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(57) Abréegée/Abstract:

A method of starting an internal combustion engine (1) which has a plurality of piston-cylinder units (2) wherein there are dead
volumes (3) upstream of the piston-cylinder units (2), wherein upon an attempt at starting the internal combustion engine (1) the
pistons are driven In the cylinders by an auxiliary motor (5), and whereln the maximum permissible duration of a starting attempt is
restricted by a predetermined starting time (t s) of the internal combustion engine (1), wherein the starting time (t s) Is calculated
and predetermined prior to or at the beginning of a starting attempt of the internal combustion engine (1) In dependence on a state
of the internal combustion engine (1) and/or the auxiliary motor (5).
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Abstract

A method of starting an inte‘rnal combustion engine (1) which has a
plurality of piston-cylinder units (2) wherein there are dead volumes (3)
upstream of the piston-cylinder units (2), wherein upon an attempt at
starting the internal combustion engine (1) the pistons are driven in the
cylinders by an auxiliary motor (5), and wherein the maximum permissible
duration of a starting attempt is restricted by a predetermined starting time
(t;) of the internal combustion engine (1), wherein the starting time (t;) is
ca!culatéd and predetermined prior to or at the beginning of a starting
attempt Of the internal combustion engine (1) in dependence on a state of

the internal combustion engine (1) and/or the auxiliary motor (5).

(Figure 1)
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. 1
Method of starting an internal combustion engine

Description

The invention concerns a method of Starting an internal combustion
engine.

Starting internal combustion engines, in particular stationary internal
combustion engines, represents a high stress on the components involved.
When sfarting an internal combustion engine generally a gear, the starter
pinion, driven by an éuxiliary motor, engages into a gear ring connected to
the crankshaft of the internal combustion engine and accelerates the
internal combustion engine to a speed of revolution thereof, at which the
engine can automatically run.  The loading involved concerns the
mechanical components and in particular the auxiliary motor. In the case of
electric ‘auxiliary motors these are the electric windings and the starter
battery.

An aspect which is relevant to safety is that, d‘uring the starting
procedure, combustible mixture is pumped into the exhaust manifold and
thus the risk of flash fires increases with the duration of the starting

procedure.

It is therefore usual for the above-indicated reasons for the maximum

pérmissible duration- of a starting procedure to be restricted by a
predetermined time.

A disadvantage with starting procedures according to the state of the

art is that unsuccessful attempts at starting are frequent, that is to say

attempts at starting which do not lead to the internal combustion engine
automatically running.

Some embodiments of the present invention provide a starting
method by which the probability of succeeding with an attempt at starting is
increased in comparison with the state of the art. '

According to an aspect of the invention, the starting time is
calculated and predetermined prior to or at the beginning of a starting
attempt of the internal combustion engine in dependence on a state of the
internal. combustion engine and/or the auxiliary motor provides that the

probability of succeeding with an attempt at starting is markedly increased.
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The expression success with an attempt at starting is used to mean that the
internal combustion engine begins to run automatically due to the starting
attempt.

In that way the mechanical and electrical components involved in the
starting process may be less heavily stressed and achieve a longer service
life than with starting methods in accordance with the state of the art as in
the state of the art unsuccessful starting attempts occur more frequently
than with the method according to the invention.

Therefore, taking account of a state of the internal combustion engine
and/or the auxiliary motor for establishing the starting time provides for
establishing a starting time which is adapted to the state of the internal
combustion engine and/or the auxiliary motor.

The starting time corresponds to that time required until a
combustible mixture is present in all cylinders. An excessively long starting
time signifies an increased risk of flash fires as unburnt mixture escapes
into the exhaust manifold. An excessively short starting time would have
the consequence that not all cylinders are reached by ignitable mixture. In
some embodiments, there may be a reduction of the flash fire risk,
enhanced probability of success with the starting process and the reduced
loading on the auxiliary motor and possibly the batteries, which may
increase the service life thereof.

It can preferably be provided that if the rotary speed of the internal
combustion engine has not reached or exceeded the starting rotary speed
after expiry of the starting time the starting attempt is broken off.

The starting rotary speed of the internal combustion engine is that
speed at which the internal combustion engine begins at the earliest to run
on its own.

A check is therefore made to ascertain whether, after the
predetermined starting time s reached, the speed of the internal
combustion engine has also actually reached the starting speed. If the
starting speed is not reached in the starting attempt being considered then
that starting attempt is broken off. Breaking off the starting attempt

signifies at least switching off the auxiliary motor. A further sensible
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measure when breaking off the starting attempt is to shut down the fuel feed devices

like for example gas valves so that fuel does not continue to be sucked in and

discharged unburnt.

It is preferably provided that the starting time is predetermined in dependence
on the size of the dead volumes. The term dead volumes in used to mean those
volumes which are present between the combustion chambers and a fuel metering

device or mixing device arranged upstream of the combustion chambers.

During a starting process the dead volumes must be emptied by the pump
action of the piston-cylinder units of the internal combustion engine until the cylinders
are filled with combustible mixture. Before the majority of the piston-cylinder units are
not filled with combustible mixture a starting process cannot be successful. Thus
taking account of the size of the dead volumes in determining the starting time is a

contribution to increasing the probability of succeeding with a starting attempt.
It can particularly preferably be provided that the starting time is predetermined
- in dependence on a rotary speed of the auxiliary motor and/or

- in dependence on the number of cylinders of the internal combustion engine

and/or

- in dependence on the swept volume of the piston-cylinder units and/or

- in dependence on the volumetric efficiency of the internal combustion engine.

According to one aspect of the invention, there 1s provided a method of starting
an internal combustion engine, which has a plurality of piston-cylinder units wherein
there are dead volumes between a combustion chamber of the piston-cylinder units
and a fuel meterin'g device or a mixing device arranged upstream of the combustion
chambers, wherein upon an attempt at starting the internal combustion engine the

pistons are driven in the cylinders by an auxiliary motor, and wherein a maximum
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permissible duration of a starting attempt is restricted by a predetermined starting
time (t;) of the internal combustion engine, wherein the starting time (ts) is caiculated
and predetermined prior to or at the beginning of the starting attempt of the internal
combustion engine in dependence on at least one of a state of the internal
combustion engine, depending to the size of the dead volumes and the auxiliary
motor and that if the rotary speed (n) of the internal combustion engine has not

reached or exceeded the starting rotary speed (ng) after expiry of the starting time (t)

the starting attempt is broken off.

The invention is described in greater detail hereinafter with reference to the

Figures in which:

Figure 1 shows a diagrammatic view of an internal combustion engine with

auxiliary motor,

Figure 2 shows a diagrammatic graph of rotary speed in relation to time during

a starting process, and

Figure 3 shows the graphic representation of calculation of the starting time.
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Figure 1 is a diagrammatic view showing an internal combustion
engine 1 having a plurality of piston-cylinder units 2. The piston-cylinder
units 2 of the internal combustion engine 1 are supplied with fuel-air
mixture by way of the induction manifold 6. The flow of fuel-air mixture

5 into the induction manifold 6 is symbolically indicated by arrows. The fuel

feed device 7 meteredly supplies fuel.

The fuel feed device 7 can be for example a gas mixer, a metering
valve or any other usual feed device for fuel.
Also shown is an auxiliary motor 5 (starter motor) connected to the

- 10 crankshaft of the internal combustion engine 1 by way of the starter ring 4.
The auxiliary motor 5 can be driven electrically or pneumatically. In the
case of an electric drive starter batteries are usually provided as energy
storage means, in the case of a pneumatic starter motor.a compressed air
storage means serves.as the energy supply.

15 In the starting process a pinion of the auxiliary motor 5 engages into
the starter ring 4 and accelerates the internal combustion engine 1 until it
begins to run on its own. During the starting process the piston-cylinder
units 2 demand gas or mixture from the induction manifoid 6.

Those portions of the induction manifold 6, that are between the

20  piston-cylinder units 2 and the fuel feed device 7, are referred in the
present application as dead volumes 3. In a starting process, after
metering of fuel by the fuel feed device, the dead volumes 3 first have to be

flooded with fuel-air mixture before the fuel-air mixture reaches the piston-

cylinder units 2.

25 The dead volumes 3 together with the throughput per revolution of
the internal combustion engine 1 cause a delay in transpbrt of the fuel-air
mixture into the piston-cylinder units 2. The consequence of this is that,
during a starting process, there is combustible mixture in the piston-
cylinder units 2 only after a certain time. That time derives from the

30 throughput of the piston-cylinder units 2, the rotary speed of the internal
combustion engine 1, that is determined by the speed of the auxiliary motor

5, and the size of the dead volumes 3. A suitable measure in terms of

describing the pump effect (throughput) of the piston-cylinder units is the



10

15

20

25

30

CA 02902529 2015-08-28

5

volumetric efficiency which specifies how much fresh charge is available in
relation to the theoretically maximum possible filling after the conclusion of
a charge exchange in the cylinder.

The higher the starting speed, the correspondingly more quickly are
the dead volumes 3 pumped out. The greater the number of cylinders then
the correspondingly quicker are the dead volumes 3 pumped out - with a
given starting rotary speed. A larger swept volume of the piston-cylinder
units 2 - with a given starting speed and a given number of cylinders -
provides for the dead volumes 3 to be more quickly pumped out.

Figure 2 shows a graph of the rotary speed n of the internal
combustion engine 1 on the Y-axis, plotted against time t on the X-axis.
The gréph shows a typical variation in rotary speed of the internal
combustion engine 1 ‘during a starting process. It will be seen therefore
that, after acceleration of the internal combustion engine 1 by the auxiliary
motor 5 to the maximum starter speed nmax (here for example 180
revolutions per minute) the starting process is performed until the starting
speed ng of the internal combustion engine 1 is reached. .

The maximum starter speed nmax is determined by the power of the
auxiliary motor 5, the charge condition of starter batteries (in the case of an
electrical auxiliary motor), oil temperature and frictional conditions.

The starting speed ng of the internal combustion engine 1 is that
rotary speed at which the internal combustion engine 1 begins at the
earliest to run on its own.

At time tpy the auxiliary motor 5 has accelerated the internal
combustion engine 1 to the maximum starter speed nnax. The starting time
t. specifies how long the internal combustion engine 1 is held at nmax before
it begins to run on its own and reaches the starting speed n;.

The maximum starter speed nq.x is that rotary speed of the internal
combustion engine 1, at which the auxiliary motor 5 holds the internal
combustion engine 1 during the starting process. As soon as the internal
combustion engine 1 produces power of its own by combustion in the

piston-cylinder units 2 the internal combustion engine 1 further accelerates.
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When the internal combustion engine 1 reaches the starting speed ng by
virtue of combustion in the piston-cylinder units 2 the starter disengages.

Figures 3a and 3b show a graphic illustration of calculation of the
star‘ting'time ts in accordance with an embodiment.

For the purposés of terminology clarification it is emphasized that an
internal combustion engine 1 is the géneric term. That embraces different
engine series which differ for example by virtue of different capacities of the
piston-cylinder units 2. Within the engine series there are in turn various
types which differ by the number of piston-cylinder units 2. An engine
series can therefore include engines with different numbers of cylinders, but
the size (volume) of the individual piston-cylinder units 2 within an engine
series is substantially the same.

Now firstly for an engine series which can include types with different
numbers of cylinders, a reference starting time t.s is ascertained for a type
with a given number of cylinders.

In the present example the reference starting time t. is determined
for a type with 20 cylinders. In addition a starting time is determined for a
type with a different number of cylinders, for example 12 cylinders. The
starting time for the type with 12 cylinders is divided by the reference
starting time ts. The result of that division is the factor for taking account
of the number of cylinders, being the factor,,,.

That relationship is shown in' graph form in Figure 3a. The graph of

Figure 3a plots the number of cylinders N, in relation to the starting time
t.. It will be seen that the engine with 20 cylinders has a shorter starting

time, ts 50, than the engine with 12 cylinders, ts 1.

The factor factor,, therefore reproduces the above-discussed
relationship, that with the same rotary speed the dead volumes 3 are
pumped out more quickly with a larger number of cylinders.

Ih the illustrated example, the starting time ascertained for the type
with 12 cylinders was' 1.27 times as long as for the type with 20 cylinders,
that is to say in this specific example the factor., is 1.27. The factor

factor., can naturally assume a different value for other engine series.
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Furthermore the influence of the starting speed is taken into
considefation, by way of a second factor. That is shown- in graph form in
Figure 3b. To determine the factor for taking account of the starting rotary
speed two starting procedures are performed on the same engine with a
different starting speed. With a higher starting speed a shorter starting
time is achieved.

In Figure 3b the maximum starter speed nnhay IS plotted in relation to
the starting time t.. It will be seen that, with a higher starter speed n; a
shorter starting time ts »; is achieved, than for the lower starter speed s,
with which the starting time is t5 5.

The ratio of the starting time for the lower starting speed by the
starting time for the higher starting speed gives the factor for taking
account of the starting speed, factornmax. That reproduces the above-
discussed relationship whereby the dead volumes 3 are more rapidly
pumped out at a higher speed of revolution.

The maximum permissible required starting time t,ax for a selected
internal combustion engine 1 is now calculated with the following formula:

tmax = trer @ factore,; ¢ factor,max

Once the relationship between the number of cylinders or the
maximum starter speed is known by a reference measurement it is possible
to calculate for any number of cylinders and starting speeds with the factors

factor., and factor,max within an engine series.

In accordance with a variant the starting time can be calculated by

way of the following formula.
The volume flow from the induction manifold 6 to the piston-cylinder
units 2 is identified by V'z, and has m?3/s as its unit. The volume flow V'zy)

results as the product from:

Vigy = Y2 * nmax‘* N\ * AL

with nmax as the maximum starter speed, N,, as the number of
cylinders, V., as the swept volume of a cylinder and A, as the ratio of the
real and theoretical gas exchange of a cylinder (volumetric efficiency). The

formula therefore reproduces the volume flow that the piston-cylinder units
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2 require at a speed of revolution of ng. from the induction manifoid.
These are parameters which are known for a type of engine.

The volumetric efficiency A_ specifies how much fresh charge is
available in relation to the theoretically maximum possibie filling after the
conclusion of a charge exchange in the cylinder. It will be appreciated that
a larger swept volume provides a greater pump action and thus a greater

volume flow V'z.
The starting time ts can now be calculated as follows:

ts = Vintake / V'Zyl
with Vintake D€INg the spatial content of the dead volumes 3 in m°.
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List of references used:

1 internal combustion engine

2 piston-cylinder units

3 dead volumes

4 starter ring

5 auxiliary motor

6 induction manifold

7 fuel feed device

factor,max factor for taking acc:oLmt of the starting speed
factor, factor for taking account of the number of cylinders
tmax maximum permissible required starting time

ts starting time

g — maximum starter speed

Ns starting speed

N,y number of cylinders

Vintake - spatial content of the dead volumes 3 in m’

AL ratio of real and theoretical gas exchange of a cylinder

(volumetric efficiency)
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CLAIMS:
1. A method of starting an internal combustion engine, which has a

plurality of piston-cylinder units wherein there are dead volumes between a
combustion chamber of the piston-cylinder units and a fuel metering device or a

mixing device arranged upstream of the combustion chambers,

wherein upon an attempt at starting the internal combustion engine the

pistons are driven in the cylinders by an auxiliary motor, and

wherein a maximum permissible duration of a starting attempt is

restricted by a predetermined starting time (ts) of the internal combustion engine,

wherein the starting time (t;) is calculated and predetermined prior to or
at the beginning of the starting attempt of the internal combustion engine In
dependence on at least one of a state of the internal combustion engine, depending
to the size of the dead volumes and the auxiliary motor and that if the rotary speed
(n) of the internal combustion engine has not reached or exceeded the starting rotary

speed (ng) after expiry of the starting time (ts) the starting attempt is broken off.

2. A method as set forth in claim 1 wherein a starting time (1) Is

predetermined in dependence on a rotary speed of the auxiliary motor.

3. A method as set forth in claim 1 or 2 wherein the starting time (;) is
predetermined in dependence on a number of cylinders (N of the internal

combustion engine.

4. A method as set forth in any one of claims 1 to 3 wherein the starting
time (ts) is predetermined in dependence on a swept volume (V,y) of the piston-

cylinder units of the internal combustion engine.
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S. A method as set forth in any one of claims 1 to 4 wherein the starting

time (ts) is predetermined in dependence on a volumetric efficiency (i) of the internal

combustion engine.
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