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(57) Abstract: A method of determining the pressure Pp at a point from the compressor outlet to the intake manifold of a tur-
bocharged engine system comprising: providing a relationship between the turbo speed(é),compressor pressure ratio (P1/P0) and air
mass flow (AMF); measuring the turbo speed(®); measuring or estimating the compressor inlet pressure, PO; measuring the air mass

O flow (AMF); determining the pressure Pp from the parameters of steps b) ¢) and d) using said relationship.
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Method Of Diagnosing Failures in Inlet Manifold Pressure Sensors

Field of the Invention

This application relates to a method for determining the pressure at a point
from/between the compressor and the intake manifold of a turbocharged engine
system and further to a method of detecting a failure in the operational
functionality of a pressure sensor located between the outlet of the compressor of a

turbocharged engine, and the intake manifold of an engine.

Background of the Invention

Typically turbocharged engines have a turbocharged system fitted with a turbo-
charger comprising a compressor and a turbine, a turbo speed sensor , and an air
mass flow (AMF) sensor to measure the air mass flow through the compressor, as

well as an ambient pressure sensor.

A strategy is required by legislation to diagnose failures in pressure sensors such as

the intake manifold pressure sensor.

It is an object of the invention to provide a method to detect faults in intake
manifold pressure sensors and hence to assess the plausibility of the intake

manifold pressure sensor.
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Summary of the Invention

In one aspect is provided a method of determining the pressure Pp at a point from
the compressor outlet to the intake manifold of a turbocharged engine system
comprising: providing a relationship between the turbo speed (®), compressor
pressure ratio (P1/P0) and air mass flow (AMF); measuring the turbo speed (®);
measuring or estimating the compressor inlet pressure, PO; measuring the air mass
flow (AMF); determining the pressure Pp from the parameters of steps b) c¢) and d)

using said relationship.

The compressor inlet pressure may be determined or estimated from measured or

assumed ambient pressure.

The compressor inlet pressure may be based on the measured or assumed ambient
pressure minus any estimated or measured pressure losses across an air filter

and/or flow sensors upstream of said compressor.
The compressor outlet pressure P1 may be determined.

The pressure Pp at a point between said compressor and intake manifold may be
determined to be said determined pressure PIminus any estimated or measured

losses across components located between said point and said compressor outlet.

In a further aspect is provided a method of determining the operational
functionality of a pressure sensor located downstream of the compressor outlet to
the intake manifold of a turbocharged engine comprising determining the pressure
Pp at a point between the compressor and intake manifold using any above

referenced methods, and comparing this to the value of pressure provided by said
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sensor, and indicating a fault if the difference between said pressure is greater than

a threshold.

Brief Description of Drawings

The invention will now be described by way of example and with reference to the

follow drawing of which:

Figure 1 shows a schematic representation of a turbocharged engine system to

which examples of the invention can be applied;

Figure 2 shows the relationship between air mass flow and pressure ratio for

different turbo speeds;

Figure 3 shows a diagram similar to figure 1 and details parameters;

Figure 4 shows a block diagram representing a detailed implementation of one

example of the invention.

Brief Description of the Invention

In one aspect of the invention, a method is provided that estimates the intake

manifold pressure and compares this with the value provided by the intake
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manifold pressure sensor to determine if there is any significant difference which

may indicate a fault.

Figure 1 shows a diagrammatic figure of a turbocharged engine system 1 with
typical engine instrumentation. Figure 3 is identical to figure 1 but also shows
parameters at various points. These figures will be described together. Air flowing
into the engine 2 passes through an air filter 3 and an air mass flow sensor (AMF)
4, before it is compressed by compressor 5. The compressor inlet pressure is
hereinafter referenced as PO and the outlet pressure as P1. The compressor (or
turbine to which it is connected) typically includes a turbo speed sensor 10. The
compressed air may pass through an intercooler 6 and a throttle valve 7, before
being supplied to the engine cylinders. The exhaust gases are passed through
turbine 8 of the turbocharger system. An Engine Control Unit (ECU) 9 controls the
operation of the engine and turbocharged systems and may be used to implement
examples. An inlet manifold pressure sensor 11 is shown. It is this sensor which is
require to operate reliably and accurately. An ambient pressure sensor may be used

to give information to the ECU.

A compressor map is shown in figure 2 and shows a relationship between the
pressure ratio across the compressor (P1/P0) and air mass flow for different turbo
speeds. It would be clear to the skilled person as to how such a relationship may be
determined and how the characteristics may be stored, for example, in an ECU as a

stored map.

In a simple embodiment, the measured values of the air mass flow (AMF) and the

turbo speed (®) are used to determine the pressure ratio (P1/P0). The pressure ratio
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is then used together with an estimate or measurement of the compressor inlet
pressure PO, to provide an estimate of the compressor outlet (boost) pressure P1.
The compressor outlet pressure P1 may then be compared with the value from a
pressure sensor located between the compressor outlet and the intake manifold to
determine the operational functionality of such a pressure sensor to see e.g. if it has
a fault. In an example is the difference between the determined (estimated)
pressure at a location downstream of the compressor (e.g. boost pressure or engine
inlet manifold) is greater than a threshold, a fault is indicated in the pressure

Sensor.

In a simple embodiment the compressor inlet pressure may be taken to be ambient

pressure. This ambient pressure may be measured or assumed.

In a preferred embodiment the compressor inlet pressure may be estimated to be
said assumed or measured ambient pressure, minus any measured or estimated

pressure losses across the air filter and/or air mass flow sensor, AP1, see figure 3.

In a further preferred embodiment, the pressure at the intake manifold (boost
pressure) or any point between the compressor outlet and the intake manifold may
be may be may be determined form the calculated compressor outlet pressure
minus any pressure losses across components located therebetween, such as the

intercooler and/or throttle valve AP2, see figure 3

So in other words in a simple embodiment the compressor outlet (boost) pressure
is taken to be the inlet manifold pressure. However in systems where there is an
intercooler, the inlet manifold pressure may be determined based on the estimated

compressor outlet pressure minus an estimated pressure drop over the intercooler

5
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— thus pressure into the engine can be determined from the calculated compressor
outlet pressure and any the pressure drop across the throttle valve and/or the

intercooler to estimate the intake manifold (boost) pressure.

The inlet pressure to the compressor may be estimated as ambient. The ambient
pressure may be provided by an ambient pressure sensor or a compressor inlet
pressure sensor.Thus the calculated compressor inlet pressure and the modelled

pressure ratio it is possible to estimate the boost pressure.

Thus the examples provide a method of estimating the pressure at a point between
the compressor outlet and the intake manifold. Once this estimated pressure has
been determined, it can be compared with values provided from a pressure sensor
equivalently located between the compressor outlet and the intake manifold to see
if such a pressure sensor is working properly. In further embodiments, the
difference between the pressure value from the sensor and that estimated may be
compared with a threshold value, and a fault flagged or indicated if this difference

is above a pre-set of variable threshold value.

Comparing the estimated intake manifold pressure against the measured intake
manifold pressure provides an intake manifold pressure plausibility test. One
algorithm used to estimate the intake manifold pressure sensor can be seen in

figure 4.

Inputs Air Mass Flow and Turbo Speed are measured and input into the
compressor map function 20 which relates the parameters of figure 2. The output is
provides a value of the compressor ratio. The measured, estimated or assumed

compressor intake pressure is used with the ratio at block 21 to determine/estimate

6
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the compressor outlet (boost) pressure. The estimated or measured pressure drop
across the throttle valve/intercooler is subtracted from the estimated compressor
outlet (boost) pressure at block 22 to give the estimated value of intake manifold
pressure . This value is then subtracted from the value measured by an inlet
manifold pressure sensor at block 23 and the modulus of this difference
determined at 24, and then this difference is then compared with a threshold at
block 25. If this difference is more than a pre-set threshold then a fault in the
sensor is flagged at 26.
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Claims

1. A method of determining the pressure Pp at a point from the compressor
outlet to the intake manifold of a turbocharged engine system comprising:

a) providing a relationship between the turbo speed (®), compressor pressure
ratio (P1/P0) and air mass flow (AMF) ;

b) measuring the turbo speed (®) ;

C) measuring or estimating the compressor inlet pressure, PO;

d)  measuring the air mass flow (AMF);

€) determining the pressure Pp from the parameters of steps b) ¢) and d) using

said relationship.

2. A method as claimed in claim 1 wherein in step b) the compressor inlet

pressure is determined or estimated from measured or assumed ambient pressure.

3. A method as claimed in claims 1 or 2 wherein the compressor inlet pressure
is based on the measured or assumed ambient pressure minus any estimated or
measured pressure losses across an air filter and/or flow sensors upstream of said

CoOmMpressor.

4. A method as claimed in claim 1 wherein step €) determines the compressor

outlet pressure P1.

5. A method as claimed in claim 1 wherein the pressure Pp at a point between

said compressor and intake manifold is determined to be said determined pressure
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P1minus any estimated or measured losses across components located between

said point and said compressor outlet.

6. A method of determining the operational functionality of a pressure sensor
located downstream of the compressor outlet to the intake manifold of a
turbocharged engine comprising determining the pressure Pp at a point between
the compressor and intake manifold using any method of claims 1 to 5, and
comparing this to the value of pressure provided by said sensor, and indicating a

fault if the difference between said pressure is greater than a threshold.
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