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(57) ABSTRACT 

The total ignition angle ZW(z) of each cylinder Z is com 
posed of cylinder-Selective values basic ignition angle GZ(z) 
{determined by engine Speed n and load L, knock adjust 
ment angle KNK(Z), in addition to a first adaptation value 
AD1(z) and a second adaptation value AD2 common to all 
cylinders. ADI(z) is increased when KNK(z) is greater than 
a threshold DEC and is reduced when KNK(z) is lower than 
a threshold INC. The second adaptation value AD2 is 
formed as a function of the average value AD 1 of the 
adaptation values of all cylinders. 
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METHOD FOR THE CYLNDER-SELECTIVE 
KNOCK CONTROL OF AN INTERNAL 

COMBUSTION ENGINE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This is a continuation of copending International 
Application PCT/DE99/01787, filed Jun. 17, 1999, which 
designated the United States. 

BACKGROUND OF THE INVENTION 

0002 Field of the Invention 
0003. The invention relates to a method for the cylinder 
Selective knock control of an internal combustion engine, in 
which a predetermined cylinder-Selective basic ignition 
angle associated with knock-free operation and a cylinder 
Selective knock adjustment angle that increases Stepwise 
with a predetermined Step size in the retarded direction each 
time a knock occurs and decreases Stepwise with a prede 
termined Step size in the advanced direction after each 
engine cycle during knock-free operation form a cylinder 
Selective ignition angle in association with the respective 
operating point, which is dependent on load and engine 
speed. A method of that kind is known from German 
published patent application DE 29 25 770 Al. 
0004. When engine knock occurs in a cylinder Z of the 
internal combustion engine, the ignition angle for this cyl 
inder is retarded by a certain amount-step size SK 
thereby reducing the probability that knocking combustion 
will occur in this cylinder. If the engine then operates 
without knock, the ignition angle is slowly advanced again 
by a predetermined amount SK. 
0005 The known total ignition angle ZW(z) for a cylin 
der Z at a particular operating point is made up of a basic 
ignition angle GZ(z) for knock-free operation, which is 
dependent on the load L and the engine Speed n, is Stored in 
a map and-in the case of a four-cylinder engine-is 
updated every 180°of crank angle (hence the term “cylinder 
Selective”), this basic angle being calculated from the igni 
tion dead center position ZOT(z) closest to ignition, and of 
an additional knock adjustment angle KNK(Z) for this 
cylinder Z owing to engine knock: ZW(z)=GZ(z)-KNK(z). 
It should be noted here that the knock adjustment angle 
KNK(Z) can assume only negative values, in line with the 
recognition that a positive sign signifies “advance', while a 
negative sign signifies “retardation'. 
0006 The respective knock adjustment angles KNK(z) 
are entered in one load- and engine-Speed-dependent map 
per cylinder. AS the change from one operating point to the 
next occurs, the last knock adjustment angle KNK(Z) 
entered is Stored at the old operating point. When the engine 
re-enters this operating point, this value is reused as the 
knock adjustment angle KNK(z) for knock control. This 
method has the disadvantage that a relatively random knock 
adjustment angle will be Stored, depending on the time at 
which the change in the operating point occurs. 
0007. This results in the following disadvantages: 

O008) 
0009 the ignition-angle profile in the case of tran 
Sitions between the adaptation ranges is nonuniform, 
and the torque profile is therefore not continuous 
either; 

the knock limit is not adapted accurately; 
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0010 the internal combustion engine is not operated 
exactly at the knock limit; as a result, optimum 
torque and optimum specific fuel consumption are 
not assured. 

SUMMARY OF THE INVENTION 

0011. The object of the invention is to provide a method 
for cylinder-Selective knock control of an internal combus 
tion engine which overcomes the above-noted deficiencies 
and disadvantages of the prior art devices and methods of 
this kind, and which is improved such that the knock limit 
is adapted as accurately as possible, that a uniform ignition 
angle profile and hence also a continuous torque profile is 
obtained in the case of transitions between the adaptation 
ranges, and that optimum torque and optimum specific fuel 
consumption are established. 
0012. With the above and other objects in view there is 
provided, in accordance with the invention, a cylinder 
Selective knock control method for an internal combustion 
engine, in which there is formed, in association with a 
respective operating point that depends on a load and an 
engine Speed, a cylinder-Selective ignition angle from a 
predetermined cylinder-Selective basic ignition angle asso 
ciated with knock-free operation and a cylinder-Selective 
knock adjustment angle that increases Stepwise with a 
predetermined Step size in a retarded direction each time a 
knock occurs and decreases Stepwise with a predetermined 
Step Size in an advanced direction after each engine cycle 
during knock-free operation. The novel method is charac 
terized by the following method steps: 

0013 determining a cylinder-selective first adapta 
tion value of a first adaptation circuit from a com 
parison of the knock adjustment angle with a first 
and a Second threshold value; 

0014 wherein the first threshold value is greater 
than the Step size, Specified in the retarded direction, 
of the cylinder-Selective knock adjustment angle, 
and the Second threshold value is less than the Step 
size, Specified in the retarded direction, of the cyl 
inder-Selective knock adjustment angle; 

0015 modifying the cylinder-selective adaptation 
value of the first adaptation circuit in the retarded 
direction with a predetermined first adaptation Step 
Size after each engine cycle for as long as the knock 
adjustment angle is greater in terms of an absolute 
value thereof than the first threshold value; 

0016 holding the cylinder-selective adaptation 
value of the first adaptation circuit constant for as 
long as the knock adjustment angle is less than the 
first threshold value and greater than the Second 
threshold value in terms of the absolute value; and 

0017 modifying the cylinder-selective adaptation 
value of the first adaptation circuit in the advanced 
direction with a predetermined Second adaptation 
Step size for as long as the knock adjustment angle is 
leSS in terms of the absolute value than the Second 
threshold value; 

0018 determining a second adaptation value, asso 
ciated with all the cylinders, of a Second adaptation 
circuit from a comparison of the average value of all 
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the cylinder-Selective adaptation values of the cur 
rent operating point with a predetermined threshold; 
and 

0019 using the cylinder-selective first adaptation 
value and the Second adaptation value associated 
with all the cylinders to form a cylinder-selective 
total ignition angle in accordance with the formula 

0020 where Z is a number of the cylinder, ZW is the total 
ignition angle, GZ is the basic ignition angle, KNK is the 
knock adjustment angle, AD1 is the first adaptation value, 
and AD2 is the Second adaptation value. 

0021. In accordance with an added feature of the inven 
tion, the Second adaptation value of the Second adaptation 
circuit: 

0022 is modified in the retarded direction by a 
predetermined decrement after each engine cycle if 
the average value of all the cylinder-Selective adap 
tation values of the current operating point has a 
negative sign and is greater in terms of its absolute 
value than the threshold; and 

0023) is modified in the advanced direction by a 
predetermined increment after each engine cycle if 
the average value is leSS in terms of its absolute value 
than the threshold. 

0024. In accordance with an additional feature of the 
invention, at least one quantity of the group consisting of the 
first Step size, the Second Step size, the first adaptation Step 
size, the Second adaptation Step size, the first threshold 
value, and the Second threshold value, is Stored in depen 
dence on the operating point in a map assigned to the 
quantity. 

0.025 In accordance with another feature of the inven 
tion, an adaptation of the first or Second adaptation circuit is 
blocked for predetermined operating point ranges. 

0026. In accordance with a further feature of the inven 
tion, there are specified maximum values in the advanced 
direction or minimum values in the retarded direction for the 
adaptation values, the values are thereby applicable to all the 
cylinders. 

0027. In accordance with a concomitant feature of the 
invention, the Sum of the knock adjustment angle and the 
first adaptation value is incremented with the Step size if 
operation is knock-free in a range in which the knock 
adjustment angle is greater than the first threshold value. 

0028. In sum, the invention adds to the known cylinder 
Selective knock adjustment angle KNK(Z) a first adaptation 
value AD 1 of a first adaptation circuit and a Second adap 
tation value AD2 of a Second adaptation circuit common to 
all the cylinders. The generation of the adaptation values 
will become clear from the explanation in greater detail 
below with reference to the Schematic drawing figure. 

0029. Although the invention is illustrated and described 
herein as embodied in a method for cylinder-Selective knock 
control of an internal combustion engine, it is nevertheless 
not intended to be limited to the details shown, Since various 
modifications and Structural changes may be made therein 
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without departing from the spirit of the invention and within 
the Scope and range of equivalents of the claims. 
0030 The construction of the invention, however, 
together with additional objects and advantages thereof will 
be best understood from the following description of the 
Specific embodiment when read in connection with the 
accompanying drawing figure. 

BRIEF DESCRIPTION OF THE DRAWING 

0031 FIG. 1 is a graphical timing chart showing the 
Setting of a cylinder-Selective ignition angle along a time 
line. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0032 Referring now to the schematic figure of the draw 
ing in detail, the total ignition angle ZW(z) for a cylinder Z. 
is made up as follows in accordance with the formula below: 

0033. The signs of these values are significant: GZ(z), 
AD1(z) and AD2 can have positive or negative signs (sig 
nifying advance or retardation), while KNK(Z) can have 
only a negative sign (retardation). 
0034) The drawing shows the basic ignition angle GZ(z) 
in relation to the ignition dead center position ZOT(z), the 
variation of the cylinder-Selective knock adjustment angle 
KNK(Z) in relation to the basic ignition angle GZ(z), and the 
variation of the first and Second adaptation values AD1 and 
AD2 plotted for a particular operating point of the internal 
combustion engine, which is dependent on the load Land the 
engine Speed n. 
0035) The basic ignition angles GZGZ), which are also 
represented as arrows in the drawing, are entered in a map 
for each cylinder Z as degrees of crank angle KW for 
example, calculated from the ignition top dead center posi 
tion ZOT(z)=0 KW of the cylinder Z (plotted as a horizontal 
broken line right at the bottom of the drawing)-with a 
positive sign to indicate advance and a negative Sign to 
indicate retardation-as a function at least of the engine 
Speed n and the load L and, as mentioned above, they are 
read out from this map and updated. 
0036) This basic ignition angle is used for ignition in 
cylinder Z if there is no engine knock: ZW(z)=GW(z). 
0037. If engine knock K occurs in cylinder Z, however, 
the total ignition angle ZW(z) is retarded by a knock 
adjustment angle KNK(Z) (decremented), with the step size 
in each case being Sks. In the drawing, knockS K are 
shown after three Successive ignitions, shifting the total 
ignition angle ZW(z) by a value KNK(z)=3*S in the 
retarded direction to ZW(z)=GZ(z)-KNK(z)=GZ(z)- 
3*Skdee. 
0038) If, Subsequently, engine knock no longer occurs, 
the absolute value of the knock adjustment angle KNK(z) is 
reduced by a predetermined Step Ski after each engine 
cycle (720 of crank angle) or after Several engine cycles (or 
at predetermined time intervals), as illustrated in enlarged 
form within a broken-lined circle in the drawing, and the 
total ignition angle ZW(z) is hence also advanced again 
(incremented). The step sizes Skies and/or Skie can be 
constants or vary as a function of the operating point. 
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0039. In the drawing, two predetermined threshold val 
ues, a first threshold value DEC and a second threshold 
value INC, which are retarded relative to the basic ignition 
angle GZ(z), have been entered as chain-dotted lines, these 
values being significant for the first adaptation value AD1(Z) 
of the first adaptation circuit: 

0040 as long as the knock adjustment angle KNK(z) 
is greater in terms of its absolute value than the first 
threshold value DEC, t2 to t3 in the drawing, a 
cylinder-Selective first adaptation value AD1(Z) 
should be increased with a predetermined Step size 
SADee, (thereby retarding, i.e. decrementing, the 
total ignition angle ZW(z)); 

0041 as long as the knock adjustment angle KNK(z) 
is less in terms of its absolute value than the first 
threshold value DEC and greater in terms of its 
absolute value than the second threshold value INC, 
t3 to ta in the drawing, the cylinder-selective first 
adaptation value AD1(Z) should be constant; and 

0042 as Soon as the knock adjustment angle 
KNK(z) is less in terms of its absolute value than the 
second threshold value INC, from tA in the drawing, 
the absolute value of the cylinder-selective first 
adaptation value AD1(z) should be reduced with a 
predetermined Step size SA. 

0043. In a preferred exemplary embodiment, the sum of 
the knock adjustment angle KNK(Z) and the first adaptation 
value AD1 (broken line between t2 and t3 in the drawing) 
should be incremented With the Step size S for as long as 
the knock adjustment angle KNK(Z) is greater in terms of its 
absolute value than the first threshold value DEC, in order 
to avoid slowing the rate at which the total ignition angle 
ZW(z) is incremented. 
0044) The step size Ski is chosen So that, as illustrated 
in the drawing, the predetermined first threshold value DEC 
is not exceeded by the knock adjustment angle KNK(Z) at 
the very first knock but, for example, only at the Second 
knock at time t1, e.g. Sk=3 of crank angle and DEC= 
3.5 of crank angle. This has a damping effect on the knock 
control system. The first adaptation values AD1(z), which 
are Stored in a map as a function of the operating point for 
each cylinder, and Second adaptation values AD2, described 
below, are illustrated in Separate diagrams in the drawing, 
the upper diagram representing the Sum of GZ(Z)-KNK(Z)- 
AD1(z) as a broken line. 
0.045. In the first adaptation circuit, cylinder-selective 
knock adaptation is performed to adapt the ignition angle 
differences as a function of the load L and the engine Speed 
in on the basis of the differences in compression between the 
cylinders. The map in which the first adaptation values 
AD1(z) are Stored contains the cylinder-specific adaptation 
components used for knock control, these having been 
determined at the respective operating point. 
0046) The knock limits are generally adjusted for a 
defined engine and a defined fuel. In normal operation, 
engines, components and fuels have certain tolerances, 
which can have a considerable effect on the knock limit. 
These deviations apply to all the cylinders, with the excep 
tion of the fuel grade, they generally change only slowly. 
0047. To compensate effectively for such effects, a sec 
ond adaptation value AD2 of a Second adaptation circuit 
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common to all the cylinderS is formed by calculating the 
average value AD1 of the first adaptation values AD1(z) of 
the first adaptation circuit of all the cylinders at the respec 
tive operating point and comparing it with a predetermined 
threshold S2. If the average value AD1 is greater in terms of 
its absolute value than S2, AD2 is retarded by a predeter 
mined decrement D (with a negative sign) after each engine 
cycle; otherwise, it is advanced by a predetermined incre 
ment I (with a positive sign). In the case of a change of 
operating point, the average value AD1 is calculated from 
the first adaptation values AD1(Z) of the new operating point 
and compared with the threshold S2, and AD2 is increased 
or reduced in accordance with the result of comparison. 

0048. In the drawing, the bold continuous line ZW(z) 
shows the variation of the total ignition angle ZW(z) for a 
cylinder (Z), comprising the basic ignition angle GZ(z), the 
knock adjustment angle KNK(Z), the first adaptation value 
AD1(z) and the second adaptation value AD2, which is 
common to all the cylinders: 

0049 where the values KNK(z), AD1(z) and AD2 each 
bring about a retardation of the ignition angle. 

0050. The instantaneously valid quantities for ZW(z), 
KNK(Z), AD1(z) and AD2 are represented as arrows. 
0051 Normally, the total ignition angle ZW(z) is not 
advanced beyond the predetermined basic ignition angle 
GZ(z). When changing to a fuel with a higher octane rating, 
for example, it may however be appropriate to take account 
of this fact and to permit positive values for the first and 
Second adaptation circuit, which can mean the total ignition 
angle being advanced beyond the basic ignition angle GZ(z) 
. It is therefore worthwhile to specify valid maximum values 
(+AD1, +AD2) in the advanced direction or even 
minimum values (-AD1, -AD2) in the retarded direc 
tion for the adaptation values (AD1(z)) or (AD2) for all the 
cylinders (Z). 
0052. In this case, however, it is necessary for physical 
reasons to determine operating point ranges in which Such 
an advance beyond the basic ignition angle GZ(z) should be 
permitted and to define limiting values (if necessary depen 
dent on the operating point) for Such an advance in order to 
avoid engine damage. 

0053. After each engine cycle (every 720°of crank 
angle), the instantaneous values KNK(Z) and AD1(z) are 
Stored in the corresponding maps as a function of the 
operating point, the common Second adaptation value AD2 
also being Stored, and the operating point is re-determined as 
a function of the load L and the engine Speed n. 

0054 When the internal combustion engine is switched 
off, all the first adaptation values AD1(z) of the first adap 
tation circuit are Stored in cylinder-Selective maps, and the 
Second adaptation value AD2 of the Second adaptation 
circuit is stored in non-volatile memory (in an EEPROM) 
and read back when operation Starts again. 

0055. Because the adaptation rates (Step sizes SA, 
SAD) for decrementing and implementing the adaptation 
values AD 1 of the first adaptation circuit are Separate, the 
average position of the ignition angle at the knock limit can 
be determined quite accurately. 
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0056 Defining ranges of the knock adjustment angle 
KNK(z) in which no adaptation is performed (by means of 
the threshold values DEC and INC) ensures that minor 
knock control activity does not-trigger changes to the adap 
tation values, this calms the first adaptation circuit and leads 
to uniform ignition angles. 
0057 The knock control component is made up of the 
knock adjustment angle KNK(Z) and the two adaptation 
values AD1(z) and AD2. The characteristic of each indi 
vidual circuit can advantageously be adjusted independently 
of those of the other circuits. This makes it possible to adapt 
the knock control System in an optimum manner to each 
internal combustion engine. 
0058. Owing to the fact that the threshold values DEC 
and INC for the activation of the first adaptation circuit are 
linked with the Step sizes Ske, Ski of the knock adjust 
ment angles KNK(Z), the adaptation characteristic is not 
affected if the knock control parameters are changed. 
0059. The input variables for the second adaptation cir 
cuit are the first adaptation values AD1(Z) of the first 
adaptation circuit, thereby allowing the damping effect of 
the latter to be exploited; the only ignition angle corrections 
that occur in the Second adaptation circuit are those caused 
by the effects of aging or by changes in the fuel grade. 
We claim: 

1. A cylinder-Selective knock control method for an 
internal combustion engine, which comprises: 

defining, in association with a respective operating point 
that depends on a load and an engine Speed, a cylinder 
Selective ignition angle from a predetermined cylinder 
Selective basic ignition angle associated with knock 
free operation and a cylinder-Selective knock 
adjustment angle that increases Stepwise with a prede 
termined Step size in a retarded direction each time a 
knock occurs and decreases Stepwise with a predeter 
mined Step size in an advanced direction after each 
engine cycle during knock-free operation; 

determining a cylinder-Selective first adaptation value of 
a first adaptation circuit from a comparison of the 
knock adjustment angle with a first and a Second 
threshold value; 

wherein the first threshold value is greater than the Step 
size, Specified in the retarded direction, of the cylinder 
Selective knock adjustment angle, and the Second 
threshold value is less than the Step size, Specified in the 
retarded direction, of the cylinder-Selective knock 
adjustment angle; 

modifying the cylinder-Selective adaptation value of the 
first adaptation circuit in the retarded direction with a 
predetermined first adaptation Step size after each 
engine cycle for as long as the knock adjustment angle 
is greater in terms of an absolute value thereof than the 
first threshold value; 

holding the cylinder-Selective adaptation value of the first 
adaptation circuit constant for as long as the knock 
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adjustment angle is less than the first threshold value 
and greater than the Second threshold value in terms of 
the absolute value, and 

modifying the cylinder-Selective adaptation value of the 
first adaptation circuit in the advanced direction with a 
predetermined Second adaptation Step Size for as long 
as the knock adjustment angle is leSS in terms of the 
absolute value than the second threshold value; 

determining a Second adaptation value, associated with all 
the cylinders, of a Second adaptation circuit from a 
comparison of the average value of all the cylinder 
Selective adaptation values of the current operating 
point with a predetermined threshold; and 

using the cylinder-Selective first adaptation value and the 
Second adaptation value associated with all the cylin 
ders to form a cylinder-Selective total ignition angle in 
accordance with the formula 

where Z is a number of the cylinder, ZW is the total 
ignition angle, GZ is the basic ignition angle, KNK is 
the knock adjustment angle, AD1 is the first adaptation 
value, and AD2 is the Second adaptation value. 

2. The method according to claim 1, which comprises: 
modifying the Second adaptation value of the Second 

adaptation circuit in the retarded direction by a prede 
termined decrement after each engine cycle if the 
average value of all the cylinder-Selective adaptation 
values of the current operating point has a negative Sign 
and is greater in terms of its absolute value than the 
threshold; and 

modifying the Second adaptation value of the Second 
adaptation circuit in the advanced direction by a pre 
determined increment after each engine cycle if the 
average value is leSS in terms of its absolute value than 
the threshold. 

3. The method according to claim 1, which comprises 
Storing at least one quantity Selected from the group con 
Sisting of the first Step size, the Second Step size, the first 
adaptation Step size, the Second adaptation Step size, the first 
threshold value, and the Second threshold value, as a func 
tion of the operating point in a map assigned to the quantity. 

4. The method according to claim 1, which comprises 
blocking an adaptation of the first or Second adaptation 
circuit for predetermined operating point ranges. 

5. The method according to claim 1, which comprises 
Specifying maximum values in the advanced direction or 
minimum values in the retarded direction, the values being 
applicable to all the cylinders, for the adaptation values. 

6. The method according to claim 1, which comprises 
incrementing a Sum of the knock adjustment angle and the 
first adaptation value with the Step size if operation is 
knock-free in a range in which the knock adjustment angle 
is greater than the first threshold value. 


