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[57] ABSTRACT 
There are provided a ?rst ignition timing table for high 
octane fuel and a second ignition timing table for low 
octane fuel. When the second table is switched over to 
the first table, there is at first the difference in between 
basic ignition timings according to the ?rst and second 
tables, and then the difference is reduced with time at a 
constant rate. An actual ignition timing during the 
switchover of an ignition timing table is determined by 
subtracting the reducing difference from the basic igni 
tion timing according to the first table. The actual igni 
tion timing when knocking is detected is compared with 
a predetermined threshold. 1f the former exceeds the 
latter, the second table is switched over to the ?rst 
table, and otherwise the second table is maintained, 
whereby the actual ignition timing can be changed 
smoothly even during the switchover of an ignition 
timing table. 

18 Claims, 6 Drawing Sheets 
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IGNITION TIMING CONTROL APPARATUS FOR 
AN INTERNAL COMBUSTION ENGINE 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an ignition timing 

control apparatus for an internal combustion engine 
using an ignition timing table, and especially to an elec 
tronic ignition timing control apparatus suitable for an 
automobile gasoline engine, which can be supplied with 
fuel having the different knocking-resistant characteris 
tics. 

2. Description of the Prior Art 
In an internal combustion engine, such as a gasoline 

engine, it is preferable to make the engine operate at the 
ignition timing advanced almost up to the limit of oc 
currence of knocking, in the point of view of full use of 
its performance. If, however, the ignition timing is fixed 
at such a limit value, the stable operation can not be 
always obtained due to the small change in the engine 
characteristics or the variance in the quality of fuel, 
with the result that knocking often occurs and the per 
formance of the engine falls. 
The frequent occurrence of knocking reduces the 

span of life of an engine. In an extreme case, an engine 
comes to be broken down. Therefore the occurrence of 
knocking must be prevented to the utmost, especially in 
an engine with a so-called turbo-charger. Then, there is 
recently used a knocking control system, in which the 
occurrence of knocking is detected and the ignition 
timing is controlled by the feed-back control on the 
basis of a knocking detection signal, whereby it be 
comes possible to always operate an engine at the igni 
tion timing near the limit of occurrence of knocking. 

In the conventional knocking control system, the 
occurrence of knocking was detected by a knocking 
detector disclosed in the laid-open Japanese patent ap~ 
plication JP-A-58/ 217773 (1983), for example. Accord 
ing thereto, a sensor, which is a kind of an acceleration 
detector, is attached to an engine block to detect the 
vibration of an engine. Since the vibration of an engine 
includes harmonics extending over the considerably 
wide range of frequencies, components including only 
harmonics of frequencies, e.g., 6 to 8 KHz, which are 
said to be inherent to the knocking phenomenon of an 
engine, are extracted from the output signal of the sen 
sor by a band-pass filter. 
The output signal of the band-pass ?lter is ampli?ed 

to form a vibration signal SIG having a predetermined 
level, on one hand, and is subject to the half-wave recti 
?cation and smoothed to form a background level sig 
nal BGL, on the other hand (of. FIG. 1b). The thus 
obtained signals are compared with each other, and 
when the former signal exceeds the latter one, a pulse 
signal is produced. Therefore, a knocking detection 
signal of the knocking detector becomes a pulse train 
signal (cf. FIG. 1c), and the number of pulses within a 
constant period indicates the intensity of the occurring 
knocking. The constant period is de?ned by a reference 
signal REF generated at every predetermined rota 
tional angle of an engine crank shaft (cf. FIG. 1a). 
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2 
The conventional knocking control system carries 

out the following control operation by using the knock 
ing detection signal as mentioned above. There is pro 
vided a counter, which counts pulses of the knocking 
detection signal and is cleared by the reference signal. 
Every time when the counter is cleared, the content 
thereof is taken, because the content just before the 
clear of the counter represents the intensity of knocking 
(cf. FIG. 1d). 
The amount 0;; of an ignition delay angle is propor 

tion to the detected intensity n of knocking is read out 
from an ignition control table, which is provided in 
advance. The aforesaid amount 01; is called a propor 
tional component. The ignition timing at that time, 
which is given as a basic ignition timing 0(N,L), is de 
layed by the proportional component 83 to obtain a 
actual ignition timing OIGN. After that, the actual igni 
tion timing BIGN is returned again toward the basic 
ignition timing 0(N,L) with time at a predetermined 
rate 61(cf. FIG. 1e). This rate 01 is called an integration 
component. Therefore, an overall correction amount 
01m is represented by (0R+01). As a result, an ignition 
signal is produced at the time point which is delayed by 
an angle corresponding to 9); from a time point accord 
ing to 0(N,L) (cf. FIG. it). 
According to this control system, when the occur 

rence of knocking is detected, the ignition timing is 
delayed at once in accordance with the intensity of the 
occurring knocking, whereby the occurrence of knock 
ing is effectively suppressed, and an engine can show its 
full performance. 
As is well known, however, the occurrence of knock 

ing in a gasoline engine greatly depends on the octane 
value of fuel. Generally, knocking is easy to occur with 
low-octane gasoline and difficult to occur with high-oc 
tane gasoline. In order to effectively suppress the occur 
rence of knocking, therefore, an engine has to be con 
trolled, taking account of the nature of fuel, such as 
octane value thereof. 

Then, in a conventional engine control apparatus, it 
was supposed that an engine is operated with the con 
stant nature of fuel, and various data necessary for the 
engine control, including data for controlling the igni 
tion timing, were provided in advance on the basis of 
the supposed nature of fuel. If, therefore, an engine is 
supplied sometimes with low-octane gasoline and some 
times with high-octane gasoline, the precondition pro 
vided in view of the constant nature of fuel is destroyed 
and an undesirable in?uence appears on the perfor 
mance and durability of the engine. 

In addition thereto, there was also the limit in coping 
with uncontrollable factors, such as aged deterioration. 
From those reasons, the conventional engine control 
apparatus was difficult to always maintain the ignition 
timing at an appropriate value commensurate with the 
characteristics of an engine. 
To solve the problem as mentioned above, there is 

proposed an ignition timing control apparatus, as dis 
closed in the laid-open Japanese patent application JP 
A-62/58057 (1987), for example. Accordingly to this, 
there are prepared in advance a plurality of different 
tables for the ignition timing control, which have differ 
ent data in response to the nature of fuel and the change 
in the engine characteristics. An adaptive ignition tim 
ing table is selected from among them in accordance 
with the degree of occurrence of knocking, and the 
ignition timing control is carried out by using the se 
lected table. 
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In practice, however, there does not always appear 
the signi?cant difference in the intensity of knocking 
occurring when an engine is operated with fuel of the 
different octane value. The intensity of knocking differs 
every engine because of the difference in the opera 
tional condition and the aged deterioration. Therefore, 
a threshold for judging the occurrence of knocking to 
accordingly select an adaptive one of ignition timing 
tables had to be set at a different level for every engine. 
It was dif?cult to determine a threshold level, which 
can be used in common for every engine. As a result, a 
common threshold level had to be set rather high so as 
not to erroneously judge the occurrence of knocking. 

Further, in the prior an apparatus, no consideration 
was given to the ignition timing control at the time of 
switchover of an ignition timing table, with the result 
that knocking caused by the abrupt change of an igni 
tion timing table could not be prevented from occur 
ring. Moreover, since a threshold level was set rather 
high, there was the danger that knocking becomes al 
ways hard, when it occurs, whereby a serious damage is 
applied to an engine. 

Additionally, if an ignition timing table for low 
octane fuel is selected, notwithstanding an engine is 
actually supplied with high-octane fuel, the knocking 
scarcely occurs in the engine. In such a case, an ignition 
timing table was never switched over in the prior art 
apparatus, because it had no function for judging the 
octane value of fuel used. Therefore, the engine could 
not show its full performance commensurate with the 
fuel used at that time, as well as the effect of plural 
ignition timing tables specially provided could not be 
obtained. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an 
ignition timing control apparatus, which has plural igni 
tion timing tables capable of being switched over in 
response of the octane value of fuel used and can always 
provide the smooth change in the ignition timing even 
during the switchover of an ignition timing table. 
A feature of the present invention resides in an igni 

tion timing control apparatus for an internal combustion 
engine, which is provided with plural tables for provid 
ing basic ignition timings, selects one of the plural tables 
on the basis of a knocking detection signal produced by 
a knocking sensor and determines a ?nal ignition timing 
to be actually used in accordance with the selected 
ignition timing table, characterized in that the plural 
ignition timing tables includes a first ignition timing 
table for high—octane fuel and a second ignition timing 
table for low-octane fuel, and when one of the ?rst and 
second tables is switched over to the other table, the 
switchover of an ignition timing tables is carried out in 
such a manner that: a difference between basic ignition 
timings according to the ?rst and second tables is ob 
tained and reduced with time at a predetermined con 
stant rate; a basic ignition timing according to the one 
table is corrected by the reducing difference so that if 
the reducing difference is zero, the ?nal ignition timing 
is equal to a basic ignition timing according to the other 
table; the reducing difference is compared with a cer 
tain threshold; and it is determined whether the one 
table is to be maintained or switched over to the other 
table in accordance with the comparison result. 

According to the present invention, even if knocking 
occurs, it can be suppressed during light knocking until 
it does not become hard, as well as the ignition timing is 
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4 
changed smoothly even during the switchover of an 
ignition timing table. 

In the present invention, if an engine is always started 
according to the second table, knocking can be sup 
pressed, even if the engine is supplied with any kind of 
fuel, i.e., low-octane fuel or high-octane fuel, and since 
the switchover operation of an ignition timing table is 
always initiated, there never occurs such a case that the 
second table continues to be used, notwithstanding 
high-octane fuel is actually used. 

Further, if knocking occurs during the switchover of 
an ignition timing table to the ?rst table, it can be re 
turned again to the second table in accordance with the 
actual ignition timing at the time. Therefore, it becomes 
possible to set an appropriate ignition timing table in 
response to the octane value of fuel used. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. la to If are drawings for explaining the opera 
tion of a conventional knocking control operation; 
FIG. 2 schematically shows the arrangement of an 

engine control apparatus, which includes an ignition 
timing control apparatus according to an embodiment 
of the present invention; 
FIG. 3 is a graph showing the relation between the 

degree of occurring knocking and the ignition timing; 
FIGS. 4a to 4c are drawings for explaining the opera 

tion of switchover of an ignition timing table according 
to the present embodiment; 
FIG. 5 is a flow chart showing of a routine for select 

ing an ignition timing table used in the embodiment; 
FIG. 6 is a drawing for explaining the operation of 

judgment of the octane value of fuel for switchover of 
an ignition timing table; 

FIG. 7 is a drawing for explaining the operation of a 
digital ?lter additionally used in the embodiment; and 
[FIG 8 is a] FIGS. 80. 8b and 8c are drawing for 

explaining another example for determination of the 
time point of initiating the operation of switchover of an 
ignition timing table. 

DETAILED DESCRIPTION OF THE 
EMBODIMENT 

In the following, the explanation will be made of an 
embodiment of the present invention, referring to the 
accompanying drawings. 

Referring at ?rst to FIG. 2, there is schematically 
shown an arrangement of an engine control apparatus, 
in which an ignition timing control apparatus according 
to an embodiment of the present invention is incorpo 
rated. In the ?gure, as far as an engine itself [con 
cerns,] is concerned, there are shown only the parts 
thereof, which have close relation to the essence of the 
present invention. 
Namely, in FIG. 2, internal combustion engine 10 is 

schematically shown with only one cylinder 11. Within 
the cylinder 11, piston 13 continues the reciprocating 
movement to rotate a crank shaft 15. A combustion 
chamber de?ned by the inner wall of the cylinder 11 
and the piston 13 is communicated with intake pipe 17 
and exhaust pipe 19 through inlet valve 21 and outlet 
valve 23, respectively. 
The engine 10 is provided with a spark plug 25, to 

which a high voltage is applied by ignition unit 27 
through distributor 29. The distributor 29 is mechani 
cally coupled with the crank shaft 15 to rotate synchro 
nously therewith. Therefore, the distributor 29 can also 
provide a reference signal representing a reference posi 
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tion of the crank shaft 15 and a crank angle signal indi 
eating a predetermined amount of the rotational angle 
thereof. 

In the intake pipe 17, fuel injector 31 is provided in 
the [neighbor] neighborhood of the inlet valve 21. The 
injector 31 is supplied with fuel and injects a predeter 
mined amount thereof into the intake pipe 17, which is 
sucked into the combustion chamber together with the 
intake air. Although the pressure of the fuel supplied to 
the injector 31 is regulated at a constant value by an 
appropriate fuel supply system, it is omitted in the ?g 
ure. 

The engine 10 is further provided with various sen 
sors for detecting operational parameters indicative of 
the operating state of the engine 10. In the intake pipe 
17, there is [equipped] an airflow sensor 33 for mea 
suring the amount of air sucked into the combustion 
chamber. To a wall of the cylinder 11, there are at 
tached temperature sensor 35 for detecting the tempera 
ture of cooling water of the engine 10 and knocking 
sensor 37 capable of detecting the occurrence and inten 
sity of knocking. 
Output signals of those sensors are coupled to elec 

tronic control unit 39. There are further supplied for the 
control unit 39 the reference signal and the crank angle 
signal provided from the distributor 29. The control 
unit 39 includes a processor, which is well known in this 
?eld and composed of a central processing unit (CPU) 
for executing a predetermined processing, a read-only 
memory (ROM) for storing a program of the processing 
executed by CPU as well as various parameters and 
variables and a random access memory (RAM) for 
temporarily storing detected quantities or processed 
results, which are all coupled with each other by an 
internal bus line. 
The processor in the control unit 39 receives the 

input signals as mentioned above through appropriate 
interface and executes a predetermined processing oper 
ation to produce control signals to the ignition unit 27 
and the injector 31. Although, as is well known, the 
processor executes various kinds of processing opera 
tions, such as the fuel injection control, the ignition 
timing control and so on, only the ignition timing con 
trol operation, to which the present invention relates, 
will be explained in the following. Further, reference 
numeral 38 denotes an indicator, which is coupled to 
the control unit 39 and, as will be described later, turned 
on when fuel of bad quality is used. 
As is well known, knocking can occur at various 

ignition timing in accordance with the octane value of 
the fuel used. Further, as shown in FIG. 3 if the octane 
value of the fuel used is high, the amount of ignition 
angle capable of being advanced till the limit of occur 
rence of knocking becomes large as much. This amount 
of the advanced angle varies in response to the tempera 
ture of intake air and the aged deterioration, as well as 
the operational condition of an engine, and therefore 
the partially overlapping portion occurs between low 
octane fuel and high-octane fuel, as shown in FIG. 3. 

In order to be able to detect the occurrence of knock 
ing in every kind of fuel, i.e., high-octane fuel or low 
octane fuel, there must appear the signi?cant and dis 
tinctive difference in the degree of knocking occurring 
under the different kinds of fuel used. conventionally, 
however, because of the overlapping portion as men 
tioned above, the occurrence of knocking could be 
hardly detected during light knocking, and therefore 
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6 
knocking became always hard. As a result, there were 
not a few cases where an engine is broken down. _ 

Then, in the present embodiment, the change of the 
ignition timing at the time of switchover of an ignition 
timing table is made smooth, whereby the occurrence of 
knocking can be detected during light knocking. An 
adaptive ignition timing control table is selected and 
switched over in response to the knocking detected 
during its light state. 

In the present embodiment, there are prepared in the 
processor included in the control unit 39 two kinds of 
ignition timing tables, i.e., a ?rst table for the advance 
angle characteristics for providing the ignition timing 
suited for high-octane fuel and a second table for the 
delay angle characteristics for providing the ignition 
timing suited for low-octane fuel. The selection and 
switchover between the two tables are executed by the 
processor within the control unit 39, too. 

In the following, the principle of the processing oper 
ation for aforesaid selection and switchover of an igni 
tion timing table will be explained with reference to 
FIGS. 4a to 4c, before the explanation of a ?ow chart of 
this processing as shown in FIG. 5. 

In the present embodiment, when an engine is started, 
the second table for the delay angle characteristics is at 
?rst selected, and this table is used during the warming 
up operation of the engine, i.e., until the operation of the 
engine is stabilized at a predetermined operational con 
dition. Namely, the ignition timing during the warming 
up operation is determined by a basic ignition timing 
given by the second table. 

Further, the aforesaid operational condition can be 
assumed to be, for example, a state that the temperature 
of a cylinder wall is around 70° C., the voltage of a 
buttery is maintained between 9 to 15 volts and an 
amount of intake air per one revolution of an engine 
with respect to one cylinder is larger than a predeter 
mined value, and if these conditions are satis?ed, it is 
discriminated that the warming-up of the engine is com 
pleted. 
As shown in FIG. 4a, it is assumed that the warming 

up operation of the engine is completed at time point t|. 
When the time point ti is reached, the switchover oper 
ation of an ignition timing control table from the second 
table used until now to the ?rst table for the advance 
angle characteristics is initiated. The ?rst table is at ?rst 
set, according to which a basic ignition timing as indi 
cated by a broken line in FIG. 4a is given, and then the 
difference D1 in the basic ignition timing between the 
?rst and second tables. 

This difference D1 is used for the purpose of deter 
mining a delay-angle correction amount for suppressing 
the knocking during the switchover operation of an 
ignition timing table. The difference D1 is added to the 
initial value of an integration amount, which is zero in 
the case of FIG. 4b, and then decreased with time at a 
predetermined rate, as shown by a solid line in FIG. 4b. 
An actual ignition timing ?nally used is determined 

by subtracting the thus obtained delay-angle correction, 
amount from the basic ignition timing determined by 
the ?rst table. As a result, 5 shown by a solid line in 
FIG. 5a, the actual ignition timing successively changes 
from the basic ignition timing according to the second 
table toward that according to the ?rst table at the 
predetermined rate during the switchover operation. 

In the usual knocking control, there are many cases, 
where the predetermined rate is set at about 0.1‘ per one 
revolution of the engine in terms of a crank angle. With 
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this value, however, the advancing rate of the ignition 
timing is too small. Then, in the present embodiment, a 
flag is raised at time point ti, when the predetermined 
operational condition of the engine is satis?ed, as shown 
in FIG. 4c, and during this flag is raised, the aforesaid 
rate is made as large as 1.0’ per one revolution of the 
engine in terms of a crank angle. This flag is made off, 
when the knocking is detected again (cf. t; in FIG. 
[5c)] 4c) or when the integration value is zero (cf. t3 in 
the same). 

If a predetermined time elapses from time point t1 and 
the integration value becomes zero at time point t3, 
because no knocking is detected the while, the fuel used 
at that time is judged as being of high-octane and there 
fore the ?rst table continues to be used, and when time 
point t3 is reached, the ignition timing between equal to 
the basic ignition timing given by the ?rst table. 
On the other hand, assuming that knocking is de 

tected at time point t2, before the integration amount 
becomes zero, the flag is at ?rst made off, as shown by 
a chain line in FIG. 4c. Then, as shown in FIG. 6, the 
present actual ignition timing is compared with a prede 
termined threshold level. If it is beyond the threshold 
level on the side of the advanced ignition timing, the 
fuel used is judged as being of high-octane and the ?rst 
table is maintained as the ignition timing table. On the 
contrary, if the present ignition timing remains below 
the threshold level, the fuel is judged as being of low 
octane and the ignition timing table is returned to the 
second table again. 
As a result, the integration amount in this case 

changes at time point t; as shown by a chain line in FIG. 
4b, and consequently the ignition timing changes as 
shown by a chain line in FIG. 4a. Further, if the actual 
ignition timing outputted in the form as shown in FIG. 
4a is subject to a digital ?lter, the change in the actual 
ignition timing is smoothed, whereby the change in the 
ignition timing during the switchover operation of an 
ignition timing table can be further improved. Namely, 
as shown in FIG. 7, a calculated value (broken line) of 
the actual ignition timing is smoothed as shown by a 
solid line. 

In this manner, the present embodiment can always 
judge the octane value of the fuel used at that time 
exactly, since the judgment is carried out on the basis of 
the threshold. Namely, assuming that the high-octane 
fuel is used at present, no knocking will usually occur 
during the period from time point t1 to time point t3, 
because the ignition timing still remains rather delayed 
for the high-octane fuel. 
Even though knocking occurs during this period 

because of the change of the operational condition of an 
engine, noise or some other reasons, the integration 
amount ought to be considerably small at that time, and 
therefore it is impossible that the ignition timing at that 
time is lower than the threshold. Namely, the ignition 
timing at that time is to be very close to the basic igni 
tion timing given by the ?rst table. Therefore, the igni 
tion timing table can be surely switched over to the ?rst 
table. 
As apparent from the foregoing, in the present em 

bodiment, the judgment of the octane value is carried 
out on the basis of the integration amount, i.e., the igni 
tion timing at that time, not by the intensity of knocking 
as in the conventional apparatus, knocking can be sup 
pressed, during it still remains at the light level, even if 
low-octane fuel is used. Accordingly, there is no danger 
that an engine is damaged. 
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Moreover. in the present embodiment, the ignition 

timing smoothly changes even at the time of switchover 
of an ignition timing table. Consequently, no shock 
occur in an engine. 

In a multi-cylinder engine having plural cylinders, 
the knocking control is often carried out for every cyl 
inder, because in such an engine, knocking is easy or 
dif?cult to occur for every cylinder due to the unbal 
ance in the intake air of the cylinders, the difference in 
the temperature thereof and so on. Therefore, upon 
application of the present invention to a multi-cylinder 
engine, it is of course possible to provide a different 
amount of angle to be delayed and a transferring time 
for every cylinder, whereby the switchover of an igni 
tion timing table is made to differ in the respective cyl 
inders. 

In the case of a multi-cylinder engine, however, 
though a condition necessary for the switchover of an 
ignition timing table is seldom satis?ed in all the cylin 
ders thereof at the same time, it is preferable to simulta 
neously switch over ignition timing tables for all the 
cylinders in the point of view of protecting the engine 
against danger of occurrence of knocking, even if the 
necessary condition is satis?ed in only one cylinder. 

Further, as already described, time point t| after start 
of an engine can be set on the basis of the predetermined 
operational condition of the engine. In an automobile 
engine operated under the widely changing operation 
condition, however, it is sometimes impossible for the 
engine to uninterruptedly continue the predetermined 
operational condition necessary for judging the comple 
tion of warming-up of the engine. 
To cope with such a case there is provided a time 

counter for accumulating time, during which the neces 
sary condition is satis?ed, and the switchover of an 
ignition timing table is initiated, when the accumulated 
time reaches a predetermined value. Namely, as shown 
in FIG. 8, there can be employed the fact that the 
knocking control is executed only during the output of 
an engine exceeds a certain level (cf. hatched portions in 
FIG. 8). Such a duration is accumulated by the time 
counter, and when the counted time becomes the prede 
termined value, it is presumed that time point t], at 
which an ignition timing table should be switched over 
is reached. 

Returning to FIG. 5, the operation of a routine for 
switching over an ignition timing table will be explained 
with reference to the ?ow chart. 

After this routine is started, it is discriminated at steps 
41 and 42 whether or not the warming-up of an engine 
was completed and whether or not the predetermined 
time (t1) elapsed, respectively. In the case where the 
answer in both steps is negative, the processing of this 
routine ends. If, however, the warming-up is completed 
(step 41) or the predetermined time elapsed (step 42), 
the processing operation goes to step 43, at which it is 
discriminated whether or not the flag is raised. 

If the ?ag is off, it is made on at step 44, and the 
switchover of an ignition timing table is initiated. At 
?rst, at step 45, the ?rst table for providing the basic 
ignition tinting suited for high-octane fuel is set as an 
ignition timing table. Then, there is obtained at step 46 
the difference D1 between the basic ignition timing 
according to the second table used until now and that 
according to the ?rst table set is obtained, and the pro 
cessing of this routine ends. Thereafter, the obtained 
difference D1 is used for the ignition timing control for 
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the switchover operation of an ignition timing table, as 
already described. ‘ 

If the flag is on, this fact means that the first table is 
already set as an ignition timing table by the previous 
execution of this routine and under the switchover op 
eration of an ignition timing table is now under opera 
tion. Then, it is discriminated at steps 47 and 48 whether 
or not the integration amount is already zero and 
whether or not knocking is detected, respectively. If the 
answer in both steps is negative, this means that the 
switchover operation of an ignition timing table is con 
tinued and therefore the processing of this routine ends. 

If, however, the integration amount is already zero 
(step 47) or knocking is detected (step 48), the octane 
value of fuel must be judged and an ignition timing table 
is to be switched over accordingly (cf. FIG. 6). To this 
end, it is discriminated at step 49 whether or not the 
present ignition timing exceeds the threshold level. If 
the former exceeds the latter, the fuel used is judged as 
being of high-octane, and the first table used at that time 
is maintained. Thereafter, the processing of this routine 
ends. 
0n the contrary, if the present ignition timing does 

not exceed the threshold, the fuel used is judged as 
being of low-octane, and at step 50, the ?rst table set at 
that time is returned to the second table for the delay 
angle characteristics for providing the basic ignition 
timing for low-octane fuel. Thereafter, the processing 
of this routine ends. 
As described above, in accordance with the present 

invention, the octane value of fuel used can be judged 
exactly and an adaptive ignition timing table is selected 
accordingly. With this, the ignition timing can be 
changed smoothly even during the switchover of an 
ignition timing table and therefore an engine can pro 
duce the full performance. 
We claim: 
1. An ignition timing control apparatus for an internal 

combustion engine, comprising: 
ignition unit means for supplying an ignition signal to 

the engine at a predetermined ignition timing; 
knocking sensor means, attached to the engine, for 

detecting the vibration of the engine and producing 
a knocking detection signal indicating the degree of 
occurring knocking; 

control unit means including a processor, which has 
plural tables for providing basic ignition timings 
and is programmed so as to execute the following 
steps: 

selecting one of the plural tables on the basis of the 
knocking detection signal; and 

determining, in accordance with the selected ignition 
timing table; an actual ignition timing to be sup 
plied for said ignition unit as the predetermined 
ignition timing, 

characterized in that 
the plural ignition tables includes a ?rst ignition tim 

ing table providing a basic ignition timing for high 
octane fuel and a second ignition timing table pro 
viding a basic ignition timing for low-octane fuel, 
and 

when one of the first and second ignition timing ta 
bles is switched over to the other ignition timing 
table, the processor included in said control unit 
means further executes the processing of the fol 
lowing steps: 

setting the other ignition timing table; 
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10 
obtaining a difference between the basic ignition tim 

ings according to the ?rst and second ignition tim 
ing tables; 

reducing the difference with time at a predetermined 
constant rate; 

correcting the basic ignition timing according to the 
one ignition timing table by the reducing difference 
so that when the reducing difference becomes zero, 
the actual ignition timing becomes equal to the 
basic ignition timing according to the other ignition 
timing table; 

comparing the reducing difference with a certain 
threshold provided in advance; and 

determining whether the one ignition timing table is 
to be maintained or switched over to the other 
ignition timing table in accordance with the com 
parison result of the preceding step. 

2. An ignition timing control apparatus according to 
claim 1, characterized in that 

if the occurrence of knocking is detected until the 
reducing difference does not reach zero, a prede 
termined amount is added the present value of the 
reducing difference. 

3. An ignition timing control apparatus according to 
claim 1, characterized in that 

the engine starts under the ignition timing control 
according to the second table. 

4. An ignition timing control apparatus according to 
claim 3, characterized in that 

before said setting step, the processing executed by 
the processor further includes step of discriminat 
ing whether or not an operating state of the engine 
is of a predetermined operational condition. 

5. An ignition timing control apparatus according to 
claim 4, characterized in that 

the predetermined operational condition is discrimi 
nated to be satis?ed when the temperature of the 
engine is kept stably at a certain value. 

6. An ignition timing control apparatus according to 
claim 5, characterized in that 

the predetermined operational condition is discrimi 
nated to be satisfied when a time duration elapsing 
from the start of the engine exceeds a predeter 
mined value. 

7. An ignition timing control apparatus according to 
claim 6, characterized in that the time duration is an 
accumulation of time durations, 

in which the output of the engine exceeds a predeter 
mined level. 

8. An ignition timing control apparatus for controlling 
an ignition unit ofon internal combustion engine, compris 
ing: 

a knocking sensor, to be attached to the engine, ?zr 
detecting vibration of the engine and for producing a 
knocking detection signal indicating the occurrence of 
knocking; and 

a control unit for generating an ignition timing signal to 
control said ignition unit on the basis of selected basic 
ignition timing values, including a processor having 
means for storing at least a first ignition timing table 
of basic ignition timing values ?rr high-octane fuel 
and a second ignition timing table of basic ignition 
timing values for low-octane fuel, said processor being 
programmed to execute the ?rllowi'ng steps 
(a) at the time of starting of the engine, selecting said 

second ignition timing table to provide basic igni 
tion timing values for generating said ignition rim 
ing signal; 
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(b) detecting a predetermined operational condition of 
the engine after the starting of the engine.’ 

(c) automatically switching from said second igni 
tion timing table to said ?rst ignition timing table 
to provide basic ignition timing values for gener 
ating said ignition timing signal upon detecting 
said predetermined operational condition; and 

(d) determining whether to continue to generate said 
ignition timing signal on the basis of basic ignition 
timing values from said ?rst ignition timing table or 
to switch back to said second ignition timing table 
in accordance with the receipt of a knocking detect 
ing signal. 

9. An ignition timing control apparatus according to 
claim 8. wherein said step (c) comprises: 

(cl) obtaining a basic ignition timing value from said 
first ignition timing table; 

(c2) correcting said basic ignition timing value obtained 
in substep (cl) by a correction amount; 

(c3) reducing said correction amount with time at a 
predetermined rate; 

(c4) repeating said substeps (c2) and (c3) until said 
correction amount is reduced to zero. 

10. An ignition timing control apparatus according to 
claim 9, wherein said correction amount is determined 
from the difference between basic ignition timing values in 
said ?rst and second ignition timing tables. 

I]. An ignition timing control apparatus according to 
claim 9, wherein said step (d) comprises: 

(d1) detecting receipt of a knocking detection signal 
during substeps (c2) to (c4); 

(d2) comparing the value of said correction amount to a 
predetermined threshold value.‘ and 

(d3) switching back to said second ignition table when 
the value of said correction amount does not exceed 
said predetermined threshold value when said knock 
ing detection signal is received. 

12. An ignition timing control apparatus according to 
claim 8. wherein said step (b) comprises: 

(bl) detecting when the temperature of the engine 
reaches and remains stably at a predetermined tem 
perature. 

13. An ignition timing control apparatus according to 
claim 8. wherein said step (b) comprises.‘ 

(b2) detecting when a predetermined time duration has 
elapsed from the time of starting of the engine. 

14. An ignition timing control apparatus according to 
claim 13, wherein said time duration is an accumulation of 
time durations during which the output of the engine ex 
ceeds a predetermined level. 

15. An ignition timing control apparatus for controlling 
an ignition unit of an internal combustion engine, compris 
ing. 
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12 
a knocking sensor, to be attached to the engine, for 

detecting vibration of the engine and for producing a 
knocking detection signal indicating the occurrence of 
knocking; and 

a control unit for generating an ignition timing signal to 
control said ignition unit on the basis of selected basic 
ignition timing values, including a processor having 
means for storing at least a first ignition timing table 
of basic ignition timing values for high-octane fuel 
and a second ignition timing table of basic ignition 
timing values for low-octane fuel. said processor being 
programmed too execute the following steps: 

(a) determining from one of said ?rst and second igni 
tion timing tables a basic ignition timing value to be 
used in generating said ignition timing signal; and 

(b) switching over from said one of said first and second 
ignition timing tables to the other of said first and 
second ignition timing tables to obtain basic ignition 
timing values for generating said ignition timing sig 
nal, including: 

(bl) obtaining a basic ignition timing value from said 
other of said ?rst and second ignition timing tables; 

(b2) correcting said basic ignition timing value obtained 
in substep (bl) by a correction amount; 

(b3) reducing said correction amount with time at a 
predetermined rate,‘ 

(b4) repeating said substeps (b2) and (b3) until said 
correction amount is reduced to zero. 

16. An ignition timing control apparatus according to 
claim I 5, wherein said processor is programmed to execute 
the following additional step: 

(c) during the switching overper?srmed in step (b), deter 
mining whether to continue to generate said ignition 
timing signal on the basis of basic ignition timing 
values from said other of said first and second ignition 
timing tables or to switch back to said one of said ?rst 
and second ignition timing tables in accordance with 
receipt of a knocking detection signal. 

12 An ignition timing control apparatus according to 
claim 16. wherein said step (c) comprises: 

(cl) detecting receipt of a knocking detection signal 
during substeps (b2) to (b4); 

(c2) comparing the value of said correction amount to a 
predetermined threshold value; and 

(c3) switching back to said one of said ?rst and second 
ignition tables when the value of said correction 
amount has a predetermined relationship to said 
threshold value when said knocking detection signal is 
received. 

18. An ignition timing control apparatus according to 
claim 15, wherein said correction amount is determined 
from the di?'erence between basic ignition timing values in 
said ?rst and second ignition timing tables. 

‘ O . ‘ Q 


