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(57) Abstract

A turbocharger system for an intemal combustion engine comprises two turbochargers each having a turbine (5, 6) drivably connected
to a compressor (7, 8). Temperature sensors (19, 20) are disposed to sense the terperature at the compressar outputs. The temperatures are
monitored to give an indication of an imbalance condition for which corrective action may be taken. The arrangement provides for reliable
and inexpensive monitoring.
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JURBQCHARGER SYSTEM

The present invention relates to a turbocharger system.

It is typical for a turbocharged engine to be controlled by an
electronic engine management system, using manifold pressure or air mass
flow rate as a control variable. With this technology, it would be normal for
the turbocharger wastegate to react, such that a desired air mass flow rate
or manifold pressure is achieved. The desired rate will depend upon such
parameters as engine speed and throttle position.

With a twin-turbocharged engine application, it is typical for a similar
contral system to be applied. Under normal conditions the turbocharger
wastegate positions react in paraflel, such that each turbocharger operates
with half the total air mass flow rate passing through each.

In the event of a failure, perhaps in the wastegate actuator for
example, such that the two turbochargers do not react in parallel, it is
necessary for the engine management system to be alerted via self-
diagnosis. The engine management system can then activate a fail-safe
operating condition (imp-home). If this is not done, the turbocharger
carrying the greater air mass flow rate can overspeed, leading to
catastrophic failure.

It is not normally possible for the turbocharger speeds to be measured

directly.
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It is known that it may be possible to diagnose asynchronous
turbocharger operation by careful measurement of pressures, either before
the turbocherger compressor, or directly after the turbocharger compressor.
However, this may be difficutt and expensive to achieve. Since it is usual
for the two compressor outlets to be connected together before entering a
common inlet manifold, the pressures are largely held together, even if the
air flow rate through one compressor is simost nil. Pressure differentizls are .
small, the detection of which requires high tolerance {expensive}
transducers. Under this condition however, the compressor with the higher
air flow rate does produce a slightly higher pressure.

According to one aspect of the present invention, there is provided
a turbocharger system for use with an internal combustion engine
comptising two turbochargers each having a turbine drivably connected to
a compressor and temperature sensor means associated with the
compressors to enable an imbalance between the two turbochargers to be
sensed.

According to another aspect of the present invention, there is
provided a method of operating a turbocharger system for an internal
combustion engine comprising two turbochargers each having a turbine
drivably connected to a compressor including the steps of monitoring the

temperature at or adjacent each compressor and comparing the temperature
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3.
monitored to give an indication of an imbalance condition between the two
€OMmMpressors.

in a preferred embodiment of the invention, the sensor means
comprise thermocoupies or other temperature sensing elements
advantageously disposed at respective outlets of the two Compressors.
These elements produce electrical signals which enable the temperatures at
the compressor outlets to be compared. The signals may be compared in
a narmal comparator circuit which may or may not form part of the engine
management system of the engine to which the turbocharger system is to
be fixed. Engine management systems usually incorporate a microprocessor
which provides a signal processing function which may be used to process
the signal to give an imbalance indication. Where an imbalance condition
occurs, the harder working compressor outlet temperature will rise. In
addition, because the new comprassor operating condition will not be as
efficient as the optimum (balanced) compressor condition, there will be a
turther temperature increase. The temperature difference between the air
condition at the two compressor outlets, is sufficient such that it can be
measured using inexpensive and reliable thermocouples. In addition, the
resolution of imbalance is very much better than that which could be
determined by using pressure measurements.

In order that the invention may be more clearly understood, one
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4
embodiment thereof may now be described, by way of example, with
reference to the accompanying drawings, in which:-

Figure 1 dingrammatically shows a turbocharger system according to
the invention,

Figure 2 shows a graph of compresssor outlet temperature plotted
against air fiow for the system of figure 1,

Figure 3 shows a graph of pressure ratio plotted against air fiow for
the compressors of the system of figure 1, and )

Figure 4 is a control air flow chart.

Referring to figure 1, the turbocharger system is connected to an

intemal combustion engine comprising an air intake 1 leading via a throttle

- 2 to an inlet manifold 3 and twin exhaust manifolds 4. The twin exhaust

manifolds are connected to respective turbines 5 and 6 of respective
turbochargers. Turbines 5 and 6 are drivably connected to respective
compressors 7 and 8 of the respective turbochargers. An engine sirflow
'input path 9 laads via an air filter 10 to an air flow rate measurement device
11 after which it divides into two branch ducts 12 and 13. The two above
mentioned compressors 7 and 8 are disposed in respective branch ducts 12
and 13. These branch ducts merge at 14 upstream of a chargecooler 15
and throttie 2. Exhaust ducts 16 and 17 lead from respective turbines 5

and 6 and merge at 18 leading thereafter to exhaust.
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Two temperature sensors 19 and 20 such as thermocouples are
respectively disposed adjacent the two compressors 7 and 8 on the
downstream side thereof. These sensors 19 and 20 are operative to sense
the temperature at the outputs of the compressors 7 and 8. Exemplary
plots of compressor outlet temperatures sensed by the sensors 19 and 20
against total engine air fiow are shown in figure 2. Where both
turbochargers are operating normally under balanced operating conditions,
the temperatures sensed by both sensors 19 and 20 should ideally be the
same. This ideal position is represented by fine LO on figure 1. The two
dotted lines LO1 and LO2 on opposite sides respectively of line LO indicate
an acceptable area of differing temperature between the two CoOmpressor
outputs resulting from trim balancing between respective turbocharger
wastegate actuators to improve batance. In other words limited temperature
differences between compresssor outputs can be accepted, if this is
necessary to imprové balanced conditions in other respects. Full lines L1
and L2 also on opposite sides respectively of but further displaced from line
LO indicate the two compressor output temperatures when an unacceptable
imbalance condition and therefore temperature differential has occurred.
Line L1 indicates the temperature of the compressor which is working very
hard and line L2 indicates the temparature of the compressor which is doing

very little work. In this imbalanced stata the total engine air is considered




10

15

20

WO 9935380 PCT/GB99/00006

-6-
correct but the individual flow rates through the two compressors are not
the same.

A conventional way of graphically representing the operation of a
turbocharger system such as described abave is by plotting pressure ratio
PR against airflow AF through each compressor. This graph is shown in
figure 3, and an imbalance condition can also be represented on this graph.
High medium and low turbocharger efficiency contours respectively
referenced H, M and L are also shown on this graph. The pressure ratio is
defined as the compressor outlet pressure divided-by the compressor inlet
pressure. On a twin turbocharger engine installation, each COMPressor is
usually designed to operate under the same conditions.

Consider an operating point A where each {(balanced) compressor
operates with an air flow of 20. Consider now an imbalance where one
now operates at 25, (point B} the other at 15 {point C). {The total rernains
the same and is subject to an overall engine feedback control).

The unit with the higher air flow will have a higher pressure drop
between the compresssor outlet and the inlet manifold. The compressor
pressure ratio therefore increases somewhat. The unit with the lower air
flow has a correspondingly lower pressure drop across.

For the unit with the higher mass flow, the higher air flow rate and

the decreasing compressor efficiency both cause the temperature to
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increase. The effect of higher air flow rate is shown in line L1 in figure 2.
Differant efficiency contours are shown in figure 3, point B being adjacent
lower efficiency contour M. The wnit with the lower mass flow results in a
lower compressor outlet temperature and a higher efficiency. This is shown
in line L2 in figure 2 and in figure 3 where point A is adjacent a higher
efficiency contour H.

The operation of the system is shown in the flowchart of figure 4,
which comprises five steps respectively referenced 41 to 45. The first two
steps 41 and 42 relate to conventional overall engine feedback and the last
three steps to feedback conirol of a wastegate balance routine and

diagnostics according to the invention. In step 41 the set point map of the

-engine management system showing total air flow rate dependency on

engine speed and throtde opening is consulted. In step 42 total air flow rate
is checked against set point value and coarse wastegate positions are
adjusted to achieve (nominal) set point airflow values. In step 43, the
temperature at the outiets of the two compressors is monitored by sensors
19 and 20. In step 44, fine balance adjustment in individual wastegate
control for the two turbochargers is determined. If this adjustment is within
pre-calibrated limits corrective action may be taken via control feedback
ioop L to adjust wastegate positions appropriately. in this mode, the system

is performing a normal monitoring and control function. If this fine
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adjustment is out of calibrated limits an engine failure is indicated. Driver
warning and fail-safe engine operation condition including opening the
wastegates is triggered via output W.

It will be appreciated that the above embodiment has been describeld
by way of example only and that many variations are possible without
departing from the scope of the invention. For example, whilst overall air
mass control is shown using a single air meter 11 such control could be
achieved by other means. for example, inlet manifold pressure feedback

control.
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CLAIMS

1. A turbocharger system for use with an internal combustion engine
comprising two turbochargers each having a turbine(5,6) drivably
connected to a compressor (7,8} characterised by temperature sensor
means (19, 20) associated with the compressors (7,8) to enable an
imbalance bstween the two turbochargers to be sensed.
2. A turbocharger system as claimed in claim 1, in which the sensor
means comprise temperature sensing elements {19, 20).
3. A turbocharger system as claimed in claim 2, in which the sensing
elements (19, 20) comprise thermocouples.
4. A turbocharger system as claimed in claim 1,> 2 or 3, in which means
are provided for comparing signals from the temperature sensor means {19,
20) to enable temperatures at the compressor outlets to be compared.
5. A turhbocharger system as claimed in claim 4, in which the means for
comparing signals comprises a comparator circuit.
6. A turbocharger system as claimed in claim 5, in which the comparator
circuit forms part of an engine management system.
7. A turbocharger system as claimed in claim 4, 5 or 6, in which a
microprocessor is provided to process the signal from the means for
comparing to give an imbalance indication.

8. An internal combustion engine comprising a turbocharger system as
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claimed in any preceding claim.

9. An intemal combustion engine as claimed in claim 8, in which the
internal combustion engine comprises twin exhaust manifolds connected to
respective turbines of respective turbochargers.

10. A method of operating a turBocharger system far an internal
combustion engine comprising two turbochargers each having a turbine
(5.6) drivably connected to a con;lpressor (78] including the steps of
monitoring the temperature at or adjacent each compressor and comparing
the temperature monitored to give an indication of an imbalance condition
between the two compressors (7,8).

11. A method of operating a turbocharger system as claimed in claim 10,
in which the temperatures monitored a-te éonverted to electrical signals.
12. A method of operating a turbocharger system as claimed in claim 11,
in which the efectrical signals are processed to give a turbocharger

imbalance indication.
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