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(57) Abstract

An apparatus and method for controlling the boost pressure of air delivered to a gas fuelled internal combustion engine
(10) from air compression means (32) such as a turbocharger. An engine management system (EMS) (20) controls a spark igni-
tion system (24) as well as a gas delivery system (12) for controlling the delivery of gaseous fuel to a fuel inlet (18). Air is deliv-
ered to the engine (10) through air inlet (26) via air throttle means (28) which is also under the control of the EMS (20). Boost
pressure is controlled by an exhaust control valve (52) which is operative to direct a proportion of the exhaust gases to turbo-
charger (32). The amount of compression of the air depends on the proportion of the exhaust gases diverted to the turbocharger
(32), which is variable when the engine (10) is operating on gaseous fuel under the control of EMS (20). Pressure and temperature
sensor (44) senses the actual boost pressure and provides a feedback signal to EMS (20) which then compares the actual pressure
with a desired boost pressure determined in accordance with at least one operating parameter of the engine (10), such as engine
speed and load, and adjusts the condition of control valve (52) accordingly.




FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international
applications under the PCT.

Fl Finland

AT Austria FR France MR Mauritania

AU Australia GA Gabon MW Malawi

BB Barbados GB United Kingdom NL Netherlands

BE~  Belgium GN Guinca NO Norway

BF Burkina Faso GR Greeee NZ New Zealand

BG Bulgaria HU Hungary PL Poland

BJ Benin IE Ircland PT Portugal

BR Brazil 1T Italy RO Romania

CA Canada JpP Japan RU Russian Federation
CF Central African Republic KP Democratic People’s Republic sD Sudan
‘TG Congo of Korca SE Sweden -

CH Switzerland KR Republic of Korea SK Slovak Republic
Cl Céte d’Ivoire Ll Licchtenstein SN Senegal

CcM Cameroon LK Sri Lanka su Sovict Union

cs Czechoslovakia LU Luxembourg T Chad

cz Czech Republic MC  Monaco TG Togo

DE Germany MG  Madagascar UA Ukraine

DK Denmark ML Mali us United States of America
ES Spain MN Mongolia VN Viet Nam

o

»)

¥



WO 93/08394 PCT/AU92/00574

10

15

20

25

30

-1 -

BOOST PRESSURE CONTROL

FIELD OF THE INVENTION

The present invention relates to an apparatus and
method of boost pressure control in the delivery of air to
support combustion in a gas fuelled internal combustion (IC)
engine. The invention relates more particularly, but not
exclusively, to boost pressure control in an (IC) engine which
has been converted from operation on diesel fuel to a gaseous
fuel by the addition of a gas delivery system and a spark
ignition system. The invention is also applicable to a so-
called dual fuel engine in which a small amount of pilot fuel,
such as diesel fuel, is used instead of spark ignition to
initiate combustion of gaseous fuel. In each case, air is
delivered to the engine to support combustion of the fuel.

BACKGROUND TO THE INVENTION
When an engine is operating on diesel fuel, the power

output of the engine is governed by smoke emissions in the

exhaust. To increase the power of the engine, the amount of

diesel fuel burnt in each engine cycle needs to be increased,
but this creates unacceptable dense black exhaust emissions,

as the relative proportion of diesel fuel to air is increased.

Typically, the maximum amount of diesel fuel which can be

introduced into the engine before the exhaust emission becomes
unacceptable is only about 70% of the maximum which can undergo
complete combustion in the engine with the corresponding amount
of air which is induced into the engine. Hence the power
output of the engine is limited.

When an engine is operating on gaseous fuel, the
engine does not suffer from the same exhaust problem, and hence
up to 100% of the maximum proportion of gaseous fuel to air
which can be completely combusted in the corresponding amount
of air, can be introduced into the engine, so that the engine
can develop maximum power. '

To overcome the exhaust emission problems with
conventional diesel engines, a turbocharging or supercharginc

system may be used. Conventionally, in & turbocharged
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arrangement, a turbine wheel isrdperated_by the exhaust gasses
of the engine, and the turbiné wheel in turn rotates an air
compression wheel. In a supercharged arrangement, such an air
compression wheel is powered by alternative pdwer means such
as a direct mechanical coupling between the air compression
wheel and an output shaft of the engine, or an auxiliary power
means. In each case, the air is introduced into the engine
under compression (boost pressure) so that a greater quantity
of air is present. Thus more diesel fuel can be introduced
into the engine in each cycle of operation, whilst the
proportion of diesel fuel to air need not exceed the 70%
maximum permitted before the exhaust emission - becomes
uynacceptable. Because more diesel fuel can be thus introduced,
the power output of thé engine is correspondingly increased.

However, a turbocharging or supercharging system in
an engine operating on Jaseous fuel cannot. improve the
performance of the engine. In fact, the performance of the
engine can be severely limited. This is because the heat
produced during initial compression of the gaseous fuel/air
mixture before the ignition process is commenced, is greater
in a charged engine than in an uncharged engine, and the
additional heat can cause the gaseous fuel/air mixture to
explode rather thaﬁ burn progressively, or worse still, the
mixture can start burning from self-ignition in an uncontrolled
manner before ignition is introduced, and before maximum
compression is reached. Hence, the power output of the engine
may be decreased. Therefore, it is usual for an engine
operating on @& gaseous fuel not to be turbocharged or
supercharged, or if they are, to a lesser extent than diesel

engines.

SUMMARY OF THE INVENTION
The present invention was developed with a view to

providing boost pressure control in the delivery of air to &
gas fuelled internal combustion engine to achieve improved

performance from the engine.
According to one aspect of the present invention

there is provided a boost pressure control apparatus for

¥
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controlling the boost pressure of air delivered to a gas
fuelled internal combustion engine, the apparatus comprising;
alr delivery means for delivering air to the engine
to support combustion of a gaseous fuel;
~ air compression means for boosting the pressure of
air delivered to the engine by said air delivery means above
an ambient pressure; and,

air control means, responsive to at least one
operating parameter of the engine, for controlling the boost
pressure of air delivered from said air compression means to
the engine whereby, in use, the boost pressure can be
continuously varied in response to changes in said at least one
operating parameter to achieve improved performance from the
engine.

Typically said at least one operating parameter
includes the engine speed and load. Preferably said at least
one operating parameter also includes the actual manifold
absolute pressure.

In one embodiment said air control means comprises
a boost pressure control valve which is operated under the
control of processor means responsive to said at least one

] Qperating parameter. Advantageously said boost pressure

control valve is located downstream from the air compression
means, and is adapted to dump air directly from an air delivery
line delivering air to an inlet manifold of the engine. 1In
another embodiment said air control means controls the boost
pressure by controlling the extent to which the air compression
means boosts the pressure of air delivered to the engire.
Typically the air compression means comprises a turbo
charger having a turbine which is driven by exhaust gasses from
the engine, and said air control means may comprise an exhaust
control valve which is operated under the control of processor
means, responsive to saidat least one operating parameter, for
directing a variable proportion of the exhaust gasses to the
turbocharger along a first exhaust path and then to an exhaust
emissions outlet, and the remainder along a second exhaust.path
directly to the exhaust emissions outlet or to another exhaust

emissions outlet.
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Advantageously said boost pressure control valve is
actuated by a variable speed electric motor responsive to a
control signal from said processor means, and further comprises
feed-back means for generating a feed-back signal for
transmission to said proeessor means, said_ feed back signal
providing an indication of an operating condition of the boost
pressure control valve.

Preferably, said air delivery means further comprises
an air cooling device for cooling the air delivered to the
engine from the air compression meahs.

The invention is also applicable where the engihe is
a dual fuel engine, in which case the air control means may
also be responsive to the type of fuel being introduced. Where
a second fuel is diesel fuel, the air control means may be
responsive to control the boost pressure of air to a maximum
degree to which the air compression means is capable, when the
engine is operating on diesel fuel alone. When the engine is
operating on gaseous fuel, the temperature of the air delivered
to engine may be varied from ambient temperature by a first
amount which is less than a second amount by which the
temperature of the air may be varied from the ambient
temperature when the engine is operating on diesel fuel or
another secondary fuel, to achieve optimum conditions.

According to another aspect of the present invention
there is provided a method of controlling the boost pressure
of air delivered to a gas fuelled internal combustion engine,
the method comprising:

delivering air to the engine to support combustion
of a gaseous fuel; )

boosting the pressure of air delivered to the engine
above an ambient pressure; and, '

regulating the boost pressure of air delivered to the
engine responsive to at least one operating parameter of the
engine whereby, in use, the boost pressure can be continuously
varied in response to changes in said at least one operating
parameter to achieve improved performance from the engine.

Preferably, the method further comprises coocling the

air delivered to the engine after said step of boosting the

X,
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pressure of the air above an ambient pressure.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to facilitate a better understanding of the
nature of the invention, several embodiments of boost pressure
control apparatus and method will now be described in detail,
by way of example only, with reference to accompanying drawings
in which:

Fig. 1 1is a functional block diagram of one
embodiment of a boost pressure control apparatus according to
the invention;

Fig. 2 (a)., (b) and (c) are graphical representations
of manifold absolute pressure as a function of engine speed and
load/torque used for comparing the boost pressure control
according to the invention with the prior art;

Fig. 3 is a schematic representation of a second
embodiment of a boost pressure control apparatus according to
the invention; and,

Fig. 4 (a) and (b) are a side elevation and section
view respectively of an embodiment of a boost pressure control
valve employed in the apparatus of Fig. 3.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Referring to Fig. 1, a spark ignited internal
combustion engine is illustrated diagrammatically at 10. The
éngine 10 is capable of operating on a gaseous fuel, and is
provided with a gas delivery system 12 for controlling the
delivery of gaseous fuel from a gas reservoir 14, via a gas
delivery line 16 to a fuel inlet 18 of the engine. Gas
delivery system 12 is under the control of an engine management
system 20 via control line 25. The gaseous fuel is introduced
into the engine 10, as i1s well known in the art, during the
induction part of the duty cycle of the engine, along with air.
The engine management system 20 delivers a signal via ignition
control line 22 to a spark ignition system 24, which causes the
fuel introduced into the engine to be ignited and hence provide
the power part of the engine duty cycle. In this embodimen-z,
air to support combustion is delivered@ to the engine throuch
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air inlet 26, for example, the inlet manifold of the engine,
via air throttle means 28 which is also under the control of
the engine management system (EMS) 20 via throttle control line
30. Air throttle means 28 may comprise, for example, &
manifold valve for controlling the manifold absolute pressure.

Air is delivered to inlet 26 via air throttle means
28 from an air compression means 32 which in this embodiment
comprises a turbocharger system. Air at ambient pressure is
supplied to the turbocharger 32 through an air delivery line
34 from an air filter 36, which is open to atmosphere. Air
delivered to the turbocharger 32 may be warmed by contact with
a hot part of the engine 10. The turbocharger 32 comprises a
turbine wheel 38 which is driven by exhaust gasses produced as
a result of combustion in the engine 10. Turbine wheel 38
turns a compressor 40 by means of drive shaft 42. Compfessor
46 boosts the pressure of air delivered to the engine 10 via
air throttle means 28, above an ambient pressure. Sensor 44
senses the boost air pressure and temperature in the boost air
delivery line 46 and provides a feed-back signal indicative of
the boost air pressure and temperature to the EMS 20 via
control line 48. '

Exhaust gasses exit from the engine 10 via an exhaust
outlet 50 to exhaust control means 52 through an exhaust
delivery line 54. Exhaust control means 52 is part of an air
control means 56 which is responsive to at least one operating
parameter of the engine, for controlling the boost pressure of
air delivered from the turbocharger 32 to the engine. Ailr
control means 56 also comprises the EMS 20. Exhaust control
means 52 may be, for example, a waste gate butterfly valve
which is operative to direct a proportion of the exhaust gasses
to the turbocharger 32 along a first exhaust path 58, and the
remainder of the exhaust gasses directly to an exhaust outlet
60 along a second exhaust path 62 through a silencer 64. The
exhaust gasses which are diverted to the turbocharger 32, exit
from the turbocharger 32 via another exhaust path 66 to the
silencer 64. _

The operation of therwaste gate valve 52 is under the
control of EMS 20 via control line 68 for controlling the
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proportion of exhaust gasses diverted to turbo- charger 32, and
hence controls the extent to which the turbo- charger 32 boosts
the pressure of air delivered to the engine. The amount of
compression of the air depends on the proportion of the exhaust
gasses diverted to the turbocharger 32, which is variable when
the engine is operating on gaseous fuel under the control of
(EMS) 20. Typically, (EMS) 20 comprises a micro processor
which is responsive to engine speed, provided by an engine
speed input signal via signal line 7O,Vand also the required
engine demand or load, which may be measured or determined from
the position of the engine governor or throttle, to provide an
input signal via signal line 72 to EMS 20. The position of the
butterfly flap in valve 52 can be altered to vary the
proportion of the exhaust gasses fed to the turbocharger 32,
by a pneumatic ram which may be powered by compressed air
derived, for example, from an air brake circuit of a vehicle
in which the engine 10 may be provided.

Operation of the engine 10 shown in Fig. 1 will now

be described. The position of the exhaust control valve 52 is

controlled in such a manner that a proportion of the exhaust
gasses pass from the engine 10 directly to the silencer 64 and
hence to the exhaust outlet 60, according to predetermined
settings derived from (EMS) 20 which optimises the boost
pressure of air delivered to the engine. The proportion of
exhaust gas diverted to turbocharger 32 may vary from zero to
a8 greater proportion of the exhaust gas flow and is dependent
on the explosive or uncontrolled ignition potential of the
engine operating regime. The amount of the compression of the
air, or boost pressure, is preferably maintained below a level
which can cause problems with uncontrolled burning of the
gaseous fuel, but at a level to at least maintain the
efficiency of, and typically improve the efficiency of, the
engine when operating on diesel fuel, or when operating on &
gaseous fuel, such as natural gas or liquid petroleum gas.

A second embodiment of the invention will now be
described with reference to Fig. 3.

The boost pressure control apparatus illustrated in

Fig. 3 comprises air delivery means 74 for delivering air tc
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a gas fuelled internal combustion engine 76 to support
combustion of a gaseous fuel therein. In this embodiment, air
delivery means 74 comprises an air delivery line 78 and an air
cooling device 80, or intercooler for cooling the air prior to
its delivery to the engine. Boost pressure is provided by air
compression means 82 in the form of a turbocharger, which is
driven by exhaust gasses from the engine 76 in a similar manner
to the turbocharger 32 of the embodiment illustrated in Fig.
1. Air delivery means 74 further comprises a manifold valve
81 for controlling the volume of air delivered to the engine
via the inlet manifold 84.

The boost pressure control apparatus further
comprises air control means comprising a boost pressure control
valve 86 for controlling the boost pressure of air delivered
from the turbocharger 82 to the engine. The air control means
further comprises a processor means (not illustrated) which is
responsive to at least one operating parameter of the engine
for controlling the operation of the boost pressure control
valve 86. In this embodiment, the boost pressure control valve
86 is located downstream from the turbocharger 82 and
intercooler 80, and is adapted to dump air directly from the
air delivery line 78 prior to its delivery to the inlet
manifold 84 of the engine. Dumped air exits to atmosphere from
the boost pressure control valve 86 via orifice 88 located in
a side wall of the valve housing 90. Fig. 4 is a detailed
enlargement of the boost pressure control valve 86 employed in
the apparatus of Fig. 3.

The boost pressure control valve 86 is mounted onto
a section of aluminium tube 92 which connects in line with the
air delivery line 78 (Fig. 3). A valve seat 94 is located over
an aperture 96 provided'in the tube 92 through which air is
dumped from the air delivery line 78 by the boost pressure
control valve 86. A valve plate 98 is driven by the shaft 100
of an electric stepper motor 102. The stepper motor 102 is a
variable speed electric motor which is responsive to a control
signal from the processor means (not illustrated), for lifting
the valve plate 98 so as to open or close the aperture 96 toc
varying degrees. A rubber seal 104 is provided between the
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valve plate 98 and valve seat 94. A pin 106 which is fixed to
the valve seat 94 serves to prevent the valve plate 98 from
rotating as the motor moves the lead screw (shaft 100), so that
as motor 102 rotates, shaft 100 and valve plate 98 move axially
to open or close aperture S96. A second pin 108 on shaft 100
limits the axial movement of the shaft 100 and valve plate 98
in a direction towards motor 102.

Feed-back means in the form of a potentiometer 110
is mounted above the electric motor 102, and is mechanically
coupled to shaft 100. Potentiometer 110 generates a feed-back
signal for transmission to the processor means, the feed-back
signal providing an indication of an operating condition of the
boost pressure control valve.

The stepper motor 102 in this embodiment of the boost
pressure control valve is configured to drive at two different
set speeds: a low speed for when the boost pressure is close
to a set value, and a high speed when the actual boost pressure
is significantly different from the set value. When the actual

boost pressure is the same as or only slightly greater than or

less than the set value, the motor remains stationery. This
form of differential control of the stepper motor 102 minimises
unstable operation of the boost pressure control valve 86. The
operation of the boost pressure control valve 86 is as follows.
The boost pressure control valve 86 is directed to
control boost pressures as determined by the processor means,
typically incorporated in an electronic engine management
system, as a function of at least one operating parameter of
the engine, for example, engine speed and load. Generally,
high loads call for high boost pressures, so that if the
pressure is too low the valve will shut. As the boost pressure
builds up it is permitted to rise slightly above the desired
pressure before the boost pressure control valve is opened.
If the boost pressure as detected by a pressure sensor (nct
illustrated, but similar to sensor 44 in Fig. 1) is too high,
the action of dumping air from the air delivery line connected
to the inlet manifold has two outcomes:
(1) The pressure of air in the manifold starts to

decrease, (akin to a load or partial short circuit); ang,
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(2) The mass flow of air through the engine and the
turbine of turbocharger 82 decreases, thereby lowering its
output and slowing compressor speed. The mass air flow through
the compressor is greater than the mass flow through the
turbine and therefore absorbs extra power. The net effect is
that a new operating point of the engine is attained but at a
lower boost pressure than before.

The feed-back signal from potentiometer 110 can be
used for intermal diagnostics within the engine management
system to check that the boost pressure control valve is moving
as directed, and is fully closed during partlcular operational
conditions of the engine, for example, during overrun (throttle
position zero but engine speed high, ie, when vehicle is
driving the engine).

From Fig. 3 it can be seen that the air control
system for engine 76 encompasses two discreet systems which
work together, namely. & manifold valve position system and a
boost pressure control system as described above. These two
sub-systems are generally required for a turbocharged engine.
The first enables operation.at.low:manifold.absolute pressures,
ie, below atmospheric pressures. The actual position of the
manifold valve is determined by engine testing and/or design
parameter reguirements. If engine load or output is
sufficiently high the turbocharger 82 will supply the engine
w1th pressurised air, ie, boosted above atmospheric pressure.
In order to achieve the desired gas/air ratio and load it is
necessary to control the boost pressure to an optimum value.

Turbocharger 82 is a passive device and responds in
a positive feed-back sense to exhaust mass flow rate and
temperature, ie, the higher the flow rate the higher the boost
pressure. The required level of boost pressure. or manifold
valve position is calculated by the engine management system
via a look-up table as a primary function of percentage full
load and speed. The advantage of this form of control is that
the control is imposed on the turbocharger 82 as required, ie,
the natural performance or characteristics of the turbocharger
82 are overridden. This may be contrasted with a simple fixec

boost pressure contrcl SYSTem, sometimes called a waste gate

i,
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valve, which is a mechanical system where direct action of
boosSt pressure opens up an exhaust by pass valve upstream of
the turbocharger and modulates the boost pressure to a fixed
maximum value. In this case, a portion of the load-speed
envelope would be truncated to a set boost pressure.

The improved control over engine performance which
is achievable using the boost pressure control apparatus and
method according to the invention, is best illustrated with
reference to the graphical representations of manifold absolute
pressure as a function of engine speed and load/torque provided
in Fig.s 2 (a), (b) and (c¢).

Fig. 2 (a) illustrates a torque curve with manifold
absolute pressure isobars superimposed thereon, for an engine
having no boost pressure control, for example, a turbochargec
diesel engine. At maximum speed the turbocharger provides
maximum boost pressure. (2.0 in Fig. 2 (a)).

Fig. 2 (b) illustrates the manifold absolute pressure
in response to changes in engine speed and torque/load for a
turbo-charge engine incorporating a known waste gate fixed
pressure bypass valve. Whenever the manifold absolute pressure
exceeds a predetermined value the waste gate valve 1is opened
resulting in a constant pressure region in the engine torque
curve. (Shown as 1.6 in Fig. 2 (b)).

Fig. 2 (c) illustrates the typical boost pressure
control BPC region for a turbocharged engine in which the boost
pressure is controlled as a function of load and speed in
accordance with the invention. Boost pressure control in
accordance with the invention enables the boost pressure to be
continuously varied in response to changes in engine speed ana
load to achieve improved performance from the engine.

The boost pressure control may also be effected in
response to changes in other operating parameters of the
engine, for example, the manifold absolute pressure, the
pressure and temperature of the gaseous fuel, air temperature,
engine phase and battery voltage. o

Now that several embodiments of the boost pressure
control apparatus according to the invention have Dbeex

described in detail, numerous modifications and veriations wil_
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suggest themselves to persons skilled in the mechanical arts.
For example, in place. of a turbocharger, if desired a
supercharger may be emploved as the air compression means. In
such an arrangement, the amount of air delivered to the super
charger may be varied responsive to an operating parameter of
the engine, and the charged air may be mixed with naturally
aspirated air prior to delivery to the engine so that the
degree of compression of the air actually delivered to the
engine can be varied. Furthermore, although a preferred form
of boost pressure control valve has been described in detail,
any suitable valve means can be provided to enable a variable
proportion of charged air to be delivered to the engine. The
valve means may comprise a closure member movable by an air
vane or other actuating member. For example, where an air vane
is provided, the compressed air to operate the pneumatic ram
may be derived from an air brake system of the vehicle in which
the engine may be used. Alternatively, the actuating member
may comprise an hydraulic actuator, the fluid to operate the
actuator being derived from pressurised lubricating oil of the
engine. All such variations and modifications are to Dbe
considered within the scope of the present invention, the
nature of which 1is to be determined from the foregoing

description and the appended claims.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-—

1. A boost pressure control apparatus for controlling
the boost pressure of air delivered to a gas fuelled internal
combustion engine, the apparatus comprising;

air delivery means for delivering air to the engine
to support combustion of a gaseous fuel;
air compression means for boosting the pressure of

-air delivered to the engine by said air delivery means above

an ambient pressure; and, 7

air control means, responsive to at least one
operatigg parameter of the engine, for controlling the boost
pressure of air delivered from said air compression means to
the engine whereby, in wuse, the boost pressure can be
continuously varied in response to changes in said at least one
operating parameter to achieve improved performance from the
engine.

2. A boost pressure control apparatus as claimed in
claim 1, wherein said air control means comprises a boost
pressure control valve which is operated under the control of
processor means responsive to said at least one operating

parameter.

3. A boost pressure control apparatus as claimed in
claim 2, wherein said boost pressure control valve is located
downstream from the air compression means, and is adapted to
dump air directly from an air delivery line delivering air to
an inlet manifold of the engine.

4, A boost pressure control apparatus as claimed in
claim 3, wherein said boost pressure control valve is actuated
by a variable speed electric motor responsive to a control
signal from said processor means.

5. A boost pressure control apparatus as claimed in
claim 4, wherein said boost pressure control valve further

comprises feed-back means for generating a feed-back signal for
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transmission to said processor means, said feed back signal
providing an indication of an operating condition of the boost

pressure control valve.

6. A method of controlling the boost. pressure of air
delivered to a gas fuelled internal combustion engine, the

method comprising:
delivering air to the engine to support combustion

of a gaseous fuel;
boosting the pressure of air delivered to the engine

above an ambient pressure; and,

regulating the boost pressure of air delivered to the
engine responsive to at least one operating parameter of the
engine whereby. in use, the boost pressure can be continuously
varied in response to changes in said at least one operating
parameter to achieve improved performance from the engine.

7. A method of controlling boost pressure as claimed in
claim 6, wherein said step of regulating the boost pressure

conprises:
detecting the actual pressure of air delivered to the

engine;
calculating a desired pressure of air delivered to

the engine in accordance with said at least one operating

parameter;
comparing the actual pressure with the desired

pressure of air delivered to the engine; and,
actuating a boost pressure control valve as required

to lower or increase the boost pressure of air delivered to the

engine.

8. A method of controlling boost pressure as claimed in
claim 7, wherein said step of actuating the boost pressure
control valve comprises:

operating the valve at a first speed when the actual
pressure is above or below the desired pressure by & first

prescribed amount; and,
operating the valve at a second speed which is higher

&
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than said first speed when the actual pressure is,aboveior
below the desired pressure by a second prescribed amount which

is greater than the first prescribed amount.

9. A method of controlling boost pressure as claimed in
claim 8, further comprising generating a feed-back signal
indicative of an operating condition of the boost pressure

control valve.

10. A method of controlling boost pressure in any one of
claims 6 to 9, wherein said at least one operating parameter

includes the engine speed and load.
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