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(57) ABSTRACT

A method for diagnosing a waste gate valve malfunction in
a power generation system is presented. The method
includes determining an actual pressure differential across a
throttle valve. The method further includes determining an
estimated pressure differential across the throttle valve based
on one or more first operating parameters of the power
generation system. Furthermore, the method includes deter-
mining an absolute difference between the actual pressure
differential and the estimated pressure differential. More-
over, the method also includes comparing the absolute
difference with a threshold value and if the absolute differ-
ence is greater than the threshold value, determining an
operating condition of the throttle valve. Additionally, the
method includes determining whether the waste gate valve
has malfunctioned based on the determined operating con-
dition of the throttle valve. An engine controller and a power
generation system employing the method are also presented.
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METHOD AND ENGINE CONTROLLER FOR
DIAGNOSING WASTE GATE VALVE
MALFUNCTION AND RELATED POWER
GENERATION SYSTEM

BACKGROUND

[0001] Embodiments of the invention relate to a method
and a system for diagnosing a waste gate valve malfunction
in a power generation system. More particularly, embodi-
ments of the invention relate to a method and an engine
controller capable of diagnosing the waste gate valve mal-
function based on an operating condition of a throttle valve,
and related power generation system.

[0002] Combustion engines such as internal combustion
(IC) engines are used in a wide range of applications.
Typically, a power generation system employing such a
combustion engine is equipped with a turbocharger that
improves an overall performance of the power generation
system. In general, the turbocharger includes a compressor
and a turbine mechanically coupled to the compressor via a
shaft. An exhaust gas generated by the combustion engine
drives the turbine which in-turn drives the compressor via
the shaft. When driven, the compressor pressurizes an intake
air to generate a pressurized air. The pressurized air typically
flows into the combustion engine through a throttle valve
and an intake manifold.

[0003] Typically, one or both of an amount of compression
of the intake air (for example, a percentage compression or
a compression ratio) and a rotational speed of the turbine
defines an output of the turbocharger. Controlling the output
of the turbocharger to obtain a desired engine performance
may be desirable. For example, a high output from the
turbocharger may result in erratic engine performance and
may permanently damage engine’s components. Whereas, a
lower output from the turbocharger may result in engine
hesitation and loss of power.

[0004] The output of the turbocharger may be controlled
by employing a waste gate valve in the power generation
system. Typically, the waste valve is fluidly coupled between
the exhaust manifold and an exhaust pipe. The waste gate is
operated such that at least a portion of the exhaust gas
bypasses the turbocharger. Accordingly, by appropriately
controlling an amount of the exhaust gas that bypasses the
turbocharger, a rotational speed of the turbine of the turbo-
charger is controlled to achieve a controlled turbocharger
output.

[0005] Therefore, malfunctioning of the waste gate valve
may adversely impact the engine performance, power out-
put, and fuel economy. Waste gate valves which are coupled
fluidly typically do not contain electronic sensors for detec-
tion of malfunction. Absence of the electronic sensors makes
it challenging to detect malfunction of the waste gate valve.
Thus, there is a need for a method and a system for
diagnosing the waste gate valve malfunction.

BRIEF DESCRIPTION

[0006] One embodiment of the invention is directed to a
method for diagnosing a waste gate valve malfunction in a
power generation system. The method includes determining
an actual pressure differential across a throttle valve. The
method further includes determining an estimated pressure
differential across the throttle valve based on one or more
first operating parameters of the power generation system.
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Furthermore, the method includes determining an absolute
difference between the actual pressure differential and the
estimated pressure differential. Moreover, the method also
includes comparing the absolute difference between the
actual pressure differential and the estimated pressure dif-
ferential with a threshold value. If the absolute difference
between the actual pressure differential and the estimated
pressure differential is greater than the threshold value, the
method further includes determining an operating condition
of'the throttle valve, and determining whether the waste gate
valve has malfunctioned based on the determined operating
condition of the throttle valve.

[0007] Another embodiment of the invention is directed to
an engine controller for diagnosing a waste gate valve
malfunction in a power generation system. The engine
controller includes a memory storing one or more processor-
executable routines. The engine controller further includes
one or more processors to execute the one or more proces-
sor-executable routines which, when executed, cause acts to
be performed. The acts to be performed include determining
an actual pressure differential across a throttle valve. The
acts to be performed further include determining an esti-
mated pressure differential across the throttle valve based on
one or more first operating parameters of the power genera-
tion system. Furthermore, the acts to be performed include
determining an absolute difference between the actual pres-
sure differential and the estimated pressure differential.
Moreover, the acts to be performed also include comparing
the absolute difference between the actual pressure differ-
ential and the estimated pressure differential with a threshold
value. If the absolute difference between the actual pressure
differential and the estimated pressure differential is greater
than the threshold value, the acts to be performed further
include determining an operating condition of the throttle
valve, and determining whether the waste gate valve has
malfunctioned based on the determined operating condition
of the throttle valve.

[0008] Yet another embodiment of the invention is
directed to a power generation system. The power genera-
tion system includes a combustion engine disposed between
an intake manifold and an exhaust manifold. The power
generation system further includes a waste gate valve dis-
posed downstream of the exhaust manifold and in fluid
communication with the exhaust manifold. Furthermore, the
power generation system also includes a throttle valve
disposed upstream of the intake manifold. Moreover, the
power generation system includes an engine controller
operatively coupled to the throttle valve. The engine con-
troller includes a memory storing one or more processor-
executable routines. The engine controller further includes
one or more processors to execute the one or more proces-
sor-executable routines which, when executed, cause acts to
be performed. The acts to be performed include determining
an actual pressure differential across a throttle valve. The
acts to be performed further include determining an esti-
mated pressure differential across the throttle valve based on
one or more first operating parameters of the power genera-
tion system. Furthermore, the acts to be performed include
determining an absolute difference between the actual pres-
sure differential and the estimated pressure differential.
Moreover, the acts to be performed also include comparing
the absolute difference between the actual pressure differ-
ential and the estimated pressure differential with a threshold
value. If the absolute difference between the actual pressure
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differential and the estimated pressure differential is greater
than the threshold value, the acts to be performed further
include determining an operating condition of the throttle
valve, and determining whether the waste gate valve has
malfunctioned based on the determined operating condition
of the throttle valve.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] These and other features, aspects, and advantages
of the present specification will become better understood
when the following detailed description is read with refer-
ence to the accompanying drawings in which like characters
represent like parts throughout the drawings, wherein:
[0010] FIG. 1 is a diagrammatical illustration of a power
generation system, in accordance with one embodiment of
the invention;

[0011] FIG. 2 depicts a flowchart illustrating a method for
diagnosing a waste gate valve malfunction in the power
generation system of FIG. 1, in accordance with one
embodiment of the invention;

[0012] FIG. 3 depicts a flowchart illustrating a method for
determining an actual pressure differential across a throttle
valve, in accordance with one embodiment of the invention;
[0013] FIG. 4 depicts a flowchart illustrating a method for
determining an operating condition of a throttle valve, in
accordance with one embodiment of the invention; and
[0014] FIG. 5 depicts a flowchart illustrating a method for
determining whether a waste gate valve has malfunctioned,
in accordance with one embodiment of the invention.

DETAILED DESCRIPTION

[0015] The specification may be best understood with
reference to the detailed figures and description set forth
herein. Various embodiments of the invention are described
hereinafter with reference to the figures. However, those
skilled in the art will readily appreciate that the detailed
description given herein with respect to these figures is for
explanatory purposes as the method and the system may
extend beyond the described embodiments of the invention.
[0016] Unless defined otherwise, technical and scientific
terms used herein have the same meaning as is commonly
understood by one of ordinary skill in the art to which this
disclosure belongs. In the following specification and the
claims, the singular forms “a”, “an” and “the” include plural
referents unless the context clearly dictates otherwise. As
used herein, the term “or” is not meant to be exclusive and
refers to at least one of the referenced components being
present and includes instances in which a combination of the
referenced components may be present, unless the context
clearly dictates otherwise.

[0017] As used herein, the terms “may” and “may be”
indicate a possibility of an occurrence within a set of
circumstances; a possession of a specified property, charac-
teristic or function; and/or qualify another verb by express-
ing one or more of an ability, capability, or possibility
associated with the qualified verb. Accordingly, usage of
“may” and “may be” indicates that a modified term is
apparently appropriate, capable, or suitable for an indicated
capacity, function, or usage, while taking into account that
in some circumstances, the modified term may sometimes
not be appropriate, capable, or suitable.

[0018] Approximating language, as used herein through-
out the specification and claims, may be applied to modify
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any quantitative representation that could permissibly vary
without resulting in a change in the basic function to which
it is related. Accordingly, a value modified by a term or
terms, such as “about”, and “substantially” is not to be
limited to the precise value specified. Here and throughout
the specification and claims, range limitations may be com-
bined and/or interchanged; such ranges are identified and
include all the sub-ranges contained therein unless context
or language indicates otherwise.

[0019] Some embodiments of the invention are directed to
a method of diagnosing a waste gate valve malfunction and
a related power generation system. Also, an engine control-
ler for aiding in diagnosing the waste gate valve malfunction
is presented, in some embodiments of the invention.
[0020] In accordance with some embodiments of the
invention, the power generation system includes a combus-
tion engine disposed between an intake manifold and an
exhaust manifold. The power generation system further
includes a waste gate valve disposed downstream of the
exhaust manifold and in fluid communication with the
exhaust manifold. Furthermore, the power generation sys-
tem includes a throttle valve disposed upstream of the intake
manifold. Moreover, the power generation system includes
an engine controller operatively coupled to the throttle
valve. The engine controller includes a memory storing one
or more processor-executable routines. The engine control-
ler further includes one or more processors to execute the
one or more processor-executable routines which, when
executed, cause acts to be performed. The acts to be per-
formed include determining an actual pressure differential
across a throttle valve. The acts to be performed further
include determining an estimated pressure differential across
the throttle valve based on one or more first operating
parameters of the power generation system. Furthermore,
the acts to be performed include determining an absolute
difference between the actual pressure differential and the
estimated pressure differential. Moreover, the acts to be
performed also include comparing the absolute difference
between the actual pressure differential and the estimated
pressure differential with a threshold value. If the absolute
difference between the actual pressure differential and the
estimated pressure differential is greater than the threshold
value, the acts to be performed include determining an
operating condition of the throttle valve. Additionally, the
acts to be performed include determining whether the waste
gate valve has malfunctioned based on the determined
operating condition of the throttle valve.

[0021] FIG. 1 is a diagrammatical illustration of a power
generation system 100, in accordance with one embodiment
of the invention. As illustrated in FIG. 1, in some embodi-
ments of the invention, the power generation system 100
may include a combustion engine 102, an intake manifold
104, an exhaust manifold 106, a turbocharger 108, a waste
gate valve 110, a throttle valve 112, and an engine controller
114. The engine controller 114 may be operably coupled (as
shown by bi-directional arrows) to a throttle valve 112 for
diagnosing the waste gate valve 110 malfunction in the
power generation system 100.

[0022] The combustion engine 102 may be an internal
combustion (IC) engine, in some embodiments. In some
embodiments of the invention, the combustion engine 102
may include one or more cylinders (not shown). Each
cylinder of the one or more cylinders may include a com-
bustion chamber, a piston, and a crankshaft mechanically
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coupled to the piston. Further, in some embodiments of the
invention, the combustion engine 102 may also include one
or more fuel injectors (not shown) to inject one or more fuels
directly into the combustion chamber. Accordingly, the
injected one or more fuels may be combusted with a
pressurized air stream 10 (described later). Injection of the
one or more fuels into the combustion engine 102 may be
controlled by the engine controller 114 by controlling the
one or more fuel injectors. Furthermore, injection of the
pressurized air stream 10 into the combustion engine 102
may be controlled by the engine controller 114 by control-
ling an intake valve (not shown).

[0023] In some embodiments of the invention, the one or
more fuels may be injected into the intake manifold 104 (for
example, using a carburetor) upstream of the combustion
chamber. Accordingly, an air-fuel mixture may be created in
the intake manifold 104. The injection of the air-fuel mixture
into the combustion engine 102 may be controlled by the
engine controller 114 by controlling the intake valve.
Accordingly, in such a configuration, the air-fuel mixture
may enter into the combustion chamber for combustion.
[0024] In response to the combustion of the fuels in the
combustion engine 102, a reciprocating motion of the piston
may be enabled. The piston may be mechanically coupled to
the crankshaft such that a reciprocating motion of the piston
is converted into a rotational motion of the crankshaft.
Accordingly, in one embodiment of the invention, the power
generation system 100 may generate a mechanical power in
the form of the rotational motion of the crankshaft using a
chemical energy of the one or more fuels. Combustion
residues or by-products of the combustion may be dis-
charged from the combustion engine 102 as an exhaust gas
stream 20 via the exhaust manifold 106.

[0025] In some embodiments of the invention, the turbo-
charger 108 may be fluidly coupled between the exhaust
manifold 106 and the intake manifold 104. The turbocharger
108 includes the compressor 116 and the turbine 118
mechanically coupled to each other via a shaft 120. At least
a portion (for example, a turbine stream 40) of the exhaust
gas stream 20 may drive (for example, rotate) the turbine
118 which in-turn may drive the compressor 116 via the
shaft 120. When driven, the compressor 116 may pressurize
an intake air stream 30 to generate the pressurized air stream
10.

[0026] In certain embodiments of the invention, a supply
of the pressurized air stream 10 to the intake manifold 104
may be controlled via the throttle valve 112. As depicted in
FIG. 1, the throttle valve 112 may be disposed in a fluid path
between the turbocharger 108 (more particularly, a compres-
sor output) and the intake manifold 104. The throttle valve
112 may be controlled by the engine controller 114 to control
the supply of the pressurized air stream 10 (or the air-fuel
mixture) to the intake manifold 104.

[0027] In some embodiments, the power generation sys-
tem 100 may also employ the waste gate valve 110 to control
an operation of the turbocharger 108. In some embodiments
of the invention, the waste gate valve 110 may be fluidly
coupled to the exhaust manifold 106 and an exhaust pipe
122. The waste gate valve 110 may be controlled such that
at least a portion (hereinafter referred to as a bypass exhaust
stream 50) of the exhaust gas stream 20 bypasses the
turbocharger 108 and enters into the exhaust pipe 122. In
some embodiments of the invention, the output of the
turbocharger 108 (for example, an air stream percentage
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compression, an intake air stream compression ratio, or a
rotational speed of the turbine 118) may be inversely pro-
portional to an amount of the bypass exhaust stream 50.
Accordingly, the output of the turbocharger 108 may be
controlled by controlling the amount of the bypass exhaust
stream 50.

[0028] Further, in some embodiments of the invention, an
open position of the waste gate valve 110 may also affect an
actual pressure differential across the throttle valve 112.
Accordingly, in certain embodiments, the open position of
the waste gate valve 110 is controlled so as to maintain
certain baseline actual pressure differential across the
throttle valve 112. During operation of the power generation
system 100, the actual pressure differential across the
throttle valve 112 may vary depending on operating param-
eters including, but not limited to, an engine speed or an
engine load. Consequently, in case of malfunctioning of the
waste gate valve 110, for a given engine speed or engine
load, the actual pressure differential across the throttle valve
112 may be different when compared to the actual pressure
differential across the throttle valve 112 when the waste gate
valve 110 is operating normally. In such embodiments, if the
throttle valve 112 is functioning normally, a variance in
pressure differential across the throttle valve 112 may be an
indication of waste gate valve malfunction in that the waste
gate valve 110 is not able to perform its normal function of
maintaining the baseline actual pressure differential.
[0029] Furthermore, in some embodiments of the inven-
tion, the power generation system 100 may optionally
include an intercooler 113 disposed downstream of the
turbocharger 108 and upstream of the throttle valve. More
particularly, the intercooler 113 may be fluidly coupled to an
output of the compressor 116 of the turbocharger 108. In a
non-limiting example, the intercooler 113 may be fluidly
coupled between the compressor output and the throttle
valve 112. The intercooler 113 may reduce the temperature
of the pressurized air generated by the compressor 116.
[0030] As noted earlier, the engine controller 114 may
diagnose the waste gate valve malfunction in the power
generation system 100, in some embodiments. The engine
controller 114 may include one or more processors, such as,
a processor 124. The processor 124 may include a specially
programmed general purpose computer, a microprocessor, a
digital signal processor, and a microcontroller. Examples of
the processor 124 may include, but are not limited to, a
reduced instruction set computing (RISC) architecture type
processor or a complex instruction set computing (CISC)
architecture type processor. Further, the processor 124 may
be a single-core processor or a multi-core processor. The
processor 124 may also include, or, has electrically coupled
thereto, one or more input/output ports.

[0031] The engine controller 114 may further include a
memory 126 accessible by the processor 124. In one
embodiment of the invention, the memory 126 may be
integrated into the processor 124. In another embodiment of
the invention, the memory 126 may be external to the
processor 124 and electrically coupled to the processor 124,
as depicted in FIG. 1. The memory 126 may be a non-
transitory computer-readable media. The non-transitory
computer-readable media may include tangible, computer-
readable media, including, without limitation, non-transitory
computer storage devices. The non-transitory computer stor-
age devices may include, but are not limited to, volatile and
non-volatile media, and removable and non-removable
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media such as a firmware, physical and virtual storage, a
compact disc read only memory (CD-ROM), or a digital
versatile disc (DVD). The non-transitory computer storage
devices may also include digital source such as a network or
the Internet, as well as yet to be developed digital means,
with the sole exception being a transitory, propagating
signal. Other non-limiting examples of the memory 126
include a dynamic random access memory (DRAM) device,
a static random access memory (SRAM) device, and a flash
memory.

[0032] The memory 126 may store processor-executable
routines that are executable by the processor 124. The
processor-executable routines, when executed by the pro-
cessor 124, may cause acts to be performed that contribute
to methods described below as well as other variants that are
anticipated, but not specifically listed. In a non-limiting
example, processor-executable routines may be imple-
mented in a variety of programming languages, including
but not limited to C, C++, or Java. In some embodiments of
the invention, by executing one or more of the processor-
executable routines, the processor 124 may aid in diagnos-
ing the waste gate valve malfunction in the power generation
system 100.

[0033] In some embodiments of the invention, the proces-
sor-executable routines, when executed by the processor 124
may cause the acts to be performed. The acts to be per-
formed may include steps illustrated in flowcharts of FIGS.
2-5. FIG. 2 depicts a flowchart illustrating a method 200 for
diagnosing the waste gate valve malfunction in the power
generation system 100 of FIG. 1, in accordance with one
embodiment of the invention. As illustrated in FIG. 2, in
some embodiments of the invention, the method 200 may
include steps 202-212. The processor-executable routines,
when executed by the processor 124, may cause the proces-
sor 124 to perform acts indicated by the steps 202-212 of the
method 200.

[0034] Referring now to FIGS. 1 and 2, in some embodi-
ments of the invention, the method 200 includes determining
an actual pressure differential (AP,_,,.,) across the throttle
valve 112 at step 202. In some embodiments of the inven-
tion, to aid in the determination of the actual pressure
differential (AP,_,,,.;) across the throttle valve 112, the power
generation system 100 may optionally further include a
pre-throttle pressure sensor 128 and a post-throttle pressure
sensor 130. The pre-throttle pressure sensor 128 may be
disposed upstream of the throttle valve 112. In a non-
limiting example, the pre-throttle pressure sensor 128 may
be disposed in a flow path between the compressor output
and the throttle valve 112. The post-throttle pressure sensor
130 may be disposed downstream of the throttle valve 112.
In a non-limiting example, the post-throttle pressure sensor
130 may be disposed in a flow path between the throttle
valve 112 and the combustion engine 102.

[0035] The pre-throttle pressure sensor 128 and the post-
throttle pressure sensor 130 may generate electric signals
that are indicative of pressures of the pressurized air stream
10 upstream and downstream, respectively, of the throttle
valve 112. In some embodiments of the invention, the actual
pressure differential (AP,_,,,,) across the throttle valve 112
may be determined by the processor 124 based on the
electric signals generated by the pre-throttle pressure sensor
128 and the post-throttle pressure sensor 130. In some
embodiments of the invention, determining the actual pres-
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sure differential (AP,.,,..) across the throttle valve 112
includes performing the steps of a method of FIG. 3.
[0036] FIG. 3 depicts a flowchart illustrating a method 300
for determining the actual pressure differential (AP,_,,..)
across the throttle valve 112 (for example, a method for
performing step 202 of method 200), in accordance with one
embodiment of the invention. As illustrated in FIG. 3, in
some embodiments of the invention, the method 300 may
include steps 302-306. The processor-executable routines,
when executed by the processor 124, may cause the proces-
sor 124 to perform acts indicated by the steps 302-306 of the
method 300.

[0037] Referring now to FIGS. 1 and 3, in some embodi-
ments of the invention, at step 302, the method 300 includes
determining a first pressure (P;) upstream of the throttle
valve 112. In a non-limiting example, the first pressure (P)
may be a pressure of the pressurized air stream 10 at an
outlet of the intercooler 113. As noted previously, the power
generation system 100 includes the pre-throttle pressure
sensor 128. The pre-throttle pressure sensor 128 generates
an electric signal indicative of the first pressure (P,). The
electric signal generated by the pre-throttle pressure sensor
128 may be received by the engine controller 114. Accord-
ingly, the processor 124 of the engine controller 114 may
then determine the first pressure (P,) based on the properties
(for example, amplitude, frequency, phase, pattern, or com-
binations thereof) of the electric signal received from the
pre-throttle pressure sensor 128.

[0038] Similarly, in some embodiments of the invention,
at step 304, the method 300 includes determining a second
pressure (P,) in a flow path between the throttle valve 112
and the combustion engine 102. The second pressure (P,)
may be a pressure of the pressurized air stream 10 in the flow
path between the throttle valve 112 and the combustion
engine 102. In a non-limiting example, the second pressure
(P,) may be a pressure of the pressurized air stream 10 in the
intake manifold 104 disposed downstream of the throttle
valve 112.

[0039] As previously noted, the power generation system
100 includes the post-throttle pressure sensor 130. The
post-throttle pressure sensor 130 generates an electric signal
indicative of the second pressure (P,). The electric signal
generated by the post-throttle pressure sensor 130 may be
received by the engine controller 114. Accordingly, the
processor 124 of the engine controller 114 may then deter-
mine the second pressure (P,) based on the properties (for
example, amplitude, frequency, phase, pattern, or combina-
tions thereof) of the electric signal received from the post-
throttle pressure sensor 130.

[0040] Further, the method 300 may include determining
an absolute difference (AP) between the first pressure (P,)
and the second pressure (P,) at step 306. In some embodi-
ments of the invention, the processor 124 may determine the
absolute difference between the first pressure (P,;) and the
second pressure (P,) by subtracting the first pressure (P,)
from the second pressure (P,), or vice versa. In certain
embodiments of the invention, the absolute difference (AP)
between the first pressure (P, ) and the second pressure (P,)
may represent the actual pressure differential (AP,
across the throttle valve 112. In a non-limiting example, the
absolute difference (AP), and hence, the actual pressure
differential (AP,,_,,.,) across the throttle valve 112, may be
represented using one of the following equations 3 and 4:

AP=AP, pur=1P>~P)| 3
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AP=AP,

[0041] Turning now to FIG. 2, in some embodiments of
the invention, the method 200 includes determining an
estimated pressure differential (AP, ,) across the throttle
valve 112 based on one or more first operating parameters of
the power generation system 100, at step 204. The first
operating parameters of the power generation system 100
may include, but are not limited to, an ambient temperature,
an ambient pressure, an intercooler temperature, an engine
speed, an engine load, humidity content in a gas stream 60
to be emitted from the power generation system 100, or
combinations thereof.

[0042] In some embodiments of the invention, the power
generation system 100 may optionally include one or more
of an ambient temperature sensor 132, an ambient pressure
sensor 134, an intercooler temperature sensor 136, and a
humidity sensor 138 to generate electric signals indicative of
the ambient temperature, the ambient pressure, the inter-
cooler temperature, and the humidity content in the gas
stream 60, respectively. The ambient temperature sensor
132, the ambient pressure sensor 134, the intercooler tem-
perature sensor 136, and the humidity sensor 138 if present
may be communicatively coupled to the engine controller
114 to communicate the respective generated electric signals
to the engine controller 114. Accordingly, the processor 124
of the engine controller 114 may determine values of the
ambient temperature, the ambient pressure, the intercooler
temperature, and the humidity content in the exhaust gas
stream 20, based on the electric signals received from one or
more of these sensors. Furthermore, the processor 124 may
determine one or more of the engine speed (in revaluations
per minute (rpm)) and the engine load (kW) by monitoring
operation of the combustion engine 102.

[0043] Moreover, in some embodiments of the invention,
the processor 124 may maintain a first look-up table or a first
physics based model indicative of a relationship between the
one or more of the first operating parameters and corre-
sponding values of estimated pressure differential (AP,,)
across the throttle valve 112. In a non-limiting example, the
first look-up table may contain values of the estimated
pressure differential (AP,,) for each combination of the
values of the ambient temperature, the ambient pressure, the
intercooler temperature, the engine speed, the engine load,
and the humidity content in the gas stream 60. Accordingly,
the step of determining the estimated pressure differential
(AP,_,) across the throttle valve 112 by the processor 124
may include using the first look-up table or the first physics
based model and the one or more first operating parameters.

[0044] In some embodiments of the invention, the method
200, at step 206, further includes determining an absolute
difference (APD) between the actual pressure differential
(AP,_,....) (determined at step 204) and the estimated pres-
sure differential (AP,,,) (determined at step 204). The abso-
lute difference (APD) between the actual pressure differen-
tial (AP,.,,..;) and the estimated pressure differential (AP,,,)
may be determined by the processor 124 by subtracting the
actual pressure differential (AP, ;) from the estimated
pressure differential (AP,,,), or vice versa. In a non-limiting
example, the absolute difference (APD) may be represented
using one of the following equations 1 and 2:

=P =Pl (©)]

APD=IAP = AP yoniail M

APD=IAP joniar AP esi| @
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[0045] Also, in some embodiments of the invention, the
method 200 includes comparing the absolute difference
(APD) with a threshold value at step 208. Accordingly, a
check may be performed at 208 to determine if the absolute
difference (APD) between the actual pressure differential
(AP,.,...) and the estimated pressure differential (AP, ) is
greater than the threshold value. Performing the check at
step 208 may include comparing the absolute difference
(APD) with the threshold value. The threshold value may be
indicative of an allowable deviation (e.g., difference)
between the actual pressure differential (AP, ) and the
estimated pressure differential (AP,,). In some embodi-
ments of the invention, the threshold value may be pre-
defined, for example, by an operator, technician, or manu-
facturer of the power generation system 100 or the engine
controller 114. The threshold value may be stored in the
memory 126. In one non-limiting example, the threshold
value may be O (zero), which indicates that the actual
pressure differential (AP, and the estimated pressure
differential (AP,,,) are the same. As mentioned earlier, if the
actual pressure differential (AP,,_,,.;,) and the estimated pres-
sure differential (AP,,,) are different, this indicates that at
least one of one the throttle valve 112 and the waste gate
valve 110 has malfunctioned. Therefore, in such a scenario
if it is determined that the throttle valve 112 is functioning
normally this indicates that the waste gate valve 110 has
malfunctioned. If the throttle valve 112 is functioning abnor-
mally, in this scenario it is unknown whether the waste gate
valve 110 has malfunctioned. In another non-limiting
example, the threshold value may be greater than 0 to allow
for certain deviation between the actual pressure differential
(AP,,.,...) and the estimated pressure differential (AP,,,).

[0046] If at step 208 it is determined that the absolute
difference (APD) between is lower than the threshold value,
as shown in FIG. 2, the method 200 may include looping
back to step 202. However, if at step 208, it is determined
that the absolute difference (APD) is greater than the thresh-
old value, the method may further include performing step
210.

[0047] In some embodiments of the invention, the abso-
lute difference (APD) being greater than the threshold value
is indicative of malfunctioning of at least one of the waste
gate valve 110 and the throttle valve 112. Accordingly, to
determine whether the waste gate valve 112 has malfunc-
tioned, it is desirable to determine the operating condition of
the throttle valve 112 in situations when electronic sensors
for detection of malfunction of the waste gate valve 110 are
not employed. Therefore, the method 200, at step 210, in
some embodiments of the invention, includes determining
an operating condition of the throttle valve 112. The oper-
ating conditions of the throttle valve 112 may be a normal
operating condition or an abnormal operation condition. In
the normal operating condition, the throttle valve 112 may
operate in a known fashion corresponding to given engine
load (kW) and engine speed (rpm). In the abnormal oper-
ating condition, the throttle valve 112 may not operate in
accordance with the given engine load (kW) and the engine
speed (rpm).

[0048] To aid in the determination of the operating con-
dition of the throttle valve 112, the power generation system
100 may optionally include a throttle valve sensor 140. The
throttle valve sensor 140 may be disposed within the throttle
valve 112 or proximate to the throttle valve 112. The throttle
valve sensor 140 may generate an electric signal indicative
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of an actual open position or percentage opening of the
throttle valve 112. The electric signal generated by the
throttle valve sensor 140 may be received by the engine
controller 114. In one embodiment of the invention, the
processor 124 of the engine controller 114 may determine
the operating condition of the throttle valve 112 based at
least on the electric signal received from the throttle valve
sensor 140. For example, at step 210, the processor 124 may
determine that the throttle valve 112 operates in either the
normal operating condition or in the abnormal operating
condition. Further details of determining the operating con-
dition of the throttle valve 112 are described in conjunction
with a method of FIG. 4.

[0049] FIG. 4 depicts a flowchart illustrating a method 400
for determining the operating condition of the throttle valve
112 (for example, a method for performing step 210 of
method 200), in accordance with one embodiment of the
invention. As illustrated in FIG. 4, in some embodiments of
the invention, the method 400 may include steps 402-412.
The processor-executable routines, when executed by the
processor 124, may cause the processor 124 to perform acts
indicated by the steps 402-412 of the method 400.

[0050] Referring now to FIGS. 1 and 4, in some embodi-
ments of the invention, at step 402, the method 400 includes
determining the actual open position (OP,., ) of the
throttle valve 112. As previously noted, the power genera-
tion system 100 may include the throttle valve sensor 140
that generates an electric signal that is indicative of the
actual open position (OP,_,,,,,) of the throttle valve 112. The
electric signal generated by the throttle valve sensor 140
may be received by the engine controller 114. Accordingly,
the processor 124 of the engine controller 114 may then
determine the actual open position (OP,__, ;) of the throttle
valve 112 based on the properties (for example, amplitude,
frequency, phase, pattern, or combinations thereof) of the
electric signal received from the throttle valve sensor 140.

[0051] Further, in some embodiments of the invention, at
step 404, the method 400 includes determining an estimated
open position (OP, ) of the throttle valve 112 using a second
look-up table or a second physics based model based on one
or more second operating parameters of the combustion
engine 102 in the power generation system 100. In one
embodiment of the invention, the second operating param-
eters may be a subset of the first operating parameters.
Non-limiting examples of the second operating parameters
of the combustion engine 102 may include the engine load
(kW), the engine speed (rpm), or a combination thereof. As
previously noted, the processor 124 may determine the
engine load (kW) and the engine speed (rpm) by monitoring
operation of the combustion engine 102.

[0052] The processor 124 may maintain the second look-
up table or the second physics based model indicative of a
relationship between the one or more of the second operat-
ing parameters and corresponding values of the estimated
open position (OP,_,) of the throttle valve 112. In a non-
limiting example, the second look-up table may contain
values of the estimated open position (OP,,) of the throttle
valve 112 for each combination of the values of the engine
load (kW) and the engine speed (rpm). Accordingly, the
processor 124 may determine the estimated open position
(OP,,,) of the throttle valve 112 by using the second look-up
table or the second physics based model and one or both of
the engine load (kW), and the engine speed (rpm).
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[0053] Further, the method 400, at step 406, may include
determining an absolute difference (AOP) between the actual
open position (OP,_,,.,) (determined at step 402) and the
estimated open position (OP,,) (determined at step 404) of
the throttle valve 112. In some embodiments of the inven-
tion, the processor 124 may determine the absolute differ-
ence (AOP) by subtracting the actual open position (OP,_-
wat) from the estimated open position (OP,,,), or vice versa.
In a non-limiting example, the absolute difference (AOP)
may be represented using one of the following equations 5
and 6:

AOP=I0P .~ OP ] ®
AOP=IOP,,.,OP, 6
[0054] Furthermore, the method 400, at step 408, may

include performing a check to determine if the absolute
difference (AOP) between the actual open position (OP,,_,,,..)
and the estimated open position (OP,,,) of the throttle valve
112 is lower than a predetermined throttle valve opening
tolerance. Performing the check at step 408 may include
comparing the absolute difference (AOP) with the predeter-
mined throttle valve opening tolerance. The predetermined
throttle valve opening tolerance may be indicative of an
allowable range of opening positions of the throttle valve
112 for given values of the engine load (kW), the engine
speed (rpm), or combination thereof. In some embodiments
of the invention, the predetermined throttle valve opening
tolerance may be may be predefined, for example, by an
operator, technician, or manufacturer of the power genera-
tion system 100 or the engine controller 114. In some
alternative embodiments of the invention, the predetermined
throttle valve opening tolerance may be determined by the
processor 124. The predetermined throttle valve opening
tolerance may be stored in the memory 126.

[0055] If at step 408, it is determined that the absolute
difference (AOP) is lower than the predetermined throttle
valve opening tolerance, the method 400 may include per-
forming step 410, that is, determining that the operating
condition of the throttle valve is normal. However, if at step
408 it is determined that the absolute difference (AOP) is
greater than the predetermined throttle valve opening toler-
ance, the method 400 may include performing step 412, that
is, determining that operating condition of the throttle valve
112 is abnormal. In some embodiments of the invention, the
processor 124 may store an identifier indicative of the
operating condition (for example, normal or abnormal) of
the throttle valve 112 in the memory 126. The identifier may
be in the form of an alphanumeric characters, word, or
binary code, without limiting the scope of the embodiments
of the invention.

[0056] Referring again to FIG. 2, in some embodiments of
the invention, the method 200 further includes determining
whether the waste gate valve 110 has malfunctioned based
on the determined operating condition of the throttle valve,
as mentioned earlier. Details of determining whether the
waste gate valve 110 has malfunctioned, is described in
conjunction with a method of FIG. 5.

[0057] FIG. 5 depicts a flowchart illustrating a method 500
for determining whether the waste gate valve 110 has
malfunctioned (for example, a method for performing step
212 of method 200), in accordance with one embodiment of
the invention. As illustrated in FIG. 5, in some embodiments
of'the invention, the method 500 may include steps 502-508.
The processor-executable routines, when executed by the
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processor 124, may cause the processor 124 to perform acts
indicated by the steps 502-508 of the method 500.

[0058] Referring now to FIGS. 1 and 5, in some embodi-
ments of the invention, at step 502, the method 500 includes
obtaining the operating condition of the throttle valve 112.
The processor 124 may obtain the operating condition of the
throttle valve 112 based on the identifier stored in the
memory 126, in some embodiments.

[0059] Further, in some embodiments of the invention, the
method 500, at step 504, includes performing a check to
determine if the operating condition of the throttle valve 112
is normal. The processor 124 may determine the operating
condition of the throttle valve 112 is normal by comparing
the identifier stored in the memory 126 with a predefined
identifier associated with the normal operating condition, in
some embodiments. If the identifier stored in the memory
126 matches with the predefined identifier associated with
the normal operating condition, it is determined that the
operating condition of the throttle valve 112 is normal.
[0060] If at step 504, it is determined that the operating
condition of the throttle valve 112 is normal, the method 500
may include determining that the waste gate valve 110 has
malfunctioned at step 506, in some embodiments of the
invention. However, if at step 504, it is determined that the
operating condition of the throttle valve 112 is abnormal, the
method 500 may include determining that the waste gate
valve 110 has not malfunctioned at step 508, in some
embodiments of the invention.

[0061] In some embodiments of the invention, the method
for diagnosing a waste gate valve malfunction may further
include confirming whether the waste gate valve has mal-
functioned by varying the one or more second operating
parameters and repeating the steps 202-212 of FIG. 2. For
example, one or both of the engine speed or engine load may
be varied confirm whether the waste gate valve 110 has
malfunctioned by repeating the steps 202-212 of FIG. 2. If
it is again determined (at step 212) that the waste gate valve
110 has malfunctioned, the processor 124 may confirm that
the waste gate valve 110 has malfunctioned.

[0062] The methods and engine controller according to
some embodiments of the invention, aid in diagnosing a
waste gate valve malfunction. Advantageously, a timely
detection of the waste gate valve malfunction may be useful
in determining corrective measures and actions expedi-
tiously. Accordingly, engine performance, power output, and
fuel economy may be improved. Moreover, the methods and
the related engine controller according to some embodi-
ments of the invention may be capable of diagnosing the
waste gate valve malfunction without any specific sensors
associated with the waste gate valve, thereby resulting in a
reduced overall cost of the power generation system. Addi-
tionally, use of the waste gate valve in absence of the waste
gate valve sensors may result in less complex assembly or
manufacturing of the power generation system.

[0063] The present invention has been described in terms
of some specific embodiments of the invention. They are
intended for illustration only, and should not be construed as
being limiting in any way. Thus, it should be understood that
modifications can be made thereto, which are within the
scope of the invention and the appended claims.

[0064] It will be appreciated that variants of the above
disclosed and other features and functions, or alternatives
thereof, may be combined to create many other different
systems or applications. Different implementations of the
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systems and methods may perform some or all of the steps
described herein in different orders, parallel, or substantially
concurrently. Various unanticipated alternatives, modifica-
tions, variations, or improvements therein may be subse-
quently made by those skilled in the art and are also intended
to be encompassed by the following claims.

What is claimed is:

1. A method for diagnosing a waste gate valve malfunc-
tion in a power generation system, comprising:

(1) determining an actual pressure differential across a

throttle valve;

(i1) determining an estimated pressure differential across
the throttle valve based on one or more first operating
parameters of the power generation system;

(iii) determining an absolute difference between the actual
pressure differential and the estimated pressure differ-
ential; and

(iv) comparing the absolute difference between the actual
pressure differential and the estimated pressure differ-
ential with a threshold value, and, if the absolute
difference between the actual pressure differential and
the estimated pressure differential is greater than the
threshold value,

(a) determining an operating condition of the throttle
valve; and

(b) determining whether the waste gate valve has
malfunctioned based on the determined operating
condition of the throttle valve.

2. The method of claim 1, comprising determining that the
waste gate valve has malfunctioned if the operating condi-
tion of the throttle valve is normal.

3. The method of claim 1, wherein determining the actual
pressure differential comprises:

determining a first pressure upstream of the throttle valve;

determining a second pressure in a flow path between the
throttle valve and a combustion engine in the power
generation system; and

determining an absolute difference between the first pres-
sure and the second pressure.

4. The method of claim 1, wherein determining the
estimated pressure differential across the throttle valve com-
prises using a first look-up table or a first physics based
model and the one or more first operating parameters,
wherein the one or more first operating parameters comprise
an ambient temperature, an ambient pressure, an intercooler
temperature, an engine speed, an engine load, humidity
content in a gas stream, or combinations thereof.

5. The method of claim 1, wherein determining the
operating condition of the throttle valve comprises:

determining an actual open position of the throttle valve;

determining an estimated open position of the throttle
valve using a second look-up table or a second physics
based model based on one or more second operating
parameters of a combustion engine in the power gen-
eration system; and

determining an absolute difference between the actual
open position and the estimated open position of the
throttle valve and comparing the absolute difference
between the actual open position and the estimated
open position of the throttle valve with a determined
throttle valve opening tolerance.

6. The method of claim 5, wherein if the absolute differ-

ence between the actual open position and the expected open
position of the throttle valve is lower than the determined
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throttle valve opening tolerance, the operating condition of
the throttle valve is determined to be normal.

7. The method of claim 5, wherein the one or more second
operating parameters comprise an engine load, an engine
speed, or a combination thereof.

8. The method of claim 5, further comprising confirming
whether the waste gate valve has malfunctioned by varying
the one or more second operating parameters and repeating
steps (1) to (iv).

9. An engine controller for diagnosing a waste gate valve
malfunction in a power generation system, comprising:

a memory storing one or more processor-executable rou-

tines; and

one or more processors to execute the one or more

processor-executable routines which, when executed,
cause acts to be performed comprising:
determining an actual pressure differential across a
throttle valve;
determining an estimated pressure differential across
the throttle valve based on one or more first operat-
ing parameters of the power generation system;
determining an absolute difference between the actual
pressure differential and the estimated pressure dif-
ferential; and
comparing the absolute difference between the actual
pressure differential and the estimated pressure dif-
ferential with a threshold value, and, if the absolute
difference between the actual pressure differential
and the estimated pressure differential is greater than
the threshold value,
determining an operating condition of the throttle
valve; and
determining whether the waste gate valve has mal-
functioned based on the determined operating
condition of the throttle valve.

10. The engine controller of claim 9, wherein the acts to
be performed comprise determining that the waste gate
valve has malfunctioned if the operating condition of the
throttle valve is normal.

11. The engine controller of claim 9, wherein the acts to
be performed for determining the actual pressure differential
across the throttle valve comprise:

determining a first pressure upstream of the throttle valve;

determining a second pressure in a flow path between the

throttle valve and a combustion engine; and
determining an absolute difference between the first pres-
sure and the second pressure.

12. The engine controller of claim 9, wherein the esti-
mated pressure differential across the throttle valve is deter-
mined using a first look-up table or a first physics based
model and the one or more first operating parameters,
wherein the one or more first operating parameters comprise
an ambient temperature, an ambient pressure, an intercooler
temperature, an engine speed, an engine load, humidity
content in a gas stream, or combinations thereof.

13. The engine controller of claim 9, wherein the acts to
be performed for determining the operating condition of the
throttle valve comprise:

determining an actual open position of the throttle valve;

determining an estimated open position of the throttle

valve using a second look-up table or a second physics
based model based on one or more second operating
parameters of a combustion engine in the power gen-
eration system; and
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determining an absolute difference between the actual
open position and the estimated open position of the
throttle valve and comparing the absolute difference
between the actual open position and the estimated
open position of the throttle valve with a determined
throttle valve opening tolerance.

14. The engine controller of claim 13, wherein if the
absolute difference between the actual open position and the
expected open position of the throttle valve is lower than the
determined throttle valve opening tolerance, the operating
condition of the throttle valve is determined to be normal.

15. A power generation system, comprising:

a combustion engine disposed between an intake manifold
and an exhaust manifold;

a waste gate valve disposed downstream of the exhaust
manifold and in fluid communication with the exhaust
manifold;

a throttle valve disposed upstream of the intake manifold;

an engine controller operatively coupled to the throttle
valve, comprising:

a memory storing one or more processor-executable
routines; and
one or more processors to execute the one or more
processor-executable  routines  which, when
executed, cause acts to be performed comprising:
determining an actual pressure differential across a
throttle valve;
determining an estimated pressure differential across
the throttle valve based on one or more first
operating parameters of the power generation sys-
tem;
determining an absolute difference between the
actual pressure differential and the estimated pres-
sure differential; and
comparing the absolute difference between the actual
pressure differential and the estimated pressure
differential with a threshold value, and, if the
absolute difference between the actual pressure
differential and the estimated pressure differential
is greater than the threshold value,
determining an operating condition of the throttle
valve; and
determining whether the waste gate valve has
malfunctioned based on the determined operat-
ing condition of the throttle valve.
16. The power generation system of claim 15, further
comprising
a pre-throttle pressure sensor disposed upstream of the
throttle valve to generate a first electric signal indica-
tive of a first pressure upstream of the throttle valve;
and
a post-throttle pressure sensor disposed downstream of
the throttle valve to generate a second electric signal
indicative of a second pressure in a flow path between
the throttle valve and the combustion engine, and
wherein the acts to be performed for determining the
actual pressure differential across the throttle valve
comprise:
determining the first pressure based on the first electric
signal;

determining the second pressure based on the second
electric signal; and

determining an absolute difference between the first
pressure and the second pressure.
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17. The power generation system of claim 15, further
comprising a throttle valve sensor for generating an electric
signal indicative of an actual open position of the throttle
valve, and wherein the acts to be performed for determining
the operating condition of the throttle valve comprise:

determining the actual open position of the throttle valve
based on the electric signal generated by the throttle
valve sensor;

determining an estimated open position of the throttle
valve using a second look-up table or a second physics
based model based on one or more second operating
parameters of the combustion engine; and

determining an absolute difference between the actual
open position and the estimated open position of the
throttle valve and comparing the absolute difference
between the actual open position and the estimated
open position of the throttle valve with a determined
throttle valve opening tolerance.

18. The power generation system of claim 17, wherein if
the absolute difference between the actual open position and
the expected open position of the throttle valve is lower than
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the determined throttle valve opening tolerance, the operat-
ing condition of the throttle valve is determined to be
normal.

19. The power generation system of claim 18, wherein the
acts to be performed comprises determining that the waste
gate valve has malfunctioned if the operating condition of
the throttle valve is normal.

20. The power generation system of claim 15, wherein the
first operating parameters comprise an ambient temperature,
an ambient pressure, an intercooler temperature, an engine
speed, an engine load, humidity content in a gas stream, or
combinations thereof, and wherein the power generation
system further comprises one or more of:

an ambient temperature sensor for determining the ambi-

ent temperature;

an intercooler temperature sensor for determining the

intercooler temperature of a pressurized air;

an ambient pressure sensor for determining the ambient

pressure; and

a humidity sensor disposed for determining the humidity

content in a gas stream to be emitted from the power
generation system.
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