Office de la Proprieté Canadian CA 2760204 C 2017/07/11

Intellectuelle Intellectual Property

du Canada Office (11)(21) 2 760 204
Un organisme An agency of

d'Industrie Canada Industry Canada (12) BREVET CANADIEN

CANADIAN PATENT
13) C

(86) Date de depot PCT/PCT Filing Date: 2010/04/30 (51 ClInt./Int.Cl. FO2D 79/70(2006.01),
(87) Date publication PCT/PCT Publication Date: 2010/11/04 FO2D 19/06(2006.01), FO2D 41/00(2006.01)

2 1; . (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2017/07/11 FINN. PAUL HOWARD GB:

(85) Entree phase nationale/National Entry: 2011/10/27 HORLER, GREGORY DOUGLAS, GB

(86) N” demande PCT/PCT Application No.: GB 2010/050718| (73) Propriétaire/Owner:

(87) N° publication PCT/PCT Publication No.: 2010/125396 INTELLIGENT DIESEL SYSTEMS LTD, GB
(30) Priorité/Priority: 2009/05/01 (GB0907614.2) (74) Agent: RIDOUT & MAYBEE LLP

(54) Titre : APPAREIL ET PROCEDE DE COMMANDE D'UN MOTEUR A CARBURANTS MULTIPLES
54) Title: APPARATUS AND METHOD FOR CONTROLLING A MULTI-FUEL ENGINE

32

L

Throttle Position

Throttle Maotor
A —

Throtile Motor

— Manifold Pressure

Dicsel Tank - n
! "n' Gas lnjectors Injector Conlrol

Fuel Pump .0 Crank Sensor 54
Inlet Valve Timing
- (2 Diescl Fl
iesel Flow
Diesel Flow - R A Knock Sensor
] Jwne | S— ) ' c
v kTS < v ‘
e, .- " ) Teemperature
]- 6 e ———T = Vaporiser P
&

Dicscl rail pressure “ e

Dicscl rail pressurc

Gas Control Valve

Crank Senscr L

18 —0O=

S N \/
A

Eagine rp.m.
Lambda/AFR Sensor |

|

Gas Flow

56

(> -

Exhaust

(Gas Tank )

{
\

UsSH
CAN
Ethemnet

(57) Abréegée/Abstract:
A dual-fuel engine has a primary fuel supply and a secondary fuel supply, the primary and secondary fuels being arranged in use to
mix with each other and with air for combustion In one or more cylinders of the engine. The supply of both the primary and
secondary fuels Is arranged to be actively managed In accordance with a desired engine performance characteristic by an
electronic controller. In one arrangement the supply of a primary fuel is arranged to be actively reduced when a secondary fuel is
supplied to the engine.
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(57) Abstract: A dual-fuel engine has a primary fuel supply and a secondary tuel supply, the primary and secondary fuels being
arranged 1n use to mix with each other and with air for combustion in one or more cylinders of the engine. The supply ot both the

1s supplied to the engine.

primary and secondary fuels is arranged to be actively managed in accordance with a desired engine performance characteristic by
o an electronic controller. In one arrangement the supply of a primary fuel 1s arranged to be actively reduced when a secondary fuel
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Apparatus and Method for Controlling a Multi-fuel Engine

The present invention relates to the control of multi-fuel

engilnes and 1s concerned particularly, although not

exclusively, wilth apparatus and a method for controlling a

dual fuel engine, such as a diesel/gas engine.

Multi-fuel englnes, 1i.e. engines which use more than one

type of fuel, have been known for many years. One

successful type of multi-fuel engine 1s the dual fuel

engilne which uses diesel 011 as a base, or primary fuel,

and either liquid petroleum gas (LPG), compressed natural

gas (CNG)or liquefied natural gas (LNG) as an alternative

or secondary fuel. Secondary fuels are often attractive

because of their low cost compared to diesel 0i1l. Some

such engines, such as that described 1n GB 2372835 B use

diesel 01l and LPG as alternatives, 1.e. one fuel or the

other 1s used, with some provision for switching between

the two.

Other previously considered englnes, such as the example

F

described 1in EP 03712309, utilise the combination of diesel

and gas, which are combusted together 1n the engine.
Combusting the two fuels together has a number of

advantages when compared to the use of diesel alone.
Firstly, the amount of diesel used for an equivalent engine
performance can be considerably less. Additionally, a more
complete combustion of the fuel can be achieved which can

result 1n a reduction of particulates 1n the exhaust

emission. More power, per cylinder explosion, can also be

achileved.
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Generally with previously considered “combination type”
dual fuel engines the aim has been to reduce the amount of
diesel (1.e. primary fuel) burned by the engine without

losing performance. When gas (i.e. secondary fuel) 1is

introduced 1nto the fuel mixture burned in the cylinder the
mixture burns more completely than a charge of diesel oil
alone, which results 1n a reduction of oxygen 1in the
exhaust gases. The reduction 1n oxygen content can be

detected, using a lambda probe, by the engine control unit

(ECU) 1nstalled by the engine manufacturer which determines

that the fuel/air mixture is too rich, and accordingly

reduces the amount of primary fuel which 1s 1njected.

The outcome 1s a reduction 1n primary fuel consumption, as

well as lower particulates.

Thus far, dual fuel engines of the kind described above

have resulted from converting single fuel engines.

Conversion comes at a price, but generally 1t can be seen

_

that 1f the cost of the secondary fuel 1s lower than that

of the primary fuel there 1s the potential for economic

benefit. There 1s also the potential for environmental

benefit and performance 1mprovements.

P

Figure 1 of the accompanying drawings shows schematically

an example of a previously considered control system for a

dual fuel engine. This example 1s similar to the one

described in the above-mentioned EP 03712309.

The engiline, represented by 10, 1s a four-cylinder diesel

N

englne, which has been converted to run on a combination of

diesel and LPG. Diesel, the primary fuel, 1s supplied from

a tank 12 by a fuel pump 14 to each cylinder into which it
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1s 1lnjected using conventional diesel injectors. The rate

g r—

of flow of the diesel fuel can be measured by a flow meter

16 and the pressure 1n the diliesel line can be monitored by

a pressure monitor 18. Air, for use in combusting the
fuel, 1s drawn from an ailr intake valve 20. A gas tank 22
holds LPG for use as a secondary fuel. The gas, i1n liguid

state, passes through a gas supply valve 24 to a vaporiser
20 where 1t 1s changed to a gaseous state before being
directed to four gas 1injectors 28a, 28b, 28c and 28d, one

for each cylinder, which are arranged to deliver the gas to

a location 1n the air inlet manifold in a region adjacent
to the air 1inlet valve (not shown) of each cylinder, so as

to mix with the air there.

The quantity of gas delivered to the cylinders 1is

controlled by a gas control valve 30.

An electronic controller 32 controls the gas supply valve

24 and the gas control valve 30. The controller 32 takes

signals from a throttle position sensor 34, a manifold

pressure sensor 36, a knock sensor 38, a crank sensor 40

(for r.p.m. i1nformation), a thermometer 42 for detecting

the vaporiser temperature, and a lambda sensor 44 (for

exhaust oxygen-content). An RSZ232 interface 46 is provided
on the controller 32 to enable connection to a computer

(not shown) for set up, system monitoring and diagnostics.

All of the sensors 34, 36, 38, 40, 42 and 44 are dedicated
devices which are installed in the engine during the

conversion process, as are the controller 32, gas injectors

28-28d, tank 22 and vaporiser 26.
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Gas 1s supplied to the cylinders already mixed with air.

—

The quantity of gas supplied 1s determined according to

various factors that include the throttle position and the
engine r.p.m. During the i1nduction stroke, the gas and air
mixture 1s drawn 1nto the cylinder and towards the end of
the compression stroke the oxygen and diesel 1gnilite causing
the gas to burn which in turn more fully and more
aggressively combusts the diesel fuel, producing a greater
power stroke. The combustion products which are eliminated

in the exhaust stroke show reduced oxygen and particulates

as compared with the combustion of diesel alone.

The above conversion can be expensive and time-consuming
not least because of the number of devices which must be

installed.

According to one aspect of the present 1nventlion there 1s
provided a dual fuel engine comprising a primary fuel

supply and a secondary fuel supply, the primary and

secondary fuels being arranged 1n use to mix wlith each
other and with air for combustion 1n one or more cylinders
of the engine,

wherein the supply of both the primary and secondary

fuels 1s arranged to be actively managed.

The supply of the primary and secondary fuels may be

managed 1n accordance with a desilired engine performance

characteristic.

"

Management 1s preferably effected by an electronic

controller.
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The supply of both primary and secondary fuels may be

arranged to be actively managed in accordance with a

desired economy of performance of the engine.

In a preferred arrangement the supply of a primary fuel 1s
arranged to be actively reduced when a secondary fuel 1s

supplied to the engine.

The supply of primary fuel to the engine may be actively
reduced by at least one of: controlling the 1njectilon
timing of the primary fuel and/or controlling 1ts pressure,

and/or controlling the throttle.

Preferably the supply of a primary fuel comprilising diesel
fuel is arranged to be actively reduced when a secondary

fuel comprising at least one of LPG, CNG and LNG 1s
supplied to the engine.

The electronic controller may be, or may be included 1in, a

P

dedicated ECU for actively managing the supply of the

primary and secondary fuels. The dedicated ECU may comprise

an after-market fitted ECU. Alternatively or additionally

the active management of both the primary and secondary

fuels may be undertaken by an OEM ECU.

The invention also includes a method of improving the

economy of a dual fuel engine, the method comprising

actively managing the supply of both a primary fuel and a
secondary fuel to the engine. The method may comprise

actively reducing the supply of a primary fuel, such as

diesel for example, when a secondary fuel, such as LPG, CNG

or LNG for example is supplied. The method may comprise

g

actively reducing the supply of the primary fuel by at
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F

least one of: controlling the i1njection timing of the

primary fuel and/or controlling its pressure, and/or

controlling the throttle.

According to another aspect of the present invention there

is provided a dual fuel engine comprising a primary fuel
supply and a secondary fuel supply, the primary and
secondary fuels belng arranged 1n use to mix wilith each

other and with air for combustion in one or more cylinders

of the engine,

wherein both primary and secondary fuels are arranged

to be injected into the or each cylinder.

One of the primary and secondary fuels may be 1njected 1n

gaseous state into the cylinder through an open air 1inlet

valve.

Preferred embodiments of the present invention will now be

described by way of example only with reference to the

accompanying diagrammatic drawings 1n which:

Figure 1 shows schematically a previously considered

control system for a dual fuel engine;

Figure 2 shows schematically a control apparatus for a

F

dual fuel engine according to an embodiment of the

invention;

Figure 3 shows schematically a further development of

the control apparatus for a dual fuel engine according to

the present invention;
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Figure 4 1s a timing diagram showing the combustion

cycle of a diesel-only engine;

Figure 5 1s a timing diagram showing the combustion

cycle of a combined gas/diesel engine according to a first

embodiment of the present invention;

Figure 6 1s a timing diagram showlng the combustion
cycle of a combined gas/diesel engine according to a second
embodiment of the present i1nvention;

P
p—

Figure 7 1s a graph showing the power delivery of a

gas/diesel engine without active control of the diesel

supply;

[

Figure 8 1s a graph showing the power delivery of a

gas/diesel engine with active control of the diesel supply;

F
p—

Figure 9 shows schematically the operation of a

throttle position sensor (TPS) 1n accordance with an

embodiment of the present i1nvention;

Figure 10 shows 1n more detail a TPS architecture; and

Figure 11 shows TPS mapping.

Figure 2 shows schematically a control apparatus according

g

to an embodiment of the present invention. The apparatus

1s similar to the previously considered one (described

above) but utilises the number of additional sense signals,

and applies further control signals to provide greater

control over the dual fuel englne. Where possible the
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reference numerals from Figure 1 are used for equivalent

features 1n Figure 2.

Specifically, the control unit 32 takes further signals

from a throttle motor 48, the diesel flow meter 16, the

diesel pressure monitor 18, a CAM sensor 50 and a gas flow

meter 52.

The control unit 32 utilillises these signals to control the

dual fuel engine to operate more efficlently than was

possible with previously considered systems.

The control unit 32 applies a control signal to a gas

injector control module 54 which controls the four gas
injectors 28a-28d so as to deliver gas 1n a quantity and at

a timing determined by the control unit 32 based upon the

measured parameters referred to above.

A multi interface port 56 is provided which allows the

control unit 32 to connect to a computer via USB or

Ethernet for set-up, monitoring or dliagnostics.

The port 56 also allows the control unit 32 to connect to

an ECU of the engine via a CAN bus as will be described

R—

below with reference to Figure 3.

Figure 3 shows schematically the control unit 32 which

includes a processor 32a and power supply 32b. In

addition, the control unit comprises a stepper driver

circuit 32a and an injector driver circuit 32d.

The control unit 32 derives senses signals from the ECU of

[
=<

the engine i.e. the original equipment manufacture (O
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ECU including throttle position, manifold pressure, engine
r.p.m., lambda probe (oxygen exhaust content), 1inlet valve
timing, knock, diesel flow and diesel rail pressure.
Conveniently the control unit 32 connects at 1ts port 56 to

a CAN bus of the OEM ECU.

By utilising these signals, which are already derived by

the OEM ECU, the conversion process takes much less time

and uses fewer components, which makes it less expensive.

In an alternative embodiment (not shown) the control unit

32 and OEM ECU can be combined in an integrated englne

control unit for dual fuel control.

1

The system described above enables a greater degree of

control of the delivery of the secondary fuel.

Figures 4 to 6 are schematic timing diagrams which

illustrate the points in the four stroke cycle at which

fuel and air are introduced into one cylinder. Only one

cylinder is shown for simplicity.

Taking Figure 4 first, this diagram shows the combustion

cycle for a diesel only engine. The cylinder 1s represented

schematically at the top of the diagram by the reference

numeral 60. Piston 62 reciprocates in the cylinder 60 and

the cylinder has inlet 64 and exhaust 66 valves for

allowing air in through an inlet manifold branch 68 and

expelling exhaust gases through an outlet manifold branch
70, respectively, as well as a diesel injector 72 arranged

to spray diesel into the cylinder at an upper region.
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The four stroke cycle i1is depicted by the timelines at the

bottom of the diagram which are divided into four sections:

Induction 74, Compression 76, Power 78 and Exhaust 80.

The 1nlet valve 64 1s already open slightly before the

Induction stroke 74 begins at 0 degrees and alr 1s drawn
into the cylinder. The exhaust valve 00 closes momentarily
afterwards and remains closed until shortly before the
Power stroke ends 78. The Compression stroke 76 begins at
180 degrees and soon thereafter the i1nlet valve 64 closes.
Towards the end of the Compression stroke the diesel fuel
is injected by the 1njector 72 and mixes with the air. At
360 degrees the power stoke begins 78 as the diesel

fuel/ailir mixture ignites under pressure and the resulting

rapid expansion of gases during combustion drives the

piston 62. Shortly before the Power stoke 78 1s finished

the exhaust valve 66 opens and then the Exhaust stroke
begins at 540 degrees. The exhaust valve 066 remalns open
until shortly after the Exhaust stroke ends (720 degrees)

allowing the combustion products to be pushed out of the

cylinder by the rising piston.

Figure 5 shows the same cycle, with the same reference

numerals representing the same elements as 1n Figure 4, but

with the difference that a gas 1njector 82 1njects gas, as

H

a secondary fuel, 1n the region of the 1nlet manifold 68

p—

immediately upstream of the 1nlet valve 64 1n accordance

with a first embodiment of the present 1nvention. As can be

P

seen from the timing information at the bottom of the

diagram the said region of the inlet manifold i1s fumigated

— 1.e. a charge of gas 1s deposited - continuously

throughout the four strokes. The gas mixes with the air and

is drawn into the cylinder when the inlet valve 1s open,
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from slightly before 0 degrees until slightly after 180

degrees.

In a second embodiment of the present invention, the gas

supply nozzle is located closer to the inlet valve and 1s

p—

oriented towards the interior of the cylinder. In this

embodiment, as well as fumigating the region of the 1inlet
manifold outside the valve while the valve 1s closed, the
gas supply nozzle 1s arranged to i1nject gas 1nto the
cylinder through the inlet valve 64 during the brief period

when the valve 64 1s open.

This arrangement allows a greater control of the mixing of

the gas with the air. In particular, 1t ensures that a
known quantity of gas is delivered precisely to where 1t

needs to be to mix completely with the air.

Figure 6 shows the same cycle as Figures 4 and 5, with the
same reference numerals representing the same elements as
in those figures, but with the difference that the gas
injector 82 is directed towards the inlet valve 64 1n
accordance with the second embodiment of the present
invention. The timing information at the bottom of the

diagram illustrates that, for at least a part of the time

that the inlet valve is open, the gas 1njector injects gas

directly into the cylinder 60 at a region chosen for

-

optimum mixing of the gas with the intake of air. After the

inlet valve 64 closes, the gas injector continues to
fumigate the region immediately upstream of the inlet valve

during the rest of the cycle, which 1s unchanged.

Tn accordance with the embodiment described with reference

to Figure 6 both the quantity of gas available 1n the
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cylinder for mixing with air, and the location of the gas

in the cylinder can be controlled more precisely.

As explained above, prior systems effected a reduction 1n

diesel usage passively by making the OEM ECU believe that

the fuel mixture was rich. However the 1nventors of the

)

present invention have discovered that an active control of

the primary fuel delivery system can provide a much greater

economic benefit.

Even with the greater precision of gas delivery afforded by

the present invention, as described above, for a given OEM

ECU mapping — that is a predetermined algorithmically

calculated performance characteristic — there will be a

e

limit beyond which further reduction in the quantity of

primary fuel which is delivered will not be allowed by the

ECU.

This is because the ECU will have preset minimum fuel (1.e.

diesel)levels for any given performance level of the

™

engine, in accordance with a power curve - or a plot o:

brake horse power (bhp) against engine revolutions per

minute (rpm). In other words, at a given rpm and bhp the

ECU will have a preset minimum level of diesel which must

be supplied regardless of what the lambda probe 1s telling

F

the ECU about the oxygen content of the exhaust.

However, with the injection of secondary fuel, for a gilven

ga——

amount of diesel a greater power 1s avallable. If an

I

improvement in economy, rather than power, 1is sought then

F
—

the power curve can be replicated with a combination of

fuels — and in particular less diesel - but only 1f the

P

preset limitations of the ECU can be overcome.
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In order to do this the supply of diesel must be actively

controlled i1independently of the ECU and the ECU must be

prevented from detecting this.

Options for actively reducing the quantity of primary fuel

injected during each cycle might include, but are not

limited to: controlling the 1njection timing of the primary

fuel and/or controlling its pressure, and/or controlling

the throttle.

One particularly preferred method 1s to control the

pressure of the diesel rail with a unit that alters the

signal from the ECU which controls the diesel supply

pressure, so as to reduce 1it, and which at the same tilime

provides to the ECU an emulation signal which represents an

F

expected sensed diesel pressure of an unaltered supply.

By actively controlling the supply of the primary (diesel)

fuel it is possible to optimise the performance of the dual
fuel engine for economy, and thereby significantly reduce

the amount of diesel used.

Figures 7 and 8 are graphs of the power delivery of an

engine with, and without, active control of the diesel

supply.

Figure 7 is a performance graph showing a so-called power

—— o~

curve of the dual fuel engine, without active reduction of

diesel. The x—-axlis represents engine speed (rpm) and the y-
axis represents power output (bhp). The horizontal broken

line represents the peak power achievable for a diliesel-only

supply, while lines A, B and C respectively show the
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maximum power curve of diesel/gas mixture, the (OEM) diesel
power curve of a diesel only supply, and the power
contribution of the diesel 1n the combined-supply curve

shown at A.

Figure 8 shows the same power curve with the diesel being

F
P

actively reduced. Line A shows the maximum power curve of

the diesel/gas mixture which has been contrived by

controlling the diesel pressure to match the OEM power

curve (i.e. of line B 1in Figure 8). Line B represents the
suppressed diesel power curve - 1i.e. the power that would
be achieved by the reduced level of diesel alone, and line

C shows the power contribution of the diesel 1n the

gas/diesel mixture required to match the OEM diesel only

curve.

From a comparison of Figures 7 and 8 1t can be seen that

with active reduction of the primary fuel supply the diesel

makes significantly less contribution to the delivered

power — which still matches that of the original OEM

mapping. This manifests itself as a significant reduction

in diesel consumption.

Reducing the amount of primary fuel delivered to the engine

can be achieved by;

reducing the control signal to the primary fuel

injector;

reducing the demand signal to the OEM fuel management

system.

The first method would require either the re-mapping of the

OEM ECU to reduce injector rates (effectively de-rating the

engine). This 1s not 1deal for 3™ party retrofit as it
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requires access to the OEM map. A similar effect could be

achieved by i1ntroducing an electronic controller between

the OEM ECU and the injectors. In this arrangement the
unaltered signals are 1nput to the controller, whereby they

are modulated, in accordance with additional engine metrics

(signals) to provide modified signals to the 1njector.

The other alternative 1s to modulate the demand (throttle)

signal to the OEM fuel management system. This 1s the

method used.

Most modern vehicles employ drive-by-wire throttle system,

=

whereby the position of the throttle pedal is indicated as

an electronic signal(s). These signals are conveyed to the

OEM ECU, where in conjunction with other signals, they are

used to control fuel delivery. Since the aim of the

throttle is to control the engine, any modulation (change)

in the electronic signals derived from the position sensor

will have the same effect. To this end an electronic
control unit (Throttle Position Sensor Unit, TPS Unit) was
devised to accept the throttle position sensor signal and

modify (attenuate) it. The modified (in terms of demand)

signal was then presented to the OEM ECU in the same format

as the throttle position sensor.

Dual Fuel Power and Torque Normalization via the Throttle

Position Sensor

e

The obvious method for modulating the amount and timing of

diesel injected per diesel cycle is via the OEM ECU map. AsS

may be expected, access to such maps is prohibited for 3%

Parties. The ultimate solution for gas delivery would be an

“n” dimensional map, comprising baseline i1njector times,

enrichment and de-richment strategies for both diesel only
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and dual fuelling, integrated in a single ECU. Such a

scheme has been patented by BRISTOL GROUP.

An alternative approach 1s to modify the parameters

assoclated with fuel delivery, the obvious parameter being

the demand provided by the driver, i.e. throttle position.

It has been stated that the decilision to use the additional

p—
pr—

power (and consume greater fuel) 1s at the discretion of

the driver. A scheme to attenuate the throttle demand

signal, under diesel only fuelling would result in a drop
1n engline power. However thilis power deficit could be
replaced by the additional power observed during dual

fuelling.

The Throttle Position Sensor Unit

P

The operation of the TPS unit is shown in Figure 9. The

upper portion of Figure 9 shows how demand signals are fed
from the throttle pedal to the ECU. The lower portion shows
how the TPS Unit 1s 1nserted i1nto the throttle pedal signal
path. In use, the TPS controller switches the throttle

pedal demand signal into an attenuator, thus reducing the

demand signal to the ECU.

The construction of the TPS is somewhat more involved than
the simple diagram presented 1n Figure 9. This 1s due to

the following reasons:

1. The throttle pedal signals are usually differential

palrs.

2. The differential signals can be analogue resulting in

signals that

ol
p—

a. Traverse different voltage levels

b. Usually 1in anti-phase.
c. Usually differentilially scaled.
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3. The differential signals can be digital 1n nature,
being either
a. Pulse width modulated at TTL levels.
b. Pulse width modulated at arbitrary analogue
levels.

4. A facility 1s required to auto-scale the various 1nput

signals 1in order to ensure maximum dynamic range of
the sampling system.

5. A means 1s required for implementing and modifying
transfer (attenuation) functions.

6. A fail safe method is reguired to “switch out” the TPS
unit, thus reverting to a direct connection between

the throttle pedal sensor and the OEM ECU.

As such the TPS architecture 1s shown in Figure 10.

As can be seen from Figure 10, the TPS unlt uses twoO mlrror

circuits to provide differential signals. A complicated

arrangement of routing and control signals enables the
system to sample data input and output data to ensure that
the appropriate attenuation function has been loaded. Thils

function is stored as an embedded look up table.
TPS Mapping

As previously described, the TPS Unit 1ntercepts signals

emanating from the throttle position sensor and scales

these values before relaying them on to the OEM ECU.

The TPS unit provides an auto-scaling function which allows
the throttle signal to be sampled when the throttle 1is

fully depressed and released. This range 1s then divided

into 100 quanta. Thereafter each quanta is presented with

an associliated scaling value between 0 and 1. Thereby the
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system can present non linear attenuation of the input

throttle signal. This data i1s stored in memory as a lookup

table, accessible via the IDS software and gas ECU.

In operation, a map must be constructed to achieve the

F

desired TPS response. A selection of TPS map functions are

shown 1n Figure 11.
There are four TPS maps shown in Figure 11.

The first map 1s the 1:1 map; 1.e. the output tps value
equals the 1nput tps value. This 1s shown by Trace A
(partially obscured). Using this map allows the TPS Unit to

pass unprocessed data from the throttle sensor to the OEM

ECU. Using this map would result 1n no diesel economy.

The second map, Trace B follows the 1:1 trace A, 1.e. the

output signals equals the input signal until the throttle

pedal reaches 85% of 1ts full travel. Thereafter, providing

the throttle position 1s greater than or eqgqual to 85%, the

-

M ECU. This function

L]

TPS will signal 85% only to the O
replicates placing a block of wood under the throttle

pedal.

The third response Trace C 1s an i1mprovement on the “block

of wood” function, in that gradually reduces the diesel

delivery after the throttle sensor as exceed 72% of full

range. This was the function used 1in the TPS

experimentation.

Clearly, diesel 1s only saved when the output 1s less than

the input, the preferred function aims to decrease dilesel

P

delivery throughout the range of the throttle sensor, by

reducing all values greater than 0%.
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Whilst the above-described embodiments of the invention

have been considered 1n relation to an after-market

modification of an engine, 1n which an additional ECU 1s

used in conjunction with the Original Equipment

Manufacturer ECU, the skilled person will understand that

the invention 1s also applicable to an OEM ECU designed

F
p—

from the outset to manage actilively the consumption of

primary fuel 1n order to achieve a predetermined power

delivery with combilned fuel.

F

Furthermore, whilst the above described examples of dual

fuel relate to LPG and diesel, 1t will be understood by the

skilled person that the primary fuel could be other than
diesel and the secondary fuel could be other than LPG,

without departing from the scope of the invention.
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1. A dual fuel engine comprising a diesel fuel supply for
supplying diesel fuel via a diesel line to one or more engine
cylinders; and

a secondary fuel supply for supplying a secondary fuel to the
one or more engine cylinders;

the diesel and secondary fuels being arranged in use to mix
with each other and with air for combustion 1n the one or more
engine cylinders; and

said engine further comprising an electronic controller for
actively managing the supply of both the diesel and secondary
fuels, characterised in that the engine further comprises a unit
arranged to alter a signal from the electronic controller which
controls a diesel supply pressure, so as to reduce it and control
the pressure of the diesel rail; said wunit at the same time
arranged to provide an emulation signal to the electronic
controller which represents an expected sensed diesel pressure

of an unaltered diesel supply.

2. An engine according to claim 1 wherein the supply of the
diesel and secondary fuels is arranged to be managed 1n

accordance with a desired engine performance characteristic.

3. An engine according to claim 1 wherein the supply of the
diesel and secondary fuels is arranged to be actively managed in
accordance with a desired economy of performance of the

engine.

4. An engine according to claim 1 wherein the supply of the
diesel fuel is arranged to be actively reduced when a secondary

fuel 1s supplied to the engine.
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5. An engine according to claim 1 wherein the supply of diesel
tuel to the engine 1s actively reduced turther by at least one of:
controlling the 1injection timing of the diesel fuel, and/or

controlling throttle.

6. An engine according to claim 1 wherein the supply of the
diesel fuel 1s arranged to be actively reduced when the
secondary fuel comprising at least one selected of: liquid
petroleum gas, compressed natural gas and liquefied natural gas,

1s supplied to the engine.

/. An engine according to claim 1 wherein the electronic
controller 1s, or 1s included in, a dedicated engine controlled
unit for actively managing the supply of the diesel and

secondary fuels.

8. An engine according to claim 7 wherein the dedicated engine
controlled unit comprises an after-market fitted engine

controlled unit.

9. An engine according to claim 7 or claim 8 wherein the active
management of both the diesel and secondary fuels is
undertaken by an original equipment manufacture engine

controlled unit.

10. A method of improving the economy of a dual fuel engine,
said engine comprising:

one ot motre engine cylinders;

a diesel fuel supply for supplying diesel fuel via a diesel rail
to the one or more engine cylinders; and a secondary fuel supply

tor supplying a secondary fuel to the one or mote engine
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cylinders, the method comprising the steps of: actively managing
the supply ot both the diesel fuel and the secondary fuel to the
engine using an electronic controller; characterised in that the
method further comprises the steps of controlling the pressure
ot the diesel rail with a unit that alters the signal trom the
electronic controller which controls a diesel supply pressure, so
as to reduce it, and which at the same time provides to the
electronic controller an emulation signal which represents an

expected sensed diesel pressure of an unaltered diesel supply.

11. The method according to claim 10 comprising actively
reducing supply of the diesel fuel when a secondary fuel is

supplied.

12. The method according to claim 10 or claim 11 comprising
further actively reducing the supply of the diesel fuel by at least
one of: controlling the injection timing of the diesel fuel,

and /or controlling the throttle.
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