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1 16171068.6

DEVICE FOR OPERATING A MOTOR

Description

The invention concerns an apparatus for determining a blow-in time and/or an 5

amount of liquefied gas fuel such as autogas (LPG), natural gas (CNG), liquefied natural 

gas (LNG), biogas or hydrogen (H2) to be supplied.

In a gasoline or diesel engine, an engine control unit usually ensures that gasoline 

or diesel is supplied to the engine for a proper combustion process.10

If a vehicle is to be retrofitted for operation with LPG or CNG, an add-on control 

unit is usually installed in the vehicle so that the engine can also be operated with LPG 

or CNG.

15

The documents DE102010039844A1, DE102011075223A1, DE102012100115B4, 

WO 2014166534A1, WO2011101394A1, DE201010008289A1, DE102012017440A1, 

DE102006030495A1, WO2007092142A2 and DE102006022357B3 disclose retrofittable 

devices for operating an engine with LPG, CNG, H2 and the like. Furthermore, document 

EP0894959A2 discloses a pre-control value correction for internal combustion engines.20

However, there is a need to improve the combustion process when operating an 

engine with LPG, CNG, H2 or the like in terms of the quality of the combustion process, 

pollutant emissions and/or starting a gasoline or diesel engine when operating with LPG, 

CNG, H2 or the like, particularly at cold outside temperatures.25

It is therefore object of the invention to provide a further developed apparatus.

The problem is solved by an apparatus according to claim 1. Preferred 

embodiments are described in the dependent claims. The features described in the 30

introduction can, alone or in combination, be combined with one of the following 

matters of the invention.
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2 16171068.6

The problem is solved by an apparatus for determining a blow-in time and/or an 

amount of liquefied gas fuel – such as autogas (LPG), natural gas (CNG), liquefied natural 

gas (LNG), biogas or hydrogen (H2) – to be supplied to a cylinder of an engine for 

operating the engine in a bivalent or trivalent fuel mode, wherein the apparatus is 

arranged such that the determined blow-in time of the liquefied gas fuel is dependent 5

on a determined calorific value or a determined gas-mixture-characteristic value.

Particularly, the apparatus is suitable for determining a blow-in time, particularly 

for a first liquefied gas fuel and/or an amount of a particularly second liquefied gas fuel 

to be supplied to a cylinder of an engine for operating the engine in a bivalent or 10

trivalent fuel mode, the apparatus being arranged such that the determined blow-in 

time of the liquefied gas fuel depends on a determined calorific value or a determined 

gas-mixture-characteristic value, the particularly first and second liquefied gas fuel being 

for example autogas (LPG), natural gas (CNG), liquefied natural gas (LNG), biogas or 

hydrogen (H2).15

Blow-in time means blow-in time of an especially first liquefied gas fuel, 

preferably LPG, CNG, LNG or biogas, into the cylinder of the engine per work cycle.

Amount to be supplied means volume of an especially second liquefied gas fuel, 20

preferably hydrogen, which is supplied to the cylinder. Basically, the amount to be 

supplied can also be described by the blow-in time at a constant supply speed or flow 

rate of the liquefied gas fuel to the cylinder.

The apparatus can thus be operated with only one liquefied gas fuel, like e.g. LPG,25

or exactly two liquefied gas fuels, like e.g. LPG and hydrogen.

Liquid fuel is a fuel present in the liquid phase at room temperature and normal 

ambient pressure of one bar.

30

Liquid fuel includes especially gasoline, petrol, diesel, biodiesel and vegetable oils 

used as fuel.
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3 16171068.6

Liquefied gas fuel is a fuel that is present particularly exclusively in the gaseous 

phase at room temperature and normal ambient pressure of one bar and can preferably 

only be converted into liquid phase under high pressure, i.e. pressure particularly 

greater than two bars.

5

Liquefied gas fuel covers autogas (LPG, Liquefied Petroleum Gas), petroleum gas 

or natural gas (CNG), liquefied natural gas (LNG; Liquefied Natural Gas), biogas and

hydrogen (H2).

Monovalent fuel mode means operating an engine to drive a vehicle with only 10

one fuel.

Bivalent fuel mode means operating an engine to drive a vehicle with exactly two 

different fuels simultaneously, i.e. two different fuels are burned simultaneously in the 

engine or in a cylinder. Thus, for example, bivalent fuel mode is when operating with15

exactly one liquefied gas fuel and exactly one liquid fuel, or alternatively with exactly 

two different liquefied gas fuels. Bivalent fuel mode is, for example, when operating

with diesel and LPG, or LPG and hydrogen.

Trivalent fuel mode means operating an engine to drive a vehicle with exactly 20

three different fuels simultaneously, i.e. three different fuels are burned simultaneously 

in the engine or in a cylinder. Thus, for example, trivalent fuel mode is when operating 

with exactly two different liquefied gas fuels and exactly one liquid fuel. Trivalent fuel 

mode is, for example, operating with diesel, LPG and hydrogen.

25

The determined blow-in time being dependent on a determined calorific value or 

a determined gas-mixture-characteristic value means that the calorific value or 

determined gas-mixture-characteristic value are taken into account when determining 

the blow-in time, in particular as a variable input parameter in a defined determination 

method.30

Determined calorific value or determined gas-mixture-characteristic value means 

that the calorific value or gas-mixture-characteristic value were determined either by 
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4 16171068.6

the apparatus or the add-on control unit themselves. Alternatively, the calorific value or 

gas-mixture-characteristic have also been determined by a module connected via an 

interface and transmitted to the apparatus or the add-on control unit.

Preferably, a module, i.e. the H2-module, the safety-module, the lambda-offset-5

module and/or the gas-mixture-analysis-module, is designed as an independent 

electronic component with at least two analogue or digital data interfaces and one 

analogue or digital circuit.

Alternatively, one or more of the modules, i.e. H2-module, safety-module, 10

lambda-offset-module and/or gas-mixture-analysis-module, can be integrated in the 

apparatus or the add-on control unit, i.e. for example as an integrated digital signal 

processor or as an analogue circuit within the housing of the add-on control unit or 

integrated in the form of a program code on a storage medium of the add-on control 

unit, which causes a processor of the add-on control unit to perform steps defined by 15

the program code.

Typical components of a module, i.e. the H2-module, safety-module, lambda-

offset-module and/or gas-mixture-analysis-module, are for an analogue embodiment an 

amplifier, filter, rectifier, analogue-to-digital-converter, digital-to-analogue-converter, 20

data or signal line interface and/or mixer, and for a digital embodiment logic gates, 

microprocessors, analogue-to-digital-converter, digital-to-analogue-converter, data or 

signal line interface and/or data memory.

The calorific value is a measure of the specific thermal energy per measurement 25

unit contained in a substance or, here, the gas mixture 2, 21.

Particularly, the calorific value corresponds to the calorific value HS.

The calorific value HS can be expressed in kWh/m³, kWh/kg or kWh/l. Preferably, 30

the calorific value HS is related to or specified for to the volume in a specified or 

normalized state, thus especially at a certain temperature and certain pressure. 

Particularly, these conditions may include normal ambient pressure of 1 bar, room 
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5 16171068.6

temperature of e.g. 25°C, for CNG and biogas relative humidity of 100% of all gases 

involved before and after combustion and/or the liquid water formed after combustion 

with room temperature of e.g. 25°C. For example, the calorific value HS can be 

calculated or specified such that the calorific value HS of propane is exactly or 

approximately 28.095 kWh/m³, 14.06 KWh/kg or 7.17 kWh/l. Alternatively or 5

additionally, reference is made to DIN 51857, DIN EN ISO 6976 and/or DIN 18599 with 

regard to the calorific value HS.

The gas-mixture-characteristic value is a numerical value, which was assigned 

from a large number of numerical values, particularly stored in a memory, based on at 10

least one measured parameter and/or at most five measured parameters of the current 

gas mixture and has thus been determined. Exactly three measured parameters of the 

current gas mixture are preferably provided.

Measured parameter of the current gas mixture means a measured value,15

measured by a sensor, whose amount correlates with a property of the gas mixture. A 

measured parameter can be the result of data processing of a measured value.

Particularly, the gas-mixture-characteristic value can be converted, preferably by 

a defined algorithm with one or more conversion constants and/or one or more 20

conversion factors, into the calorific value, a variable approximating the calorific value, 

or a variable corresponding approximately to the calorific value.

Particularly, the gas-mixture-characteristic value is suitable for shifting the blow-in

time or a gas-blow-in-look-up-table or a gas-blow-in-curve of a gas-blow-in-look-up-25

table towards rich or lean, i.e. in the direction of longer blow-in time or shorter blow-in 

time. The gas-blow-in-look-up-table will be described later in more detail.

Rich and lean is related to the combustion of fuel in the cylinder of the engine and 

can be explained using the lambda value, also named λ or lambda, as follows. Lambda 30

describes the combustion-air ratio – also called air ratio or air number – and is a 

dimensionless index from the combustion theory, which indicates the mass ratio of air 
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6 16171068.6

and fuel in a combustion process. From this number, conclusions can be drawn about 

the combustion process, temperatures, pollutant formation and efficiency.

If lambda = 1, then there is a complete combustion, i.e. all fuel molecules react 

completely with the atmospheric oxygen, without there being a lack of oxygen or 5

unburnt fuel remaining, thus having a complete combustion.

Lambda < 1 (e.g. 0.9) means lack of air, i.e. a “rich” mixture. 

Lambda > 1 (e.g. 1.1) means excess air, i.e. a “lean” or poor mixture.10

For example, lambda = 1.1 means that 10 % more air participates in combustion 

than would be necessary for the stoichiometric reaction.

Because the calorific value depends on the composition of the gas components of 15

the particularly first liquefied gas fuel, because this composition can change during 

operation on the one hand, and because on the other hand these changes in the 

composition have a negative influence on the combustion process concerning a 

complete, proper combustion of the fuel, a blow-in time of the particularly first liquefied 

gas fuel being dependent on the calorific value or the gas-mixture-characteristic value, 20

i.e. feedback control of the blow-in time using the determined calorific value or the 

determined gas-mixture-characteristic value being dependent on the composition of the 

gas mixture, enables counteracting or even eliminating this negative influence.

By arranging the apparatus so that the determined blow-in time of the liquefied 25

gas fuel depends on a determined calorific value or determined gas-mixture-

characteristic-value, a particularly reliable bivalent or trivalent fuel mode operation

based on one or more liquefied gas fuels can thus be enabled. Aiming at almost 

complete combustion, combustion of the bivalent or trivalent fuel in the engine can be 

regulated in such a targeted manner that even a gas start is possible, i.e. starting the 30

engine in liquefied gas operation, especially without burning liquid fuel, is also possible 

at low outside temperatures around zero, i.e. 0°C.
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The apparatus according to the invention, preferably the add-on control unit, may 

comprise an interface to an intake-manifold-pressure-sensor for determining an engine 

load in a gasoline engine, a rail-pressure-sensor and/or intake-manifold-pressure-sensor 

for determining an engine load in a diesel engine, a lambda-offset-module for 

performing a lambda offset adjustment, a gas-mixture-analysis-module for determining 5

a calorific value or gas-mixture-characteristic value dependent on a composition of a gas 

mixture of the liquefied gas fuel for shifting a blow-in-time-look-up-table towards rich or 

lean, a safety-module for protecting the engine from excessively high combustion 

temperatures, at least one gas blow-in valve (gas injection valve) for releasing the gas 

mixture, at least one injection device for injecting a liquid fuel such as gasoline or diesel, 10

an H2-module for delivering the amount of hydrogen to be supplied as the first liquefied 

gas fuel to the cylinder of the engine, a vehicle OBD system and/or an engine control 

unit for monovalent fuel mode operation of the engine with liquid fuel - such as diesel, 

biodiesel or gasoline.

15

A bivalent or trivalent fuel mode operation can thus be achieved particularly 

reliably and with low pollutant emissions. Particularly, the combination of the lambda-

module interface and the gas-mixture-analysis-module interface enables particularly 

complete combustion, and with the additional combination with the H2-module 

interface particularly low pollutant emissions can be achieved, wherein these 20

combination effects are synergetically greater than the sum of the effects that can be 

achieved separately with the aforementioned module interfaces. This also applies in a 

similar way to the other above mentioned interfaces.

The apparatus according to the invention may comprise a lambda-offset-module25

for conducting a lambda-offset adjustment, a gas-mixture-analysis-module for 

determining a calorific value or gas-mixture-characteristic value dependent on a 

composition of a gas mixture of the liquefied gas fuel for shifting a blow-in-time-look-up-

table towards rich or lean, a safety-module for protecting the engine from excessively 

high combustion temperatures, at least one gas blow-in valve for releasing the gas 30

mixture and/or an H2-module for delivering the amount of hydrogen as the first 

liquefied gas fuel to be supplied to the cylinder of the engine.
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A bivalent or trivalent fuel mode operation can thus be achieved particularly 

reliably and with low pollutant emissions. Particularly, the combination of the lambda-

module and the gas-mixture-analysis-module enables particularly complete combustion, 

and having the additional combination with the H2-module particularly low pollutant 

emissions, wherein these combination effects are synergetically greater than the sum of 5

the effects that can be achieved separately with the aforementioned modules. This also 

applies in a similar way to the other components that can be connected via above 

mentioned interfaces.

The apparatus according to the invention may comprise a gas-mixture-analysis-10

module, wherein the gas-mixture-analysis-module is designed such that the density of 

the gas mixture can be determined from the temperature and pressure of the gas 

mixture of the liquefied gas fuel and/or, dependent on the current composition of the 

gas mixture, the calorific value of the gas mixture or the gas-mixture-characteristic value 

of the gas mixture can be determined by using a gas-mixture-analysis-look-up-table15

based on the gas conductivity, the temperature and the density or based on the gas 

conductivity, the temperature and the pressure of the gas mixture. The entire disclosure 

of this application applies not only to the apparatus according to the invention and the 

add-on control unit according to the invention, but also to the gas-mixture-analysis-

module according to the invention provided that the respective disclosure is directly or 20

indirectly related to the gas-mixture-analysis-module.

The apparatus according to the invention may comprise a gas-start-system, 

wherein the gas-start-system is arranged such that when the engine is started in a pure 

liquefied gas mode, only the gaseous phase of the gas mixture of the liquefied gas fuel is 25

withdrawn from a gas tank for blow-in into the cylinder of the engine. The entire 

disclosure of this application applies not only to the apparatus according to the 

invention and the add-on control unit according to the invention, but also to the gas-

start-system according to the invention provided that the respective disclosure is 

directly or indirectly related to the gas-start-system.30

Pure liquefied gas mode means operating the engine exclusively with a liquefied 

gas fuel or a liquefied gas fuel and hydrogen.
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A method for determining a blow-in time of a first liquefied gas fuel in the form of

a gas mixture, in particular autogas (LPG), natural gas (CNG), liquefied natural gas (LNG), 

biogas, and/or determining an amount of a second liquefied gas fuel, in particular 

hydrogen, to be supplied to a cylinder of an engine can be conducted preferably 5

continuously under use of the apparatus according to the invention, wherein

- in particular, a calorific value or a gas-mixture-characteristic value is 

determined based on a gas conductivity, a temperature and a pressure of the gas 

mixture,

- in particular, based on a lambda value and/or a NOx value, an offset-10

lambda value and/or offset-NOx value that depend on the first liquefied gas fuel are 

determined, preferably specific for a lambda sensor and/or NOx sensor used,

- in particular, based on the calorific value or gas-mixture-characteristic 

value, a gas-mixture-adjustment-factor is determined,

- in particular, the blow-in time was determined based on the engine load 15

and/or the engine speed using a blow-in-look-up-table which has been shifted towards 

rich or lean using the gas-mixture-adjustment-factor, the offset-lambda value and/or 

offset-NOx value, and/or

- in particular, the amount of the second liquefied gas fuel to be supplied is 

determined using a gas-amount based on the engine load and/or the engine speed, 20

wherein

- in particular, the blow-in time and/or the amount to be supplied are 

increased or reduced particularly stepwise based on a knock signal.

The apparatus according to the invention can be applied in such a way that the 25

use of a gaseous phase of liquefied gas fuel present in a gas tank, particularly LPG or 

LNG, for blow-in into an engine for driving a vehicle, particularly for a gas start of the 

vehicle can be made possible.

The meaning of gas start is described below.30

Particularly, only the gaseous phase of the liquefied gas fuel present in the gas 

tank serves as the sole fuel for the engine to drive the vehicle.
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Particularly, only the gaseous phase of the liquefied gas fuel present in the gas 

tank and hydrogen serve as the sole fuels for the engine to drive the vehicle.

In the following, the invention is further explained and described on the basis of 5

preferred exemplary embodiments shown in the figures.

Figure 1 shows an overview of a system comprising the apparatus or add-on

control unit, respectively, for bivalent or trivalent mode operation of an engine 19 to 

drive a vehicle.10

Figure 2 shows a determined gas blow-in time for LPG and a determined amount 

of hydrogen to be supplied through the add-on control unit using a gas-blow-in-look-up-

table for a bivalent fuel mode operation of a gasoline engine in which in a liquefied gas 

mode no gasoline injection takes place.15

Figure 3 shows a determined gas blow-in time for LPG and amount of hydrogen to 

be supplied as well as an injection time for diesel determined by the add-on control unit 

using a gas-blow-in-look-up-table for trivalent fuel mode operation of a diesel engine.

20

Figure 4 shows a gas-mixture-regulating-look-up-table of the add-on control unit 

for the gas-blow-in-look-up-table of Figure 2.

Figure 5 shows a real gas blow-in characteristic curve as an extract from the gas-

blow-in-look-up-table on which Figure 2 is based, taking into account the gas-mixture-25

regulating-look-up-table of Figure 4 and the offset-lambda value of Figure 6, wherein the 

gas blow-in characteristic curve with plotted correction factor in [%] is compared with an 

engine load characteristic curve (top left) in gasoline mode operation with plotted

negative pressure in [kPa] over the injection blow-in time in [ms].

30

Figure 6 shows a lambda-offset adjustment and NOx adjustment by offset factors

for different lambda sensors and NOx sensors for the gas-blow-in-look-up-table of 
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Figure 2, wherein the signal values are compared before the adjustment (in each case 

left bar) and after the adjustment (in each case right bar).

Figure 7 shows an on-board diagnostics (OBD) control of the add-on control unit 

18 in master mode independent of the engine control unit 20 operated as a slave.5

In one embodiment, the apparatus is arranged for a particularly first liquefied gas 

fuel in the form of a gas mixture 2, 21 such that the calorific value and/or the gas-

mixture-characteristic value can be determined depending on a current composition of 

the gas mixture 2, 21.10

Gas mixture means a mixture comprising or consisting of at least two different 

gases. For example, LPG consists of butane and propane, whereby an exemplary current 

composition can be 70% butane and 30% propane. However, the gas mixture may also 

contain three, four or more different gases, whereby it is possible to take into account 15

the proportions of these other gases in the gas mixture when determining the calorific 

value or gas-mixture-characteristic value, or to disregard them. The proportions are 

determined preferably in volume percent, alternatively in weight percent.

By determining the calorific value and/or the gas-mixture-characteristic value 20

depending on a current composition of the gas mixture 2, 21, it is enabled that during 

controlling (regulating) the combustion process by the apparatus or the add-on control 

unit 18, a change can be taken into account in the composition during operation, thus

changing gas proportions such as 70% butane and 30% propane to 60% butane and 40% 

propane as a result of one of the following: vehicle refuelling and/or temperature 25

influences, a changed filling level of the gas tank 3 or by starting the engine. A proper 

combustion process can thus be achieved even at fluctuating or low outside 

temperatures and a gas start is made possible.

According to the invention, the apparatus comprises a gas-conductivity sensor 9 30

for measuring an electrical conductivity of the gas mixture 2, 21 particularly in the liquid 

phase 2 and/or the gaseous phase 21 of the liquefied gas fuel.
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Gas conductivity or electrical conductivity of the gas mixture 2, 21 means the 

ability of the gas mixture 2, 21 to conduct electrical current.

By providing a gas-conductivity sensor 9 for measuring the electrical conductivity 

of the gas mixture 2, 21, the prerequisite for particularly accurate determination of the 5

current calorific value and/or of the gas-mixture-characteristic value, optionally also of 

the current composition, of the gas mixture 2, 21 can be created.

According to the invention, the apparatus is arranged such that the calorific value 

and/or the gas-mixture-characteristic value can be determined based on the measured 10

electrical conductivity.

This enables particularly accurate determination of the current calorific value 

and/or the gas-mixture-characteristic value for very reliable regulation of the 

combustion process.15

In one embodiment, the gas-conductivity sensor 9 comprises an anode and a 

cathode and/or the gas-conductivity sensor 9 is arranged such that for measuring the 

electrical conductivity a constant voltage can be applied between the anode and 

cathode and a measuring current can be fed through the gas mixture 2, 21 in the liquid 20

phase 2 or in the gaseous phase 21.

A very reliable measurement of the electrical conductivity with a particularly 

simple and inexpensive sensor is thereby enabled.

25

In one embodiment, the apparatus comprises a temperature sensor 1 for 

measuring the temperature of the gas mixture 2, 21 of the liquefied gas fuel and/or a 

pressure sensor 8 for measuring the pressure of the gas mixture 2, 21 of the liquefied 

gas fuel and/or the apparatus is arranged such that the calorific value or the gas-

mixture-characteristic value can be determined based on the measured temperature 30

and/or the measured pressure. Particularly, the temperature sensor 1 measures the 

temperature and/or the pressure sensor 8 measures the pressure of the gas mixture 2, 

21 on the way from a gas tank 3 to an evaporator and/or pressure-regulator 11.
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By measuring the temperature and/or the pressure of the gas mixture 2, 21

particularly on the way from a gas tank 3 to an evaporator and/or pressure-regulator 11,

a normalization of the measured gas conductivity to a defined temperature and/or to a 

defined pressure can be obtained in order to obtain a value of the gas conductivity 5

independent of the temperature and/or the pressure, whereby the evaporator basically 

fulfils its function of evaporation only with a gas mixture in the liquid phase 2 and thus 

usually only the pressure-regulator 11 acts properly on the gas mixture in the gaseous 

phase 21.

10

Preferably, the density of the gas mixture 2, 21 is determined using the 

temperature and pressure, and the measured gas conductivity is normalized to a 

defined density in order to obtain a value of the gas conductivity independent of the 

density.

15

Particularly preferably, the density of the gas mixture 2, 21 is determined from 

the temperature and the pressure and, together with the temperature, a temperature 

and density normalized input parameter is determined for determining the calorific 

value or the gas-mixture-characteristic value.

20

A particularly reliable determination of the calorific value or the gas-mixture-

characteristic value by means of a comparatively simply structured gas-mixture-analysis-

look-up-table can thus be enabled.

In one embodiment, the apparatus is connected to a gas-mixture-analysis-module 25

7 which is arranged such that the density of the gas mixture 2, 21 can be determined 

from the temperature and the pressure of the gas mixture 2, 21, and/or wherein the 

calorific value and/or the gas-mixture-characteristic value can be determined depending 

on the current composition of the gas mixture 2, 21 based on the gas conductivity, the 

temperature and the density of the gas mixture 2, 21 by using a gas-mixture-analysis-30

look-up-table. In particular, the add-on control unit 18 is connected to the gas-mixture-

analysis-module 7 via an interface. Basically, the apparatus or the add-on control unit 18 

can also have the gas-mixture-analysis-look-up-table.
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A look-up-table, thus gas-mixture-analysis-look-up-table, gas-mixture-regulating-

look-up-table, gas-blow-in-look-up-table, gas-amount-look-up-table, diesel-look-up-

table, gasoline-look-up-table, offset-look-up-table, is basically a table or matrix with 

preset or stored values. The values are usually digital and stored particularly on a 5

storage medium. Particularly, these values do not change during operation, but are 

transferred to the storage medium or changed and stored preferably only as part of 

production or configuration.

Such a look-up-table usually has at least two axes.10

Figure 4 shows a gas-mixture-regulating-look-up-table with exactly two axes for 

determining a gas-mixture-adjustment-factor using the calorific value HS, with the first 

axis representing the calorific value HS and the second axis representing the gas-mixture-

adjustment-factor. The gas-mixture-regulating-look-up-table therefore contains a table 15

with only one row and a large number of columns or alternatively only one column and 

a large number of rows, where each row and column is usually filled with numerical 

values. As Figure 4 shows, a two-dimensional look-up-table can be displayed with X and 

Y axes as a curve.

20

An example of a look-up-table with exactly three axes is the gas-amount-look-up-

table, which is explained in detail below to illustrate the meaning of a look-up-table.

Accordingly, a look-up-table can have four or more axes, whereby more than two 

input parameters can be assigned to one output parameter.25

Particularly, the gas-mixture-analysis-look-up-table has exactly four axes with the 

input parameter of gas conductivity, temperature and density of the gas mixture 2, 21 

preferably immediately after leaving the gas tank 3 on the way towards the blow-in 

valve 17.30

The gas-mixture-analysis-look-up-table enables a particularly fast and reliable 

determination of the calorific value or the gas-mixture-characteristic value. 
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Furthermore, subsequent calibration, i.e. re-calibration of the numerical values of the 

gas-mixture-analysis-look-up-table, can improve precision very easily even after the 

apparatus has been manufactured.

According to the invention, the apparatus, particularly an add-on-module 18, 5

comprises a gas-mixture-regulating-look-up-table which is arranged such that, based on 

the determined calorific value or the determined gas-mixture-characteristic value, a gas-

mixture-adjustment-factor can be determined, on which the determined blow-in time 

depends.

10

The gas-mixture-regulating-look-up-table is shown in Figure 4 and has already 

been explained above.

The thereby determined gas-mixture-adjustment-factor serves as a correction 

variable for determining the blow-in time, particularly using the blow-in-look-up-table15

preferably of the add-on control unit 18. A very effective regulation of the combustion 

process for maintaining a combustion as complete as possible is thereby enabled.

The difference between an input parameter and a correction variable is described 

in more detail below.20

In one embodiment, the apparatus is connected to a lambda-offset-module 28 in 

order to obtain, based on a measured lambda value and/or measured NOx value, an 

offset-lambda value and/or offset-NOx value adapted to the liquefied gas fuel, wherein 

the blow-in time is dependent on the offset-lambda value and/or offset-NOx value. 25

Particularly, the add-on control unit 18 is connected to the lambda-offset-module 28 via 

an interface.

Particularly, the lambda-offset-module 28 has a lambda sensor 45 and/or a NOx 

sensor 46, or is connected to the lambda sensor 45 and/or a NOx sensor 46 via an 30

interface. Basically, the apparatus or add-on control unit 18 can also have the offset-

look-up-table.
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Particularly, the lambda-offset-module 28 has an offset-look-up-table which 

assigns a measured lambda value as an input parameter to an offset-lambda value as an

output parameter depending on the lambda sensor 45 used.

Particularly, the offset-look-up-table is furthermore arranged such that a 5

measured NOx value as an input parameter can be assigned to an offset-NOx value as an 

output parameter depending on the NOx sensor 46 used.

Figure 6 compares lambda values and the corresponding offset-lambda values as 

well as NOx values and the corresponding offset-NOx values after processing using the 10

offset-look-up-table for several different lambda sensors 45 and NOx sensors 46.

Particularly, only the offset-lambda values and/or offset-NOx values are 

transmitted to the engine control unit 20 to avoid error messages and incorrect 

regulation of an injection time for gasoline or diesel.15

The thereby determined offset-lambda value and/or offset-NOx value serve as 

input parameters for determining the blow-in time, especially using the blow-in-look-up-

table, preferably of the add-on control unit 18. A very effective regulation of the 

combustion process for maintaining a combustion as complete as possible is thereby 20

enabled.

In one embodiment, the apparatus, particularly the add-on-module 18, comprises 

a gas-blow-in-look-up-table for determining the blow-in time preferably of LPG or CNG 

depending on the current engine load and/or the current engine speed, and/or the gas-25

blow-in-look-up-table allows a shift towards rich or lean depending on the gas-mixture-

adjustment-factor and/or a shift towards rich or lean depending on the offset-lambda 

value.

The meaning of shifting a look-up-table is described below.30

A very effective regulation of the combustion process for maintaining a 

combustion as complete as possible is thereby enabled.
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In one embodiment, the apparatus, particularly the add-on-module 18, comprises 

a gas-amount-look-up-table for determining the amount particularly of the second 

liquefied gas fuel to be supplied, preferably of hydrogen, depending on the current 

engine load and/or the current engine speed.5

The load-dependent supply of particularly hydrogen enables the consumption of 

particularly the second liquefied gas fuel while still having low pollutant emissions.

Particularly, the gas-amount-look-up-table has exactly three axes in order to 10

obtain a numerical value based on the engine load, i.e. the load value, and the

(rotational) speed, which is transmitted as a digital or analogue signal from the 

hydrogen cell 38 to release an amount of hydrogen that correlates with the numerical 

value. The higher the numerical value, the more hydrogen is continuously released and 

supplied to the cylinder.15

The gas-amount-look-up-table with exactly three axes can be displayed in the 

form of a table with the numerical values, wherein in each column a speed in 

revolutions per minute, e.g. column 1: "1000 rpm", column 2: "2000 rpm" etc. is listed as 

column headings, and wherein in each line, the load value in bar or volts as a20

corresponding analogue signal quantity e.g. of the rail-pressure-sensor 44 for a diesel 

engine, e.g. line 1: "2 V", line 2: "2.5 V", line 3: "3 V", etc. is listed as row headings. The 

table cells below the column headings and next to the row headings are filled with 

numerical values which are used to control the hydrogen cell 38. Each numerical value 

thus represents a parameter for the amount of hydrogen to be supplied.25

Such a look-up-table with three axes could only be displayed in a single diagram 

with a large number of curves arranged together.

A look-up-table can be arranged such that the look-up-table allows the look-up-30

table to be shifted along an axis by a correction factor. In simplified terms, in the event 

of such shifting for example in the above gasoline-look-up-table example, the row 

headings are moved up or down by the correction factor or the row headings are 
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increased or reduced by the correction factor by multiplication, division, addition or 

subtraction. As shown in Figure 5, this allows an exemplary curve of the blow-in-time-

look-up-table to be shifted along the X-axis and/or Y-axis for a certain speed or to 

modify the curve profile.

5

In Figure 5, the curve with starting point at 1 on the X-axis and -10 on the Y-axis 

represents the engine load characteristic as negative pressure in [kPa] over the injection 

time in [ms], recorded and stored by a drive in gasoline mode. The other curve shows 

the curve, corrected for an injection of LPG, of a correction factor in [%] over the blow-in

time in [ms]. The corrected curve illustrates a shift of the engine load characteristic from 10

the gasoline mode for operating in liquefied gas mode under the influence of the 

correction factors offset-lambda value, offset-NOx value and gas-mixture-adjustment-

factor.

In one embodiment, the apparatus is connected to an H2-module 28 for 15

particularly continuously supplying the amount of hydrogen to be supplied to the 

cylinder, and/or the H2-module (28) comprises a knock sensor 39 and/or can transmit a 

knock signal to the apparatus in order to preferably stepwise reduce and/or, in case of 

absence of a knock signal over a predetermined time period or predetermined number 

of work cycles, to preferably stepwise increase the amount to be supplied and/or the 20

blow-in time. Particularly, the add-on control unit 18 is connected to the H2-module 28 

via an interface. Basically, the apparatus or add-on control unit 18 can also comprise the 

H2-module 28.

The detection of knocking during the combustion process and the resulting25

particularly stepwise control of the blow-in time and amount to be supplied allows both 

the particularly continuously supplied hydrogen and the particularly sequentially blown-

in LPG or CNG to be used for proper combustion in bivalent or trivalent fuel mode.

In one embodiment, the apparatus, particularly the add-on control unit 18, has an 30

integrated on-board diagnosis (OBD) control that can communicate with the vehicle 

OBD system via an OBD interface and/or is configured for master mode operation in the

liquefied gas mode.
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In one embodiment, the apparatus is the add-on control unit 18 or a particularly 

retrofittable add-on control unit 18. Preferably, the apparatus is retrofittable, i.e. 

designed for allowing later installation into a vehicle with an engine, thus after 

production of the vehicle for monovalent mode with liquid fuel.5

In one embodiment, the apparatus or add-on control unit 18 comprises an 

interface to a gas-start-system for starting the engine 19 in a pure liquefied gas mode 

when gas start is programmed. The interface particularly comprises a control line 50 for 

remote control of a supply valve 51, a control line 35 for a second remotely-controlled10

shut-off valve 33 and/or a control line 50 for a first remotely-controlled shut-off valve 

10.

Figures 2 and 3 show the resulting blow-in times for LPG, H2 and gasoline or 

diesel, wherein no gasoline is burned in gasoline mode. In diesel mode and only in 15

gasoline-direct-injection-engines, a proportion of liquid fuel is delivered to the cylinders 

for cooling purposes for a bivalent or trivalent fuel mode operation.

The gas-start-system, which is above described, has in particular a gas-extraction-

connection preferably with a valve 31 to feed the gaseous phase 21 of the gas mixture 2, 20

21 from the gas tank 3, particularly via a gas line 32, to a second remotely-controlled 

shut-off valve 33.

The gas-start-system may have an analogue or digital control line 35 for 

connecting to the above described apparatus or add-on control unit 18.25

In a further example of the gas-start-system, the gas-start-system has an analogue 

or digital control line 35 for the second remotely-controlled shut-off valve 33 for feeding

or shutting off the gaseous phase 21 of the gas mixture 2, 21 via the gas line 32 to the 

liquefied gas line 6.30

In a further example of the gas-start-system, the gas-start-system has a first 

remotely-controlled shut-off valve 10, remotely-controllable via the analogue or digital 
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control line 36, for closing or opening a connection from the liquefied gas line 6 to an 

evaporator and/or pressure-regulator 11.

In a further example of the gas-start-system, the gas-start-system has a supply 

valve 51, which can be remotely-controlled via an analogue or digital control line 50, for5

shutting off or allowing inflow of the liquid phase 21 of the gas mixture 2, 21 of the gas 

tank 3 into the liquefied gas line 6.

As a synonymous alternative for the term “gas-start-system”, the term "device for 

a gas start" can also be used.10

The evaporator or pressure-regulator 11 now receives the gas from the vaporous 

phase 21 via the second remotely-controlled shut-off valve 33 and/or via the first 

remotely-controlled shut-off valve 10 and operates nothing but as pressure-regulator 

11.15

The apparatus according to the invention enables a method for controlling

(regulating) a gas start with the gas-start-system described above, wherein, when gas 

start is programmed,

- particularly via the control line 50, the supply valve 51 is kept closed so that 20

no gas mixture 2, 21 in the liquid phase 2 can reach the evaporator and/or pressure-

regulator 11 or a blow-in valve 17,

and/or

- particularly via the control line 35, the second shut-off valve 33 is opened to 

allow inflow of the gaseous phase 21 of the gas mixture 2, 21 from the gas tank 3, 25

preferably via the gas line 32, into the liquefied gas line 6 to the evaporator and/or 

pressure-regulator 11.

In particular, it is provided that when the temperature of the cooling water of the 

engine 19, preferably measured by the water temperature sensor 37, reaches switch-30

temperature, particularly stored in the add-on control unit 18, the second remotely-

controlled shut-off valve 33 closes and the remotely-controlled supply valve 51 opens so 

that the inflow of the gaseous phase 21 of the gas mixture 2, 21 to the evaporator 
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and/or pressure-regulator 11 is blocked and instead the liquid phase 2 of the gas 

mixture 2, 21 is supplied from the pressure tank 3 to the evaporator and/or pressure-

regulator 11.

Figure 1 shows an overview of an exemplary system for bivalent or trivalent fuel 5

mode, i.e. particularly for operation with a diesel or gasoline fuel, a liquid fuel and/or 

hydrogen, comprising an engine control unit 20, installed particularly by the vehicle 

manufacturer, and a preferably retrofittable add-on control unit 18 in master-slave 

operation, the engine control unit 20 corresponding to the slave and the add-on control 

unit 18 corresponding to the master.10

The engine 19 can preferably be started in liquefied gas mode by using the add-on

control unit, which is hereinafter called gas start, i.e. not in gasoline or diesel mode.

Preferably, the gaseous phase 21 of the gas mixture 2, 21 is, particularly solely,15

fed to a blow-in valve 17 as fuel for the engine 19 for a gas start. A gas start can thus be 

conducted successfully at low outside temperatures.

A gas mixture 2, 21 of a liquid fuel, particularly LPG, is blown-in with hydrogen 

(H2), particularly from a hydrogen cell 38, in the gaseous phase into an intake duct of the 20

engine 19. The blow-in of the liquid fuel in the gaseous phase is conducted via at least 

one gas blow-in valve 17 and/or the release of gaseous hydrogen via at least one H2

blow-in-nozzle 40. The intake duct (not shown) leads into the combustion chamber of 

the engine 19. If only gas mixture 2, 21 and the hydrogen are burned, the fuel mode is 

bivalent. If diesel fuel or gasoline fuel is additionally and simultaneously burned, the fuel 25

operation mode is trivalent. If only gas mixtures 2, 21 and either diesel fuel or gasoline

fuel are burned at the same time, the fuel mode is bivalent. All the aforementioned fuel 

operation modes are possible particularly in combination with the designs described 

below, so that not all of these combinations are explicitly highlighted separately below.

30

The system comprises a gas-mixture-analysis-module 7 for determining the 

calorific value HS and/or the gas-mixture-characteristic value of gas mixture 2, 21, a 

lambda-offset-module 28 for conducting lambda-offset adjustment to bivalent or 
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trivalent fuel mode operation, an H2 module 30 for controlling or regulating hydrogen 

blow-in and/or a safety-module 29 for protecting the engine 19 from excessively high 

combustion temperatures.

In this example, no pump device is needed for conveying the gas mixture 2, 21 or 5

H2, because the gas tank 3 for storing the gas mixture in the gaseous phase 21 and liquid 

phase 21 preferably has a pressure of at least 3 bar and/or at most 18 bar depending on 

the temperature and mixture composition and/or the H2 hydrogen cell 38 for producing 

the H2 gas releases the H2 gas particularly at a pressure of 1 bar.

10

The gas-mixture-analysis-module 7 is arranged such that it can determine the 

calorific value HS and/or the gas-mixture-characteristic value of the liquefied gas mixture 

2, which usually results from several liquefied gases such as propane and butane. 

Particularly, the gas mixture 2 is LPG according to DIN EN 589 and/or DIN EN 15

51622, i.e. propane comprising propene, propadiene and butane comprising iso-butane, 

n-butane, 1-butene, iso-butene, cis-2-butene, trans-2-butene, 1,2-butatiene, 1,3-

butadiene, and/or methane-, ethane-, ethene-, neo-+iso-pentane-, n-petane-, pentene-,

olefins- and C5-olefins. Such autogas or LPG is used particularly for combustion in 

gasoline and diesel engines of motor vehicles.20

Particularly, a load-dependent amount of hydrogen is preferably blown-in into the 

air intake duct of the engine 19 parallel to the blow-in of the gas mixture 2, 21, whereby 

the stratified charge produced in the combustion chamber influences the combustion 

process, i.e. the exhaust gases produced after combustion are reduced or minimized by 25

the modified combustion process, particularly the exhaust pollutants and/or particle 

emissions from gasoline and diesel.

Load-dependent means dependent on the current engine load. The engine load is 

basically the ratio of the amount of work W delivered per working cycle to the displaced30

volume VH of a cylinder and is also called mean pressure Pm, which is measured in bar 

and is based on the following formula: Pm = W / VH
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In the case of a gasoline engine, particularly an intake-manifold-pressure-sensor 

43 serves to generate a load signal which reflects a value corresponding to the engine 

load.

In a diesel engine, a rail-pressure-sensor 44 and/or the intake-manifold-pressure-5

sensor 43 are used to generate the load signal which reflects the value corresponding to 

the engine load.

In liquefied gas mode, hydrogen is blown-in continuously into the intake duct of 

the engine 19, preferably depending on the load. The gas mixture 2, 21 is blown-in10

selectively and/or sequentially into the intake duct, especially in a second row in the 

intake duct of the engine 19, i.e. between the H2 blow-in-nozzle and the engine 19. 

Selectively means selectively per cylinder, if the combustion conditions of the cylinders 

are different. Sequentially means that the gas mixture is blown-in at periodic time 

intervals. Basically, during sequential blow-in or injection, the fuel is blown-in or injected 15

individually for each cylinder. Usually, the blow-in or injection for all cylinders is 

conducted at an identical time in the course of a cylinder working cycle.

When the engine inlet valves are opened, the stored hydrogen-air mixture is first 

sucked into the combustion chamber, followed by the gas-mixture-air-mixture. 20

Depending on the shape of the intake duct and/or the combustion chamber, the gases 

are mixed in the combustion chamber during combustion chamber compression. In a 

diesel-direct-injection-engine, the injection quantity of diesel fuel is set by the add-on

control unit 18 and directly injected into the combustion chamber. In gasoline-direct-

injection-engines, gasoline can be injected to cool gasoline injection valves. The add-on25

control unit 18 ensures that the proportions of liquefied gas fuel, liquid fuel and/or 

hydrogen are matched to each other for optimum combustion.

Typical applications are trucks or commercial vehicles. The system is also suitable 

for other applications such as combustion in engines or aggregates of boats; two-wheel,30

three-wheel, or quad bikes; snowmobiles or snow groomers; construction machinery;

tractor, agricultural and forestry machinery; emergency power generators; or use in 

combined-heat-and-power-units.
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In a gas tank 3 the gas mixture 2, especially LPG, is stored in liquid form. Above 

the liquid level is the vaporous phase 21 of the gas mixture 2. In this case, the gas tank 3 

is the gas tank of a motor vehicle which burns the gas mixture 2 in its engine 19. 

However, this could also be the gas tank 3 of a boat; two-wheel, three-wheel, or quad5

bikes; snowmobiles or snow groomers; construction machinery; tractor, agricultural and 

forestry machinery; an emergency power generator; or a combined-heat-and-power-

unit.

A multivalve 4 is arranged on the gas tank 3. The multivalve 4 provides various 10

functions in a known way, particularly an overfill protection, a liquefied gas line 6 for the 

extraction of the gas mixture 2, a pressure relief valve, a remotely-controlled supply 

valve 51, which reduces the gas flow in case of a defect of the liquefied gas line 6, 

and/or a level indicator. The multivalve 4 has a float 5 for the level indicator and/or 

overfill protection. 15

Furthermore, a liquefied gas line 6 is led through the multivalve 4 into the interior 

of the gas tank 3 and serves to extract the gas mixture in the liquid phase 2. Upstream of 

the multivalve 4, the liquefied gas line 6 is electrically connected to a gas-mixture-

analysis-module 7 via a conventional pressure sensor 9 and a gas-conductivity sensor. In 20

the shown embodiment of the gas-mixture-analysis-module 7, the gas-conductivity 

sensor 8, the temperature sensor 1 and/or the pressure sensor 9 are arranged outside 

the housing of the gas-mixture-analysis-module 7 and/or measure a gas mixture 2, 21 in 

the liquefied gas line 6. However, the gas-conductivity sensor 8, temperature sensor 1 

and pressure sensor 9 could also be arranged in the housing of the gas-mixture-analysis-25

module 7 or integrated therein.

Particularly, the gas-conductivity sensor 8 and the temperature sensor 1 are 

designed as one combination sensor. This saves installation space and an additional data 

line.30

The liquefied gas line 6 is led to a first remotely-controlled shut-off valve 10, from 

the gas-mixture-analysis-module 7 or depending on the arrangement of the gas-
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conductivity sensor 8, the temperature sensor 1 and pressure sensor 9 in the housing or 

outside the housing. Particularly, the first remotely-controlled shut-off valve 10 is 

directly connected to the evaporator/pressure-regulator 11. In the evaporator or 

pressure-regulator 11, the liquid gas mixture is converted into the gas phase in the 

evaporator chamber 55 under heat supply. The pressure-regulator-output 13 of the 5

evaporator or pressure-regulator 11 on the low-pressure side 12 is followed by flexible 

line 14 through which the now gaseous gas mixture is led to the centrifugal filter 15 for

cleaning the gas mixture, preferably removing ester-paraffin-olefins and/or solids. Via 

the outlet of the centrifugal filter 15, the gaseous gas is further fed through the 

connected low pressure flexible line 14 particularly to the fist-distributor 16, which 10

prevents and/or suppresses gas pressure fluctuations when withdrawing the gas 

mixture. The gas mixture is led in the flexible line 14 to the gas blow-in valves 17.

The gas blow-in valves 17 are controlled by the add-on control unit 18, particularly 

sequentially for gas blow-in via the control line 23, preferably with a stepped pulse, also 15

known as peak and hold signal. Particularly, a gas temperature sensor 25 is installed in 

an output connection of the fist-distributor 16, wherein the gas temperature is 

transmitted permanently to the add-on control unit 18, preferably via electrical line 22, 

in order for the gas temperature to be taken into account when the gas blow-in amount 

is determined by the add-on control unit 18. 20

Particularly, an electrical line 26 is provided between add-on control unit 18 and 

engine control unit 20.

Generally, the engine control unit 20 is only designed for monovalent fuel mode 25

operation, i.e. the operation of a diesel engine with diesel fuel or a gasoline engine with 

gasoline fuel. 

Particularly, the engine control unit 20 sends the injection signal for the injection 

device 27, namely gasoline injection valves or diesel injectors, to the add-on control unit 30

18 via the electrical lines 26 or alternatively via a wireless transmission means.
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Basically, the injection signal of the engine control unit 20 is not required for the 

calculation of blow-in times and/or injection times by the add-on control unit 18, 

because the add-on control unit 18 can operate completely autonomously, self-

sufficiently and/or independently of the engine control unit 20.

5

Particularly, the add-on control unit 18 converts the injection control load signal 

and/or the line, having the signal about the injection time calculated by the engine 

control unit 20, into heat preferably via resistors and/or coils. Thereby, the engine 

control unit 20 does not recognize that the signal with the injection time has not 

reached an injection valve or that the line to the injection valve has been interrupted. An 10

error message and/or malfunctions of the engine control unit 20 can thus be avoided. 

Preferably, the above measure is realized for gasoline engines where particularly the 

signal concerning the injection time calculated by the engine control unit 20 is not even 

recorded or processed by the add-on control unit 18, i.e. has no influence at all on the 

control and/or regulation by the add-on control unit 18.15

In one embodiment, the signal concerning the injection time, calculated by the 

engine control unit 20 for a diesel engine and gasoline-direct-injection-engine, is at least 

recorded and optionally taken into account for controlling or regulating the blow-in time 

and/or injection time. The use as reference values for detecting excessively deviating 20

calculation results in the injection time is advantageous, which can indicate, for 

example, a defect in the add-on control unit or a connected module or sensor.

By the detection of a terminal pin assignment of the add-on control unit 18, the 

add-on control unit 18 decides whether a monovalent, bivalent or trivalent fuel supply is 25

supported, thus possible or not. This may depend, inter alia, on the nature of the 

gasoline or diesel injection system.

Particularly, the gasoline and/or diesel load characteristic stored in the add-on

control unit 18 enables the add-on control unit 18 to control the injection device 27, i.e. 30

gasoline injection valve or diesel injector.
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Particularly, an intake-manifold-pressure-sensor 43 generates a load signal which 

preferably reflects a value corresponding to the engine load.

Particularly, a rail-pressure-sensor 44 generates the load signal in the form of a 

pressure signal which also reflects a measure of the engine load. 5

The load signal measured and/or generated by the intake-manifold-pressure-

sensor 43 and/or the rail-pressure-sensor 44 is fed to the add-on control unit 18.

As Figure 2 shows for a gasoline engine and Figure 3 for a diesel engine, the 10

injection time of gasoline or diesel as well as blow-in times for H2 and liquefied gas fuel 

such as LPG can be determined using the load signal from the load-dependent gas-blow-

in-look-up-table.

The load-dependent gas-blow-in-look-up-table therefore corresponds to a table 15

with values or output values stored in a storage medium, in particular injection times for 

gasoline or diesel as well as blow-in times for H2 and liquefied gas fuel such as LPG, 

which can be assigned to an input value, in particular the load signal.

Further optionally, the load signal is compared with stored reference load signal 20

values and preferably adapted to them. The load signal changed in this way can then be 

sent back to the intake-manifold-pressure-sensor 43 or the rail-pressure-sensor 44 for 

the purpose of sensor calibration, for example.

The injection device 27, namely gasoline injection valve for a gasoline engine, i.e. 25

“Otto engine”, or diesel injector 27 for a diesel engine, are part of the engine 19.

Particularly, the engine 19 – apart from the features resulting from this invention 

– is a conventional gasoline engine or diesel engine which has been retrofitted for the 

combustion of liquefied gas fuel and hydrogen.30

Accordingly, it is understood that both the gas blow-in valves 23 and the injection 

device 27, i.e. gasoline injection valves or diesel injectors, are used to introduce the 
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respective fuel into a common combustion chamber of the engine 19 and the illustration 

in Figure 1 is in this respect only schematic.

In the following, the different operating modes of the engine 19 and the modes of 

action of the individual modules, i.e. lambda-offset-module 28, safety-module 29, H2-5

module 30 and/or gas-mixture-analysis-module 7 are described in more detail:

Monovalent liquid fuel mode, i.e. gasoline mode or diesel mode

When the engine 19 burns gasoline in the liquid fuel mode, namely in the gasoline 10

mode, or burns diesel in the liquid fuel mode, namely in the diesel mode, this is usually 

introduced into the combustion chamber of the engine 19 by means of the injection 

device 27, i.e. gasoline injection valves or diesel injectors. The injection devices are also 

controlled in the usual way by the engine control unit 20. In particular, the gasoline or 

diesel is supplied via the gasoline or diesel tank which is not shown.15

The gasoline or diesel mode can be active especially when starting the engine 19, 

but does not have to be, i.e. the engine 19 can also be started in liquefied gas mode, 

thus pure liquefied gas mode, using the present invention.

20

The gas tank 3 has a gas-extraction-connection with valve 31, whereby gas can be 

led from the vaporous, i.e. gaseous, phase 21 of the gas mixture via the gas line 32 to 

the second remotely-controlled shut-off valve 33.

If the add-on control unit 18 has been programmed for gas start, the first 25

remotely-controlled supply valve 51 is not actuated via control line 50, but instead the 

first remotely-controlled shut-off valve 10 is actuated via control line 36 and/or the 

second remotely-controlled shut-off valve 33 is actuated via control line 35 by the add-

on control unit 18. Particularly, the add-on control unit controls the H2-module 30 when

gas start has been programmed.30
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The evaporator and/or pressure-regulator 11 now receives the gas from the 

vaporous phase 21 via the second remotely-controlled shut-off valve 33 and/or via the 

first remotely-controlled shut-off valve 10 and only operates as a pressure-regulator 11.

If the evaporator or pressure-regulator 11 reaches the switch-temperature stored 5

in the add-on control unit 18 through the motorized hot-water-supply 34, the control 

line 35 is de-energized, the remotely-controlled shut-off valve 33 closes and/or the 

remotely-controlled supply valve 51 is controlled and opened by the add-on control unit 

18 via the control line 50.

10

In particular, the hot-water-supply 34 is connected to a cooling water line for 

conducting the cooling water of the engine.

If the add-on control unit 18 was not programmed for the gas start, but for a 

defined switch-temperature e.g. 35°C for switching from liquid fuel mode to liquefied 15

gas mode, then the engine is conventionally started on gasoline or diesel and operated 

with it until the set water temperature at the evaporator and/or pressure-regulator 11 is 

reached; particularly until a water temperature sensor 37 of the cooling water of the 

engine 19 has transmitted a water temperature above the switch-temperature to the 

add-on control unit 18, preferably via a signal line 38, so that the add-on control unit 18 20

switches from liquid fuel mode to bivalent or trivalent liquefied gas mode.

Cooling water means coolant of the engine 19 for general cooling of the engine 

19.

25

Generally in exhaust technology, the parameter symbol lambda stands for the air-

to-fuel ratio in comparison to a combustion stoichiometric mixture. With the 

stoichiometric fuel ratio, there is exactly the amount of air that is theoretically required 

to completely burn the fuel. This is referred to as λ=1. For gasoline, the mass ratio is 

14.7:1 and for a liquefied gas fuel, for example, 15.5:1.30

The engine control unit 20 is connected to the lambda sensor 46 and/or a NOx 

sensor 45 to obtain signal values which are a measure of the completeness of the 
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combustion. Depending on this signal value or signal values, the gasoline or diesel 

injection times, i.e. the time period for opening an injection valve for gasoline or diesel, 

are usually determined in the engine control unit 20 by means of one or more gasoline 

or diesel look-up-tables, which are usually stored on a storage medium of the engine 

control unit 20.5

If more fuel is available, it is a so-called rich mixture (lambda < 1), and excess air is 

a lean mixture (lambda > 1). A lambda window (for gasoline: lambda = 0.97-1.03) is the 

ideal range in which a catalytic converter achieves maximum cleaning performance. The 

lambda control usually detects the actual lambda value via a lambda sensor and changes 10

the fuel or air volume so that the target value is set. This is necessary because fuel 

metering without re-measurement is not accurate enough.

As explained above on the basis of the different mass ratios, the determined and 

transmitted signal values differ in a comparably complete combustion process in liquid 15

fuel mode and in bivalent or trivalent fuel mode or liquefied gas mode, e.g. with LPG 

and/or hydrogen. Thus, after switching to bivalent or trivalent fuel mode, the signal 

value of the lambda sensor 46 and/or the NOx sensor 45 no longer corresponds to the 

actual (real) conditions with regard to the completeness of the combustion without a 

signal value correction. 20

Thus, after switching from liquid fuel mode to a bivalent or trivalent fuel mode, 

the signal value without a corresponding signal value correction would no longer be 

suitable for the engine control unit 20 to correctly calculate the lambda ratio in the 

gasoline or diesel look-up-table or, in other words, to carry out a proper lambda control 25

for efficient combustion.

In order to nevertheless enable proper lambda control by the engine control unit 

20 even after switching from liquid fuel mode to bivalent or trivalent fuel mode, and 

thus to avoid incorrect error messages from the engine control unit 20, a lambda-offset-30

module 28 is particularly provided for conducting such signal value correction, also 

called lambda-offset adjustment. The function and operation of the lambda-offset-

module 28 is described further below.
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Bivalent or trivalent fuel mode or liquefied gas mode

Other than in the pure monovalent liquid fuel mode, namely gasoline mode or 

diesel mode, the bivalent or trivalent fuel mode provides the gas mixture 2, 21 and 5

hydrogen being fed from the H2 cell 38 to the air intake duct of the engine 19 for 

combustion. The feeding is conducted after completion of the gas start of the engine 19 

via the liquefied gas line 6 and/or multivalve 4. The gas-conductivity sensor 8, the 

temperature sensor 1 and/or the pressure sensor 9 of the gas-mixture-analysis-module 

7 and/or the evaporator and/or pressure-regulator 11 come into direct contact with the 10

gas mixture in the liquid phase 2. Particularly, the gas mixture in the liquid phase 2 

reaches the engine 19 via the low-pressure flexible line 14, the centrifugal filter 15, the 

fist-distributor 16 and/or the gas blow-in valves 17. 

Particularly, hydrogen is supplied via the H2 blow-in-nozzle 40. 15

Particularly, the liquid gas mixture 2 flows into the evaporator or pressure-

regulator 11 and is converted into the gaseous state there.

Especially in the case of a cold start of the engine 19, the gas mixture can be 20

supplied to the evaporator and/or pressure-regulator 11 in the liquid phase 2 exclusively 

or additionally via the gas line 6 and/or in the gaseous phase 21 via the gas line 32.

Particularly, the evaporator and/or pressure-regulator 11 only functions as a 

pressure-regulator when gaseous gas mixture 21 is supplied and/or the gas is 25

transferred in the low-pressure flexible line 14 to the gas blow-in valves 17 as described 

above. 

The gas blow-in of the gas mixture 2 is always carried out via the gas blow-in 

valves 17 and/or the H2 blow-in is conducted via the H2 blow-in-nozzle 40 into the air 30

intake duct of the engine. Particularly, the feeding into the combustion chamber in the 

gaseous phase is conducted particularly exclusively via the air intake duct (not shown in 

Figure 1).
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In current practice, in bivalent or trivalent gas combustion mode as well as in 

gasoline or diesel mode, the supply of the respective fuel would then only be adjusted 

depending on the signal of the lambda sensor or NOx sensor. This is where the lambda-

offset-module 28, gas-mixture-analysis-module 7, H2-module 30 and/or safety-module 5

29 comes into play, whose function is described below.

Gas-mixture-analysis-module 7

The gas-mixture-analysis-module 7 is used to determine the calorific value HS10

and/or the gas-mixture-characteristic value of the gas mixture 2, 21 particularly 

considering the changing composition or ratios of the individual gas components during 

operation. Because the changing gas mixture composition basically influences the 

combustion process.

15

The gas-mixture-analysis-module 7 therefore provides the calorific value HS

and/or the gas-mixture-characteristic value of the gas mixture 2, 21 in the current 

composition so that the add-on control unit 18 can provide an optimized gas blow-in

time for the liquefied gas fuel, the H2 and/or an optimized injection time for liquid fuel.

20

Particularly, the gas-mixture-analysis-module 7 is connected to the gas-

conductivity sensor 8, the temperature sensor 1 and/or the pressure sensor 9. 

Particularly, the gas-conductivity sensor 8, the temperature sensor 1 and/or the 

pressure sensor 9 are arranged on the liquefied gas line 6. Preferably, during operation 25

the gas mixture 2, 21 is always present either only in the liquid phase 2 – particularly in

liquefied gas mode, except gas start – or in the gaseous phase 21 – particularly during a 

gas start until switching to normal liquid gas mode.

Therefore, the gas-conductivity sensor 8, the temperature sensor 1 and/or the 30

pressure sensor 9 always only measure either the gas mixture in the liquid phase 2 or in 

the gaseous phase 21, i.e. basically liquid phase 2 and gaseous phase 21 not 

simultaneously.
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Particularly, by processing the measurement data of the gas-conductivity sensor

8, the temperature sensor 1 and/or the pressure sensor 9, the gas components of the 

gas mixture 2, 21 can be determined. In particular, these gas components include 

propene, propadiene, iso-butane, n-butane, 1-butene, iso-butene, cis-2-butene, trans-2-5

butene, 1,2-butatiene, 1,3-butadiene, methane, ethane, ethene, neo-+iso-pentane, n-

petane, pentene, olefins, and/or C5-olefins. 

The gas-conductivity sensor 8 is especially configured to conduct an ionization 

measurement.10

In one embodiment, the gas-conductivity sensor 8 is designed such that the gas-

conductivity sensor 8 measures the gas conductivity, or the electrical conductivity of the 

gas mixture 2, 21 respectively, particularly at a constant voltage between the anode and 

cathode, preferably with the aid of a measuring current. The current being measured is 15

then a measure of the electrical conductivity and/or represents the measurement signal.

Because the current being measured is influenced by the temperature, the 

temperature influence can be determined and/or factored out, compensated or 

normalized by processing the current being measured with the measured temperature 20

of the temperature sensor 1 in order to obtain a conductivity value independent of the 

temperature, in particular temperature-normalized.

The actual density of the gas mixture 2, 21 can also influence the current being 

measured.25

The density of the current gas mixture 2, 21 is preferably determined based on

the measured temperature, particularly by the temperature sensor 1, and the measured 

pressure, particularly by the pressure sensor 9.

30

By processing the current being measured with the density being determined, the 

density influence can be determined and/or factored out, compensated or normalized in 
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order to obtain a conductivity value that is independent of the density, particularly

density-normalized.

In one advantageous embodiment, a temperature normalization and density 

normalization of the measurement signal of the gas-conductivity sensor 8 can be 5

combined to determine a normalized calorific value HS and/or a normalized gas-mixture-

characteristic value. Preferably, the calorific value HS and/or the gas-mixture-

characteristic value determined in this way is transmitted to the add-on control unit 18 

in order to be considered when determining the gas blow-in time, alternatively or 

optionally also the gas blow-in amount.10

Alternatively, by processing the current being measured with the measured 

pressure of the pressure sensor 1, the pressure influence can be determined and/or 

factored out, compensated or normalized in order to obtain a conductivity value 

independent of the pressure, particularly pressure-normalized.15

Particularly, a temperature normalization, density normalization and/or pressure 

normalization of the measurement signal of the gas-conductivity sensor 8 can be 

combined in order to determine a temperature-normalized, density-normalized and/or 

pressure-normalized calorific value HS and/or gas-mixture-characteristic-value, which 20

could then be transmitted to the apparatus or add-on control unit 18 for determining 

the gas blow-in time, alternatively or optionally the gas blow-in amount.

Preferably, in the gas-mixture-analysis-module 7, a particularly multidimensional 

gas-mixture-analysis-look-up-table is stored, which allows an allocation of the calorific 25

value HS and/or gas-mixture-characteristic value based on the measurement signal of 

the gas-conductivity sensor 8, the determined density of the gas mixture 2, 21 and/or 

the temperature signal of the temperature sensor 1.

Preferably, the properties of the typical gas components of the liquefied gas fuel 30

are taken into account in the particularly multi-dimensional gas-mixture-analysis-look-

up-table, so that the calorific value HS being output and/or the gas-mixture-
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characteristic value being output have taken the gas composition of the current gas 

mixture 2, 21 into account.

Preferably, the data stored in the particularly multidimensional gas-mixture-

analysis-look-up-table have been determined by one or more series of measurements 5

and/or allocate the calorific value H2 and/or the gas-mixture-characteristic value 

depending on different mixing ratios of the individual gas components based on the 

electrical conductivity of the gas mixture 2, 21 preferably after normalization of the 

measured electrical conductivity with respect to a defined temperature and a defined 

density, alternatively or optionally also to a defined pressure.10

Alternatively, the calorific value HS and/or gas-mixture-characteristic value can be 

assigned by an algorithm which solves a multidimensional equation system. Such a 

decomposing determination of the calorific value HS and/or the gas-mixture-

characteristic value is similar to a Fourier analysis at frequencies. Because the density, 15

temperature and/or conductivity reflect the property of all gas components together, 

i.e. the sum or the integral over the individual gas components, whereby each gas 

component in and of itself has a different density, temperature and/or conductivity.

When measuring the gas conductivity, i.e. the electrical conductivity, positive 20

and/or negative ions particularly in a gas mixture 21 in the gaseous phase contribute to 

the conduction of the electrical current.

In one embodiment, the gas-conductivity sensor 8 has an anode and a cathode to 

measure the conductivity of the gas mixture 2, 21. Such a gas-conductivity sensor 8 can 25

be provided with very little manufacturing effort.

The ionization measurement, or the gas-conductivity sensor 8 and the 

temperature sensor 1, can be used to determine particularly the gas density, thermal 

conductivity and/or effective resistances of the gas mixture 2, 21. These measurement 30

data of the gas-conductivity sensor 8 and the temperature sensor 1 are transferred to 

the gas-mixture-analysis-module 7 particularly as an analogue voltage signal of at least 

0.5 and/or at most 4.5 V, especially in the embodiment as a combination sensor. 
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Particularly, it is converted there into a digital 8 bit signal. Alternatively, the gas-

conductivity sensor 8 can also include an analogue-to-digital-converter and/or provide a 

digital signal.

The gas-mixture-analysis-module 7 determines the calorific value HS and/or the 5

gas-mixture-characteristic value based on the measurement signal of the gas-

conductivity sensor 8, the temperature sensor 1 and/or the pressure sensor 9.

Particularly, the calorific value HS and/or the gas-mixture-characteristic value are 

preferably transmitted further to the add-on control unit 18 via the signal/control line 10

24 or a wireless transmission means.

Particularly, a gas-mixture-regulating-look-up-table (Figure 4) is stored in the add-

on control unit 18, which allows determination of a gas-mixture-adjustment-factor as an 

output parameter, preferably with percentage as the unit, based on the calorific value 15

Hs as input parameter. Alternatively, the gas-mixture-regulating-look-up-table can 

output the gas-mixture-adjustment-factor based on the gas-mixture-characteristic value 

as an input parameter.

Particularly, this gas-mixture-adjustment-factor is used with the blow-in time, as20

determined in the above described manner, for the liquefied gas fuel, in particular. 

Preferably, the gas-blow-in-look-up-table is shifted by the gas-mixture-adjustment-

factor, i.e. in the direction of rich or lean, to obtain an optimized blow-in time being 

adapted to the composition of the gas mixture 2, 21, as shown in Figure 5.

25

Particularly, the pressure sensor 9 is used to measure the pressure in the liquefied 

gas line 6, in which the gas mixture can be present basically either in the liquid phase 2 

or in the gaseous phase 21. This pressure is the pressure prevailing in the liquefied gas 

line 6 and is needed for calculating and/or compensating the flow density and/or gas 

density of the gas mixture or the gas components in the gas mixture.30

Thus, measured values from the gas-conductivity sensor 8, the temperature 

sensor 1 and/or the pressure sensor 9 with information about the gas mixture 2 in the 
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liquefied gas line 6 are transmitted to the gas-mixture-analysis-module 7. From these 

sensor data, the gas-mixture-analysis-module 7 determines the calorific value HS and/or 

the gas-mixture-characteristic value as described above as a variable voltage parameter, 

i.e. a voltage signal which is preferably fed as analogue or digital via the signal or control 

line 24 to the add-on control unit 18 in order to determine the gas-mixture-adjustment-5

factor as a percentage for optimizing the gas blow-in time via the gas-mixture-

regulating-look-up-table. In this way, the gas blow-in time is controlled based on the 

current gas mixture composition or mixing ratios of the gas mixture 2, 21.

The gas-conductivity sensor 8 and the temperature sensor 1 measure, by 10

ionization, the density thermal conductivity and effective resistances of the gas mixture 

2 or of the vaporous phase 21 consisting of the gases propene, propadiene, iso-butane, 

n-butane, 1-butene, iso-butene, cis-2-butene, trans-2-butene, 1,2-butatiene, 1,3-

butadiene, methane, ethane, ethene, neo-+iso-pentane, n-petane, pentenes, olefins 

and/or C5-olefins.15

Particularly, the gas-mixture-analysis-module 7 is equipped in terms of hardware 

and software such that it can, based on the measured values of the gas-mixture-

analysis-module 7, determine a current calorific value HS and/or gas-mixture-

characteristic value and/or optionally a current mixing ratio of the gases or gas 20

components of the gas mixture in the liquid phase 2 and/or vaporous phase 21, i.e. the 

gas mixture composition.

The determined calorific value HS and/or the gas-mixture-characteristic value of 

the gas mixture 2, 21 can be transmitted in analogue or digital form via the electrical line 25

24 to the add-on control unit 18.

In particular, a gas-mixture-regulating-look-up-table is stored in the add-on

control unit 18, in which a gas-mixture-adjustment-factor is assigned preferably as a 

percentage value, in particular for the bivalent gas blow-in amount depending on the 30

calorific value HS and/or the gas-mixture-characteristic value.
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The exact structure of and the way in which the gas-mixture-regulating-look-up-

table is regulated is described below.

Depending on the determined current calorific value HS and/or the gas-mixture-

characteristic value of the gas mixture 2, 21 and the resulting gas-mixture-adjustment-5

factor, an optimized particularly bivalent LPG gas blow-in determined by the gas blow-

in-valves 17 is then released, particularly parallel to the H2 blow-in, via the H2 blow-in-

nozzle 40, into the air intake duct of the engine 19 that sucks in the bivalent or trivalent 

fuel mixture so as to ensure proper combustion, which regulates combustion with a 

view to as complete combustion as possible while taking into account the current gas 10

mixture composition.

Regulation in defined time intervals

The gas-mixture-analysis-module 7 is preferably designed such that the 15

determination of the current calorific value HS and/or gas-mixture-characteristic value of 

the gas mixture 2, 21 is repeated in defined time intervals. 

Preferably, in the case of programmed gas start, the gas-mixture-analysis-module 

7 will permanently determine the gas composition and/or continuously send a calorific 20

value HS and/or a gas-mixture-characteristic value to the add-on control unit 18 when 

the engine 19 is started, in order to be able to regulate the bivalent or trivalent gas 

blow-in as quickly as possible. Preferably such a permanent measurement and/or 

continuous transmission is active until the stored hot water temperature of the cooling 

water of the engine 19 is reached, which is measured in particular by the water 25

temperature sensor 37. Once the specified water temperature has been reached, the 

measurements are merely carried out several times, in time intervals, when the engine 

19 is running. 

In particular, the measuring time interval is 30 seconds, i.e. every 30 seconds a 30

current calorific value HS and/or gas-mixture-characteristic is provided based on current 

measurements. This repeated measurement and the corresponding control via the gas-
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mixture-regulating-look-up-table result in various advantages, as further described in 

the following.

Thanks to the fact that the calorific value HS and/or gas-mixture-characteristic of 

the gas mixture 2, 21 is determined and that the gas-mixture-regulating-look-up-table of 5

the add-on control unit 18 is dependent on the calorific value HS and/or the gas-mixture-

characteristic value of the gas mixture 2, 21, it is ensured that a proper gas combustion 

process takes place in the engine 19 independently of the gas mixture 2 at the beginning 

of the particularly bivalent gas combustion mode – optionally also after refuelling the 

gas tank 3.10

Thanks to the repeatedly conducted measurements and regulation during 

operation, temperature fluctuations are additionally considered such as those caused by 

wind, parking the vehicle in the sun, parking the vehicle in a garage and/or subsequent 

operation at sub-zero temperatures, etc. These temperature differences of the liquid or 15

gaseous phase in the liquefied gas line 6, particularly in the liquid phase 2, which lead to 

a change in the density of the refuelled gas mixture, are transmitted with the signals of 

the gas-conductivity sensor 8, temperature sensor 1 and/or the pressure sensor 9 to the 

gas-mixture-analysis-module 7 and preferably via the signal or control line 24 to the 

add-on control unit 18 and/or taken into account by means of the gas-mixture-20

regulating-look-up-table with the aim of complete combustion.

Another significant advantage is that the engine control unit 20, which 

permanently continues to operate also in bivalent or trivalent gas combustion mode, 

does not unintentionally adjust the gasoline or diesel look-up-table stored there, 25

because, for example, the lambda values from liquefied gas fuel combustion are 

regarded to be lambda values from gasoline or diesel combustion.

H2-Module 30

30

The H2-Module 30 is preferably activated via the control or signal line 52 or via a 

wireless transmission means by the add-on control unit 18 in liquid fuel mode when 

starting the engine. The add-on control unit 18 has a gas-amount-look-up-table which 
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can determine an amount of hydrogen based on the load value, which is preferably 

transmitted to the H2-module via the control or signal line 52. Particularly based on this

hydrogen amount, the H2-module 30 initiates the release of this hydrogen amount by 

the H2 cell.

5

Particularly, the hydrogen amount is continuously blown-in into the intake duct of 

the engine 19 via the H2 blow-in-nozzle 40 and/or is sucked in by the engine 19 through 

the suction pipe pressure for being supplied to the combustion chamber for combustion.

The hydrogen serves on the one hand as fuel and on the other hand to reduce 10

harmful emissions. This is because hydrogen can be burned almost free of pollutants or 

at least with particularly low pollutant generation. The greater the proportion of 

hydrogen in a bivalent or trivalent fuel mode, the lower the total amount of pollutants 

produced by the simultaneous combustion of two or three different fuels.

15

The gas-amount-look-up-table is stored in the add-on control unit 18, in particular 

on a storage medium. The hydrogen amount is always transmitted to the H2-module in 

the form of an analogue or digital signal.

In addition to the load value, the gas-amount-look-up-table preferably also has20

the speed of the engine as an input parameter. Particularly, these input parameters

preferably trigger, through the hydrogen amount being transmitted to the H2-module, a 

current control by the H2-module, which splits an H2-gel or water located in the H2 cell 

38 into hydrogen and oxygen by electrolysis. Preferably, the maximum efficiency 

achieved is approx. 75 % hydrogen content. The particularly continuous supply of 25

hydrogen gas or hydrogen blow-in via the H2 blow-in-nozzle 40 is thus defined by the 

current control.

Preferably, the H2-module 30 is connected with a knock sensor 39. A knock sensor 

39 is optionally an acoustic sensor for the detection of a knocking noise, which is usually 30

caused by an uncontrolled self-ignition of the air-fuel mixture besides the actual flame 

front. Preferably, the knock sensor 39 monitors the bivalent or trivalent stratified charge 

combustion processes permanently or continuously. If knocking combustion is detected 
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by the knock sensor 39 and reported to the H2-module 30, a knock signal is transmitted 

from the H2-module 30 to the add-on control unit particularly via the signal/control line 

52. The knock signal is always transmitted to the H2-module and/or to the add-on

control unit 18 in the form of an analogue or digital signal.

5

Preferably a knock signal serves as an input parameter of the gas-amount-look-

up-table. Particularly, the gas-amount-look-up-table is configured such that the 

hydrogen amount or the current control for the production of hydrogen is preferably 

reduced stepwise and/or as a percentage until knock-free combustion is achieved.

10

Preferably, the gas-amount-look-up-table is designed such that after 20 knock-

free combustions, the hydrogen amount or the current control for the production of 

hydrogen is preferably increased stepwise and/or as a percentage until the hydrogen 

amount is reached again without having taken knock signals into account.

15

Preferably, the add-on control unit 18 is configured such that the add-on control 

unit 18 adaptively changes the gas-amount-look-up-table per step until the next restart 

of the engine, when the add-on control unit 18 detects the aforementioned knocking 

combustion processes during a driving cycle with readjustment. Preferably after 

restarting the engine, the control characteristic curve in the add-on control unit 18 or 20

the hydrogen amount resulting from the gas-amount-look-up-table is again approached 

per step up to the knock limit, particularly as a percentage, to reposition particularly the 

control characteristic curve in the gas-amount-look-up-table.

In Figure 1, the introduction of a storage or tank for the respective H2 gel or water 25

into the H2 cell is only schematically shown.

Lambda-offset-module 28

The lambda-offset-module 28 preferably has electrical connections for in 30

particular the following exhaust gas measuring probes: zirconium dioxide measuring

probe, titanium dioxide measuring-probe, planar measuring probe as lambda sensor 46, 
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Nerst measuring probe, LSU measuring probe as lambda sensor 46, pump-probe and/or 

NOx sensor 45. 

Particularly, voltage and/or current look-up-tables are stored in the lambda-

offset-module 28 to detect the corresponding exhaust gas measuring probe and record 5

measurement values.

The zirconium dioxide exhaust probe as lambda sensor 46 is a voltage emitting

measuring probe. Preferably, a lambda sensor 46, particularly the zirconium dioxide

exhaust probe, and/or NOx sensor 45 can provide an operating range of at least -100mV 10

(rich exhaust gas) and/or at most 900mV (lean exhaust gas), particularly at a working

temperature range or operating temperature of at least 500°C and/or at most 800°C, 

preferably approx. 650°C. Preferably, the zirconium dioxide exhaust probe 46 is doped 

with arsenic to work in the inverted range of at least -100mV (lean exhaust gas) and/or 

at most 900mV (rich exhaust gas). Preferably, a voltage of 5000mV +/- 10mV is applied 15

preferably to the lambda sensor line of the zirconium dioxide exhaust probe 46 by the 

engine control unit 20, particularly in gasoline mode, so that the zirconium dioxide

exhaust probe works as a lambda sensor 46 in a control range of at least 4500mV (rich 

exhaust gas) and/or at most 5500mV (lean exhaust gas) or inverted by at least 4500mV 

(lean exhaust gas) and/or at most 5500mV (rich exhaust gas). This voltage value change 20

indicates a defined rich or lean exhaust gas mixture and is used by the engine control 

unit 20 to regulate the amount of fuel to be injected, in particular in addition to other 

control variables.

The titanium dioxide exhaust probe as lambda sensor 46 is preferably a resistance 25

measuring probe. The engine control unit 20 applies a voltage of in particular 5000mV 

+/- 10mV and/or at an working temperature range/operating temperature of at least 

approx. 650°C, the titanium dioxide exhaust probe 46 operates in a control range of at 

least 4500mV (rich exhaust gas) and/or at most 5500mV (lean exhaust gas) or inverted 

by at least 4500mV (lean exhaust gas) and/or 5500mV (rich exhaust gas). This voltage 30

value change indicates a defined rich or lean exhaust gas mixture and is used by the 

engine control unit 20 to regulate the amount of fuel to be injected.
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The Planar Exhaust Gas Probe as lambda sensor 46 is a current probe with a 

measuring cell and/or a pump cell. The working temperature range/operating 

temperature is in particular 500°C to 800°C, preferably approx. 650°C, wherein the 

target value for the cell compensation voltage is preferably 400 to 500mV, preferably 

450mV. If the voltage in the measuring cell deviates from this value, the pump cell 5

creates compensation until the target value is reached again. Particularly, this 

compensation results in a current flow which can be at least -3.5mA (rich exhaust gas) 

and/or at most 3.5mA (lean exhaust gas). This change in current value indicates a 

defined rich or lean exhaust gas mixture and/or is used by the engine control unit 20 to 

regulate the amount of fuel to be injected.10

The Nerst exhaust probe as lambda sensor 46 is also called broadband sensor 

and/or is a current probe with a defined internal resistance, whereby zirconium dioxide, 

preferably zirconium(IV) oxide, is used particularly as the membrane for the pump cell 

opposite the measuring cell. Usually, the Nernst voltage is regulated constantly, 15

preferably at a minimum of 2400mV (rich exhaust gas) and a maximum of 3200mV (lean 

exhaust gas). This basically corresponds to a pump current of at least 0μA (rich exhaust 

gas) and/or at most 100μA (lean exhaust gas). This change in current value signals a 

defined rich or lean exhaust gas mixture and is used by the engine control unit 20 with 

reference to the Nerst voltage to regulate the amount of fuel to be injected.20

The LSU exhaust probe as NOx sensor 45 is also called a broadband sensor, but is 

especially a planar ZrO2 two-cell boundary current sensor. The LSU exhaust probe 

comprises two cells and/or a potentiometric oxygen concentration cell of the Nernst 

type and/or an amperometric oxygen pump cell. The components of the exhaust gas can 25

diffuse through the diffusion channel to the electrodes of the pump and Nernst cell, 

where they are brought into thermodynamic equilibrium. The control electronics record 

the Nernst voltage UN of the concentration cell and/or supply the pump cell with a 

variable pump voltage UP. If UN values are lower than the target value of particularly 

approx. 450mV, the exhaust gas is lean and the pump cell is supplied with such a current 30

that oxygen is pumped out of the duct. With rich exhaust gas, on the other hand, UN is 

larger than the target value and the current direction is reversed so that the cell pumps 

oxygen into the duct. This current value change is used in the engine control unit 20 for 
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lambda field control, preferably of at least -3.5mA (rich exhaust gas) and/or at most 

4.5mA (lean exhaust gas). The LSU exhaust probe is particularly suitable for diesel 

exhaust gas measurement, as the lambda measuring range from 0.65 (rich exhaust gas) 

to 10 (lean exhaust gas/air) can be covered.

5

NOx measuring sensors 45, as they are generally offered and found in motor 

vehicles, work essentially similar to broadband sensors. In the first cell (pump cell), 

oxygen atoms still present are ionized and pumped away by the ceramic. In the second 

cell, the nitrogen oxides are decomposed in the same exhaust gas stream using a 

catalytically active substance and the oxygen content (partial pressure) is measured. The 10

oxygen now present must have been produced by decomposing the nitrogen oxides. 

Thus the nitrogen oxides can be traced back. The change in current value is transmitted 

to the engine control unit 20 and evaluated to determine whether the burned fuel was 

too rich or too lean and/or which nitrogen oxide content is present in the exhaust gas.

15

In bivalent or trivalent liquefied gas mode, particularly with LPG and/or hydrogen, 

the NOx sensor 45 and/or lambda sensor 46 send a measurement value to the lambda-

offset-module 28 depending on the control mode and/or in conjunction with

proportions of gasoline or diesel fuel, wherein the measurement value is not correlating 

properly with the actual lambda ratio and/or nitrogen oxide ratio due to the different 20

chemical properties of liquid fuel and liquefied gas fuel. As initially described, the 

obtained measurement data are thus not suitable for the engine control unit 20 in order 

to correctly process or calculate the lambda ratio or nitrogen oxide ratio in the gasoline

or diesel look-up-table and/or to carry out proper lambda control.

25

The preferably integrated lambda-offset-module 28, which is arranged particularly

between the engine control unit 20 and the NOx sensor 45 and/or the lambda sensor 

46, enables that the measurement signals of the NOx sensor 45 and/or lambda sensor 

46 are transmitted directly to the lambda-offset-module 28 in bivalent or trivalent fuel 

mode, for example based on LPG, hydrogen and/or gasoline or diesel. 30
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In one embodiment, the lambda-offset-module 28 is directly connected to the 

add-on control unit 18, particularly parallel to the connection to the engine control unit 

20.

In the lambda offset module 28, a signal value correction is carried out for 5

lambda-offset adjustment of the measurement signals, which are transmitted from the 

lambda sensor 46 and/or NOx sensor 45, with respect to the changed conditions in 

bivalent or trivalent fuel mode operation, particularly empirically, i.e. by processing with 

empirical reference values or curves, and/or by a Lie algebra homomorphism in 

connection with the Brettschneider formula via a lambda/NOx offset-look-up-table.10

In one embodiment, a signal value correction for lambda-offset adjustment of the 

measurement signals, which are transmitted from the lambda sensor 46 and/or the NOx 

sensor 45, is performed by an offset-look-up-table, particularly of the lambda-offset-

module 28.15

The measurement signals transmitted from the NOx sensor 45 and/or lambda 

sensor 46 are transmitted to the add-on control unit 18, preferably via the data line 48, 

for signal value correction, particularly directly to the lambda-offset-module 28. 

Preferably, the measured values are transmitted to the engine control unit 20 in parallel20

and/or simultaneously after the signal value correction for lambda-offset adjustment by 

the lambda-offset-module 28, preferably via the signal line 49. The engine control unit 

20 in turn can reliably control the injection time for liquid fuel based on the corrected 

measurement values of the lambda-offset-module 28 even in bivalent or trivalent fuel 

mode.25

Particularly, a signal line from the engine control unit 20 for activating the 

injection valves for injecting a liquid fuel into the engine 19 is not directly connected to 

the injection valves, but only indirectly via the add-on control unit 18. This ensures that 

in liquefied gas mode the engine control unit 20 cannot control the injection valves for 30

opening or closing if the add-on control unit 18 blocks this. A malfunction of the 

liquefied gas mode operation by the engine control unit 20 can thus be avoided. 
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Through this double-track control procedure, the engine control unit 20 always 

receives the correctly corrected measurement values based on the measurement signals 

of the lambda sensor 46 and/or NOx sensor 45 for bivalent or trivalent liquefied gas 

mode. The engine control unit 20 therefore does not create any misleading gasoline or 

diesel look-up-tables.5

Safety-module 29

The safety-module 29 serves to protect the engine 19 from excessively high 

combustion temperatures. Particularly, the safety-module 29 is connected to a knock 10

sensor 41 and/or an exhaust-gas-temperature-measuring-probe 42. Through bivalent 

mode with a liquefied gas fuel, particularly LPG, and hydrogen, or in trivalent fuel mode 

with additional gasoline or diesel, a laminar or turbulent flame temperature of up to 

approx. 3100°C can be achieved at full load operation of the engine 19. For a short time, 

the components of the engine 19 can withstand such an increase in temperature or high 15

temperature. However, if the components of the engine 19 are exposed to such 

excessively high temperatures for a prolonged period of time, damage to the engine is 

caused by overheating of the engine components and/or of the operating fluids such as 

engine oil. In order to avoid an excessively high temperature or overheating of the 

engine 19 due to combustion, the exhaust gas temperature in the exhaust gas flow is 20

measured by the exhaust-gas-temperature-probe 42, particularly continuously, 

preferably in liquefied gas mode. If a threshold temperature is exceeded, which 

represents a limit to an excessively high temperature, the safety-module 29 detects that 

the threshold temperature has been reached and sends a warning signal to the add-on

control unit 20. 25

Particularly, the threshold temperature for a gasoline engine is at least 800°C 

and/or at most 1100°C, preferably approx. 1100°C, which generally corresponds to the 

exhaust gas temperature under full load.

30

Particularly, the threshold temperature for a diesel engine is at least 600°C and/or 

at most 800°C, preferably approx. 800°C, which generally corresponds to the exhaust 

gas temperature under full load.
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The upper limits of the threshold values given above should under no 

circumstances be exceeded during full load operation in bivalent or trivalent liquefied 

gas mode in order to avoid engine damage. 

5

Particularly, the add-on control unit 18 is connected to the safety-module 29 

preferably via the signal or control line 53. Preferably, the add-on control unit 18 

transmits information to the safety-module 19 as to whether the engine 19 is a gasoline 

engine or diesel engine, so that the threshold temperature corresponding to the engine 

type can be determined in the safety module 29.10

If the exhaust-gas-temperature-measuring-probe 42 transmits an excessively high 

exhaust gas temperature to the safety-module 29, i.e. above the threshold temperature, 

a switch-off pulse is sent via the add-on control unit 18 so that the particularly bivalent 

liquefied gas mode can preferably be switched off immediately.15

Preferably, the add-on control unit 18 switches back to liquid fuel mode

automatically, particularly when a malfunction of the add-on control unit 18 has been 

detected or when no more liquefied gas fuel is available, preferably via a switch 54, 

which in particular can indicate such a switching to the user by the position of the switch 20

54.

Particularly, the user can deactivate the add-on control unit by manually actuating 

the switch 54. Then, only the engine control unit 20 is still working. This mode can then 

not be referred as master-slave mode, because no slave is active anymore. The add-on25

control unit is completely switched off, so the engine control unit works as master again. 

Particularly, when the switch 54 is not in the deactivating position, the add-on

control unit 18 always operates in master mode and the engine control unit 20 always 

operates in slave mode. For this reason, the lambda-offset-module and/or the 30

conversion of the signal with the injection time from the engine control unit 20 into heat 

to simulate an intact connection to an injection valve ensures that the engine control 
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unit 20 always remains functional, so that switching to liquid fuel mode under control 

and/or regulation by the engine control unit 20 alone is possible at any time.

The knock sensor 41, which particularly is directly connected to the safety-module 

29, reports every combustion process with a sensitivity of at least 18mV/g and/or at 5

most 34mV/g, particularly in the measuring range of at least 1 kHz and/or at most 20 

kHz. In a normal combustion process at idling to full load range in the bivalent or 

trivalent gas combustion mode of gasoline or diesel engines, combustion pressure 

oscillations between 1 kHz and 15 kHz may occur. A deciding factor for pre-damage or 

damage to the engine 19 is usually not the frequency of the knocking combustion but 10

the knocking intensity. Preferably, the knock sensor 41 detects and transmits the 

frequency and/or the voltage output level in mV of the knocking frequency.

A voltage value of at least -450 and/or at most +450mV is preferably stored in 

safety-module 29, so that when for example a threshold voltage of 900mV Uss is 15

exceeded, a switch-off pulse is sent to the add-on control unit 18. Particularly, the

bivalent and/or trivalent fuel mode is then immediately switched off and/or the add-on

control unit 18 switches back to liquid fuel mode and/or an error message is displayed 

via switch 54.

20

OBD (Onboard Diagnosis)

The add-on control unit 18 has full the OBD capability of a conventional engine 

control unit 20 and/or an engine control unit 20 installed by the vehicle manufacturer. 

Particularly, the OBD data line 47 is used to exchange data with the slave engine control 25

unit 20 for function-monitoring purposes. OBD generally describes the ability of a 

control unit to continuously check itself and/or the environment with regard to a given 

behavior or a target condition. Specifically, the legislative authority requires continuous 

testing of exhaust gas behavior both for a passenger car and a truck.

30

Particularly, a fully OBD-capable add-on control unit 18 (Figure 7) is applied for a 

gasoline or diesel engine in bivalent or trivalent mode, preferably with LPG and H2 gas 

blow-in dependent on the combustion quality HS of the gas mixture 2, 21 to be 
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determined in conjunction with the gas start, particularly bivalent gas start, in order to 

achieve optimum combustion with the associated minimization of exhaust pollutants.

In one embodiment, the add-on control unit 18 is arranged retrofittably, wherein 

an existing engine control unit 20 is preferably operated as slave and the add-on control 5

unit 18 is operated as master, so that the add-on control unit 18 can cause liquefied gas 

fuel and/or hydrogen to be blown-in independently of the engine control unit 20, 

preferably selectively to each cylinder of the engine 19.

Particularly, in the case of a naturally aspirated gasoline engine – also known as a 10

naturally aspirated or turbocharged engine – the gasoline injection nozzles or valves are 

switched off in gas mode by reprogramming the add-on control unit 18, whereby only 

the liquefied gas fuel is fed to the engine particularly selectively to each cylinder of the 

engine 19. The add-on control unit 18 works preferably based on a blow-in under 

consideration of a homogeneous combustion chamber charge. Because in modern diesel 15

engines and Otto-direct-injection-engines for gasoline it is operated with the 

inhomogeneity of the fuel-air-mixture between lambda 1.4 and lambda 3, the add-on

control unit 18 activates the H2-offset-module, upon which the H2 gas is, via the blow-in-

nozzle for the hydrogen gas, supplied to the corresponding cylinders continuously 

and/or simultaneously via the air intake duct depending on the engine load and/or the 20

exhaust gas behavior. 

The add-on control unit 18 comprises particularly a blow-in device which can be 

assigned to each cylinder of the engine 19 and/or serve to record the current operating 

status of the engine 19 during operation.25

Particularly, the add-on control unit 18 comprises an integrated OBD controller or 

an integrated OBD control and/or OBD interface, whereby ISO and/or CAN data bus 

protocols are preferably supported, whereby particularly the connection to the engine 

control unit 20 and/or to a gasoline ECU (electronic control unit) can be established. 30

Short-term as well as long-term integrator data for the recognition of an operating 

status of the engine can be obtained in this way.
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Particularly, the gas blow-in of liquefied gas fuel and/or hydrogen is carried out by 

control and regulation processes, particularly based on the gas-blow-in-look-up-table

and/or gas-amount-look-up-table, concerning a current gas blow-in that has been

preceded by two gas blow-ins.

5

Particularly, this allows a fine adjustment of the currently calculated gas blow-in

signal, i.e. the gas blow-in time or the gas blow-in amount (volume) such as the 

hydrogen amount.

Influencing, i.e. independent re-adjustment or re-regulation, by the engine control 10

unit 20 does not occur in bivalent liquefied gas mode. This is enabled particularly by the 

add-on control unit 18 being OBD-capable and able to work independently. The master 

mode operation with gasoline and diesel engines in liquefied gas mode is ensured by the

integration of the lambda sensor 46 and/or NOx sensor 45, the lambda-offset-module 

28, H2-module 30 and/or safety-module 29.15

Particularly, 80% LPG, 10% H2 and 10% gasoline are preferably supplied to the 

engine 19 in the case of a gasoline-direct-injection-engine. Particularly, 70% LPG, 10% H2

and 20% diesel are preferred for a diesel-injection-engine. The percentages refer either 

to the volume portion or weight portion.20

Figure 2 shows the bivalent gas injection control for a gasoline engine. The 

bivalent add-on control unit 18 detects the current engine load (vertical line at 1.4 V on 

the X-axis) via the voltage delivered by the intake-manifold-pressure-sensor 43. These 

engine load data are stored in the look-up-table of Figure 5 in an adaptable manner, i.e. 25

as initial values for further calculation and/or further adjustment, correction and/or 

compensation to obtain the gas blow-in time for LPG and/or the hydrogen blow-in 

amount as well as other resulting output parameters such as acceleration enrichment, 

etc. The current engine load data (Figure 5), the gas-mixture-regulating-look-up-table 

(Figure 4) and the lambda-offset adjustment, i.e. the lambda offset control or regulation 30

(Figure 6), lead to the LPG gas blow-in time, which is illustrated in the upper 

characteristic diagram or curve in Figure 2 and in the table in Figure 2, bottom part, as 

LPG in ms.
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From the adaptive engine load look-up-table (Figure 5), the hydrogen blow-in 

amount in particular also results, which corresponds to the lower characteristic diagram

or curve in Figure 2 and is shown in the table in Figure 2, bottom part, as H2 in [A], i.e. 

the signal in amperes to the H2-module 38.5

In a gasoline engine system of Figure 2, no gasoline is supplied to the engine in 

the liquefied gas mode. Therefore, in the table in Figure 2, bottom part, a zero is shown

for "gasoline" and no curve for gasoline is shown in the diagram.

10

In the case of a gasoline-direct-injection-system (not shown in Figure 2), the 

gasoline injection time for cooling the gasoline injection nozzles is calculated as a 

percentage via the adaptive engine load look-up-table (Figure 5) and would be added as 

a third curve like with diesel in Figure 3.

15

Figure 3 shows the bivalent gas blow-in control for a diesel engine. The bivalent 

add-on control unit 18 detects the current engine load (vertical line at 1.0 V on the X-

axis) via the voltage delivered by the rail-pressure-sensor 44. The engine load data of an 

intake-manifold-pressure-sensor 34 are stored adaptively in the look-up-table of Figure 

5, i.e. as variable output values, on which the further calculations and/or adjustments 20

are based to obtain the gas blow-in time for LPG and/or the hydrogen blow-in amount 

as well as further resulting output parameters such as acceleration enrichment, etc. The 

current engine load calculation (Figure 5), the gas-mixture-regulating-look-up-table 

(Figure 4) and the lambda-offset adjustment (Figure 6) lead to the LPG gas blow-in time, 

which corresponds in Figure 2 to the uppermost of the three curves at the beginning and 25

end of the diagram and is specified in the table, bottom part, in Figure 3 as LPG in ms.

The adaptive engine load look-up-table (Figure 5) results in the hydrogen blow-in 

amount, which is shown as the middle characteristic diagram or curve in Figure 3 and is 

shown in Figure 3 in the table, bottom part, as H2 in [A], i.e. the signal in amperes to the 30

H2-module 38.
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For ignition of the fuel in diesel engines, the diesel injection quantity to be 

released is calculated as a percentage via the adaptive engine load look-up-table (Figure 

5), which corresponds to the lowest of the three characteristic diagrams or curves in 

Figure 3 and is also shown in Figure 3 in the table, bottom part, under the designation 

"Diesel".5

The manufacturer or a repair shop can change the basic values in the table and 

the look-up-tables of Figures 2 and 3 at any time. In the as-delivered condition, the 

bivalent add-on control unit 18 is preferably locked, so that it is not possible for third 

parties to make settings or adjustments relevant to exhaust emissions.10

The gas-injection-regulating-look-up-table, which was determined based on the 

gas temperature, gas pressure, gas conductivity (thermal conductivity active resistance 

gas density), enables the gas-mixture-analysis-module 7 to provide a defined voltage 

signal (calorific value HS Volt shown) or a corresponding digital 8 bit signal as a measure 15

of the gas quality. In Figure 4, this signal defines the large point between 1.2 V and 1.4 V 

on the X-axis. The adaptively generated gas-mixture-regulating-look-up-table (curve or 

characteristic curve in Figure 4 with discretely displayed points) indicates whether the 

gas blow-in time is to be increased or decreased as a percentage in order to achieve the 

factor lambda one of a stoichiometric combustion during gas blow-in (assuming a 20

homogeneous mixture). For checking purposes, Figure 4 shows the operating voltage 

("supply voltage") of the gas-mixture-analysis-module 7 and the actual delivered voltage 

for the present gas mixture calorific value HS in volts.

Figure 5 shows the adaptive engine load look-up-table. The engine characteristic 25

curve (upper left curve with discrete round points) is adaptively generated while driving 

by means of the intake-manifold-pressure-sensor 43 (negative pressure/kPa) in 

connection with the gas blow-in time. The diagram shown in Figure 5 illustrates the 

adaptive engine load look-up-table together with the gas blow-in characteristic curve 

(lower curve with square discrete measuring points), which was adaptively generated by30

means of the gas-mixture-regulating-look-up-table of Figure 4, the lambda-offset control 

of Figure 6 and the engine load determined by the intake-manifold-pressure-sensor 43. 

The current load point (at approx. 2.6 ms on the X-axis and approx. -36% on the Y-axis) 
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determines the LPG gas blow-in time and the amount of hydrogen to be supplied for the 

gasoline engine (Figure 2) and the diesel engine (Figure 3).

Figure 6 shows the lambda-offset control (lambda-offset-module 28), whereby 

the various sensors are listed next to each other, each with a left bar as the original 5

signal of the sensor and a right bar as an adjusted signal, which is provided to the add-on

control unit 18 in liquefied gas mode for adjusting the gas blow-in time and/or amount

(e.g. LPG and H2) according to Figure 5. In monovalent mode, the original signal (left bar 

in each case) is transmitted to the engine control unit 20. The respective right bar with 

the lambda signal modified or adjusted by the lambda-offset control – in one 10

embodiment processed by reference value curves, by Lie algebra homomorphism in 

connection with the Brettschneider formula – is transmitted to the engine control unit 

20 for further processing and/or checking, so that no unwanted and faulty lambda look-

up-table changes are made in the engine control unit 20. When the liquefied gas mode

is switched off, the engine can immediately continue to run monovalently without a 15

malfunction of the engine control unit 20. 

Figure 7 shows that the add-on control unit 18 has its own fully independent OBD. 

All systems that influence the exhaust emissions can thereby be monitored during 

driving and/or the data of other control units of the vehicle, whose data is accessible via 20

the software, can be additionally accessed. Any faults that occur are indicated to the 

driver by e.g. a control lamp and stored in the add-on control unit 18 as well as in the 

respective control unit, especially permanently. Error messages can then later be read 

out by a specialist repair shop via standardized interfaces. The codes (the so-called P0 

codes) are defined in ISO standard 15031-6.25
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Reference signs list:

1 temperature sensor

2 gas mixture

3 gas tank5

4 multivalve

5 float

6 liquefied gas line

7 gas-mixture-analysis module

8 gas-conductivity sensor10

9 pressure sensor

10 first remotely controlled shut-off valve

11 evaporator and/or pressure-regulator

12 low-pressure side

13 line outputs15

14 low-pressure flexible line

15 centrifugal filter

16 fist-distributor

17 gas blow-in valve

18 add-on control unit20

19 engine

20 engine control unit

21 vaporous phase

22 signal line for gas temperature

23 control line for the gas blow-in valve25

24 signal line or control line for the gas-conductivity sensor

25 gas temperature sensor

26 control line for the gasoline/diesel injection signals

27 injection device

28 Lambda-offset-module30

29 safety-module

30 H2-module

31 gas-extraction-connection with valve for gas in the vaporous phase
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32 gas line for gas in the vaporous phase

33 second remotely-controlled shut-off valve for gas in the vaporous phase

34 hot-water-supply for the evaporator/pressure-regulator

35 control line for the second remotely-controlled shut-off valve

36 control line for the first remotely-controlled shut-off valve5

37 water temperature sensor at the evaporator and/or pressure-regulator

38 H2 cell or hydrogen cell

39 knock sensor for the H2-module

40 H2 blow-in-nozzle

41 knock sensor for the safety-module10

42 exhaust-gas-temperature-measuring-probe

43 intake-manifold-pressure-sensor

44 rail-pressure-sensor

45 NOx sensor

46 lambda sensor15

47 OBD data line

48 first lambda-offset data line for the add-on control unit

49 second lambda-offset data line for the engine control unit

50 control line for the remotely-controlled supply valve

51 remotely-controlled supply valve20

52 signal or control line for the H2-module

53 signal or control line for the safety-module

54 switch

55 evaporator chamber of the evaporator and/or pressure-regulator
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P a t e n t k r a v

1. Anordning for bestemmelse av en innsprøytingstid og/eller en mengde som skal 

tilføres av flytgassdrivstoff - så som autogass, naturgass, flytende naturgass, biogass

eller hydrogen - for drift av motoren (19) i en bivalent eller trivalent drivstoffmodus, 5

hvor mengden som skal tilføres til en sylinder i en motor (19) ved konstant 

tilførselshastighet eller strømningshastighet av flytgassdrivstoffet til sylinderen kan 

beskrives gjennom innsprøytingstiden, 

hvor anordningen er innrettet slik at den bestemte innsprøytingstiden av 

flytgassdrivstoffet avhenger av en bestemt brennverdi eller en bestemt karakteristisk 10

verdi til gassblandingen, med en gassblandingsregulering-oppslagstabell som er 

innrettet slik at basert på den bestemte brennverdien eller den bestemte 

karakteristiske verdien til gassblandingen, en gassblandingstilpasningsfaktor kan 

bestemmes, som den bestemte innblåsingstiden er avhengig av, 

karakterisert ved at anordningen omfatter en gassledningsevnesensor (9) for 15

måling av en elektrisk ledningsevne til gassblandingen (2, 21) av flytgassdrivstoffet, 

hvor den elektriske ledningsevnen er gassblandingens (2, 21) evne til å lede elektrisk 

strøm, og anordningen er innrettet slik at brennverdien eller gassblandingens

karakteristiske verdi blir bestemt basert på den målte elektriske ledningsevnen. 

20

2. Anordning ifølge krav 1, hvor anordningen er innrettet for et flytgassdrivstoff i 

form av en gassblanding (2, 21), på en slik måte at brennverdien eller 

gassblandingens karakteristiske verdi kan bestemmes i avhengighet av en aktuell 

sammensetning til gassblandingen (2, 21). 

25

3. Anordning ifølge det foregående krav, hvor gassledningsevnesensoren (9) 

omfatter en anode og en katode og/eller gassledningsevnesensoren (9) er innrettet 

slik at for måling av den elektriske ledningsevnen, en konstant spenning kan bli 

påtrykket mellom anoden og katoden og en målestrøm kan mates gjennom 

gassblandingen (2, 21) i den væskeformige fasen (2) eller i den gassformige fasen30

(21). 

4. Anordning ifølge ethvert av de foregående krav, hvor anordningen omfatter en 

temperatursensor (1) for måling av temperaturen til gassblandingen (2, 21) av 

flytgassdrivstoffet og en trykksensor (8) for måling av trykket i gassblandingen (2, 21) 35

av flytgassdrivstoffet og/eller anordningen er innrettet slik at brennverdien eller 

gassblandingens karakteristiske verdi blir bestemt basert på den målte temperaturen
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og det målte trykket, hvor densiteten til gassblandingen (2, 21) kan bli beregnet med 

hjelp av temperaturen og trykket og/eller en gassblandingsanalyse-oppslagstabell har 

inngangsstørrelsene gassledningsevne, temperatur og densitet til gassblandingen (2, 

21). 

5

5. Anordning ifølge ethvert av de foregående krav, hvor anordningen, spesielt 

tilleggsmodulen (18), omfatter en gassmengde-oppslagstabell for bestemmelse av

mengden som skal tilføres fortrinnsvis av hydrogen i avhengighet av den aktuelle

motorlasten og/eller det aktuelle motoromdreiningstallet. 

10

6. Anordning ifølge ethvert av de foregående krav, hvor anordningen er en 

fortrinnsvis ettermonterbar tilleggsstyreenhet (18). 
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