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(57) Abstract

The invention relates to a method for calibrating the injection time («) of a first fuel (6°) in a diesel engine (2). The method comprises
the steps of feeding adjustment fluid (6) under pressure to an injection adjuster (3) which comprises an adjuster plunger (4). The diesel
engine (2) is made to run at a constant speed (r). The adjuster plunger (4), which is coupled to a roller-bearing ring (15) for adjusting
the injection time («r) is adjusted with the aid of the pressure of the adjustment fluid (6). The fuel consumption of the diesel engine (2) is
measured and the injection time («), when the fuel consumption converts from varying to being constant, and/or vice versa, is recorded. The
recorded injection time («) is compared with a predetermined injection time (ev1) and the injection adjuster (3) is calibrated by regulating
the pressure of the adjustment fluid (6) so that the adjuster plunger (4) is set in a position which corresponds to an injection time (o) which

accords with the predetermined injection time (a1).
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A Method for Calibration the Moment of Fuel Injection.

The present invention relates to a method for
calibrating the injection time of a first fuel in a
diesel engine, comprising the step of feeding adjusthent
fluid under pressure to an injection adjuster, which
comprises an adjuster plunger. The invention also relates
to a method for calibrating the injection time of a
second fuel in a diesel engine.

It is already known to use a feedback control
system to calibrate the injection time of fuel in a
diesel engine. A needle lift spreader, which comprises a
transmitter for needle 1lift, sends signals to a control
unit when the time for the injection of fuel in the
diesel engine starts. A semnsor, which is also coupled to
the control unit, measures the angle position of the
crankshaft at the same time. On the basis of the
information fed into the control unit relating to the
injection time and the angle position of the crankshaft
at the injection time, an injection adjuster can be
calibrated by means of an adjuster plunger arranged in
the injection adjuster being set in a position which
corresponds to an injection time which accords with the
predetermined injection time.

A disadvantage of such an arrangement is that the
needle lift spreader with a transmitter for needle lift
is a relatively expensive component. A further
disadvantage is that the diesel engine is provided with
a further component if a needle lift spreader with a
transmitter for needle lift is used, which gives rise to
a further possible source of error on shutdown of the
diesel engine.

The object of the present invention is to make
available a method for calibrating the injection time of
a first fuel in a diesel engine by means of recording the
diesel engine properties and characteristics during the
calibration.

According to the invention, this is achieved by
the fact that:
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the diesel engine is made to run at a constant speed,
the - adjuster plunger, which is coupled to a rollér-
bearing ring for adjusting the injection time, is
adjusted with the aid of the pressure of the adjustment
£luid, ) -
the fuel consumption of the diesel engine is measured,
the injection time, when the fuel consumption converts
from varying to being constant, and/or vice versa, is
recorded,

the recorded injection time is compared with a
predetermined injection time, and

the injection adjuster is calibrated by regulating the
pressure of the adjustment fluid so that the adjuster
plunger is set in a position which corresponds to an
injection time which accords with the predetermined
injection time.

Another object of the present invention is to
make available a method for calibrating the injection
time of a second fuel in a diesel engine which has been
calibrated, by means of the properties and charac-
teristics of the diesel engine having been recorded
during the calibration with a first fuel.

According to the invention, this is achieved by
the fact that:

a first fuel which has been used for calibrating the
diesel engine is replaced by the second fuel which has a
viscosity differing from the viscosity of the first fuel,
the second fuel is fed under pressure to an injection
adjuster which comprises an adjuster plunger,

the diesel engine is made to run at a constant speed,
the adjuster plunger, which is coupled to a roller-
bearing ring for adjusting the . injection time, is
adjusted with the aid of the pressure of the second fuel,
the fuel consumption of the diesel engine is measured,
the injection time, when the fuel consumption converts
from varying to being constant, and/or vice versa, is
recorded,

the recorded injection time 1is compared with the

injection time which was obtained upon calibration with
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the first fuel, at a speed which corresponds to the said
constant speed, and

the injection adjuster is calibrated by regulating the
pressure of the second fuel so that the adjuster plunger
is set in a position which corresponds to an injegsion
time which accords with the injection time which was
obtained upon calibration with the first fuel.

Such calibration methods eliminate the need for
an injector with a needle lift transmitter, which results
in a less costly and more operationally reliable engine
construction compared with the feedback control system.

The invention will be described in greater detail
hereinbelow with reference to the illustrative embodiment
shown on the attached drawing, in which:

Fig. 1 shows a diagrammatic view of an injection
system for a diesel engine,

Fig. 2 shows a pulse signal with a first relative
pulse length,

Fig. 3 shows a pulse signal with a second
relative pulse length,

Fig. 4 shows, in diagram form, how the fuel
consumption varies depending on the relative pulse length
and injection time at a first constant speed and with a
first fuel in a diesel engine, and

Fig. 5 shows, in diagram form, how the fuel
consumption varies depending on the relative pulse length
and injection time at a first constant speed and with a
second fuel in a diesel engine.

Fig. 1 shows a diagrammatic view of an injection
system 1 for a diesel engine 2. The injection system 1
comprises an injection adjuster 3 which in turn comprises
an adjuster plunger 4 which can be displaced in a
cylinder barrel 5 counter to a spring force, by means of
the fact that a pressure fluid 6 in the form of the
diesel engine fuel 6 is conveyed under pressure to a
cylinder chamber 7 on a first surface 8 of the adjuster
plunger 4. The cylinder chamber 7 is delimited by a first
end wall 9 arranged on the cylinder barrel 5, the first

surface 8 of the adjuster plunger 4 and the cylinder wall
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10 of the cylinder barrel 5. Arranged against a second
surface. 11 of the adjuster plunger 4 there is a helical
spring 12, which is tensioned between the second surface
11 of the adjuster plunger 4 and a second end wall 13
arranged on the cylinder barrel 5. —_

The adjuster plunger 4 is connected via a
coupling beolt 14 to a roller-bearing ring 15, from which
fuel 6 is distributed to the respective injector 16. The
position of the roller-bearing ring 15 relative to a
distributor arm 17 for the fuel 6 of the diesel engine 2
determines the injection time o of fuel 6 in the diesel
engine 2. When the adjuster plunger 4 is displaced in the
cylinder barrel 5, the roller-bearing ring 15 is turned.
The adjuster plunger 4 and the roller-bearing ring 15 can
be included as integrated parts in a distributor pump 18,
which is represented diagrammatically by the broken-line
rectangle 18 in Fig. 1.

The position of the adjuster plunger 4 and thus
the position of the roller-bearing ring 15 are determined
by the pressure of the fuel 6 in the cylinder chamber 7.
A feed pump 19 integrated in the distributor pump 18
feeds the fuel 6 under pressure to the cylinder chamber
7 of the injection adjuster 3 as well as to the roller-
bearing ring 15. A pressure control valve in the form of
a solenoid valve 20 is arranged on a duct 21 which leads
the fuel 6 from the feed pump 19 to the cylinder chamber
7. The solenoid wvalve 20 is regulated by a pulse-
modulated pulse signal from a control unit 22.

A sensor 23 for measuring the fuel consumption of
the diesel engine 2 is arranged on the fuel duct 24
between the feed pump 19 and the roller-bearing ring 15.
The sensor 23 sends signals to the control unit 22. A
first temperature sensor 25 is arranged in the cylinder
chamber 7 and measures the temperature of the fuel 6. The
first temperature sensor 25 sends signals to the control
unit 22. A second temperature sensor 26 is arranged omn
the diesel engine 2 in order to measure the temperature
of the cooling water (not shown) in the diesel engine 2.

The second temperature sensor 26 sends signals to the

PCT/SE98/00653
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control unit 22.

Fig. 2 shows a pulse signal 27 which controls the
solenoid valve 20. The solenocid valve 20 comprises two
elements 28 which together open and close a passage 29
for the fuel 6 in the duct 21. The longer the solgnoid
valve 20 is situated in the open position, the greater is
the pressure of the fuel 6 in the cylinder chamber 7. At
a relative pulse length of 100%, the pulse time, that is
to say the pulse length, for the closed position (one 1)
is the same length as the pulse length for the open
position (zero 0).

Fig. 3 shows a pulse signal 27 where the relative
pulse length is less than 100%, that is to say the pulse
length for the closed position (one 1) is shorter than
the pulse length for the open position (zero 0).

In diesel engines 2, the injection time o of the
fuel 6 influences the degree of efficiency and the
emissions given off on combustion. The setting of the
injection time « is dependent, inter alia, on fuel
consumption, engine speed and engine temperature. The
optimum time for the start of injection must be obtained
as accurately as possible. If the injection takes place
too early, the 1injected fuel 1is <vaporized only
negligibly, since the temperature in the combustion
chamber is too low. If the fuel is injected too late, the
ignition of the fuel takes place only during the
expansion stroke, which means that the plunger is
accelerated only negligibly.

To obtain reference values for the calibration of
the injection time o of fuel 6 in a diesel engine 2, use
is made of a reference engine (not shown) which is run
with a first fuel 6’ with given viscosity. The reference
engine 1is advantageously provided with an injection
system 1 of the type which is shown diagrammatically in
Fig. 1. With the aid of laboratory equipment and
measuring equipment of known types, the reference engine
is calibrated so that an optimum injection time o is
obtained. The calibration is performed at a given

temperature of the fuel and of the engine referred to as
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the reference temperature ¢t,. Starting from the
calibrated reference engine, it is possible to obtain a
predetermined injection time ol at different given
speeds. At the predetermined injection time «l, the
adjuster plunger 4 is situated in a given position ig_the
cylinder barrel 5 depending on a given pressure of the
first fuel 6’ in the cylinder chamber 7 of the injection
adjuster 3. Values for the injection time « at different
speeds and operating conditions of the reference engine
are stored in the contrel unit 22.

On account of the fact that the properties of the
components included in an injection system 1 differ from
each other in terms of spring constant, flow conditiomns
in ducts, and so on, the injection time « at one and the
same pressure of the fuel 6 in the cylinder chamber 7 of
the injection adjuster 3 will differ between injection
systems 1 of the same type. In the case where the
properties of the injection system 1 differ £from the
properties of the injection system 1 which was used in
the calibration of the reference engine, the control unit
22 must therefore be provided with wvalues which differ
from the values which were fed into the contreol unit 22
when the reference engine was being calibrated. In the
calibration method according to the present invention,
the control unit 22 receives those values which mean that
the control unit 22 controls the solenoid wvalve 20 so
that a pressure of the fuel 6 in the cylinder chamber 7
of the injection adjuster 3 brings the adjuster plunger
4 and thus the roller-bearing ring 15 into such a
position that an optimum injection time o is obtained.

The method for calibrating the injection time «
according to the invention is carried out as follows. A
first fuel 6’ with a viscosity which accords with the
fuel 6 which was used in the calibration of the reference
engine is fed under pressure by means of the feed pump 19
to the injection adjuster 3, which includes the adjuster
plunger 4. The diesel engine 2 is made to run at a
constant speed r, for example by means of the control

unit 22. The injection time o is adjusted by means of the
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fact that the relative pulse length of a pulse signal 27,
which is fed from the control unit 22 to the soleneid
valve 20, changes. As has been described above, the
relative pulse length of the pulse signal 27 determines
the pressure of the first fuel 6’ which is fed to_the
cylinder chamber 7 of the injection adjuster 3. At the
same time the fuel consumption of the diesel engine 2 is
measured, which fuel consumption will vary with varying
injection time «. The calibration is performed when the
first fuel 6’ or the diesel engine 2 has reached a
temperature t which coincides with the reference
temperature t,.

The course of events according to the method is
represented in Fig. 4 which shows, in diagram form, how
the fuel consumption varies depending on the relative
pulse length and injection time « at a first constant
speed r of the diesel engine 2. When the adjuster plunger
4 is situated in a first end position, to the left in
Fig. 1, in which the helical spring 12 presses the
adjuster plunger 4 towards the first end wall 9, both the
injection time o and the fuel consumption will initially
be constant at an increasing relative pulse length, since
the pressure must overcome the spring force from the
helical spring 12 before the adjuster plunger 4 begins to
be displaced in the cylinder barrel 5. At a relative
pulse length of about 10% in Fig. 4, the injection time
a and thus the fuel consumption begin to vary. At a
relative pulse length of about 75% in Fig. 4, the
pressure of the first fuel 6’ is high enough to ensure
that the adjuster plunger 4 reaches a second end
position, in which the helical spring 12 is compressed.
The injection time o« and thus the fuel consumption then
begin to vary.

The injection time o when the fuel consumption
converts from varying to being constant and/or vice versa
is recorded in the control unit 22 and the recorded
injection time « 1s compared with the predetermined
injection time ol which was obtained for the reference

engine at a speed which corresponds to the constant speed
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r in the calibration according tc the method. Thereafter,
the injection adjuster 3 1is calibrated by means -of
regulating the pressure of the first fuel 6’ so that the
adjuster plunger 4 is set in a position which corresponds
to an injection time « which accords with _ the
predetermined injection time «, which was obtained on
calibrating the reference engine. The value for the
relative pulse length which must be present at the
constant speed r is thus known for the control unit 22
and is therefore stored in the latter. During operation
of the diesel engine 2, the injection time « will thus
vary optimally depending on, inter alia, the fuel
consumption, engine speed and engine temperature.

The calibration of the injection time according
to the invention can be repeated for a number of
different constant speeds of the diesel engine 2, which
means that more values of the relative pulse length which
must be present at different speeds are known for the
contrcl unit 22. One reason for repeating the calibration
method at different constant speeds may be to increase
the accuracy of the injection system 1.

If a second fuel 6’’ with a viscosity other than
the viscosity of the first fuel 6’ is used for running
the diesel engine 2, the inijection time o will deviate
from the optimum values which were obtained in the
calibration according to the method.

By carrying out the calibration method again at
one or more constant speeds with the second fuel 6/’ and
using the values which were obtained in the calibration
with the first fuel 6’ 1in order to calibrate the
injection time «,, an injection system 1 is obtained in
which the injection time o will vary optimally.

The fuel 6 of different viscosity has different
energy contents. The abovementioned calibration which is
dependent on the viscosity of the fuel 6 is advantageous
since excessive pressures can occur in the diesel engine
2 1f the injection time o is wrong when a fuel 6 with
high energy content is being used. In the calibration

with the second fuel 6’’, a measure is also obtained of
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how great the difference is between the viscosity of the
first fuel 6’ and second fuel 6’’. Thus, the amount-of
injected fuel 6 in the diesel engine 2 can be regulated
in order to obtain the same effect from the diesel engine

2 regardless of which fuel type 6 is being used.
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Patent Claims
1. Method for calibrating the injection time (a) of
a first fuel (6’) in a diesel engine (2), comprising the
following steps:
adjustment fluid (6) is fed under pressure to an

injection adjuster (3) which comprises an adjuster
plunger (4),

the diesel engine (2) is made to run at a constant speed
(r),

the adjuster plunger (4), which is coupled to a roller-
bearing ring (15) for adjusting the injection time («),
is adjusted with the aid of the pressure of the
adjustment £fluid (6),

the fuel consumption of the diesel engine (2) 1is
measured,

characterized in that

the injection time (o), when the fuel consumption
converts from varying to being constant, and/or vice
versa, 1is recorded,

the recorded injection time (o) is compared with a
predetermined injection time («,), and

the injection adjuster (3) is calibrated by regulating
the pressure of the adjustment fluid (6) so that the
adjuster plunger (4) is set in a position which corre-
sponds to an injection time (o) which accords with the
predetermined injection time («,).

2. Method according to Claim 1, characterized in
that the pressure of the adjustment £fluid (6) is
regulated by a pressure control valve (20).

3. Method according to Claim 2, characterized in
that the pressure control wvalve (20) consists of a
solenoid valve (20) which is controlled by a pulse signal
(27) .

4. Method according to Claim 3, characterized in
that the pressure of the adjustment £luid (6) 4is
determined by modulating the pulse width of the pulse
signal (27).
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5. Method according to one or more of the preceding
claims, characterized in that the temperature (t) of the
adjustment £fluid (6) is measured, and in that the
adjuster plunger (4) and thus the injection time (a) are
adjusted when the adjustment £fluid (6) has reached a
temperature which accords with a predetermined refeéence
temperature (t,).

6. Method according to one or more of the preceding
claims, characterized in that the adjustment f£fluid (6)
consists of the first fuel (6’) of the diesel engine.

7. Method according to Claim 1, characterized in
that the calibration of the injection time (&) according
to the method is repeated for a number of different
constant speeds of the diesel engine (2).

8. Method for calibrating the injection time (a) of
a second fuel (6’’) in a diesel engine (2) which has been
calibrated by the method according to Claim 6,

where a first fuel (6’) which has been used for
calibrating the diesel engine (2) is replaced by the
second fuel (6’’) which has a viscosity differing from
the viscosity of the first fuel (67),

the second fuel (6’’) is fed under pressure to an
injection adjuster (3) which comprises an adjuster
plunger (4),

the diesel engine (2) is made to run at a constant speed
(r),

the adjuster plunger (4), which is coupled to a roller-
bearing ring (15) for adjusting the injection time (&),
is adjusted with the aid of the pressure of the second
fuel (6°7),

and the fuel consumption of the diesel engine (2) is
measured,

characterized in that the injection time (a), when the
fuel consumption converts from varying to being constant,
and/or vice versa, is recorded,

the recorded injection time («) is compared with the
injection time (a) which was obtained upon calibration
with the first fuel (6’), at a speed which corresponds to

the said constant speed (r), and

PCT/SE98/00653
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the injection adjuster (3) is calibrated by regulating
the pressure of the second fuel (6’’) so that the
adjuster plunger (4) 1is set in a position which
corresponds to an injection time («) which accords with
the injection time (¢) which was obtained _upon
calibration with the first fuel (67). '

9. Method according to Claim 8, characterized in
that the pressure of the second fuel (6'’) is regulated
with a pressure control valve (20).

10. Method according to Claim 9, characterized in
that the pressure control wvalve (20) consists of a
solenoid valve (20) which is contrclled by a pulse signal
(27) .

11. Method according to Claim 10, characterized in
that the pressure of the second fuel (6’’) is determined
by modulating the pulse width of the pulse signal (27).
12. Methed according to one or more of Claims 8 to
11, characterized in that the temperature of the second
fuel (6’’) is measured, and in that the adjuster plunger
(4) and thus the injection time (o) are adjusted when the
second fuel (6’’) has reached a temperature (t) which

accords with a predetermined reference temperature (t,).
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