BOOST PRESSURE CONTROL The present invention reI s jfran appar at us
~and nethod of boost pressure control in the deliv co 5 Support
conmbustion in a gas fuelled internal conbusti onQE engl ne The
invention relates nore particularly, but not exclusively to boost pressure
control- in an (1C) engine which has been converted from operation on diesel
fuel to a gaseous fuel by the addition~oft a gas delivery systemand a spark

10 ignition system The |nvew§d §} 5§E§§ﬁ§£ %B”l Sgble to a so- called dual

fuel engine in which a small anotht—ot prot—tter~such as diesel fuel. is
used instead of ~spark ignition to initiate conbustlon of gaseous fuel. In
each case, ai Il englne to support combustion of the
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_ P fuel by the addxc:.on of a gas del:.vargr syscgm and a spark

10 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.

15 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 pawer of the engine, the amount of
diesel fuel burnt in each engine cycle needs to be increased,
20 buc chis creates unacceptable dense black exhaust emissions,
as cﬁe relacive proportion of diesel fuel to air is imcreased.
Typically, the maximum amount of diesel fuel which can be
introduced into the engine before the exhaust emission becomes
Unaccepcable is only about 70% of the maximum which can undergo
25 complete combustion in the engine with the corresponding amounk
of air which is induced into che engine. Hence the power
outpuc of the engine is limited. '
when a2n engine is operating on gaseous fuel, the
engine does not suffer from the same exhaust problem, and hence
30 up to 100% of the maximum proportion of gaseous fuel to air
which can be completely combusted in the corrésponding amounc
of air, can be introduced into the engine, so that the engine
can develop maximum power.
To overcome the exhaust emission problems with
35 conventienal diesel engines, a turbocharging or supercharging
' System may be used. Convencionally, in a - turbacharged
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of air which is induced into the engi ne. Hence the power output of the
engine is limted. Wien an engine is operating on gaseous fuel, the engine
does not suffer fromthe sane exhaust problen1 and hence 30 UP to 100% of
t he maxi num proportion of gaseous fuel 8 air whi-ch can be conpletely
conbusted in the corresponding amount of “air, can be introduced into the
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of alr is present. Thus more diesel fuel can be introduced
10 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
unacceptable. Because more diesel fuel can be thus introduced,
the power output of the engine is correspondingly increased.
15 However, a turbocharging or supercharging system in
an engine operating on gaseous fuel cannot improve the
performance of the engine. 1In fact, the performance of the
engine can be severely limited. This is because the. heat
produced during initial compression of. the gaseous fuel/air
20 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 than burn progressively, or worse still, the
mixture can start burning from self-ignition in an uncontrolled
25 manner before ignition is introduced, and before maximum
compression is reached. Hence, the power output of the engine
may be decreased. Therefore, it isi usual for an engine
operating on a gaseous fuel not  to be turbocharged or
supercharged, or if they are, to a lesser extent than diesel.
30 engines.

SUMMARY OF THE INVENTION
The present invention was developed with a view to
providing boost pressure control in the. delivery of air to a
gas fuelled internal combustion engine to achieve improved
35 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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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. .

15 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. ailr control means .comprises

20 a boost pressure control valve which' is operated under: the
control of processor means responsive to said at least' one
operating -parameter. Advant&geously said boost  pressure
control valve is located downstream from the air compression
means, and is adapted to dump air directly from an air delivery

25 line delivering air to an .inler. 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 engine.

Typically the air compression means comprises a turbo

30 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 said at least one operating parameter, for
directing a variable proportion of the exhaust gasses to the

35 cturbocharger 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. '

This Sheet Has Been Re[ilaced




‘gas fuelled internal conbustion engine to achieve i mproved 35
fromthe engine. According to one aspect of the present
provided a boost pressure control apparatus for -3- cgnigl eBgaten
boost pressure of air delivered to a gas fuelled internal

engi ne, the apparatus conprising; air deIngry nmeans for delivering air to
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10 engine from the air compression means.
The invention is also applicable where the engine is
a dual fuel engine, in which case the air control means may
2lso be responsive to the type of fuel being introduced. Wwhere
a second fuel is diesel fuel, the air control means may be
15 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 temperaturefby a first
20 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
25 cthere is provided a method of controlling the boost pressure
of air delivered to a gas fuelled internal combustion engine,
the method comprising:
de;ivering air to the engine to support combustion
of a gaseous fuel:
30 boosting the pressure of air delivered to ;he_engine
above an ambient pressure; and, )
regulating the boost pressuré 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
35 varied in response to-changes in said at least one operating
parameter to achieve improved performance from the engine.
Preferably, the method further comprises cooling the
air delivergd to Cthe engine aftér said step of boosting the
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inlet mahifold of the engine, wherein said boost pressure control valve
actuated by an el ectric notor responsive to a control signal from said
processor means

varied in response to changes in said at
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' Fig. 1 is 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 conCtrol
according to the invention with the prior art;

Fig. 3 1is 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.

DRETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Referring to Fig. 1, a spark ignited incternal
combustion engine is illustrated diagrammatically at 10. The
engine 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 1line ‘16 to a fuel inlet 18 of the engine. Gas
delivefy 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 is well known in the art, during the
induction part of the duty.cycle of the engine, aldné with air.
The engine management system 20 delivers a signal via ignitien

" control line 22 to a spark ignition system 24, which causes the

s

fuel introduced into the engine to be ignited and hence provide
the power part of the engine duty cycle. In this embodiment .
air to support combustion is delivered to the engine through
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engine i's a dual fuel engine, in which case the air control neans may al so
be responsive to the type of fuel being introduced. Were a second fuel
is diesel fuel, the air control nmeans may be responsive to control the
boost pressure of air t-o a maxi num degree to which the air conpression
means i s capable, when the endgine is operatdi ng on diesel fuel alone. Wen
the engine is gperating on gaseous fuel, the tenperature of the air
delivered to 8hgi helefaybhe LB exangleomthnbinket tmaiddraduet Bie £NGiNG:
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met hod of Gonmankiod vBRestfar esatirelldingathe GRnii¥el&dYsolatgaxressakked
i nternal conbustion engii?'_eist&rq_i%g_,ggdtgol{glreitsbgg\:,iadgliirvg{l'&gtlaé' mehfst he
engi ne to support conbustion ot a gaseous ftuel; boosting e pressure of
air delivered?Bolfele ¥hdilnecamBrRSs BiPmamsraat 32 eipahador ERigRMPAEFEREL i ng
the boost prempriges &f tudbbclifidetcisg@cbf. t hgien@d RAbivherRtdsssedist ep of
regul ating tlq%uBBffédlybg%igrgufgggﬁgf?%§:32 through an air delivery line
10 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 2a
turbine wheel 38 which is driven by exhaust gasses produced as
a2 result of combustion in the engine 10. Turbine wheel 38
15 cturns a compressor 40 by means of drive shaft 42. Compressor
' 40 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
20 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

25 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. Air
control means 56 2lso comprises the EMS 20. Exhaust control
means 52 may be, for example, a waste gate butterfly valve.
30 which is oberative 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 sécond exhaust path 62 through a silencer 64. The

exhaust gasses which are diverted to the turbocharger 32, exit

35 from the turbocharger 32 via another exhaust path 66 to the
silencer 64. :

The operation of the waste gate valve 52 is under the

control of EMS 20 via control line 68 for controlling the



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 |east one operating paranmeter; conparing the actual
pressure with the desired pressure of a|r delivered to the engine; and,
actuating a boost pressure control val ve’as required to | ower or increase

the boost Dbresaiid: dbn?d effitidesad L0 dlfit}sreé‘ e AL %‘s&gw 34 ghetep of

actuating the boost pressu opera .Hg the val ve
at a first spRERFNRERCLIS &E? lﬁd‘}teﬁrte%% which sthébé%,b%‘r CB‘éI’-’SﬁF t3HePaests ed.
pressure by athe preb&urki ostapr edeliveeddatdutiie efflneqpermiei agouhe okl ve at

a second Speeéloﬁ(ﬁ&lé‘stli%ﬁ J¥ QFﬁ ifﬁg?élgisdogltrfe g§§§§:dtlwgfta?e Q%H@%

pressure |g above or. bel ow ressu econd prescr|
amount whi ¢h PSRBT e 8ot Hee fqlﬁr§?c$ﬂ3’&~%r%ed’%uﬁ§ VITad By "r’h use,
the boost pretbarengiae bhe emntduingushygasgdued tuBlresdansthe oaktaalest i n

said at |east (g4 ORfraldfflcally, (EMS) 20 comprises a MiCro processor
which is responsive to engine speed, provided by an engine
speed input signal via signal line 70, and also the required
10 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,
15 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
20 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
25 exhaust gas diverted to turbocharger 32 may vary from zero to
a greater proportion of the exhaust gas flow and is dependEﬂF
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:
30 which can cause problems with uncontrolled burning of the
gaseous fuel, Dbut 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 2
gaseous fuel, such as natural gas or ligquid petroleum gas.
35 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 to



paranmeter to achieve inproved perfornmance fromthe engine. Preferably, the
met hod further conprises cooling the air delivered to the engine after said
step of boosting the, -5- pressure of the air above an anbient pressure.
BRI EF DESCRI PTI ON OF “THE DRAWNGS In order to facilitate a better
under st andi ng of the nature of the invention, several enbodinents of boost
pressure 5 control apparatus and nethoa @i+l now be described in detail, by
way of exanpl ly, .Wth reference to acconpanying drawings in which: Fig.
1is a functi%n%sblg‘&%ltﬁdag‘{%ﬁma _n%°'§?ﬂ§&&PPrerﬂ“93-F‘ea BBoste pFHERYT
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of engine speced nd Load/torque used for conparing'the boost pressure
control accor a?%é’“?odﬂ?ecel %\%n‘?? &?WFW’%% I8Fi SROLNG thg air prior Lo 4 3
i s a schendtikts dedévery aivi bhe oéngineec Bubsznpoes stret 16f proviaiest bpraissur e
control apparcdngredstsh thdthd B2 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.

l. Air delivery means 74 further comprises a manifold valve

10 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

15 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

20 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 f;om
the boost pressure control valve 86 via orifice 88 located in

25 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,

30 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

35 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 to
varying degrees. A rubber seal 104 is provided between the



the invention: and, Fig. 4 (a) and (b) are a side elevation and section

vi éw respectively of an enbodi nent of a boost pressure control 20 valve
enpl oyed in the apparatus of Fig. 3. DETAILED DESCRI PTI ON OF PREFERRED
EMBODI MENTS Referring- to Fig. 1, a spark ignited internal combustion
engine is illustrated diagrammtically at -18.-The engine 10 is capable of
operating on a gaseous _fuel, and is_ 25 provided with a gas delivery system

12 for controll |H§l‘ﬁ1€lﬁ§?|%ﬂ§“‘o¥ab‘é&éﬁé§ ﬁﬁjel"f‘?’d’rnlésg‘é%i‘?rbs‘ér fbred o,
via a gas deliveny valve s6at09a ferves Nocprddernd dhee vengenplate G from

delivery system }&Aaﬁgggrﬁh@ﬁo@%ﬁﬁk%s Q;fneafe Q&P&« ’@'ﬁ%&%”ﬁﬂﬁ 5¥§tt%'§c20
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support conbustion is defFéebibatkt pebhs Bhginaefohh iPla potentiometer 110

is mounted above the electric motor 102, and is mechanically
10 coupled to shaft 100. Potentiometer 110 generates a feed-back
signal for transmission to the processor means, the feed-back
signal providing an indicacion of an operating condition of the
boost pressure control valve.
The stepper nio:or 102 in cthis embodiment of the boost
15 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
20. less than cthe.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
25 control boost pressures as dectermined 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 cthe
- 30 pressure is too low the valve will shut. As the boost pressuré
builds up it is permitted to rise slightly abave the desired
Pressure before the boost pressure control valve is opened.
If the boost pressure as detected by a pressure sensor (not
illustrated, but similar to sensor 44 in Fig. 1) is too high.
35 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 €O
decrease, (akin to a load or partial short circuit); and.
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air inlét 26, for exanple, the inlet manifold of the engine, via air
throttle nmeans 28 which is also under the control of the engine managenent
system (EM5) 20 via throttle control |ine 30. Air throttle nmeans 28 may
conprise, for exanple, a 5 manifold valve for controlling the manifold
absol ute pressure. Air is delivered to inlet 26 via air throttle neans 28
froman air conpression nmeans 32 which kniéhi s enbodi ment conprises a

t urbocharger syste at _anbient pressure is supplied to the
t ur bocharger 32 thr ghTBﬁ TRFSdLLPYery RiFe thoouga themeagin¢rand |tha 36,
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pull bia & Al nB A dncilesLE. 53,@% Thd md 08 A4 DRG] %ﬁ%%med s

conprises a tunlgl ne_ wheel exhausT ass
a result of conbust PO $H ¥FhetengFsaFero. ch%r%%e‘“meﬁl‘a‘i& EBermhnstl’&

conpr essor A0 Wﬁ%@&nsnéftl'damf-@rshabsom eonpres&el. 4@hbonsi EEEE: Alsessure

of air deliveretht @ he @é&idﬁnéopé{i&t %'fr ch&r Hdiln@ %agétgﬁxecfiggyeacag

anmbi ent press r_44 sens oost air pressure and tenperature
i n the boost ;Ulzéra 5eﬁ:8§‘§é? zl'elsnsélré%gé §¥fdes a feed-back signal

i ndicative of 20 the b'B@%thﬁdr-pr&ssLmJarfdomeppeemmmr the &viSb20 via

control 1|i ne AfsedE XU SEn (ERSES d@.&bﬁoéiﬂ'@ tﬁ%@ﬁg'cﬁg heiind #n Jéﬁfl‘r\
outlet 50 § P{}Pc ttgonte;:gl maara% %aﬂ‘? rough an exhaust (?el lver I ne 54,

Exhaust cont rol Sheang §£ S Qressure control valve is movmg

2s direcrted, and is fully closed during particular operational

conditions of the engine, for example., during overrun (throttle

position zero but engine speed high. ie. when vehicle is

driving the engine).

15 From Fig. 3 it can be seen that the air control

Ssystem for engine 76 encompasses two discreet systems which

work together, namely, a manifold valve position system and a

boost pressure control system as described above. These two

sub-systemé are generally required for a turbocharged engine.

20 The first enables operation at low manifold absolute pressures.

ie, below atmospheric pressures. The acctual position of the

manifold valve is determined by engine testing and/or design

Parameter requirements. If engine load or output is

sufficiencly high the tur’bocharggr 82 will supply the engine

25 with pressurised air. ie, boosted above atmospheric pressure.

In order to achieve the desired gas/air ratio and load it is

necessary to control the boos; pressure to an optimum value.

Turbocharger 82 is a passive device and responds in

2 positive feed-back sense to exhaust mass flow rate and

30 ctemperature. ie. the higher the flow race the higher the boost

Pressure. The required level of boost pressure or manifold

valve positior; is calculated by the engine management systém

via a look-up table as a primary function of percentage full

load and speed. The advantage of this form of control is that

35 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 fixed

boost Pressure- contrcl system, sometimes called a waste gate



25 control neans 56 which is responsive to at |east one operating paraneter
of the engine, for controlling the boost pressure of air delivered fromthe
turbocharger 32 to the engine. Air control nmeans 56 al so conprises the EMS
20. Exhaust control neans 52 may be, for exanple, a waste gate butterfly
valve 30 which is operative to direct -aldreportion of the exhaust gasses.

to the turbochanger 34; 05}9 fII’St exhaust path 58, and the renmai nder of
t he exhaust gasses'diTect!y A %’&FF%t"’Bﬁr%ﬂ et AR &fhaust
path 62 thr oud??%tsPFEﬁ%‘éﬁe @Eenﬁ’h@peaaham@taugashxespm ofrlyecugsveeamedfi o t he

turbocharger Zhe @xirbodfaigedmahleméaiRREIaHE betsst) iptedBAkBeEo X hBlUGl path
66 to the SI| 4Vam§ op?;lar: n of the_waste, gat e{:vg,}l e,52.1s ur&der

v
the control 0Vira control  FPn&28% f 8r PEBHE ¢ hkoad-spe
proportion %f %95@ Wit bedtrenqated sot ar$at b@batgere@raa-nd hence
controls the extent to mhi qb.ptbeeaL&&ftro@h%bgﬁrez?&r@%tr%omsnﬁ Q&ﬁ%he of

air delivered {0 ?e %gi %ﬁ hg g unt_ of corrgresm (%n ofa the air pends
on the proportlon COFCYHE & TN CB JRResk PFRFERTR FA ke Pﬂ?ﬁ%%ta@
whi ch i s vari &fit&cdhenacerdingnFondhies iopentiomg icn bgasedddué updtaghadtht he
control of reference to the graphical representations of manifold absolute
10 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 turbocharged

15 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

20 pressure bypass valve. Whenever the manifold absolute pressure
exceeds a predetermined value the waste gate valve is opened
resulcing 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

25 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 and,

30 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 pressﬁi:e. the
Pressure and temperature of the gaseous fuel; air temperature,

35 engine phase and battery voltage.

Now that several embodiments of the boost pressure
control apparatus according to the invention have been
descri}aed in detail, numerous modifications and variations will



(EMS) 20. Typically, (EMS) 20 conprises a micro processor which is

responsi ve to engi ne speed, provided by an engi ne speed i nput signal via

signal line 70, and also the required 10 engi ne demand or | oad, which may

be neasured or determ ned fromthe position of the engine governor or

throttle. to provide an input signal via d2gral line 72 to EMS 20. The
val ve 52 can be altered to varY the

p05|t|on of thg r [
proportion of ﬁ?@%&%a{:}g m%ée{'gggs ? §7£87¢ ikildedodm ke mezhanigal ax
pneumati c ram WAFchePIe pbhedacBy abnpr casedcaakgdeli ved, dEﬁlr&Xaﬁm e,

froman air br ékloecchatlgér by cbe/ @RbLbPed '35"“5'!‘!9 Eitthgcirﬁangﬁ"&ojﬁomggx deséPl bed.

provi ded. Oper &ukfNaQfad e .10 shown
The position of tﬁeagx au&gg@g}rll He v&‘f“?/‘@%? i éiécﬂﬁﬂd{’i‘terréldl &8 the SypRra
manner that "a 5P8f58?¥|’!ﬂf¥ be ’t’ﬁ’él@h‘aaaonsgmses msdpéﬂmnbhgagﬂﬁgﬂ& 4@

directly to thé&hei bﬂ@f}@é %dart(ﬁeheﬁgggéd) m%hg I e%;lgoga%%c EJ%I ntg
| C e 0S

to predeterm ngd f derlved froc{n%
pressure of air E"e e%‘ti Ve’me%réberlenGhngf s@5tarhatbé gas
diverted to tuFS@Eﬁ%rgércmmﬁloar 9Lf civen iﬂl‘ Oaéazaa.lgf Qﬁl&&re?é&p%t kRE of

th haust d trolled
e exhaus gaenéiwﬂdbbsvmn eRlr re |#th18| vgl ﬁ?]ltpeorgptd?ﬁggn

i gnition prengtagoo he enlzg)%ne OFeratl n
conpr essi on of the &Y prSFS'tS SPrhFel (alyve has m@rreﬂ&blcylm ritraideeaibel ow a
level s 30 whi cPR¥aHicabie prbid ewsnwiddn BECHPEVIRERoDURELY DOlvabheh1e
Proporction of charged air to be delivered to the engine. The
vValve means mey comprise a closure member movable by an air
Vane or other actuating member. For example, where an air vane
15 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
Mady comprise an hydraulic actuator, the fluid to operate the
actuator being derived from pressurised lubricating oil of the
20  engine. All such variations and modifications are ‘to be
Considered within the scope of the present invention, the
nacture of which is to be determined from the foregoing
description and the appended claims.



gaseous fuel, but at a level to at |east maintain the effi ci enc

typically inprove the ] u lu“he engi ne when opesatyg

fuel, or when operat.i I*E Im ﬁ lm | uel , such as natu aIH\%ﬁ E‘E?
petrol eum gas. 35 * € tA 5ecsond enbodi nent of thelli nventIop -t '
be described with reference to Fig. 3. The P ost pressure control apparatus

illustrated in Fig. 3 conprises air delivery means 74 for delivering air to

-8- a gas fuel | ed i ntgfniaeRsbnsEhNaNce FitE NENVERTHBNSARP X FoRLbwsii on of a
gaseous fuel therein. In this enbodinent, air delivery nmeans 74 conprises

an air delivery line 78 and an air cooling device 80, or intercooler for
cooling the air priol.to 5 haastd@riessuyet controlergparatBboiRr o855k kings

provi qled by air e Rpeesti redeSco82aiR 441@.@9&@@ aagasrhmh@rdgeﬁcemlch
is driven by exhaéjm%t ggsses f.rom E_'Fe engine 76 in si.mlar manner to the
t ur bochar ger 32 OFIFE /b RENt “I'F) ks Fﬂmﬁ'?igs.mf.‘ Air delivery neans

74 further cobprises a neadd dlediveryemdans gorf deliveringl i ngeq Kaevengime of
air delivered togd hRppast onthudchbBe bhl £lgdmukokgei84. The boost pressure
control apparat us urt h§{r compression means for boosting the pressure of

air delivered to the engine by said air delivery means above

an ambient pressure; and,

10 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 wuse, the boost pressure can be
continuously varied in response to changes in said at least one

15 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

20 processor means responsive to said at least one operating
parameter.

3. A DoOOST pressure control apparatus as claimed in
claim 2. wherein said boost pressure control valve is located
downstream from the air compression means, and is adapced to

25 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 wvariable speed ele¢tric motor responsive to a control

30 signal from said processor means.

5. A boost pressure control apparatus as claimed in
claim 4, wherein said boost pressure control wvalve further
comprises feed-back means for generating a feed-back signal for

: een Reﬁaced
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conprises air control neans conprising a boost pressure control val
for controlling the boost pressure of air delivered 15 fr
turbocharger 82 to " ' @ air control means fur}
processor nmeans (nU' mmnﬂ“ﬂwumlm ch is responsive to §
operating paraneter*of¢the déngisne*for controlling the opera
boost pressure control valve 86. In this ¥hbodi ment, the boost pressure
control valve 86. l.qcat downstream from,th rbocharger 82
and i nt er cool er%g'gﬁ,sm'bﬁfsqns tgdéﬁﬁdp?o&e&ﬁ% TR r%%ﬁ y‘e?#):hafgesé? al
delivery |ine PEopiding @o indicasiey«fyar ondratingecondifiiion df gheoboddte
engi ne. Dunped preks@xd tconkfotvAIsRhere from the boost pressure control
valve 86 via orifice 88 |l.ocated in 25 a side wall of the valve housing 90.
Fig. 4 is a detailed enlargenent of the boost pressure control valve 86
enpl oyed in the appfr at dsMmgfheg O£ FonrrelbiRgt thn d2eqfite REAFEHDE 9hlala 86 i s
mount ed ont & a deRivefsy Odo a UFisi tuBllledeifAe X heanburGbn ieRghhdle et h t he
30 air deIive&&cé&Se 78’%5L%U 3). Awvalve seat 94 is |ocated over an
aperture 96 provide TR be 92.through which air is dunped fromthe
air delivery line 78 by dehéversdst 23pF eSQ UK ERTLAB| CLOaFVRPET: cAmbuUstienp| at e
98 is driven byst hegsdufuls 208L.0f an electric stepper notor 102. The stepper
notor 102 is a 35 wvari apl ' i | nsjve to a
control si glnal fromt he%%?g%%ggggge%%%(l %o&%ﬁ%u@%ﬂf%{kg&i E?osn?‘(gl %%’lﬁﬁg

0 above an ient 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 ta changes in said at least one operating

15 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 preséure
comprises:

detecting the actual pressure of air delivered to the
20 engine: .
calculating a desired pressure of air delivered to
the engine in accordance with said at least one operating
Parameter; -
comparing the actual pressuxre with the desired
25 pressure of air delivered to the engine; and,.
actuating a boost pressure control valve as required
CO lower or,indrease the boost pressure of air delivered to the

engine.

8. A method of controlling boost pressure as claimed in

30 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 a first

_ Prescribed amount: and,
35 operating the valve at a second speed which is higher
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the valve plate-98 so as to open or close the apertu
degrees. A rubbeE““

It ‘““Mmmtl ded between the’

and val ve seat 9 mm‘h h is fixed to the vd 4 serves to
prevent the valve vl atet98"frdbmrotating as the notor noves the | ead screw
(shaft 100), so that as notor 102 rotates, gh ft 100 and val ve plate 98
nove axially 5 to open or close.aperturé $6.~ A second pin 108 on shaft
100 limts the ayhal smaegﬁpécogpééae wBaA! EnéOch&%i VeSS RleAlis Woll By
direction towargé not or 102. Feed-back neans 1n the Tormof a $otent| onet er
110 is nounted X6SFE Hhfe desdred iRFeSSHES DY02, Sseqnld BragcHhfd. arpyny yhich
coupl ed to shaf tislgfeaténturan chetirstlprgenciredeamaufieed- back signal for
transm ssion to the processor neans, the feed-back signal providing an

i ndi cation of an operating cogd'ti on of the boost pressure contyrol valve.
The stepper notor 10%-in 4 Aes ‘é‘%‘:ﬁ&d?%ﬁﬁ“&#nﬂ@%ﬁgfeﬁuﬁﬁ BSsThHEmEGLR o
val ve i s confi ggledmt @,.drfursher toaepdisingr egenesatisge@dstessi-benkssdégdat or

when the boost RHESSHFfvd Sof! AP CofetaRiRE! c¥RAMG 0P Wk Sl HboRegHedighe t he

actual boost pressure * is significantly different fromthe set val ue. Wen
t he actual control valve.

10. A method of controlling boost pressure in any one of
claims 6 to 9, wherein said at least one operating paramecter
10 includes the engine speed and load.
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boost pressure is the same as or only slightly greater than or 20 |ess
~than the set value, the notor remains stationery. This form of
differential control .of the stepper notor:102 minin ses unstabl e 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 25 <control boost pressures as determ ned by the
processor nmeans typically incorporated in gf el ectroni c engi ne management
system as a function of at |east one oper |ng par anmeter of the engine,
for exanple. engine speed and load. Generally, hlgh | oads <call for high

boost pressures, po—that—t+t—the—36—p+resste—s—+e0—tOW the valve will
shut. As the boos} pressure builds up |t |s pernltted flo rise_slightly
above the desired]pressure-before th pr T e Co cqntrol | ve i s,
opened. |f the bopst pregsure as dEtht¢d pr esstH-e—sef orJ(no
illustrated but pimlarfto sendor 4Aif E 1\ is too high t he
action of dunpinglair fromgle qir dellﬁery li le_cnnected fo the inl et
mani fol d has two putconeg: (1) The préssuré\of Jairfin e npniflold starts
to decrease, (akih to a lload or {partli &l sfhort gqircluit)$*and -10 -
l [ ]
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(2) The'mass flow of air through the engine and the turbine of turbocharger
82 decreases, thereby |lowering its output and sl ow ng conpressor speed. The
mass air flow through the conpressor is greater than the nmass fl ow through
the 5 turbine and therefore absorbs extra power. The net effect is that a
new operating point of the engine is attained but at a | ower boost pressure
than before. The feed<back signal from potentioneter 110 can be used for
internal diagnosti-cs-within the engine nafﬁgenent 10 systemto check that
t he boost pressure;control valve is noving as directed, and is fully closed
during particular ¢pperational con tlons of e eng Qﬁé for exanple, during
overrun (throttle position zero b Fheb%ﬁg a ie, when vehicle is
driving the engine]. 15 |t can be seen that the
air control systemfor engi g.adi screet systens which
wor k toget her, nangly, Z .$ystem and a boost
pressure control Byste S ' %étmn sub-systens are
generally requiredife i wsThe first enables
operation at | ow Tram beIOM/atnD eric
pressures. The agtual posT A-hve i s det ned by
engi ne testing and|or—desiga_paranet er ~-eredits . | 80&GENGi ne | oad
or output is ngffﬁiCT*l" h-nh the turoocnarqeL4§2 mnllcaﬂqmgmtkmeenglne
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25 w th pressurised air, ie, boosted above atnospheric pressure. In order
to achieve the desired gas/air ratio and load it is necessary to control

t he boost pressure tq an optinmum val ue. Turbocharger 82 is a passive device
and responds in a positive feed-back sense to exhaust mass flow rate and 30
tenperature, ie, the higher the flowrate the higher the bdost pressure.
The required | evel of boost pressgie or mani fold valve position is

cal cul ated by the engi ne nanagene 4'systemvia a |l ook-up table as a primary
function of percentage full |oad and speed. The advantage of this form of
control is that 35 th eRtot—s—rpesad_on the turbocharger 82 as

required. ie. the nafural gpgkoigggzghzx\chara eristics of the .
turbocharger 82 arg overrj dden. VIh y\jpe contyasted with a sinple fixed

boost pressure contrqgf St ; Ca a waste gate val ve,
whi ch is a nechanijcal |system where direct act|i onjof boost pressure opens up
an exhaust by pass| valljve upstream of the turbochgrger and no ates the

boost pressure to @ fijxed i mum val ue. I n %his case, a portion of the
h

| oad- speed 5 envel ppe fwoul d e truncated to d det| boost pressur'e- The
i nproved control oper lengi ne performance which tlig achi evabl e ing the
boost pressure conrrql appar at us and
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met hod JAaccording to the invention, is best illustrated with reference to
t he' graphi cal representations of manifold absolute 10 pressure as a
function of engine speed and | oad/torque provided in Fig.s 2 (a), (b) and

(c). Fig. 2 (a) illustrates a torque curve with manifold absolute pressure
i sobars superinposed thereon, for an engtne having no boost pressure
control, for exanple,- a turbocharged 15 diesel engine. At maxi mum speed
t he turbocharger provides maxi mum boost pressure. (2.0 in Fig. 2 (a)). Fig.
2 (b) illustrates the jfold absolute4$¥essure in response to changes in
engi ne speed- and torquef |l oay for a turbo-charge engine incorporating a
known waste gate fixed ssure bypass val ve. \Wenever the manifold
absol ute pressure exceggds a t18r m ned val ue the waste gate valve is
opened resulting in a pressure region in the engi ne torque curve.
(Shown as 1.6 in Fig leig. 2 (c) illustrates the typical boost
pressure 25 control 'C reg} for a turggcharged engine in which the boost

t he i nvention. st pressurldiiflont #61 in accordance with the invention
enabl es the boost {jijressure to {b ofiti nuously varied in response to changes
i n engi ne speed a 30 load t i eve inproved performance fromthe

engi ne. The boost Iessure cort 0%0 be effected in

pressure is contro C io;ygy | oad and speed in accordance with
I
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rgﬁpanse to changes in other operating paraneters of the‘engine, for
exanpl e, the manifold absolute pressure the press _
the gaseous fuel, air tenmperature, 35 engine phasell &FFHEE

t hat severa

to the invention have been described in detail, nu

Goowidy 4T

of

SR ge.

Now

enbodi nents of the boost pressure confrol ccq@rdi ng
8 o

variations wll - 12 .- suggest thenseBves to persons skillTed 1 n the
mechani cal arts. For exanple, in place of a turbocharger, if desired a
super char ger CREBFrobl tag| Byedbagst herassucemefessiondebavered ntgueh gas

' j o : h : b
£821 830 H e rAh 18 Srusted d el Eggigeégﬁ}%eléggkég rL]'.ug @5%%@&%? ged

arrangenent,
varied responsive to an operating_ parane

e e, an

air may be mxed wth naturabtkydabpyesy seeasis fori delivedéhgvaiy to the
engi ne so thahgihe €89s@dHt %%Eibﬁno?fateﬁs@i)ﬁsa tuplly delivered to
g

t he engi ne can be varied. Furthernore, althou

a preferred form10 of
boost pressure control val v@*RasCBBRRACEHRELR | HRRRRH dEPR| | DORFHRANGi tH18 e

i*cations and

val ve neans eamsbaerprofidieddenioaabliecd vt ity it P HYPREH0R: Pfachiarasd air
to be delivergg Lo %he %ﬂgu%%.'The val ve neans _may conprise a closure
By & *

nmenber novabl'e

ove ent 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, said air control means comprising a boost
pressure control valve which is operated under the control of
a Processor means responsive to said at least one operating
parameter, said boost pressure control Qalve being located
downstream from the air compression means and adapted to dump
ai; directly from an air delivery line delivering air to an
inlet manifold of the engine, wherein said boost pressure
control valve is actuated by an electric motor responsive ;8
a control signal from said processor means whereby, in use,
the boost pressure can be continuously varied in résponse to
changes in said at least one operating parameter to achieve
improved performance from the engine.

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

Typically the air compression means comprises
2 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 mean'sf responsive to said at least one
operating parameter, for directing a variable proportiom 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 éxhaus: emissioés outlet.
The invention is also applicable where the



vane .or other actuating nenber. For exanple, where an air vane 15 is

provi ded,

the conpressed air tp operate the pneumati cliTd I FLAEd
froman air brake systemof the vehicle in which the ﬁ&%ﬁgE#H % §q§§?.
Al ternatively, the actuating nmenber may conprise an h drau]i2 colthatieyy

fluid to operate the actuator being derived from pres dﬁ*%ed"rubrrcarTh

it he

oil of the 20 engine. Al'l such vari at dors and nodifications are to be
considered within the scope of the present invention, the nature of which
is to be det®RFARAES roritake fusleigigededor whiicbhncasd the appecomtirsl ai ns.
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control . apparatus . for controlling
del i ver ed to*%FEﬁéPQ%i

pressure

_ ( pressure 0
i | efheRee@ndecndhuEebnisngiieselt faedppaite usix

ost

conpri sing; ebhices] imedns ﬁﬁ?ﬁﬁgfﬁs;ﬂﬂs&‘b@ :thc@ﬁEr&Pf%ﬂrEGEngE%&%’.ﬂ%ﬁ"@port

conmbustion of _a
pressure of &fr

seous fue - conpress| on neans

anbi ent presssir eapable, aiwherDNthe! eAGANE, ifCSHSESIVEnd OoAl iR Offel

alone. When the engine is operating on gaseous fuel, the
temperature of the air delivered to engine may be Qaried from
ambient temperature by a first amount which is less thaﬁ 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 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 temperature; and,
regulating the boost pressure of air
delivered to the engine, wherein said step of regulating the
boost pressure comprises:
' 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, and wherein saigd step of actuating

‘the boost pressure control valvefcomprises:

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

ga |
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operating paraneter of the engine, for controlling the boost pressure of
air delivered fromsaid air conpression neans to the _engine,... satd=air -
control neans conprising a boost pressure control '%];\‘g%_'.%@_Qk,g_@-;j@.:ggger%iat ed
under the control of a processor neans responsive tp said at_le one .
operating paraneter, said boost pressure control valv .,gal71§ﬁpo ed..
downstream fromthe air conpression neans and adapt 1o ¢ : =
froman air delivery line delivering ai dA~o0 an inlet manifold of the
engi ne, wherein said boost pressure control valve is actuated by an
el ectric noféFskeBpBasSTiked AmPWYIt B#1d.si gnal from sai d processor means

whereby, in use, the boost JeRating ¢RR RE1GENALNHOUSLYnd Ap&dl Ivhi&sponse
to changes i.n Bal d at | east ope opeéerati ng paranmeter to achieve inproved -

per f or mancefr BATRRE ERRntRAid Eirsty wheas $hrcachbnt t Rrepiatts as
clainmed in ebavé br BWeebR Bhaaldsereq! pressWES! by Sa As¥@snd ) fe schsitsed

el ectric notor V\,geris-% i.n use, .the eed .of 1? eration of, t val ve can be
varied to pPBPRRE SPEEEr &t i9ECATSRt (12Tt h%e st PhE ARRYBE - val ve
alnd_ m gi m swha_usbgrbl elropesey i u}ng Dookst bpresspressaune malan:tasm_tira.pmsht us as
clainmed in : : [ i or i.s.an ectr r

not or havi nggg'lggr "'é'\:}v %r%aa%eez% I’F\ﬁ/'éﬁgééf fn n%]ld& vﬁ{‘erl&aﬁ%saﬁ% cgjgeo?sagteig:gissure
control val peremaperses achidvee igipmoyeadhipelr foemascenfromative exgitne and
which is driven by Preferably, the method further comprises

tly

cooling the air delivered to the engine after said step of
boosting the




said drive shaft_of the stepper notor for noving the valve ___-.1l4-=-plate

-refative to the val ve open or close t ?%Uﬁ_’“’@ff&@f;%%&&? i
control valve to ﬂﬂ‘!‘ﬂm“ﬂm\‘g\“ﬁ A boost pr es} ﬁ?EL’(’!bﬁ'{Rr-SI- appar i‘a\lt us
as clainmed in clailM Wierei nssatd valve plate i s npunt e Nd. q{f
the nmotor drive shaft and is prevented framrotati ng\ﬁ‘q " SE or

-nmoves the drive shaft, so that as the steépper notor ates both the val ve

pl ate and the dri S =1 i JVA lﬂ&ﬁ& set 1. pressure
control val ve. 5.¥'§E o%g)b/%f’eﬁs%sbﬁir eéhchf)(r%tro ;&%za%t@ugsa?% almed in claim
4, wherein said boost fressubhe POPSEol PXesswré urcdrerradoneppesestesedipack

means for ge | egad; i eans:yg Sgi sgld Jpr ssor.
nmeans, said %@%%&54 gha b%?%?/?d?_ggggﬁg%ngifcar%rpon&oﬁmaekggpg:ro at.alpr.lgg‘g
condi ti on of furlledbinterssd renREHERioRN engine, Wie appArdtws COPPESSLRG

control apparatus as clained,ip &&8{2r n sfiyf%rsﬁie ig‘,gp%;#)gqg_. FBaRfe

conprises a potentioneter which I's nmechani ca coupled t he drive shaft
of the steppRRIiRR obQ SUPPOrtACRRPHEGLER @BnRranseeis Rl pressure of air

_ 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, respoasive to at least one
operating parameter of the engine, for controlling the boost
pressure of air delivered from said air compressioa means to
the engine, said air control means comprising a boost..
pressure control valve which is operated under the control of
a processor means responsive to said at least one operating
paramecer, said boost pressure control valve being loca;ed
" downstream from the air compression means and adapted to dump
air direccly from an air delivery line delivering air to an
inlet manifold of the engine, wherein said boost pressure
control valve is actuated by an electric motor responsive to
a control signal from said processor means whereby., in use.
- the hoost pressure can be continuously varied in response tO
changes in said at least one operating paramecer to achieve
improved performance from the engine. '

2. A boost pressure control apparatﬁs as claimed
in claim 1, wherein said electric motor is a variable speed
electric motor whereby, in use, the speed of operation of the
valve can be varied to provide differencial control of the
boost pressure control valve and minimise unscable operacion.

3. A boost pressure control apparatus as claimed
in claim 2, wherein said electric motor is an electric
stepper mb:or having a screw threaded drive shaft, and
wherein said boost pressure control valve comprises a valve
plate which seats on 2 Valve seac, and which is driven by
said drive shafc of the stepper motor for moving the valve



del;ivered to_a gas fuelled internal conbustion engine, the nethod
—corrprl sing: delivering air to the engine to support conbust ion..of- a- gaseous

fuel; boosti ngumnmumuj w Ial r delivered to t & ab \Lﬁ-vaﬂ anbi ent
t enper at ur e: HI l boost pressurel| Po'lp@;’ “del ] ed to
t he engi ne, wherfei b sai d step " of regul ati ng t he bopst br $@E@ ......... .rl,_ses
detecting the actual pressure of <ai¥ delivere ﬁ% £ ¢ '

cal culating a desired pressure, of hé( del i vered to the engi ne ]I_ n accordance

with said atPhadedsirehfdi0ifet tHE RefBRL so aiS“cBPrﬁ%r‘P’hgc 9% tBR¢ ual

pressure WHdbsd &éhes&izreed:owce@&uwmé abr veleyiver dgtees he engine; and,
actuating a boost pressure control valve as reqU|red to |l ower or increase

t he boost pressure of air delivered to the engine, and wherein said step of
act-uating the boost preassur a bosdt @ressure coflprbliespparatus as claimed

in claim 3, wherein said valve plate is mounted on the end of
the motor drive shaft and is prevented from rotating as the
stepper motor moves the drive sh_a_ft, so that as the stepper
motor rotates both the valve plate and the drive shaft move

axially to open or close the boost pressure control valve.

5. A boost pressure control apparatus as claimed
in claim 4, wherein said boost pressure control valve further
comprises feed-back means for generatiﬁg a feed-back signal
for transmission to said processor means, said feed back
signal providing an indication of an operating condition of
the boost pressure control valve.

6. A boost pressure control apparatus as claimed
in claim 5, wherein said ' feed-back means comprises a
potentiometer which is mechanically coupled to the drive
shaft of -the stepper motor.

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

o _ delivering air to the engine to support
combustion of a gaseous fuel;
| boostxng the pressure of air del:.vered to the
engine above an ambient temperature; and,
regulating the boost pressure of air
delivered to the engine, wherein said step of regulating the
booét pressure comprises: |
_ 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; |



operating the valve at a first speed when the actual pressure:is -@bove or
. below the desired pressure_by-a first prescribed ~cafd; s BPerating t he:
SR ; . . . P CEN :
val ve at a second Speed which is_higher than said fRERLA Speed n the

actual pressure i ﬁ the desired pregsure Bsésthd -
prescribed amunt\mm“i‘““&‘ﬁ m than the first U?égﬁzidm@t
whereby, in use, ‘the odst "pressure can 4t _continu y varied i-rn response
to changes in said at | east one operating paranmeter to achieve inproved
performance fromthe engi necogpa in@ ”Brxémdaéﬁuacf”tgé@éé Rg bQegh Pregsure
as clained in claim?7, wherein tﬁe 00St pressure ontngl val ve i s operated
at a | ow sped@simed pressuna @t Béssdepivered et ste Wi it BBdesi r ed
pressure of air, and at a hi Wsdadd RQe%irollr Yee al
significantly different froraﬁqltgﬁiegggi red pgrée]g%%geﬁgée alr. Trg!& Q'ﬁ\iAémgtsﬁod of
control | i ng B8@siredesourloner 9% HBarease| she RoasE tIRIS VGHreSi AdT
generating agkeedapagkesi &t@ledfri@ﬂeeahhaewaérénnoeﬂ&tsma, @EdkciuaRigl the
boost pressure control valve. 10. A ne&hod of controll'ing boost pressure
in any one oFPE| BPAEC 7PFSILIQURANEFRLsHRYVE: SPBAEIS®Te operati ng par anet er
i ncl udes the engine speed argelradfing the valve at a first speed when the

actual pressure is above or below the desired pressure by a

first prescribed amount; and,

operating the valve at a second speed which
is higher than said first speed when the actual pressure is
above or below the desired pressure by a secoand prescribed
amount which is greater than the first prescribed amounc,
whereby, in use, the boost pressure can be coatinuously
varied in response to changes in said at least one operating
parameter to achieve improved performance from the eagine.

8. A method of controlling boost pressure 2s
claimed in claim 7. wherein the boost pressure control valve
is operated at a low speed when the actual boost pressure is
close to the desired pressure of air, and at a high speed
when the actual boost pressure is significancly different
from the desired pressure of air.

9. A methad of controlliang boost pressure as
claimed in claim 8, furcher comprising generating 2 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 7 to 9, wherein said at least one operating
parameter includes the engine speed and load.
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ABSTRACT

BOOST PRESSURE CONTROL

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
turbocharge_r.' An engine management system (EMS) (20) controls
a spark ignition system (24) as well as a gas delivery system
(12) for controlling the delivery of gaseous fuel to a fuel
inlet (18). Air is delivered to the engine through air inlet
(26) wvia 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 turbocharger (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 eng:.ne 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 2
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. '

(FIGURE 1 IS SUGGESTED FOR PUBLICATION)
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