 I 
combustion engine  

D2 
US Ignition timing control device for 04/AbV2002 I 2002/0038655 internal combustion engine  

DI divulga(columna 1,renglones 7-12, folio 103) un sistema de encendido do un 
motor do combustion interna con dos bujias de encendido por cada cilindro. 

D2 divulga (folio 104) of encendido do control del dispositivo para el motor do 
combustion interna con dos bujias do encendido por cada cilindro. 

11. Examen de Patentabitidad (Art 14 D486) 

Novedad (Art 16 D486) 

La reivindicaciOn I consiste en un mØtodo para controlar el ruido y severidad 
.  provocados por la combustiOn en un motor encendido por Ł chispa durante la 

aceleraciOn u operaciOn a alta velocidad, el motor tiene una cÆmara de combustiOn, 
un media do distribuciOn de combustible, una pluralidad de medios do igniciOn par 
chispa y una unidad de control para retardar el tiempo de disparo de al menos un 
medlo de igniciOn por chispa. 

Comparación de las caracteristicas tØcnicas esenclales, con las del Estado de la TØcnica: 

Caracteristicas esenclales Dl D2 

CÆmara de corn bustiOn V V 

Medic de distribuciOn de combustible V V 

Medios de ignicion per chispa V V 

Unidad de control V 

Las caracteristicas esenciales del motor de la reivindicaciOn I hablan sido divulgadas 
previamente en Dl, el cual, da a conocer un sistema de encendido de un motor de 

’. combustiOn interna con dos bujias de encendido por cada cilindro, el motor tiene una 
cÆmara do combustiOn (figura 1, folio101), un medlo de distribuciOn de combustible 
(elemento S2, figura 7, folio 102), una pluralidad de medios do igniciOn por chispa 
(elementos S4, 86, S7, figura 7, folio 102)y una unidad decontrol (figura 7, folio 102) 
para retardar el tiempo de disparo de al menos un media de igniciOn par chispa. 

En consecuencia, la reivindicaciOn I carece do novedad, segün lo divulgado en el 
documento Dl. 

Aplicación industrial (Art 19 D 486) 

El objeto do las reivindicaciones 1 -22 puede ser prod ucido a utilizado en la industria 
de motores de combustiOn interna. Par lo cual cumple con el requisito do AplicaciOn 
Industrial. 

12. Conclusion 

Los requisitos do Patentabilidad de la presente Solicitud estÆn. afectados asi: 

Expediente 07 134 104 1er Art 45 
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Item Documento Relvindicaclones afectadas Regulsito quo afecta 

Dl US 5259.357 1-22 Novedad 
D2 US 2002/0038655 1-22 Novedacl 

En cumplimiento del articulo 45 de la DecisiOn 486 de la ComisiOn de la Cornunidad 
Andina, se le indica que debe dar respuesta dentro del tØrmino de sesenta (60) dlas 
contados a partir de la fecha de notificaciOn de la presente comunicaciOn. En caso 

de no dar respuesta al presente requerimiento, o si a pesar de la respuesta 
subsistieran los impedimentos para la concesiOn, se denegarÆ la patente. 

Notifiquese el presente oficlo conforme a Ia dispuesto en el numeral 5.2, literal e), del 
capitulo quinto del tItulo primero de la Circular Unica No. 10 de 2001. 

josE LU71 S  
Director de Nuevas Creaciones (C) 

El anterior royeririIent fue notificado por fijaciOn en lista, de fecha 
8 

CONCEPTO TECNICO EXAMINADOR TECNICO 
No.933 COdigo No.2020100 

Expedente 07 134 104 1 er Art 45 




