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METHOD AND SYSTEM FOR AN ENGINE 
CROSS REFERENCE TO RELATED 

APPLICATIONS 
[ 0001 ] The present application is a continuation - in - part of 
U . S . patent application Ser . No . 15 / 063 , 043 , entitled 
“ METHOD AND SYSTEMS FOR DIAGNOSING AN 
ENGINE , ” and filed on Mar . 7 , 2016 . The entire contents of 
the above - identified application are hereby incorporated by 
reference for all purposes . 

on the common bus . The sources that contribute to the 
generator output signal output from the generator output 
sensor may be identified , and the detection of the imbalance 
may be performed when the sources are not contributing to 
the signal and / or the detection may be adjusted to account 
for the additional content to the signal by the other system 
components , thus lowering false positive indications and 
improving the fidelity of the detection . 
[ 0006 ] It should be understood that the brief description 
above is provided to introduce in simplified form a selection 
of concepts that are further described in the detailed descrip 
tion . It is not meant to identify key or essential features of 
the claimed subject matter , the scope of which is defined 
uniquely by the claims that follow the detailed description . 
Furthermore , the claimed subject matter is not limited to 
implementations that solve any disadvantages noted above 
or in any part of this disclosure . 

FIELD 

[ 0002 ] Embodiments of the subject matter disclosed 
herein relate to engines and control of engine - related sys 
tems . 

BACKGROUND 
[ 0003 ] A multi - cylinder engine includes a plurality of 
individual cylinders . Each cylinder combusts air and fuel to 
power the engine . Over time , individual cylinders and / or 
components coupled to the individual cylinders ( e . g . , 
exhaust valves ) may become degraded . Further , because 
fueling may be individually controlled for each cylinder , 
fueling may become uneven between all the cylinders of the 
engine . If individual cylinders are not being fueled accu 
rately ( e . g . , amount or timing of fuel injection ) , or cylinders 
become degraded , engine misfire may occur and / or the 
efficiency of the engine may decrease . Further , if the output 
of the cylinders varies such that the cylinders are unbal 
anced , this may put stress on engine components , such as the 
crankshaft , bearings , and / or cylinder connecting rods . While 
some engines may utilize individual cylinder pressure sen 
sors for measuring in - cylinder pressure for cylinder balanc 
ing purposes , this may increase engine component costs , 
increase control complexity , and increase unreliability of 
in - cylinder pressure sensors exposed to high combustion gas 
pressures and temperatures . 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0007 ] The present invention will be better understood 
from reading the following description of non - limiting 
embodiments , with reference to the attached drawings , 
wherein below : 
[ 0008 ] FIG . 1 shows an embodiment of a vehicle system . 
[ 0009 ] . FIG . 2 shows an embodiment of the engine and 
generator of FIG . 1 operatively connected to various auxil 
iary equipment and traction motors . 
[ 0010 ] FIG . 3 is a diagram illustrating examples of fre 
quency content of a signal output from a sensor configured 
to measure a parameter of generator output . 
[ 0011 ] FIG . 4 is a flow chart illustrating a method for 
diagnosing an engine , according to an embodiment . 
[ 0012 ] FIGS . 5 - 9 show various engine system configura 
tions according to embodiments of the disclosure . 
[ 0013 ] FIGS . 10A and 10B illustrate a flow chart for a 
method for detecting imbalance in an engine , according to 
an embodiment . 

BRIEF DESCRIPTION 
[ 0004 ] In an embodiment , a system includes a generator 
coupled to an engine and configured to generate electricity 
from rotational movement of a shaft of the engine , a motor 
configured to be driven by the generator through one or more 
power conversion components , the motor configured to 
drive a load , a sensor configured to measure generator 
output , and a controller configured to detect engine imbal 
ance based on a frequency content of a signal output from 
the sensor in response to a contribution to the frequency 
content from the one or more power conversion components 
and / or the load of the motor being less than a threshold 
value . 
[ 0005 ] In this way , engine imbalance may be detected 
based on output from a sensor that measures a parameter 
indicative of generator output , such as the DC link voltage 
from the rectifier , voltage on a common AC bus , engine 
speed , engine shaft torque , or alternator output voltage . By 
doing so , engine imbalance due to a degraded cylinder or 
fueling errors may be identified without the use of additional 
sensors , thus lowering the cost and complexity of the 
system . However , the generator output bus ( e . g . , AC bus ) 
may be coupled to various loads , such as motors ( via one or 
more power conversion components such as converters ) , 
and these downstream loads may affect the generator output 

DETAILED DESCRIPTION 
[ 0014 ] The following description relates to systems and 
methods for control of engine - related systems , e . g . , for 
control of an engine or a system related to the engine based 
on a diagnosis of the engine . Furthermore , embodiments of 
the subject matter disclosed herein use engine and / or gen 
erator data , such as measured generator electrical parameters 
or generator data ( e . g . , DC link voltage , AC bus voltage or 
current , engine speed , engine shaft torque , alternator output 
voltage ) derived from measured generator electrical param 
eters and / or engine parameters ( e . g . , speed ) , to diagnose 
conditions of one or more engines or auxiliary equipment 
and to distinguish between conditions and associated engine 
components and auxiliary equipment . 
10015 ] The engine may be included in a vehicle , such as 
a locomotive system . Other suitable types of vehicles may 
include on - highway vehicles , and off - highway vehicles 
other than locomotives , such as mining equipment , aircraft , 
and marine vessels . Other embodiments of the invention 
may be used for stationary engines such as wind turbines or 
power generators . The engine may be a diesel engine , or 
may combust another fuel or combination of fuels . Such 
alternative fuels may include gasoline , kerosene , biodiesel , 
natural gas , and ethanol — as well as combinations of the 
foregoing . Suitable engines may use compression ignition 
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and / or spark ignition . Further , in some embodiments , the 
engine may be included in a system ( e . g . , vehicle system or 
stationary platform ) that includes multiple engines , and each 
engine may be diagnosed to determine if imbalance is 
present according to embodiments disclosed herein . 
[ 0016 ] FIG . 1 is an illustration of an embodiment of a 
vehicle system 100 ( e . g . , a locomotive system ) herein 
depicted as a rail vehicle 106 configured to run on a rail 102 
via a plurality of wheels 108 . As depicted , the rail vehicle 
106 includes an engine 110 operatively connected to a 
generator ( alternator ) 120 . The engine 110 receives intake 
air for combustion from an intake passage . The engine may 
include a plurality of cylinders , and each cylinder may be 
configured to combust intake air and fuel . Exhaust gas 
resulting from combustion in the engine 110 is supplied to 
an exhaust passage . Exhaust gas flows through the exhaust 
passage , and out of an exhaust stack of the vehicle 106 . The 
vehicle 106 also includes traction motors 130 operatively 
connected to the generator 120 for driving the wheels 108 . 
The vehicle 106 further includes various auxiliary systems 
or equipment 140 operatively connected to the generator 120 
or the engine 110 ( e . g . , the rotatable engine shaft 111 , see 
FIG . 2 ) for performing various functions . The generator may 
include secondary coils that drive the auxiliary systems , 
where the main coils of the generator are used to drive the 
traction motors , in one embodiment . 
[ 0017 ] The vehicle 106 further includes a controller 150 to 
control various components related to the vehicle system 
100 . In one example , controller 150 includes a computer 
control system . In one embodiment , the computer control 
system is largely software based and includes a processor , 
such as processor 152 , configured to execute computer 
operable instructions . The controller 150 further includes 
computer readable storage media stored in memory 154 
including code for enabling on - board monitoring and control 
of rail vehicle operation . The controller 150 may include 
multiple engine control units ( ECU ) and the control system 
may be distributed among each of the ECUs . The controller 
150 further includes computer readable storage media , such 
as memory 154 , including instructions ( e . g . , computer 
executable instructions ) for enabling on - board monitoring 
and control of rail vehicle operation . Memory 154 may 
include volatile and non - volatile memory storage . In accor 
dance with another embodiment , the controller may be 
hardware based using , for example , digital signal processors 
( DSPs ) or other hardware logic circuitry to perform the 
various functions described herein . 
[ 0018 ] The controller may oversee control and manage 
ment of the vehicle system 100 . The controller may receive 
signals various engine sensors 160 , such as an engine speed 
sensor , or from various generator sensors 170 to determine 
operating parameters and operating conditions , and corre 
spondingly adjust various engine actuators 162 , such as 
traction motors , alternator , cylinder valves , throttle , etc . , to 
control operation of the rail vehicle 106 . In accordance with 
an embodiment , the engine speed sensor includes a multi 
tooth pick - up wheel connected to the engine shaft 111 , and 
a reluctance sensor for sensing when a tooth of the pick - up 
wheel passes by the reluctance sensor . 
[ 0019 ] The controller may receive signals representing 
various generator parameters from various generator sen 
sors . The generator parameters can include a dc - link voltage , 
a dc - link current , a generator field voltage , a generator field 
current , a generator output voltage , and a generator output 

current . Other generator parameters may be possible as well , 
in accordance with various embodiments . Correspondingly , 
the controller may control the vehicle system by sending 
commands to various components such as traction motors , 
alternator , cylinder valves , throttle , etc . Signals from gen 
erator sensors 170 may be bundled together into one or more 
wiring harnesses to reduce space in vehicle system 100 
devoted to wiring and to protect the signal wires from 
abrasion and vibration . The controller may also receive 
signals from an alternator voltage sensor and / or an engine 
shaft torque sensor . 
[ 0020 ] The controller may include onboard electronic 
diagnostics for recording operational characteristics of the 
engine . Operational characteristics may include measure 
ments from sensors 160 and 170 , for example . In one 
embodiment , the operational characteristics may be stored in 
a database in memory 154 . In one embodiment , current 
operational characteristics may be compared to past opera 
tional characteristics to determine trends of engine perfor 
mance . 
[ 0021 ] The controller may include onboard electronic 
diagnostics for identifying and recording potential degrada 
tion and failures of components of vehicle system 100 . For 
example , when a potentially degraded component is identi 
fied , a diagnostic code may be stored in memory 154 . In one 
embodiment , a unique diagnostic code may correspond to 
each type of degradation that may be identified by the 
controller . For example , a first diagnostic code may indicate 
a problem with cylinder 1 of the engine , a second diagnostic 
code may indicate a problem with cylinder 2 of the engine , 
a third diagnostic code may indicate a problem with one of 
the auxiliary systems , etc . 
[ 0022 ] The controller may be further linked to display 
180 , such as a diagnostic interface display , providing a user 
interface to the locomotive operating crew and a mainte 
nance crew . The controller may control the engine , in 
response to operator input via user input controls 182 , by 
sending a command to correspondingly adjust various 
engine actuators 162 . Non - limiting examples of user input 
controls 182 may include a throttle control , a braking 
control , a keyboard , and a power switch . Further , operational 
characteristics of the engine and auxiliary equipment , such 
as diagnostic codes corresponding to degraded components , 
may be reported via display 180 to the operator and / or the 
maintenance crew . 
[ 0023 ] The vehicle system may include a communications 
system 190 linked to the controller . In one embodiment , 
communications system 190 may include a radio and an 
antenna for transmitting and receiving voice and data mes 
sages . For example , data communications may be between 
the vehicle system and a control center of a railroad , another 
locomotive , a satellite , and / or a wayside device , such as a 
railroad switch . For example , the controller may estimate 
geographic coordinates of the vehicle system using signals 
from a GPS receiver . As another example , the controller may 
transmit operational characteristics of the engine and / or 
auxiliary equipment to the control center via a message 
transmitted from communications system 190 . In one 
embodiment , a message may be transmitted to the command 
center by communications system 190 when a degraded 
component of the engine or auxiliary equipment is detected 
and the vehicle system may be scheduled for maintenance . 
[ 0024 ] FIG . 2 is an illustration of an embodiment of the 
engine 110 and generator 120 of FIG . 1 operatively con 
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nected to various auxiliary equipment 140 ( 141 , 142 , 143 , 
144 ) and traction motors 130 . Various mechanical auxiliary 
equipment 144 may be operatively coupled to and driven by 
the rotating engine shaft 111 . Other auxiliary equipment 140 
are driven by the generator 120 through a rectifier 210 that 
produces a dc - link voltage to power regulators 230 . 
Examples of such auxiliary equipment include a blower 141 , 
a compressor 142 , and a radiator fan 143 , an alternator , etc . 
The traction motors 130 are driven by the generator 120 
through the rectifier 210 that produces a dc - link voltage to 
an inverter 220 . In accordance with certain embodiments , 
the generator 120 may actually be one or more generators 
such as , for example , a main generator to drive the traction 
motors 130 and an auxiliary generator to drive a portion of 
the auxiliary equipment 140 . Further examples of auxiliary 
equipment include turbochargers , pumps , and engine cool 
ing systems . 
[ 0025 ] The speed sensor 160 measures the speed of the 
rotating shaft 111 of the engine during operation . The dc - link 
sensor 171 is a generator sensor and can measure dc - link 
voltage , dc - link current , or both , in accordance with various 
embodiments . The field sensor 172 is a generator sensor and 
can measure field current of the generator , field voltage of 
the generator , or both , in accordance with various embodi 
ments . In accordance with certain embodiments , generator 
sensors 173 and 174 are provided for measuring the arma 
ture output voltage and current of the generator , respectively . 
[ 0026 ] In accordance with an embodiment , the frequency 
content of a generator parameter is used to diagnose a 
condition of the engine . A generator parameter ( e . g . , the 
dc - link voltage ) is measured using the dc - link sensor 171 
and is sent to the controller 150 . Other generator parameters 
may be used instead , including the dc - link current , the 
generator field voltage , the generator field current , the 
generator output voltage , and the generator output current . 
In other examples , the engine speed and / or engine shaft 
torque may additionally or alternatively be measured . The 
controller 150 samples the generator parameter ( and / or 
engine speed and shaft torque ) over time and performs a 
frequency analysis process on the sampled data . In accor 
dance with one embodiment , the frequency analysis process 
is a Fourier transform process ( e . g . , a Fast Fourier Trans 
form , FFT , process ) . In accordance with another embodi 
ment , the frequency analysis process is a bandpass filtering 
process . The frequency analysis process transforms the 
sampled time domain generator parameter into frequency 
content in the frequency domain . The various frequency 
components of the frequency content can include fundamen 
tal ( first order ) and harmonic ( second order , half order , third 
order , etc . ) frequency components . In accordance with an 
embodiment , the Fourier Transform process and the band 
pass filtering process include computer executable instruc 
tions that are executed by the processor 152 . The frequency 
transformation can be performed on processed / derived sig 
nals such as , for example , kilovolt - amps ( KVA ) or kilowatts 
( kW ) which are the product of current and voltage , or torque 
which is kW / frequency of the signal . 
[ 0027 ] For example , the engine may have a plurality of 
cylinders that fire in a predefined sequence , where each 
cylinder fires once during a four stroke or a two stroke cycle . 
For example , a four cylinder , four stroke engine may have a 
firing sequence of 1 - 3 - 4 - 2 , where each cylinder fires once 
for every two revolutions of the engine . Thus , the firing 
frequency of a given cylinder is one half the frequency of 

revolution of the engine and the firing frequency of the 
engine ( e . g . , where any one of the cylinders of the engine is 
firing ) is twice the frequency of revolution of the engine . The 
frequency of revolution of the engine may be described as 
the first engine order . Such a first order frequency compo 
nent can show up in the frequency content of the measured 
generator parameter . The firing frequency of a given cylin 
der of a four stroke engine may be described as the half 
engine order , where the half engine order is one half the 
frequency of revolution of the engine . Such a half order 
frequency component can also show up in the frequency 
content of the measured generator parameter . 
10028 ] As another example of a four stroke engine , a 
twelve cylinder engine may have a firing sequence of 
1 - 7 - 5 - 11 - 3 - 9 - 6 - 12 - 2 - 8 - 4 - 10 , where each cylinder fires once 
for every two revolutions of the engine . Thus , the firing 
frequency of a given cylinder is one half the frequency of 
revolution of the engine and the firing frequency of the 
engine is six times the frequency of revolution of the engine . 
As an example of a two stroke engine , a twelve cylinder 
engine may have a firing sequence of 1 - 7 - 5 - 11 - 3 - 9 - 6 - 12 - 2 
8 - 4 - 10 , where each cylinder fires once for every revolution 
of the engine . Thus , the firing frequency of a given cylinder 
is the frequency of revolution of the engine and the firing 
frequency of any cylinder is twelve times the frequency of 
revolution of the engine . Again , these frequency components 
can show up in the frequency content of the measured 
generator parameter . 
[ 0029 ] For example , the engine may be a four stroke 
engine operating at 1050 RPM . Thus , the first engine order 
is at 17 . 5 Hz and the half engine order is at 8 . 75 Hz . The 
dc - link voltage may vary with a periodic frequency as the 
engine shaft 111 rotates during operation . For example , the 
frequency content of the dc - link voltage may include a 
frequency component at the frequency of the first engine 
order . In other words , the peak magnitude of the frequency 
content may occur at the first - order frequency component . 
The dc - link voltage may also include frequency content at 
other harmonics of the first - order frequency , such as at a 
second - order frequency ( twice the engine frequency ) , a 
third - order frequency ( three times the engine frequency ) , 
etc . Similarly , the dc - link voltage may include frequency 
content at frequencies less than the first - order frequency , 
such as at a half - order frequency ( half the engine frequency ) . 
[ 0030 ] For an engine that is " healthy ” and is operating 
properly , the frequency content of the measured generator 
parameter can have a particular healthy signature . Devia 
tions from such a healthy signature can indicate a problem 
with the engine . For example , in accordance with an 
embodiment , a condition of an engine may be diagnosed by 
analyzing a half order and / or first order magnitude and / or 
phase of the frequency content . FIG . 3 is an illustration 
showing embodiments of “ healthy ” and “ unhealthy ” fre 
quency content . The frequency content 310 of the healthy 
engine ( e . g . , an engine that is operating properly ) has three 
frequency components of absolute and relative magnitudes 
as shown in FIG . 3 , in accordance with an embodiment . The 
frequency content 320 of the unhealthy engine ( e . g . , an 
engine that is not operating properly due to some degrada 
tion or failure ) has three frequency components at the same 
locations as in the frequency content 310 for the healthy 
engine . However , the amplitude of one frequency compo 
nent 321 ( e . g . , a half order component ) is distorted ( e . g . , 
increased in amplitude ) , and the amplitude of another fre 
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quency component 323 ( e . g . , a second order component ) is 
also distorted ( e . g . , decreased in amplitude ) , in accordance 
with an embodiment . In one embodiment , the distorted half 
order component 321 is indicative of an unhealthy engine 
and is identified by comparing the amplitude of the half 
order component to a threshold value . 
[ 0031 ] In accordance with another embodiment , both dis 
torted frequency components 321 and 323 in the frequency 
content 320 are indicative of an unhealthy engine . Further 
more , the particular characteristics of the distorted fre 
quency components ( e . g . , amplitude ) relative to the other 
frequency components in the frequency content 320 of the 
unhealthy engine can be indicative of a particular type of 
engine degradation or failure ( e . g . , cylinder number 3 of the 
engine is inoperable ) . Also , the phase of the half order 
component , with respect to a reference cylinder ( e . g . , cyl 
inder number 1 ) , can be used to isolate a problem to a 
particular cylinder . 
[ 0032 ] The degraded components may cause the engine to 
operate less efficiently , with less power , and / or with more 
pollution , for example . Further , the condition of the 
degraded components may accelerate degradation of the 
components which may increase the likelihood of cata - 
strophic engine failure and road failure . A degraded engine 
cylinder is an example of a degraded engine component . 
Thus , for a four - stroke engine , the distorted frequency 
component may occur at the half - order frequency . For a 
two - stroke engine , the distorted frequency component may 
occur at the first - order frequency . The diagnosis , then , may 
include both a warning of degradation as well as an indica 
tion of the type and / or location of the degraded engine 
component . 
10033 ] A diagnostic logic in the controller 150 may detect 
an unhealthy condition in the frequency content of a gen 
erator parameter . For example , the half order component 321 
may be compared to a threshold level T by the diagnostic 
logic . If the magnitude of the component 321 exceeds the 
threshold level T , then the diagnostic logic determines that 
degradation in the engine has occurred . Furthermore , if the 
diagnostic logic determines that the ratio of the half order 
component 321 to the first order component 322 exceeds a 
second threshold level , and the ratio of the first order 
component 322 to the second order component 323 exceeds 
a third threshold level , then the diagnostic logic isolates the 
degradation to a particular engine component ( e . g . , cylinder 
number 3 ) . In accordance with an embodiment , the diag 
nostic logic includes computer executable instructions that 
are executed by the processor 152 . In accordance with an 
embodiment , the ratio of a half order component to a dc or 
zero order component can be indicative of an engine prob 
lem . Furthermore , the threshold level T can be dependent on 
an operating condition of the engine such as , for example , 
power , speed , ambient conditions , repair history , etc . 
[ 0034 ] Types of engine degradation or failures that can be 
diagnosed , distinguished , and isolated may include a worn 
out ignition plug , a fuel imbalance , a faulty cylinder , a 
knocking in the engine , a low fuel input , a low compression , 
and a valve train failure , for example . Once a degradation or 
failure is diagnosed , an action can be taken . Such actions 
may include , for example , providing a warning signal to the 
operator ( e . g . , via the display 180 ) , adjusting an engine 
operating parameter ( e . g . , derating the engine power , shut 
ting down at least one cylinder of the engine , shutting down 
the engine entirely , balancing cylinders of the engine ) , 

logging a maintenance action , and transmitting the diag 
nosed condition to a central location ( e . g . , via the commu 
nications system 190 ) . 
[ 0035 ] Turning now to FIG . 4 , a method 400 for diagnos 
ing an engine degradation is presented . Method 400 may be 
carried out according to instructions stored in memory of a 
controller , such as controller 150 of FIGS . 1 - 2 in order to 
diagnose an engine conditions , such as a misfiring cylinder , 
based on output from a sensor configured to measure a 
parameter of generator output , such as DC link sensor 171 . 
If misfire or other engine degradation is detected , method 
400 may adjust one or more operating parameters to mitigate 
the source of degradation , such as adjusting fuel injection 
amounts to the degraded cylinder . While method 400 is 
described below with respect to the systems and components 
of FIGS . 1 and 2 , it is to be understood that the imbalance 
detection may be performed on other engines and other 
system configurations . For example , the engine may be 
positioned in a vehicle or stationary platform that includes 
loads other than traction motors that are driven by the 
generator . For example , the generator may drive a motor 
coupled to a propeller , if the vehicle is a marine vessel . 
Further , rather than including a rectifier and inverters ( e . g . , 
to convert AC to DC and back to AC ) , the vehicle or 
stationary platform system may supply AC directly to one or 
more motors or loads . In such examples , a sensor may 
measure alternating current provided by the generator to the 
motors or loads ( via one or more power conversion com 
ponents , such as transformers and / or converters , at least in 
some examples ) , and the signal from the sensor may be used 
to detect imbalance in the manner described below . 
[ 0036 ] At 402 , method 400 determines engine system 
operating parameters . The determined operating parameters 
include , but are not limited , engine speed , engine load , 
generator load , auxiliary load status , traction motor speed 
( or other motor speed ) , and other parameters . At 404 , 
method 400 includes determining if conditions for diagnos 
ing the engine have been met . As explained above with 
respect to FIGS . 2 and 3 , and explained in more detail below , 
degradation of the engine may be detected based on a 
parameter of generator output , such as the DC link voltage , 
AC current on an AC bus , AC bus voltage , etc . For example , 
the frequency content of the voltage signal output by the DC 
link voltage sensor may be analyzed to determine if one or 
more cylinders of the engine are misfiring , hence causing 
imbalance in the engine shaft rotation and corresponding 
imbalance in the DC link voltage . To accurately identify 
imbalance or aberrations in the generator parameter signal , 
the signal may be analyzed only during conditions where the 
engine shaft speed is consistent , for example . Thus , at least 
in one embodiment , the conditions for diagnosing the engine 
may include engine speed within a range , steady - state oper 
ating conditions ( e . g . , engine speed and / or engine load 
changing by less than a threshold amount ) , and / or other 
conditions . 
[ 0037 ] If the conditions for diagnosing the engine have not 
been met , method 400 loops back to 402 to continue 
monitoring operating parameters . If the conditions for diag 
nosing the engine have been met , method 400 proceeds to 
406 to transform the generator output signal ( e . g . , the DC 
link voltage signal ) into the frequency domain . Transform 
ing the signal may include performing a fast Fourier trans 
form on the signal , bandpass filtering the signal , or other 
suitable transformation . The frequency content of the signal 
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may include a fundamental ( e . g . , first order ) frequency and 
harmonics ( e . g . , the half - order , one and half order , second 
order , etc . ) . 
[ 0038 ] At 408 , method 400 includes determining a con 
tribution to the frequency content of the generator output 
signal by other components of the vehicle system . As used 
herein , “ other components ” of the vehicle system may 
include components separate from the engine , such as the 
inverters , converters , motors , or other reciprocating loads , 
that in some conditions may contribute to the frequency 
content of the generator output signal . The " other compo 
nents ” may also include a contribution by the engine that is 
unrelated to engine imbalance , such as an increase in engine 
load . Under select conditions ( e . g . , during select modes of 
operation ) , one or more components of the engine or of the 
vehicle in which the engine is installed may contribute to the 
generator output signal . When the frequency content of the 
voltage signal is analyzed to detect engine imbalance , for 
example , imbalance may be indicated if the other compo 
nents are contributing to the frequency content , thus leading 
to false positive indications of engine imbalance or other 
types of degradation . Because detection of engine imbalance 
may lead to engine operating adjustments , including adjust 
ment of fuel injection amounts , and in some cases may lead 
to engine shutdown , false positive indications of imbalance 
may be costly , time consuming , waste fuel , or have other 
consequences . Thus , as explained herein , the contribution of 
the other components to the frequency content may be 
detected , and if the contribution is above a threshold , the 
detection of the imbalance may be adjusted to compensate 
for the contribution by the other components . 
[ 0039 ] One component that may contribute to the fre 
quency content of generator output signal is an inverter . As 
explained above with respect to FIG . 2 , an inverter is 
coupled between the rectifier and one or more traction 
motors , and acts to invert the DC voltage from the rectifier . 
In one example , the DC link voltage signal may be effected 
by the inverter base frequency . Accordingly , determining the 
contribution to the frequency content by another component 
of the vehicle includes , at 410 , determining the contribution 
of one or more inverters based on the inverter frequency . The 
inverter frequency may be estimated based on the locomo 
tive speed and / or traction motor speed . If the inverter 
frequency is within a threshold of the engine frequency , it 
may be determined that the one or more inverters are 
contributing to the frequency content of the DC link voltage 
signal . As such , when the inverter frequency is at or near the 
engine frequency ( e . g . , if the inverter frequency is within 0 . 5 
or 1 Hz of the engine frequency ) , the contribution to the 
frequency content by the inverters may be above a threshold 
value . 
10040 ] In another example , as indicated at 412 , the con - 
tribution by the one or more inverters may be determined 
based on one or more sideband frequencies of the engine 
frequency . When an engine imbalance occurs , the magnitude 
of the half - order frequency component of the frequency 
content of the generator output ( e . g . , voltage ) increases . 
However , this effect on the generator output is relatively 
narrow - spectrum , and thus only the half - order frequency 
may be affected by the imbalance . In contrast , the one or 
more inverters ( as well as other components that contribute 
to the frequency content ) may affect the generator output in 
a relatively wide - spectrum manner , e . g . , the contribution by 
the inverters is not limited to the half - order frequency . Thus , 

to detect the contribution to the frequency content by the 
inverters , the sidebands of one or more selected frequency 
components may be analyzed . If the sidebands are greater 
than a threshold , then if may be indicated that the contri 
bution by the inverters is greater than a threshold value . 
[ 0041 ] In an example , the engine may be operating at 1050 
RPM , and thus the engine frequency ( e . g . , the engine 
revolution frequency ) is 17 . 5 Hz , giving a half - order fre 
quency of 8 . 75 Hz . The main peak of the half - order fre 
quency component may be identified as a band around 8 . 75 , 
such as 8 . 5 - 9 , and the sidebands may be identified as 
frequency bands adjacent to the main peak , such as a first 
side band of 8 - 8 . 5 , a second side band of 9 - 9 . 5 , a third 
sideband of 7 . 5 - 8 , and a fourth sideband of 9 . 5 - 10 . The 
magnitude of each sideband may be determined , and each 
sideband magnitude may be summed . The sum of the 
magnitudes of the sidebands may be compared to a threshold 
magnitude . In one example , the threshold magnitude may be 
one - half the threshold magnitude used to determine engine 
imbalance ( explained below ) . If the summed sideband mag 
nitude is greater than the threshold , it may be indicated the 
inverters are contributing to the frequency content . 
[ 0042 ] Other components in addition to the inverters may 
contribute to the frequency content of the generator output 
signal , including generator auxiliary loads , motors , motor 
loads ( e . g . , a propeller ) , converters , as well as fluctuations in 
the engine itself . Thus , as indicated at 414 , determining the 
contribution to the frequency content by the other compo 
nents may include determining if any auxiliary loads have 
been added during the duration of the sampling and trans 
forming of the generator output signal . The auxiliary loads 
may include the blower , compressor , radiator fan , additional 
alternator , or other component that is powered by the gen 
erator and / or contributes to the generator load or generator 
output signal . If an auxiliary component ( e . g . , the blower , 
compressor , or radiator fan ) is activated during the diagno 
sis , or if the load placed on the generator by the auxiliary 
component changes or cycles at frequency that is the same 
or a multiple of the engine frequency , it may be indicated 
that the auxiliary load is contributing to the generator output 
signal . Further , as indicated at 416 , determining the contri 
bution to the frequency content by another component may 
include determining if an engine speed or load change is 
occurring or has occurred during the sensor sampling or 
transformation period . If the engine speed or load changes , 
it may result in a change in engine shaft speed , thus affecting 
the generator output signal . Other sources of contribution to 
the generator output signal frequency content are possible . 
For example , if a motor powered by the generator is coupled 
to and configured to drive a propeller , the propeller speed 
( e . g . , frequency ) and / or pitch may affect the generator output 
signal frequency content . Similar to the contribution made 
by the inverter described above , the contribution from the 
propeller may be considered to be above the threshold if the 
motor frequency of the motor coupled to the propeller is 
within a threshold of the engine frequency , which may be 
determined based on propeller speed and / or pitch . 
[ 0043 ] At 418 , method 400 includes determining if the 
contribution to the frequency content by the other compo 
nents is less than or equal to a threshold value . In some 
examples , the threshold value may be zero , such that any 
contribution is determined to be above the threshold value . 
In other examples , the threshold may be greater than zero , so 
that a small amount of contribution to the frequency content 
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is deemed acceptable . It is to be understood that in some 
examples , the threshold value may not be numeric but 
instead may be a yes or no determination ( e . g . , if an engine 
load change is occurring , the contribution may be deter 
mined to be above the threshold ) . Further , in some examples , 
the threshold value may depend on the type of component 
contributing to the frequency content , e . g . , the inverter 
contribution may be deemed greater than the threshold when 
the sideband frequency magnitudes are greater than a thresh 
old magnitude while the auxiliary load contribution may be 
deemed greater than the threshold when an auxiliary load is 
added . 
10044 ] If the contribution is determined to be less than or 
equal to the threshold , method 400 proceeds to 420 to detect 
engine imbalance based on the magnitude of a peak of a 
selected frequency . In one example , the main peak of the 
half - order frequency component may be analyzed ( e . g . , the 
peak corresponding to the half - order frequency of the 
engine ) , and if the magnitude is greater than a threshold 
magnitude , engine imbalance may be indicated . However , 
other frequency components ( e . g . , first order , second order ) 
may be analyzed , either alone or in combination . Other 
mechanisms for detecting engine imbalances based on the 
generator output signal frequency content are possible . 
[ 0045 ] Further , as explained above , rather than analyzing 
a single , main peak corresponding to a selected frequency 
component , a bucket including multiple frequencies around 
the selected frequency component may be analyzed , such as 
the frequency components in the 8 . 5 - 9 Hz range . When more 
than one peak is analyzed to determine imbalance , the peaks 
may be summed or averaged and then compared to a 
threshold . In one example , the mean frequency bucket sum 
of RMS square is compared to an imbalance threshold , and 
if the mean frequency bucket is greater than the imbalance 
threshold , imbalance may be determined . Likewise , when 
the sideband frequency content is analyzed to determine if 
the inverters or other components are contributing to the 
signal content , the sideband frequency bucket sum of RMS 
square is compared to a threshold , which in some examples 
may be one - half the imbalance threshold . 
[ 0046 ] At 422 , method 400 determines if imbalance is 
detected . If imbalance is detected , method 400 proceeds to 
424 to adjust one or more engine operating parameters to 
mitigate the imbalance . The adjusting of the engine operat 
ing parameters may include adjusting a fuel injection 
amount to a cylinder that is determined to be misfiring ( e . g . , 
if the engine is a multi - fuel engine configured to combust 
gaseous and liquid fuel , the amount of liquid fuel relative to 
gaseous fuel may be increased in the misfiring cylinder ) , or 
all cylinders of the engine . Other engine adjustments may 
include adjusting fuel injection or ignition timing , valve 
timing , exhaust gas recirculation , boost pressure , or other 
parameters . Further , depending on the level of imbalance 
and whether it can be mitigated via engine parameter 
adjustments , the engine power may be derated or the engine 
may be shut down in some examples . Method 400 then 
returns . 
[ 0047 ] If is determined at 422 that no imbalance is 
detected , method 400 proceeds to 426 to maintain current 
operating parameters , including maintaining fuel injection 
parameters ( e . g . , amounts , timing ) . Method 400 then returns . 
[ 0048 ] Returning to 418 , if is determined than the contri 
bution is not less than or equal to the threshold , method 400 
proceeds to 428 to adjust the detection of the engine imbal 

ance . This may include delaying the detection until the 
contribution drops below the threshold , as indicated at 430 . 
As the sources that contribute to the frequency content are 
typically transient , the detection of the engine imbalance 
may be delayed ( e . g . , by a predetermined amount of time or 
number of engine cycles ) until the component is no longer 
contributing to the frequency content of the generator output 
signal . In another example , the adjusting of the detection of 
engine imbalance may include adjusting a threshold used in 
the imbalance determination , as indicated at 432 . As 
explained above at 420 , engine imbalance may be indicated 
when the half - order frequency component ( e . g . , 8 . 75 Hz for 
an engine at 1050 RPM , or a mean or sum of a bucket of 
frequencies around a selected frequency component ) is 
greater than a threshold magnitude ( e . g . , the magnitude 
predicted for a healthy engine ) . When the contribution to the 
frequency content by another component in the vehicle is 
greater than the threshold contribution value ( e . g . , the 
inverters are operating at a frequency near the engine 
frequency ) , this threshold magnitude used for determining 
imbalance may be increased to reduce the number of false 
positive imbalance detections . In this way , while more subtle 
engine imbalances may go undetected , at least for a dura 
tion , stronger imbalances may be detected without unnec 
essarily adjusting engine parameters or shutting down the 
engine due to false indications of imbalance . Method 400 
then returns . 

[ 0049 ] Thus , engine imbalance may be detected via gen 
erator output . For example , if a fuel injector is faulty or the 
intake or exhaust valves are degraded , incomplete combus 
tion may occur , and hence a lower combustion torque may 
be produced . The sum total of these combustion torques is 
seen by the generator , and the generator produces an elec 
tromagnetic torque whose profile matches with the engine 
shaft torque . Using the generator as a sensor , faults in the 
system may be identified without the use of additional 
sensors . However , the generator output ( such as the DC link 
voltage ) sees interference from a variety of other sources 
including inverters , auxiliaries , alternators , engine speed 
shaft oscillations due to sudden load , capacitor failures , etc . 
These potential sources of noise may be identified and 
addressed to help improve the fidelity of the imbalance 
determination and eliminate false positives . For removing 
interference from the inverters , sideband frequencies may be 
evaluated and those signals may be eliminated when the 
values are beyond a threshold . 
[ 0050 ] Further , in some examples , the method described 
above may be applied to output from other engine system 
sensors , such as engine speed sensors , alternator voltage 
sensors , or engine shaft torque sensors . Therein , sources of 
noise to the sensor output may be identified ( e . g . , inverter 
operation , sudden engine load changes , engagement or dis 
engagement of auxiliary loads , etc . ) and the detection of 
engine imbalance may be delayed until the contribution to 
the sensor output frequency content is below a threshold , or 
the engine imbalance detection may be adjusted ( e . g . , the 
threshold magnitude for indicating imbalance may be 
increased ) . For example , the inverters may contribute to a 
signal output by an engine shaft torque sensor , and if this 
contribution is determined to be above a threshold , the 
engine imbalance detection may be delayed , or the threshold 
magnitude used to determine if engine imbalance is present 
may be increased . 
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[ 0051 ] Turning to FIG . 5 , a first configuration of an engine 
system 500 according to an embodiment of the disclosure is 
shown . Engine system 500 may be installed in a vehicle , 
such as a marine vessel or other suitable vehicle . In other 
examples , engine system 500 may be installed in a stationary 
platform where the engines described below generate elec 
tricity via the coupled generators in order to power various 
loads . 
[ 0052 ] Engine system 500 includes a plurality of engines . 
As shown , engine system 500 includes a first engine 502 , a 
second engine 504 , a third engine 506 , and a fourth engine 
508 . Each engine of engine system 500 may be non - limiting 
examples of engine 110 of FIG . 1 , and thus description of 
engine 110 provided above with respect to FIGS . 1 and 2 
likewise applies to the engines of engine system 500 . 
[ 0053 ] Each engine is coupled to a respective generator 
via a respective engine shaft , similar to the engine - generator 
coupling described above with respect to FIGS . 1 and 2 . 
Accordingly , a first generator 510 is coupled to first engine 
502 via a first engine shaft 512 , a second generator 514 is 
coupled to second engine 504 via a second engine shaft 516 , 
a third generator 518 is coupled to third engine 506 via a 
third engine shaft 520 , and a fourth generator 522 is coupled 
to fourth engine 508 via a fourth engine shaft 523 . Each 
generator is configured to generate electricity via rotation of 
the respective engine shaft . The electricity generated by the 
generators is used to power one or more loads , which will be 
explained in more detail below , via a common bus 524 . In 
the example shown in FIG . 5 , common bus 524 is an AC bus 
configured to carry alternating current . 
[ 0054 ] Common bus 524 is coupled to a plurality of loads 
and is configured to supply electricity to each of the coupled 
loads as demanded . In engine system 500 , common bus 524 
is coupled to a first motor 526 , a second motor 528 , a third 
motor 530 , and additional loads 532 . Second motor 528 is 
coupled to a first propeller 534 and third motor 530 is 
coupled to a second propeller 536 . While not shown in FIG . 
5 , first motor 526 may be coupled to a suitable load , such as 
a blower , compressor , or other driven component . The 
additional loads 532 may include hoteling loads ( e . g . , lights , 
cabin power , etc . ) , alternators , energy storage devices , com 
pressors , blowers , or other driven loads . 
[ 0055 ] Each of the loads of engine system 500 ( e . g . , first 
motor 526 , second motor 528 , third motor 530 , and addi 
tional loads 532 ) may be coupled to common bus 524 via 
respective power conversion components . The power con 
version components are electrical power conversion com 
ponents and may act to increase or decrease voltage supplied 
to the respective loads , convert or invert the current ( e . g . , 
from AC to DC or vice versa ) or otherwise control or 
regulate the electricity provided to each load . As shown in 
FIG . 5 , first motor 526 may be coupled to common bus 524 
via a first converter 538 . Second motor 528 may be coupled 
to common bus 524 via a first transformer 540 and a second 
converter 542 . Third motor 530 may be coupled to common 
bus 524 via a second transformer 544 and a third converter 
546 . Additional loads 532 may be coupled to common bus 
524 via third transformer 548 . 
10056 ) Engine system 500 includes a controller 550 . Con 
troller 550 may be similar to controller 150 of FIG . 1 and 
thus include one or more processors and memory . Controller 
550 may store instructions in memory executable by the one 
or more processors to carry out the methods described 
herein . Further , controller 550 is operably coupled to a 

generator output sensor 552 . Generator output sensor 552 is 
positioned to measure a parameter of generator output 
carried on common bus 524 . For example , generator output 
sensor 552 may measure a current carried on common bus 
524 or a voltage supplied via common bus 524 . Due to 
common bus 524 being coupled to each generator , current or 
voltage measured by generator output sensor 552 may be 
representative of the output of each generator . The signal 
from generator output sensor 552 may be used by controller 
550 in order to determine if one or more of the engines of 
engine system 500 is exhibiting imbalance , in a manner 
similar to the engine imbalance detection described above 
with respect to FIG . 4 . 
[ 0057 ] For example , during steady state conditions where 
the speed of each engine of engine system 500 is not 
changing , the output from generator output sensor 552 may 
be sampled to generate a generator output signal . The 
generator output signal may be analyzed to determine the 
frequency content of the generator output signal ( e . g . , a 
Fourier transform may be performed on the generator output 
signal ) . The frequency content may be analyzed to deter 
mine if one or more engines is exhibiting imbalance . How 
ever , because multiple generators are coupled to the same 
bus , multiple frequencies each determined based on a speed 
of a respective engine may be selected and the respective 
magnitude of each frequency compared to a threshold . For 
example , if each engine is operating at a different engine 
speed , each generator will contribute to the frequency con 
tent of the generator output signal in a different manner . If 
first engine 502 is operating at 1050 RPM and second engine 
504 is operating at 1200 RPM , the half order frequency 
component of the contribution to the generator output signal 
from first generator 510 ( e . g . , 8 . 75 Hz ) will be different than 
the half order frequency component of the contribution to 
the generator output signal from second generator 514 ( e . g . , 
10 Hz ) . Thus , to detect imbalance of first engine 502 , the 
magnitude of the frequency component at 8 . 75 Hz may be 
compared to threshold . To detect imbalance of second 
engine 504 , the magnitude of the frequency component at 10 
Hz may be compared to a threshold . In this way , imbalance 
of multiple engines may be diagnosed with a single genera 
tor output signal . 
[ 0058 ] . However , if one or more engines are operating at 
substantially similar engine speeds , engine imbalance may 
be detectable but the controller may not be able to identify 
which engine is exhibiting the imbalance . For example , if 
both first engine 502 and second engine 504 are operating at 
1050 RPM , the magnitude of the frequency component at 
8 . 75 Hz may be compared to a threshold . If imbalance is 
detected based on the magnitude relative to the threshold , 
the controller may not identify which engine is exhibiting 
imbalance . As such , during a subsequent operating period 
where only one of first engine 502 and second engine 504 is 
operating , the imbalance detection may be repeated . In this 
way , if imbalance is detected , the operating engine may be 
identified as exhibiting the imbalance . If imbalance is not 
detected , the non - operating engine may be identified as 
exhibiting the imbalance . 
10059 ] . In another example , the imbalance detection may 
be carried out when one or more engines are not operating 
in order to facilitate isolation of the various generators ' 
contributions to the frequency content of the generator 
output signal . For example , during certain conditions where 
output from each engine is not required to meet load power 
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demand ( e . g . , slow vehicle speed ) , each engine may be 
sequentially shut off . When an engine is off , the imbalance 
detection may be executed as described above ( e . g . , the 
frequency content of the generator output signal may be 
analyzed ) . The imbalance detection may be performed each 
time an engine is shut off . 
[ 0060 ] Further , various components of engine system 500 
may contribute to the generator output signal . As described 
above with respect to FIG . 4 , if these contributions affect the 
imbalance detection ( e . g . , by overlapping with one or more 
engine frequencies or otherwise contributing to the selected 
frequencies analyzed in the imbalance detection ) , the imbal 
ance detection may be adjusted by delaying the imbalance 
detection , adjusting a threshold magnitude that a frequency 
magnitude is compared to , shutting off or changing a speed 
of a component ( e . g . an engine may be shut off ) , or other 
adjustment . The power conversion components may con 
tribute to the generator output signal . Likewise , the motors 
may be contribute to the generator output signal . The loads 
driven by the electricity generated by the generators may 
contribute to the generator output signal ( e . g . , the propel 
lers ) . Additional details of the imbalance detection and 
identification of the components contributing to the fre 
quency content of the generator output signal will be pro 
vided below with respect to FIGS . 10A and 10B . 
[ 0061 ] While engine system 500 was described above as 
including two propellers , in some examples engine system 
500 may not be a marine vessel , and thus the propellers may 
be omitted and instead the second and third motors may 
drive different loads ( e . g . , traction wheels ) . Further , in some 
examples one or more of the motors of engine system 500 
may be replaced with other loads . Further still , additional or 
alternative power conversion components may be present in 
engine system 500 that are not illustrated in FIG . 5 , such as 
inverters , additional converters , rectifiers , or the like . Fur 
ther still , more or fewer engines may be present in engine 
system 500 . 
[ 0062 ] FIG . 6 shows a second configuration of an engine 
system 600 . Engine system 600 may be installed in a 
vehicle , such as a marine vessel or other suitable vehicle . In 
other examples , engine system 600 may be installed in a 
stationary platform where the engines described below gen 
erate electricity via the coupled generators in order to power 
various loads . 
[ 0063 ] Similar to engine system 500 , engine system 600 
includes a plurality of engines . As shown , engine system 600 
includes a first engine 602 , a second engine 604 , a third 
engine 606 , and a fourth engine 608 . Each engine of engine 
system 600 may be non - limiting examples of engine 110 of 
FIG . 1 , and thus description of engine 110 provided above 
with respect to FIGS . 1 and 2 likewise applies to the engines 
of engine system 600 . 
[ 0064 ] Three of the engines of engine system 600 are 
coupled to a respective generator via a respective engine 
shaft , similar to the engine - generator coupling described 
above with respect to FIG . 5 . Accordingly , a first generator 
614 is coupled to second engine 604 via a second engine 
shaft 616 , a second generator 618 is coupled to third engine 
606 via a third engine shaft 620 , and a third generator 622 
is coupled to fourth engine 608 via a fourth engine shaft 623 . 
Each generator is configured to generate electricity via 
rotation of the respective engine shaft . The electricity gen 
erated by the generators is used to power one or more loads , 
which will be explained in more detail below , via a common 

bus 624 . In the example shown in FIG . 6 , common bus 624 
is an AC bus configured to carry alternating current . 
[ 0065 ] Common bus 624 is coupled to a plurality of loads 
and is configured to supply electricity to each of the coupled 
loads as demanded . In engine system 600 , common bus 624 
is coupled to a first motor / generator 628 , a second motor 
630 , and additional loads 632 . First motor / generator 628 is 
coupled to a propeller 534 . While not shown in FIG . 6 , 
second motor 630 may be coupled to a suitable load , such as 
a blower , compressor , or other driven component . The 
additional loads 632 may include hoteling loads ( e . g . , lights , 
cabin power , etc . ) , alternators , energy storage devices , com 
pressors , blowers , or other driven loads . 
[ 0066 ] Each of the loads of engine system 600 ( e . g . , first 
motor / generator 628 , second motor 630 , and additional 
loads 632 ) may be coupled to common bus 624 via respec 
tive power conversion components . The power conversion 
components are electrical power conversion components 
and may act to increase or decrease voltage supplied to the 
respective loads , convert or invert the current ( e . g . , from AC 
to DC or vice versa ) or otherwise control or regulate the 
electricity provided to each load . As shown in FIG . 6 , first 
motor / generator 628 may be coupled to common bus 624 via 
a first transformer 640 and a first converter 642 . Second 
motor 630 may be coupled to common bus 624 via a second 
converter 646 . Additional loads 632 may be coupled to 
common bus 624 via third transformer 648 . 
[ 0067 ] Unlike engine system 500 , in engine system 600 , 
one of the engines is mechanically coupled to one of the 
loads , herein propeller 634 . Thus , as shown , first engine 602 
is mechanically coupled via a first engine shaft 610 to 
propeller 634 . In this way , rotation of the engine shaft 610 
of first engine 602 drives propeller 634 . A gearbox 612 may 
selectively couple and uncouple first engine shaft 610 from 
propeller 634 . Gearbox 612 may also selectively couple and 
uncouple motor / generator 628 from propeller 634 . By doing 
so , propeller 634 may be driven by first engine 602 , motor / 
generator 628 , or both , depending on operating conditions . 
Further , during deceleration / braking events , rotation of pro 
peller 634 may be translated to electricity via motor / gen 
erator 628 . 
[ 0068 ] Engine system 600 includes a controller 650 , 
which is similar to controller 550 and thus include one or 
more processors and memory . Controller 650 may store 
instructions in memory executable by the one or more 
processors to carry out the methods described herein . Fur 
ther , controller 650 is operably coupled to a generator output 
sensor 652 , which is positioned to measure a parameter of 
generator output carried on common bus 624 ( e . g . , current 
or voltage ) . The signal from generator output sensor 652 
may be used by controller 650 in order to determine if one 
or more of the engines of engine system 600 that is coupled 
to common bus 624 is exhibiting imbalance , in a manner 
similar to the engine imbalance detection described above 
with respect to FIG . 4 and / or in a manner similar to the 
imbalance detection described above with respect to FIG . 5 . 
However , because first engine 602 is not coupled to common 
bus 624 , imbalance in first engine 602 may be detected via 
an alternate imbalance detection method ( e . g . , by analyzing 
the frequency content of the engine shaft speed sensor 
coupled to first engine 602 ) . 
[ 0069 ] As explained above with respect to FIG . 5 , various 
components of engine system 600 may contribute to the 
generator output signal , such as the power conversion com 
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ponents , the motors , the loads driven by the electricity 
generated by the generators ( e . g . , the propeller ) . Additional 
details of the imbalance detection and identification of the 
components contributing to the frequency content of the 
generator output signal will be provided below with respect 
to FIGS . 10A and 10B . 
[ 0070 ] While engine system 600 was described above as 
including a propeller , in some examples engine system 600 
may not be a marine vessel , and thus the propeller may be 
omitted and instead the second motor and first engine may 
drive different loads ( e . g . , traction wheels ) . Further , in some 
examples one or more of the motors of engine system 600 
may be replaced with other loads . Further still , additional or 
alternative power conversion components may be present in 
engine system 600 that are not illustrated in FIG . 6 , such as 
inverters , additional converters , rectifiers , or the like . Addi 
tionally , in some examples , engine system 600 may include 
fewer or more engines than illustrated in FIG . 6 . 
10071 ] FIG . 7 shows a third configuration of an engine 
system 700 . Engine system 700 may be installed in a 
vehicle , such as a marine vessel or other suitable vehicle . In 
other examples , engine system 700 may be installed in a 
stationary platform where the engines described below gen 
erate electricity via the coupled generators in order to power 
various loads . 
[ 0072 ] Engine system 700 is similar to engine system 500 , 
and thus includes a plurality of engines and corresponding 
generators that generate electricity that is supplied to a 
plurality of loads via a common bus . However , engine 
system 700 includes only three engines and further includes 
an energy storage device that may supply electricity to 
power the loads via the common bus . Accordingly , as 
shown , engine system 700 includes a first engine 702 , a 
second engine 704 , and a third engine 706 . Each engine of 
engine system 700 may be non - limiting examples of engine 
110 of FIG . 1 , and thus description of engine 110 provided 
above with respect to FIGS . 1 and 2 likewise applies to the 
engines of engine system 700 . 
[ 0073 ] Each engine is coupled to a respective generator 
via a respective engine shaft , similar to the engine - generator 
coupling described above with respect to FIGS . 1 and 2 . 
Accordingly , a first generator 710 is coupled to first engine 
702 via a first engine shaft 712 , a second generator 714 is 
coupled to second engine 704 via a second engine shaft 716 , 
and a third generator 718 is coupled to third engine 706 via 
a third engine shaft 720 . Each generator is configured to 
generate electricity via rotation of the respective engine 
shaft . The electricity generated by the generators is used to 
power one or more loads , which will be explained in more 
detail below , via a common bus 724 . In the example shown 
in FIG . 7 , common bus 724 is an AC bus configured to carry 
alternating current . 
[ 0074 ] Energy storage device 708 may include one or 
more batteries , capacitors or super capacitors , or other 
suitable energy storage devices . Energy storage device 708 
may be coupled to common bus 724 via a converter 722 , 
which may adjust the voltage output by energy storage 
device 708 ( e . g . , switch the current from DC to AC , decrease 
the voltage , or other power conversion ) so that energy 
storage device 708 may supply electricity to common bus 
724 . Energy storage device 708 may be charged via common 
bus 724 during light load operation where full output from 
each engine is not required to meet system power demands 
and / or during deceleration or braking events where rotation 

of the propellers may be converted to electricity to charge 
energy storage device 708 . Then , during high load operation 
where the engines are unable to meet system power demand , 
energy from energy storage device 708 may be supplied to 
common bus 724 to provide additional power to power the 
loads described below . 
[ 0075 ] Common bus 724 is coupled to a plurality of loads 
and is configured to supply electricity to each of the coupled 
loads as demanded . In engine system 700 , common bus 724 

i s coupled to a first motor 726 , a second motor 728 , a third 
motor 730 , and additional loads 732 . Second motor 728 is 
coupled to a first propeller 734 and third motor 730 is 
coupled to a second propeller 736 . While not shown in FIG . 
7 , first motor 726 may be coupled to a suitable load , such as 
a blower , compressor , or other driven component . The 
additional loads 732 may include hoteling loads ( e . g . , lights , 
cabin power , etc . ) , alternators , energy storage devices , com 
pressors , blowers , or other driven loads . 
[ 0076 ] Each of the loads of engine system 700 ( e . g . , first 
motor 726 , second motor 728 , third motor 730 , and addi 
tional loads 732 ) may be coupled to common bus 724 via 
respective power conversion components . The power con 
version components are electrical power conversion com 
ponents and may act to increase or decrease voltage supplied 
to the respective loads , convert or invert the current ( e . g . , 
from AC to DC or vice versa ) or otherwise control or 
regulate the electricity provided to each load . As shown in 
FIG . 7 , first motor 726 may be coupled to common bus 724 
via a first converter 738 . Second motor 728 may be coupled 
to common bus 724 via a first transformer 740 and a second 
converter 742 . Third motor 730 may be coupled to common 
bus 724 via a second transformer 744 and a third converter 
746 . Additional loads 732 may be coupled to common bus 
724 via third transformer 748 . 
10077 ] Engine system 700 includes a controller 750 . Con 
troller 750 may be similar to controller 150 of FIG . 1 and 
controller 550 of FIG . 5 and thus include one or more 
processors and memory . Controller 750 may store instruc 
tions in memory executable by the one or more processors 
to carry out the methods described herein . Further , controller 
750 is operably coupled to a generator output sensor 752 
which is positioned to measure a parameter of generator 
output carried on common bus 724 ( e . g . , current or voltage ) . 
The signal from generator output sensor 752 may be used by 
controller 750 in order to determine if one or more of the 
engines of engine system 700 is exhibiting imbalance , in a 
manner similar to the engine imbalance detection described 
above with respect to FIG . 4 and with respect to FIG . 5 . 
Controller 750 is also operably coupled to an energy storage 
sensor 753 which is configured to measure one or more 
parameters of energy storage device 708 , such as current or 
voltage being supplied to energy storage device 708 and / or 
being discharged from energy storage device 708 . 
[ 0078 ] Further , various components of engine system 700 
may contribute to the generator output signal . As described 
above with respect to FIGS . 4 and 5 , if these contributions 
affect the imbalance detection ( e . g . , by overlapping with one 
or more engine frequencies or otherwise contributing to the 
selected frequencies analyzed in the imbalance detection ) , 
the imbalance detection may be adjusted by delaying the 
imbalance detection , adjusting a threshold magnitude that a 
frequency magnitude is compared to , shutting off or chang 
ing a speed of a component ( e . g . an engine may be shut off ) , 
or other adjustment . The power conversion components may 
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contribute to the generator output signal . Likewise , the 
motors may be contribute to the generator output signal . The 
loads driven by the electricity generated by the generators 
may contribute to the generator output signal ( e . g . , the 
propellers ) . Additional details of the imbalance detection 
and identification of the components contributing to the 
frequency content of the generator output signal will be 
provided below with respect to FIGS . 10A and 10B . 
[ 0079 ] The signal from energy storage sensor 753 may 
also be analyzed to determine engine imbalance , in a manner 
similar to the generator output signal . For example , during 
certain conditions ( such as when energy storage device 708 
is being charged via common bus 724 ) , energy storage 
sensor 753 may be sampled to obtain an energy storage 
signal . The frequency content of the energy storage signal 
may be analyzed to detect engine imbalance . By doing so , a 
more robust detection may be performed ( e . g . , by detecting 
imbalance via both the generator output signal and the 
energy storage signal ) . 
[ 0080 ] While engine system 700 was described above as 
including two propellers , in some examples engine system 
700 may not be a marine vessel , and thus the propellers may 
be omitted and instead the second and third motors may 
drive different loads ( e . g . , traction wheels ) . Further , in some 
examples one or more of the motors of engine system 700 
may be replaced with other loads . Further still , additional or 
alternative power conversion components may be present in 
engine system 700 that are not illustrated in FIG . 7 , such as 
inverters , additional converters , rectifiers , or the like . Addi 
tionally , engine system 700 may include more or fewer 
engines than illustrated in FIG . 7 . 
[ 0081 ] FIG . 8 shows a fourth configuration of an engine 
system 800 . Engine system 800 may be installed in a 
vehicle , such as a marine vessel or other suitable vehicle . In 
other examples , engine system 800 may be installed in a 
stationary platform where the engines described below gen 
erate electricity via the coupled generators in order to power 
various loads . 
[ 0082 ] Engine system 800 is similar to engine system 700 
of FIG . 7 , and thus includes a plurality of engines and 
corresponding generators that generate electricity that is 
supplied to a plurality of loads via a common bus , and also 
includes an energy storage device that may supply electricity 
to power the loads via the common bus . However , in engine 
system 800 , the common bus carries direct current . Accord 
ingly , as shown , engine system 800 includes a first engine 
802 , a second engine 804 , and a third engine 806 . Each 
engine of engine system 800 may be non - limiting examples 
of engine 110 of FIG . 1 , and thus description of engine 110 
provided above with respect to FIGS . 1 and 2 likewise 
applies to the engines of engine system 800 . 
[ 0083 ] Each engine is coupled to a respective generator 
via a respective engine shaft , similar to the engine - generator 
coupling described above with respect to FIGS . 1 and 2 . 
Accordingly , a first generator 810 is coupled to first engine 
802 via a first engine shaft 812 , a second generator 814 is 
coupled to second engine 804 via a second engine shaft 816 , 
and a third generator 818 is coupled to third engine 806 via 
a third engine shaft 820 . Each generator is configured to 
generate electricity via rotation of the respective engine 
shaft . The electricity generated by the generators is used to 
power one or more loads , which will be explained in more 

detail below , via a common bus 824 . In the example shown 
in FIG . 8 , common bus 824 is a DC bus configured to carry 
direct current . 
[ 0084 ] Energy storage device 808 may include one or 
more batteries , capacitors or super capacitors , or other 
suitable energy storage devices . Energy storage device 808 
may be coupled to common bus 824 via a converter 822 , 
which may adjust the current output by energy storage 
device 808 ( e . g . , switch the current from AC to DC , decrease 
the voltage , or other power conversion so that energy 
storage device 808 may supply electricity to common bus 
824 . Energy storage device 808 is similar to energy storage 
device 708 and thus the description of energy storage device 
708 provided above likewise applies to energy storage 
device 808 . 
[ 0085 ] Each generator may be configured to output alter 
nating current . Because the common bus 824 is a DC bus , 
each generator may be coupled to common bus 824 via 
rectifier that converts the AC to DC . First generator 810 is 
coupled to common bus 824 via a first rectifier 839 . Second 
generator 814 is coupled to common bus 824 via a second 
rectifier 840 . Third generator 818 is coupled to common bus 
824 via a third rectifier 844 . 
[ 0086 ] Common bus 824 is coupled to a plurality of loads 
and is configured to supply electricity to each of the coupled 
loads as demanded . In engine system 800 , common bus 824 
is coupled to a first motor 826 , a second motor 828 , a third 
motor 830 , and additional loads 832 . Second motor 828 is 
coupled to a first propeller 834 and third motor 830 is 
coupled to a second propeller 836 . While not shown in FIG . 
8 , first motor 826 may be coupled to a suitable load , such as 
a blower , compressor , or other driven component . The 
additional loads 832 may include hoteling loads ( e . g . , lights , 
cabin power , etc . ) , alternators , energy storage devices , com 
pressors , blowers , or other driven loads . 
[ 0087 ] Each of the loads of engine system 800 ( e . g . , first 
motor 826 , second motor 828 , third motor 830 , and addi 
tional loads 832 ) may be coupled to common bus 824 via 
respective power conversion components . The power con 
version components are electrical power conversion com 
ponents and may act to increase or decrease voltage supplied 
to the respective loads , convert or invert the current ( e . g . , 
from DC to AC or vice versa ) or otherwise control or 
regulate the electricity provided to each load . As shown in 
FIG . 8 , first motor 826 may be coupled to common bus 824 
via a first converter 838 . Second motor 828 may be coupled 
to common bus 824 via a second converter 742 . Third motor 
830 may be coupled to common bus 824 a third converter 
846 . Additional loads 832 may be coupled to common bus 
824 via fourth converter 848 . 
[ 0088 ] Engine system 800 includes a controller 850 . Con 
troller 850 may be similar to controller 150 of FIG . 1 and 
controller 550 of FIG . 5 and thus include one or more 
processors and memory . Controller 850 may store instruc 
tions in memory executable by the one or more processors 
to carry out the methods described herein . Further , controller 
850 is operably coupled to a generator output sensor 852 
which is positioned to measure a parameter of generator 
output carried on common bus 824 ( e . g . , current or voltage ) 
and to an energy storage sensor 853 positioned to measure 
one or more parameters of energy storage device 808 ( e . g . , 
current or voltage supply or discharge ) . The signal from 
generator output sensor 852 and / or from energy storage 
sensor 853 may be used by controller 850 in order to 
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determine if one or more of the engines of engine system 
800 is exhibiting imbalance , in a manner similar to the 
engine imbalance detection described above with respect to 
FIG . 4 and with respect to FIGS . 5 and 7 . 
[ 0089 ] Further , various components of engine system 800 
may contribute to the generator output signal . As described 
above with respect to FIGS . 4 and 5 , if these contributions 
affect the imbalance detection ( e . g . , by overlapping with one 
or more engine frequencies or otherwise contributing to the 
selected frequencies analyzed in the imbalance detection ) , 
the imbalance detection may be adjusted by delaying the 
imbalance detection , adjusting a threshold magnitude that a 
frequency magnitude is compared to , shutting off or chang 
ing a speed of a component ( e . g . an engine may be shut off ) , 
or other adjustment . The power conversion components may 
contribute to the generator output signal . Likewise , the 
motors may be contribute to the generator output signal . The 
loads driven by the electricity generated by the generators 
may contribute to the generator output signal ( e . g . , the 
propellers ) . Additional details of the imbalance detection 
and identification of the components contributing to the 
frequency content of the generator output signal will be 
provided below with respect to FIGS . 10A and 10B . 
[ 0090 ] While engine system 800 was described above as 
including two propellers , in some examples engine system 
800 may not be a marine vessel , and thus the propellers may 
be omitted and instead the second and third motors may 
drive different loads ( e . g . , traction wheels ) . Further , in some 
examples one or more of the motors of engine system 700 
may be replaced with other loads . Further still , additional or 
alternative power conversion components may be present in 
engine system 800 that are not illustrated in FIG . 8 , such as 
inverters , additional converters , rectifiers , or the like . Addi - 
tionally , engine system 800 may include more or fewer 
engines than illustrated in FIG . 8 . 
0091 ] FIG . 9 shows a fifth configuration of an engine 

system 900 . Engine system 900 may be installed in a 
vehicle , such as a marine vessel or other suitable vehicle . In 
other examples , engine system 900 may be installed in a 
stationary platform where the engines described below gen 
erate electricity via the coupled generators in order to power 
various loads . 
[ 0092 ] Engine system 900 is similar to engine system 500 
of FIG . 5 , and thus includes a plurality of engines and 
corresponding generators that generate electricity that is 
supplied to a plurality of loads via a bus . However , rather 
than including a single , common bus , engine system 900 
includes two buses , first bus 924 and second bus 925 . Each 
of the generators may be coupled to one of the buses . The 
first bus 924 and second bus 925 may be decoupled ; how 
ever , first bus 924 and second bus 925 may be coupled 
together under some conditions ( such as when one of the 
buses is degraded ) . Accordingly , as shown , engine system 
900 includes a first engine 902 , a second engine 904 , a third 
engine 906 , and a fourth engine 908 . Each engine of engine 
system 900 may be non - limiting examples of engine 110 of 
FIG . 1 , and thus description of engine 110 provided above 
with respect to FIGS . 1 and 2 likewise applies to the engines 
of engine system 900 . 
[ 0093 ] Each engine is coupled to a respective generator 
via a respective engine shaft , similar to the engine - generator 
coupling described above with respect to FIGS . 1 and 2 . 
Accordingly , a first generator 910 is coupled to first engine 
902 via a first engine shaft 912 , a second generator 914 is 

coupled to second engine 904 via a second engine shaft 916 , 
a third generator 918 is coupled to third engine 906 via a 
third engine shaft 920 , and a fourth generator 922 is coupled 
to fourth engine 908 via a fourth engine shaft 923 . Each 
generator is configured to generate electricity via rotation of 
the respective engine shaft . The electricity generated by the 
generators is used to power one or more loads , which will be 
explained in more detail below , via first bus 924 or second 
bus 925 . In the example shown in FIG . 9 , first bus 924 and 
second bus 925 are each an AC bus configured to carry 
alternating current . As shown in FIG . 9 , first bus 924 is 
coupled to first generator 910 and second generator 914 . 
Second bus 925 is coupled to third generator 918 and fourth 
generator 922 . First bus 924 and second bus 925 may be 
decoupled from each other , at least during some conditions . 
When first bus 924 and second bus 925 are decoupled , first 
generator 910 and second generator 914 are only coupled to 
respective loads ( explained below ) via first bus 924 . Like 
wise , when first bus 924 and second bus 925 are decoupled , 
third generator 918 and fourth generator 922 are only 
coupled to respective loads via second bus 925 . However , 
first bus 924 and second bus 925 may be coupled together 
under some conditions , which may couple each generator to 
each load via the coupled first bus 924 and second bus 925 
( which may then act as a common bus ) . 
[ 0094 ] First bus 924 and second bus 925 are coupled to a 
plurality of loads and are configured to supply electricity to 
each of the coupled loads as demanded . In engine system 
900 , first bus 924 is coupled to a first motor 926 and a second 
motor 928 . Second bus 925 is coupled to a third motor 930 
and additional loads 932 . Second motor 928 is coupled to a 
first propeller 934 and third motor 930 is coupled to a second 
propeller 936 . While not shown in FIG . 9 , first motor 926 
may be coupled to a suitable load , such as a blower , 
compressor , or other driven component . The additional loads 
932 may include hoteling loads ( e . g . , lights , cabin power , 
etc . ) , alternators , energy storage devices , compressors , 
blowers , or other driven loads . Further , as shown in FIG . 9 , 
one of the additional loads may include a motor 933 . 
10095 ] Each of the loads of engine system 900 ( e . g . , first 
motor 926 , second motor 928 , third motor 930 , and addi 
tional loads 932 ) may be coupled to first bus 924 and / or 
second bus 925 via respective power conversion compo 
nents . The power conversion components are electrical 
power conversion components and may act to increase or 
decrease voltage supplied to the respective loads , convert or 
invert the current ( e . g . , from AC to DC or vice versa ) or 
otherwise control or regulate the electricity provided to each 
load . As shown in FIG . 9 , first motor 926 may be coupled to 
first bus 924 and / or second bus 925 via a first converter 538 . 
Second motor 928 may be coupled to first bus 924 and / or 
second bus 925 via a second converter 942 . Third motor 930 
may be coupled to first bus 924 and second bus 925 via a 
third converter 946 . While FIG . 9 shows additional loads 
932 ( including motor 933 ) coupled to first bus 924 and / or 
second bus 925 without any intervening power conversion 
components , in some examples one or more power conver 
sion components may be coupled between the buses and the 
additional loads , such as a transformer , converter , etc . Addi 
tionally , while the only power conversion components 
shown in FIG . 9 are converters , in some examples , addi 
tional power conversion components may be present , such 
as transformers , inverters , etc . 
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[ 0096 ] Engine system 900 includes a controller 950 . Con 
troller 950 may be similar to controller 150 of FIG . 1 and 
thus include one or more processors and memory . Controller 
950 may store instructions in memory executable by the one 
or more processors to carry out the methods described 
herein . Further , controller 950 is operably coupled to a first 
generator output sensor 952 coupled to first bus 924 and a 
second generator output sensor 953 coupled to second bus 
925 . First generator output sensor 952 is positioned to 
measure a parameter of generator output carried on first bus 
924 . For example , first generator output sensor 952 may 
measure a current carried on first bus 924 or a voltage 
supplied via first bus 924 . Likewise , second generator output 
sensor 953 may measure a current carried on second bus 925 
or a voltage supplied via second bus 925 . Due to each bus 
being selectively coupleable to each generator , current or 
voltage measured by first generator output sensor 952 and 
second generator output sensor 953 may be representative of 
the output of more than one generator depending on how the 
generators are coupled to the buses . The signals from first 
generator output sensor 952 and second generator output 
sensor 953 may be used by controller 950 in order to 
determine if one or more of the engines of engine system 
900 is exhibiting imbalance , in a manner similar to the 
engine imbalance detection described above with respect to 
FIGS . 4 and 5 . 
[ 0097 ] For example , the output from first generator output 
sensor 952 and / or second generator output sensor 953 may 
be sampled to generate a first generator output signal and a 
second generator output signal , respectively . Each generator 
output signal may be analyzed to determine the frequency 
content of the respective generator output signal . The fre 
quency content may be analyzed to determine if one or more 
engines is exhibiting imbalance . However , because multiple 
generators may be coupled to the same bus , and further 
because which generators are coupled to which bus may 
change , multiple frequencies each determined based on a 
speed of a respective engine may be selected for analysis to 
determine if imbalance is present , for each of the signals 
output by the generator output sensors . As explained above 
with respect to FIG . 5 , the imbalance detection routine may 
be performed with when one or more engines are not 
operating in order to facilitate isolation of the contribution to 
the generator output signals for each generator . 
[ 0098 ] Further , various components of engine system 900 
may contribute to the generator output signal . As described 
above with respect to FIGS . 4 and 5 , if these contributions 
affect the imbalance detection ( e . g . , by overlapping with one 
or more engine frequencies or otherwise contributing to the 
selected frequencies analyzed in the imbalance detection ) , 
the imbalance detection may be adjusted . Example contri 
butions to the generator output signals may include the 
power conversion components , the motors , and the loads 
driven by the electricity generated by the generators ( e . g . , 
the propellers ) . Additional details of the imbalance detection 
and identification of the components contributing to the 
frequency content of the generator output signal will be 
provided below with respect to FIGS . 10A and 10B . 
10099 ] While engine system 900 was described above as 
including two propellers , in some examples engine system 
900 may not be a marine vessel , and thus the propellers may 
be omitted and instead the second and third motors may 
drive different loads ( e . g . , traction wheels ) . Further , in some 
examples one or more of the motors of engine system 900 

may be replaced with other loads . Additionally , engine 
system 900 may include more or fewer engines than illus 
trated in FIG . 9 . 
0100 ] Turning now to FIGS . 10A and 10B , a method 
1000 for diagnosing an engine degradation is presented . 
Method 1000 may be carried out according to instructions 
stored in memory of a controller , such as controller 550 of 
FIG . 5 , controller 650 of FIG . 6 , controller 750 of FIG . 7 , 
controller 850 of FIG . 8 , or controller 950 of FIG . 9 , in order 
to diagnose an engine condition , such as a misfiring cylinder , 
based on output from a sensor configured to measure a 
parameter of generator output , such as generator output 
sensor 552 , generator output sensor 652 , generator output 
sensor 752 , generator output sensor 852 , or generator output 
sensor 952 , or generator output sensor 953 . In some 
examples , the engine condition may be diagnosed based on 
output from an energy storage sensor , such as energy storage 
sensor 753 or energy storage sensor 853 . Method 1000 may 
be executed in an engine system that includes two or more 
engines , such as the engine systems described above with 
respect to FIGS . 5 - 9 . 
[ 0101 ] If misfire or other engine degradation is detected , 
method 1000 may identify which engine of the two or more 
engines is exhibiting the degraded condition , and adjust one 
or more operating parameters of the identified engine to 
mitigate the source of degradation , such as adjusting fuel 
injection amounts to the degraded cylinder . While method 
1000 is described below with respect to the systems and 
components of FIGS . 5 - 9 , it is to be understood that the 
imbalance detection may be performed on other engines and 
other system configurations . 
[ 0102 ] At 1002 ( shown in FIG . 10A ) , method 1000 deter 
mines engine system operating parameters . The determined 
operating parameters include , but are not limited to , engine 
speed for each engine , engine load for each engine , genera 
tor load for each generator , auxiliary load status , motor 
speed ( for each motor in the engine system ) , propeller speed 
for each propeller , and other parameters . At 1004 , method 
1000 includes determining if conditions for detecting imbal 
ance have been met . As explained above with respect to 
FIGS . 2 - 4 , and explained in more detail below , degradation 
of one or more engines may be detected based on a param 
eter of generator output , such as the DC link voltage , AC 
current on an AC bus , AC bus voltage , etc . For example , the 
frequency content of the voltage signal output by the gen 
erator output sensor may be analyzed to determine if one or 
more cylinders of an engine are misfiring , hence causing 
imbalance in the engine shaft rotation for that engine and 
corresponding imbalance in the generator output ( e . g . , volt 
age or current ) . To accurately identify imbalance or aberra 
tions in the generator output signal , the generator output 
signal may be analyzed only during conditions where the 
engine shaft speeds are consistent , for example . Thus , at 
least in one embodiment , the conditions for detecting imbal 
ance may include each engine speed being within a speed 
range , steady - state operating conditions ( e . g . , each engine 
speed and / or engine load are changing by less than a 
threshold amount ) , and / or other conditions . In some 
examples , the conditions for detecting imbalance may 
include all engines of the engine system operating . In other 
examples , the conditions for detecting imbalance may 
include at least one but not all of the engines of the engine 
system operating . For example , and as explained in more 
detail below , when multiple engines and corresponding 
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generators are coupled to the same common electrical bus , 
the generator output on the electrical bus may be analyzed 
to detect engine imbalance . However , with the multiple 
engines contributing to the frequency content of the genera 
tor output signal , depending on the speeds of the engines , 
one or more engines may contribute to the frequency content 
of the signal in a manner that may confound detection of 
imbalance of another engine or that may make it difficult to 
determine which engine is exhibiting imbalance , if imbal 
ance were to be detected . As such , in some examples , the 
imbalance detection described herein may be executed when 
only engine is operating . In other examples , the engine 
imbalance detection may be executed when only two 
engines are operating , or when only three engines are 
operating . 
[ 0103 ] If the conditions for detecting imbalance have not 
been met , method 1000 loops back to 1002 to continue 
monitoring operating parameters . If the conditions for 
detecting imbalance have been met , method 1000 proceeds 
to 1006 to transform the generator output signal ( s ) ( e . g . , the 
signal output from generator output sensor 552 , generator 
output sensor 652 , generator output sensor 752 , or generator 
output sensor 852 , or first generator output sensor 952 and 
second generator output sensor 953 ) into the frequency 
domain and / or transform the energy storage signal ( e . g . , the 
signal output from energy storage sensor 753 or energy 
storage sensor 853 ) into the frequency domain . Transform 
ing the signal ( s ) may include performing a fast Fourier 
transform on each signal , bandpass filtering the signal ( s ) , or 
other suitable transformation . The frequency content of the 
signal ( s ) may include a fundamental ( e . g . , first order ) fre 
quency and harmonics ( e . g . , the half - order , one and half 
order , second order , etc . ) . 
[ 0104 ] At 1007 , method 1000 includes determining an 
engine speed of each engine and selecting one or more 
frequencies for the imbalance detection based on each 
engine speed . For example , referring to FIG . 5 , a first engine 
speed of first engine 502 may be determined , a second 
engine speed of second engine 504 may be determined , a 
third engine speed of third engine 506 may be determined , 
and a fourth engine speed of fourth engine 508 may be 
determined . One or more frequencies may be identified 
based on each engine speed . To detect imbalance , as 
explained below , the half order frequency component may 
be analyzed . Accordingly , if the first engine speed is 500 
RPM , the second engine speed is 750 RPM , the third engine 
speed is 900 RPM , and the fourth engine speed is 1000 
RPM , the selected frequencies may include 4 . 16 Hz , 6 . 25 
Hz , 7 . 5 Hz , and 8 . 33 Hz ( which frequencies correspond to 
the half order frequency for each engine speed ) . If an engine 
is not operating , no frequency for that engine may be 
identified . 
[ 0105 ] In engine systems that include more than one bus 
and thus include more than one generator output signal , such 
as engine system 900 of FIG . 9 , the determination of the 
frequencies for the imbalance detection may also include 
determining which frequencies are associated with which 
generator output signal . As an example , first engine 902 and 
second engine 904 may be coupled to first AC bus 924 while 
third engine 906 and fourth engine 908 may be coupled to 
second AC bus 925 . Accordingly , the frequencies associated 
with first engine 902 and second engine 904 ( e . g . , 4 . 16 Hz 
and 6 . 25 Hz ) may be assigned to the generator output signal 
from first generator output sensor 952 while the frequencies 

associated with third engine 906 and fourth engine 908 ( e . g . , 
7 . 5 Hz and 8 . 33 Hz ) may be assigned to the generator output 
signal from first generator output sensor 953 . However , if 
degradation of one of the buses is determined , or the two 
buses are otherwise coupled together , each engine may be 
coupled to a common bus and thus all selected frequencies 
may be associated with the same generator output signal . 
[ 0106 ] At 1008 , method 1000 includes determining a 
contribution to the frequency content of the generator output 
signal ( s ) and / or energy storage signal by other components 
of the engine system . As used herein , “ other components ” of 
the engine system may include components separate from a 
given engine , such as power conversion components ( e . g . , 
inverters , converters , rectifiers , transformers ) , motors , pro 
pellers , or other reciprocating loads , that in some conditions 
may contribute to the frequency content of the generator 
output signal ( s ) and / or energy storage signal . The " other 
components ” may also include a contribution by the given 
engine that is unrelated to engine imbalance , such as an 
increase in engine load . Further , the " other components ” 
may also include other engines in the engine system . For 
example , when the engine system includes four engines , if 
two of the engines are operating at the same speed or at 
speeds that are multiples of each other ( e . g . , one at 500 RPM 
and one at 1000 RPM ) , a first engine of the two engines may 
contribute to the frequency content of the generator output 
signal in a manner that could confound detection or identi 
fication of imbalance in a second of the two engines . 
[ 0107 ] Under select conditions ( e . g . , during select modes 
of operation ) , the engines , one or more components of the 
engines , or one or more components of the system in which 
the engines are installed may contribute to the generator 
output signal . When the frequency content of the generator 
output signal is analyzed to detect engine imbalance , for 
example , imbalance may be indicated if the other compo 
nents are contributing to the frequency content , thus leading 
to false positive indications of engine imbalance or other 
types of degradation . Because detection of engine imbalance 
may lead to engine operating adjustments , including adjust 
ment of fuel injection amounts , and in some cases may lead 
to engine shutdown , false positive indications of imbalance 
may be costly , time consuming , waste fuel , or have other 
consequences . Thus , as explained herein , the contribution of 
the other components to the frequency content may be 
detected , and if the contribution is above a threshold , the 
detection of the imbalance may be adjusted to compensate 
for the contribution by the other components . 
[ 0108 ] One type of component that may contribute to the 
frequency content of generator output signal is power con 
version components . The power conversion components 
may be electrical components that act to regulate or modify 
aspects of the power distributed in the engine system , and 
may include inverters , converters , transformers , rectifiers , 
and the like . In one example , the generator output signal may 
be effected by an inverter base frequency . Accordingly , 
determining the contribution to the frequency content by 
another component of the engine system includes , at 1010 , 
determining the contribution of one or more power conver 
sion components . To determine the contribution by the one 
or more power conversion components , the frequency of 
each power conversion component may be determined . If a 
power conversion component frequency is within a thresh 
old of an engine frequency , it may be determined that the 
power conversion component is contributing to the fre 
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quency content of the generator output signal . As such , when 
the power conversion component frequency is at or near an 
engine frequency ( e . g . , if the power conversion component 
frequency is within 0 . 5 or 1 Hz of an engine frequency ) , the 
contribution to the frequency content by the power conver 
sion component may be above a threshold value . 
[ 0109 ] In another example , the contribution by the one or 
more power conversion components may be determined 
based on one or more sideband frequencies of an engine 
frequency . When an engine imbalance occurs , the magnitude 
of the half - order frequency component of the frequency 
content of the generator output signal increases . However , 
this effect on the generator output is relatively narrow 
spectrum , and thus only the half - order frequency may be 
affected by the imbalance . In contrast , the one or more 
power conversion components ( as well as other components 
that contribute to the frequency content ) may affect the 
generator output on the common bus in a relatively wide 
spectrum manner , e . g . , the contribution by the power con 
version component may not be limited to the half - order 
frequency . Thus , to detect the contribution to the frequency 
content by the power conversion components , the sidebands 
of one or more selected frequency components may be 
analyzed . If the sidebands are greater than a threshold , then 
ii may be indicated that the contribution by the inverters is 
greater than a threshold value . 
[ 0110 ] In an example , if one of the engines is operating at 
1050 RPM , the engine frequency ( e . g . , the engine revolution 
frequency ) is 17 . 5 Hz , giving a half - order frequency of 8 . 75 
Hz . The main peak of the half - order frequency component 
may be identified as a band around 8 . 75 , such as 8 . 5 - 9 , and 
the sidebands may be identified as frequency bands adjacent 
to the main peak , such as a first side band of 8 - 8 . 5 , a second 
side band of 9 - 9 . 5 , a third sideband of 7 . 5 - 8 , and a fourth 
sideband of 9 . 5 - 10 . The magnitude of each sideband may be 
determined , and each sideband magnitude may be summed . 
The sum of the magnitudes of the sidebands may be com 
pared to a threshold magnitude . In one example , the thresh 
old magnitude may be one - half the threshold magnitude 
used to determine engine imbalance ( explained below ) . If 
the summed sideband magnitude is greater than the thresh 
old , it may be indicated that a power conversion component 
is contributing to the frequency content . 
[ 0111 ] Other components in addition to the power conver 
sion components may contribute to the frequency content of 
the generator output signal , including generator auxiliary 
loads , motors , motor loads ( e . g . , a propeller ) , other engines , 
as well as fluctuations in the engine itself . Thus , as indicated 
at 1012 , determining the contribution to the frequency 
content by the other components may include determining 
the contribution to the frequency content by one or more 
motors and / or one or more motor loads . For example , 
referring to FIG . 5 , propeller 534 may be operating at a 
speed that is the same as the first engine speed or is a 
harmonic of the first engine speed ( e . g . , 250 RPM or 500 
RPM ) . In such examples , the propeller may contribute to the 
frequency content that will be analyzed in order to detect if 
the first engine is exhibiting imbalance . If a motor or motor 
load is determined to be cycling ( e . g . , turning or recipro 
cating ) with a frequency that is the same or a multiple of one 
of the identified frequencies selected above ( e . g . , the fre 
quencies that are selected based on the engine speeds ) , the 
contribution by the motor or motor load may be determined 
to be above the threshold . Additionally , in examples where 

the motor load is a propeller , the propeller pitch may affect 
the frequency content of the generator output signal , and 
thus the propeller pitch may be analyzed in addition to the 
propeller speed in order to determine if the propeller is 
contributing to the frequencies of interest . 
[ 0112 ] Further , as indicated at 1014 , determining the con 
tribution to the frequency content by the other components 
may include determining the contribution to the frequency 
content by one or more auxiliary loads . The auxiliary loads 
may include a blower , compressor , radiator fan , additional 
alternator , or other component that is powered by the com 
mon bus and / or contributes to the generator load or genera 
tor output signal . If an auxiliary component ( e . g . , the blower , 
compressor , or radiator fan ) reciprocates with a frequency 
that is the same ( e . g . , within 5 or 10 % ) or a multiple of one 
of the identified frequencies selected above ( e . g . , the fre 
quencies that are selected based on the engine speeds ) , or if 
the auxiliary component reciprocates with a frequency that 
is the same ( e . g . , within 5 or 10 % ) as an engine frequency , 
it may be indicated that the auxiliary load is contributing to 
the generator output signal . 
[ 0113 ] . Further , as indicated at 1016 , determining the con 
tribution to the frequency content by another component 
may include determining if an engine speed or load change 
is occurring or has occurred during the sensor sampling or 
transformation period , or determining if two or more 
engines are operating at the same frequency or multiples of 
each other . If an engine speed or load changes , it may result 
in a change in engine shaft speed , thus affecting the gen 
erator output signal . As such , if an engine speed or load 
changes , it may be determined the contribution to the 
frequency content by an engine is above the threshold value . 
As another example , if two engines are operating at the same 
speed ( and thus have the same half order frequency ) , or at 
substantially the same speed ( e . g . , within 5 or 10 % of each 
other ) , or at multiples of the same speed ( such that the half 
order frequency of one engine is the same or substantially 
the same as the first order frequency of another engine ) , it 
may be determined that the contribution to the frequency 
content by an engine is greater than the threshold value . 
[ 0114 ] . At 1018 , method 1000 includes determining if the 
contribution to the frequency content by the other compo 
nents is less than or equal to a threshold value . In some 
examples , the threshold value may be zero , such that any 
contribution is determined to be above the threshold value . 
In other examples , the threshold may be greater than zero , so 
that a small amount of contribution to the frequency content 
is deemed acceptable . It is to be understood that in some 
examples , the threshold value may not be numeric but 
instead may be a yes or no determination ( e . g . , if an engine 
load change is occurring , the contribution may be deter 
mined to be above the threshold ) . Further , in some examples , 
the threshold value may depend on the type of component 
contributing to the frequency content , e . g . , the inverter 
contribution may be deemed greater than the threshold when 
the sideband frequency magnitudes are greater than a thresh 
old magnitude while the auxiliary load contribution may be 
deemed greater than the threshold when an auxiliary load is 
added . Further , in examples where multiple generator output 
signals are analyzed ( e . g . , in engine system 900 ) , the con 
tribution to the frequency content may be determined per 
generator output signal . In other words , for a first generator 
output signal , only the contribution by the other components 
to the frequency content of the first generator output signal 
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may be considered and not the contribution by the other 
components to the frequency content of the second generator 
output signal . In this way , if a first power conversion 
component has a frequency that is the same or substantially 
similar to only a first engine frequency ( and similar to the 
other engine frequencies ) , the first power conversion com 
ponent may only be considered to be contributing to the 
frequency content if the first power conversion component is 
coupled to the same bus as the first engine . 
10115 ] . If the contribution is determined greater the thresh 
old , method 1000 proceeds to 1020 adjust the detection of 
the imbalance . This may include delaying the detection until 
the contribution drops below the threshold , as indicated at 
1022 . As the sources that contribute to the frequency content 
are typically transient , the detection of the engine imbalance 
may be delayed ( e . g . , by a predetermined amount of time or 
number of engine cycles ) until the component is no longer 
contributing to the frequency content of the generator output 
signal . In another example , the adjusting of the detection of 
engine imbalance may include adjusting a threshold used in 
the imbalance determination , as indicated at 1024 . As will be 
explained in more detail below , engine imbalance may be 
indicated when the half - order frequency component ( e . g . , 
8 . 75 Hz for an engine at 1050 RPM , or a mean or sum of a 
bucket of frequencies around a selected frequency compo 
nent ) or other target frequency component is greater than a 
threshold magnitude ( e . g . , the magnitude predicted for a 
healthy engine ) . When the contribution to the frequency 
content by another component in the engine system is 
greater than the threshold contribution value ( e . g . , the 
inverters are operating at a frequency near an engine fre 
quency ) , this threshold magnitude used for determining 
imbalance may be increased to reduce the number of false 
positive imbalance detections . In this way , while more subtle 
engine imbalances may go undetected , at least for a dura 
tion , stronger imbalances may be detected without unnec 
essarily adjusting engine parameters or shutting down the 
engine due to false indications of imbalance . If the imbal 
ance detection is delayed , method 1000 may return to 
execute the imbalance monitor at a subsequent time when 
the contribution has decreased to below the threshold . If the 
imbalance detection is adjusted , method 1000 may proceed 
to 1028 to carry out the imbalance detection . 
10116 ] . If at 1018 it is determined that the contribution by 
the other components is less than or equal to the threshold 
value , or if the imbalance detection is to be adjusted at 1024 , 
method 1000 proceeds to 1028 ( shown in FIG . 10B ) to 
detect engine imbalance based on respective magnitudes of 
each peak of each selected frequency . In one example , the 
main peak of the half - order frequency component for each 
selected frequency may be analyzed ( e . g . , each peak corre 
sponding to the half - order frequency of each engine ) , and if 
a magnitude is greater than a threshold magnitude , engine 
imbalance may be indicated . However , other frequency 
components ( e . g . , first order , second order ) may be ana 
lyzed , either alone or in combination . Other mechanisms for 
detecting engine imbalances based on the generator output 
signal frequency content are possible . 
[ 0117 ] As an example , the selected frequencies may 
include 4 . 16 Hz , 6 . 25 Hz , 7 . 5 Hz , and 8 . 33 Hz ( e . g . , which 
may be the half order frequencies for engine speeds of 500 , 
750 , 900 , and 1000 RPMs , respectively ) . Thus , a magnitude 
of the main peak at 4 . 16 Hz may be compared to a threshold 
to detect imbalance in the first engine , a magnitude of the 

main peak at 6 . 25 Hz may be compared to a threshold to 
detect imbalance in the second engine , a magnitude of the 
main peak at 7 . 5 Hz may be compared to a threshold to 
detect imbalance in the third engine , and a magnitude of the 
main peak at 8 . 33 Hz may be compared to a threshold to 
detect imbalance in the fourth engine . Each of the thresholds 
may be the same , or each threshold may be specific to a 
given frequency ( e . g . , the threshold for 6 . 25 Hz may be 
different than the threshold for 7 . 5 Hz ) . As explained above 
with respect to FIG . 3 , the thresholds may be based on 
magnitudes that a healthy engine would be expected to 
exhibit . 
[ 0118 ] However , referring to the first engine ( having an 
engine speed of 500 RPM ) and the fourth engine ( having an 
engine speed of 1000 RPM ) , the first order frequency 
component for the first engine is the same as the half order 
frequency component for the fourth engine . Thus , magni 
tude of the main peak at the half order frequency component 
for the fourth engine ( e . g . , at 8 . 33 Hz ) may reflect the half 
order frequency component for the fourth engine and the 
first order frequency component for the first engine . As such , 
the magnitude , when compared to the threshold , may indi 
cate imbalance in the fourth engine even if imbalance is not 
present . To mitigate this issue , the imbalance detection for 
the fourth engine may not be performed ( e . g . , it may be 
delayed until the first engine speed or the fourth engine 
speed changes , or the imbalance detection may be repeated 
during conditions where the first engine may be shut off ) . 
[ 0119 ] Further , as explained above , rather than analyzing 
a single , main peak corresponding to each selected fre 
quency component , a bucket including multiple frequencies 
around each selected frequency component may be ana 
lyzed , such as the frequency components in the 4 - 4 . 5 Hz 
range for the selected frequency of 4 . 16 Hz . When more than 
one peak is analyzed to determine imbalance , the peaks may 
be summed or averaged and then compared to a threshold . 
In one example , the mean frequency bucket sum of RMS 
square is compared to an imbalance threshold , and if the 
mean frequency bucket is greater than the imbalance thresh 
old , imbalance may be determined . Likewise , when the 
sideband frequency content is analyzed to determine if the 
inverters or other components are contributing to the signal 
content , the sideband frequency bucket sum of RMS square 
is compared to a threshold , which in some examples may be 
one - half the imbalance threshold . 
[ 0120 ] At 1030 , method 1000 determines if imbalance is 
detected . If is determined that no imbalance is detected , 
method 1000 proceeds to 1032 to maintain current operating 
parameters , including maintaining fuel injection parameters 
( e . g . , amounts , timing ) for each engine . However , if not all 
engines were analyzed ( e . g . , because of overlapping or 
conflicting engine speeds ) , imbalance may not be detected 
but the detection may be repeated under different conditions 
that may facilitate imbalance detection in the engines that 
were not analyzed . 
[ 0121 ] If imbalance in one or more engines detected , 
method 1000 proceeds to 1034 to determine if the engine ( s ) 
exhibiting the imbalance can be identified . If each engine is 
operating at different engine speeds , the engine that is 
exhibiting the imbalance may be identified based on the 
magnitude of the peak at the half order frequency compo 
nent ( or other frequency component ) that is above its 
corresponding threshold . In the example presented above , if 
the peak at 6 . 25 Hz has a magnitude that is above its 
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threshold , the second engine may be identified as the engine 
exhibiting the imbalance . However , as explained above , if 
two or more engines are operating at the same or substan 
tially the same engine speeds ( e . g . , within 5 or 10 % of each 
other ) , the engines will have the same frequency and thus the 
generators coupled to the engines will contribute to the 
generator output signal in the same manner . For example , if 
two engines are operating at 750 RPM , the two engines will 
both have a half order frequency of 6 . 25 Hz . In such an 
example , if the peak at 6 . 25 Hz has a magnitude that is above 
its threshold , both of the engines may be identified as the 
engine exhibiting the imbalance . Accordingly , the detection 
may not be able to sufficiently identify which engine is 
exhibiting the imbalance . 
[ 0122 ] If the engine that is exhibiting the imbalance is 
identified , method 1000 proceeds to 1036 to adjust one or 
more engine operating parameters of the identified engine to 
mitigate the imbalance . The adjusting of the engine operat - 
ing parameters may include adjusting a fuel injection 
amount to a cylinder that is determined to be misfiring ( e . g . , 
if the engine is a multi - fuel engine configured to combust 
gaseous and liquid fuel , the amount of liquid fuel relative to 
gaseous fuel may be increased in the misfiring cylinder ) , or 
all cylinders of the engine . Other engine adjustments may 
include adjusting fuel injection or ignition timing , valve 
timing , exhaust gas recirculation , boost pressure , or other 
parameters . Further , depending on the level of imbalance 
and whether it can be mitigated via engine parameter 
adjustments , the engine power may be derated or the engine 
may be shut down in some examples . Method 1000 then 
returns . 
[ 0123 ] If the engine that is exhibiting the imbalance can 
not be identified , method 1000 proceeds to 1038 to repeat 
the imbalance detection when at least one engine is not 
operating or once engine speed has changed . For example , 
if the two engines operating at 750 RPM are identified as 
possibly exhibiting imbalance , the imbalance detection may 
be repeated when only one of the two engines is operating . 
If the engine system is operating at part load where output 
from all engines is not required to meet power demand , one 
of the two engines may be shut down , and the imbalance 
detection may be repeated . If imbalance in the still - operating 
engine is detected , that engine may be identified as exhib 
iting the imbalance . If imbalance in the still - operating 
engine is not detected , the shut - down engine may be iden 
tified as the engine exhibiting the imbalance . Method 1000 
then returns . 
[ 0124 ] Thus , engine imbalance may be detected via gen 
erator output . For example , if a fuel injector is faulty or the 
intake or exhaust valves are degraded , incomplete combus 
tion may occur , and hence a lower combustion torque may 
be produced . The sum total of these combustion torques is 
seen by the generator , and the generator produces an elec 
tromagnetic torque whose profile matches with the engine 
shaft torque . Using the generator as a sensor , faults in the 
system may be identified without the use of additional 
sensors . However , the generator output ( such as the DC link 
voltage or AC bus voltage ) sees interference from a variety 
of other sources including other engines , inverters , auxilia 
ries , alternators , engine speed shaft oscillations due to 
sudden load , capacitor failures , etc . These potential sources 
of noise may be identified and addressed to help improve the 
fidelity of the imbalance determination and eliminate false 
positives . For removing interference from the inverters ( or 

other power conversion components ) , sideband frequencies 
may be evaluated and those signals may be eliminated when 
the values are beyond a threshold . 
[ 0125 ] Further , in some examples , the method described 
above may be applied to output from other engine system 
sensors , such as engine speed sensors , alternator voltage 
sensors , or engine shaft torque sensors . Therein , sources of 
noise to the sensor output may be identified ( e . g . , inverter 
operation , sudden engine load changes , engagement or dis 
engagement of auxiliary loads , etc . ) and the detection of 
engine imbalance may be delayed until the contribution to 
the sensor output frequency content is below a threshold , or 
the engine imbalance detection may be adjusted ( e . g . , the 
threshold magnitude for indicating imbalance may be 
increased ) . For example , the inverters may contribute to a 
signal output by an engine shaft torque sensor , and if this 
contribution is determined to be above a threshold , the 
engine imbalance detection may be delayed , or the threshold 
magnitude used to determine if engine imbalance is present 
may be increased . 

f 0126 ] . In engine systems that include multiple engines 
each coupled to a generator and each generator coupled to a 
common bus , the engines themselves may act as sources of 
noise . To mitigate the noise and ensure robust imbalance 
detection , the generator output sensor signal may be ana 
lyzed during various operating conditions where each engine 
may be operating , or some engines may not be operating . 
For example , the generator output signal may be analyzed 
with all engines and all generators operating . In another 
example , the generator output signal may be analyzed as 
each engine is turned on ( or off ) one at a time ( e . g . , starting 
with all four engines on , a first engine may be turned off , and 
the generator output signal analyzed to detect imbalance ; the 
first engine may be turned on and then a second engine may 
be turned off and the generator output signal analyzed ; the 
second engine may be turned on the third engine turned off , 
and so forth ) . As another example , each engine may be 
turned on ( or off ) one after the other until all the engines are 
on ( or off ) . The generator output signal may be analyzed 
each time an engine is turned on or off ) . A similar approach 
may be taken with other sensors that may be operable to 
detect imbalance , such as the energy storage sensors 
described herein , engine shaft speed sensors , or the like . 
[ 0127 ] When analyzing the generator output signal , 
sources of noise may be identified and ignored , if possible . 
The sources of noise may include a motor frequency or 
multiple of the motor frequency , power conversion compo 
nent switching frequency ( or multiple thereof ) , or noise 
from converters , propellers , or other reciprocating con 
nected components . Further , when the common bus is an AC 
bus , the fundamental frequency and harmonics of the AC 
may be identified and ignored ( e . g . , 50 or 60 Hz and 
harmonics thereof ) . 
[ 0128 ] As explained above , the AC bus voltage harmonics 
to which engine ( s ) is / are connected may be analyzed to 
determine imbalance of one or more engines . If different 
engines are operating at different engine frequencies , mul 
tiple frequencies may be analyzed ( each frequency may 
correspond to multiple / sub - multiple of an engine mechani 
cal frequency ) . The frequencies of interest may be half order 
or any multiple / sub - multiple of the engine frequency / fre 
quencies . The analysis can be carried out in similar fashion 
in case of a common DC link . The frequencies of noise may 
need be ignored ( to avoid nuisance detections ) , which may 
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include the propeller frequency and / or multiple / sub - multiple 
frequencies and other load inverter fundamental / switching 
frequencies and / or multiple / sub - multiple of those . 
[ 0129 ] It may be beneficial to leverage any opportunity 
available when not all the engines are engaged to eliminate 
or confirm imbalance in the engine that is not part of the 
analysis , since not all the engines are engaged all the time . 
Depending on the load , if not all the engines are engaged , 
then the engines may be engaged cyclically to improve 
imbalance evaluation under various scenarios . It may be 
further beneficial to capture parameters of interest when 
there are no transients ( to avoid nuisance detections ) . 
( 0130 ] As used herein , an element or step recited in the 
singular and proceeded with the word “ a ” or “ an ” should be 
understood as not excluding plural of said elements or steps , 
unless such exclusion is explicitly stated . Furthermore , 
references to “ one embodiment ” of the present invention are 
not intended to be interpreted as excluding the existence of 
additional embodiments that also incorporate the recited 
features . Moreover , unless explicitly stated to the contrary , 
embodiments " comprising , " " including , ” or “ having ” an 
element or a plurality of elements having a particular 
property may include additional such elements not having 
that property . The terms " including ” and “ in which ” are used 
as the plain - language equivalents of the respective terms 
" comprising ” and “ wherein . ” Moreover , the terms " first , ” 
“ second , ” and “ third , ” etc . are used merely as labels , and are 
not intended to impose numerical requirements or a particu 
lar positional order on their objects . 
[ 0131 ] This written description uses examples to disclose 
the invention , including the best mode , and also to enable a 
person of ordinary skill in the relevant art to practice the 
invention , including making and using any devices or sys 
tems and performing any incorporated methods . The patent 
able scope of the invention is defined by the claims , and may 
include other examples that occur to those of ordinary skill 
in the art . Such other examples are intended to be within the 
scope of the claims if they have structural elements that do 
not differ from the literal language of the claims , or if they 
include equivalent structural elements with insubstantial 
differences from the literal languages of the claims . 

1 . A system , comprising : 
a generator coupled to an engine and configured to 

generate electricity from rotational movement of a shaft 
of the engine ; 

a motor configured to be driven by the generator through 
one or more power conversion components , the motor 
configured to drive a load ; 

a sensor configured to measure generator output ; and 
a controller configured to : 

detect engine imbalance based on a frequency content 
of a signal output from the sensor in response to a 
contribution to the frequency content from the one or 
more power conversion components and / or the load 
of the motor being less than a threshold value . 

2 . The system of claim 1 , wherein the controller is 
configured to , in response to the contribution being above 
the threshold value , delay the detection of the engine imbal 
ance until the contribution is less than the threshold value . 

3 . The system of claim 1 , wherein to detect engine 
imbalance , the controller is configured to compare a mag 
nitude of a selected frequency of the frequency content to a 
first threshold magnitude and indicate engine imbalance if 
the magnitude exceeds the first threshold magnitude . 

4 . The system of claim 1 , wherein the one or more power 
conversion components include only one or more electrical 
power conversion components 

5 . The system of claim 1 , wherein the contribution to the 
frequency content from the one or more power conversion 
components and / or the load of the motor include a contri 
bution to the frequency content from a power conversion 
component of the one or more power conversion compo 
nents , and wherein the controller is configured to determine 
a power frequency of the power conversion component and , 
if the power frequency is within a threshold range of an 
engine rotational frequency , indicate the contribution is 
above the threshold value . 

6 . The system of claim 1 , wherein the load comprises a 
propeller , wherein the contribution to the frequency content 
from the one or more power conversion components and / or 
the load of the motor include a contribution to the frequency 
content from the propeller . 

7 . The system of claim 1 , wherein the generator is a first 
generator coupled to a first engine and the motor is a first 
motor , and wherein the system further comprises : 

one or more additional generators each coupled to a 
respective additional engine ; 

one or more additional motors and / or one or more aux 
iliary loads ; and 

a common bus coupling the first generator and each of the 
one or more additional generators to the first motor and 
the one or more additional motors and / or one or more 
auxiliary loads , wherein the generator output measured 
by the sensor is a voltage or a current of the common 
bus . 

8 . The system of claim 7 , wherein to detect engine 
imbalance , the controller is configured to : 
when the signal output from the sensor is sampled , 

determine a respective engine speed of each engine ; 
identify a selected frequency of the frequency content of 

the signal for each respective engine speed ; 
compare a respective magnitude of each selected fre 

quency to a respective corresponding threshold mag 
nitude ; and 

indicate engine imbalance if one or more of the respective 
magnitudes exceeds its corresponding threshold mag 
nitude . 

9 . The system of claim 8 , wherein the controller is 
configured to , responsive to indicating engine imbalance : 

identify a first selected frequency that has a respective 
magnitude that exceeds its corresponding threshold 
magnitude ; 

associate the first selected frequency with one or more 
engines based on the respective engine speed for each 
engine ; and 

if the first selected frequency is only associated with one 
engine , indicate that the associated engine is exhibiting 
engine imbalance . 

10 . The system of claim 9 , wherein if the first selected 
frequency is associated with two or more engines , the 
controller is configured to identify which engine of the two 
or more engines associated with the first selected frequency 
is exhibiting the engine imbalance by analyzing the fre 
quency content of the signal output by the sensor when at 
least one engine of the two or more engines is not operating . 

11 . The system of claim 1 , wherein the controller is 
further configured to detect engine imbalance based on the 
frequency content of the signal output from the sensor in 
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response to a contribution to the frequency content from a 
change in engine operation being less than the threshold 
value . 

12 . The system of claim 1 , wherein the controller is 
configured to , responsive to detecting engine imbalance , 
adjust one or more engine operating parameters . 

13 . The system of claim 1 , wherein the system is installed 
in a stationary platform or a marine vessel . 

14 . A method , comprising : 
determining a frequency content of a signal output from 

a sensor configured to measure a generator output 
parameter carried on a common bus coupling a first 
generator and a second generator to one or more motors 
and / or auxiliary loads , the first generator coupled to a 
first engine and the second generator coupled to a 
second engine ; 

identifying whether a contribution to the determined 
frequency content by one or more system components 
at one or more selected frequencies is greater than a 
threshold ; 

when the contribution is not greater than the threshold , 
detecting engine imbalance of the first engine and / or 
second engine based on the one or more selected 
frequencies of the determined frequency content , and 
adjusting an engine operating parameter in response to 
the detected engine imbalance , where the one or more 
selected frequencies are identified based on a first 
engine speed of the first engine and a second engine 
speed of the second engine ; and 

when the contribution is greater than the threshold , adjust 
ing the detecting of the engine imbalance based on the 
one or more selected frequencies of the determined 
frequency content . 

15 . The method of claim 14 , wherein adjusting the detect 
ing of the engine imbalance based on the determined fre 
quency content comprises delaying the detecting of the 
engine imbalance until the contribution is not greater than 
the threshold , and wherein the one or more system compo 
nents comprise one or more of a converter , an inverter , an 
alternator , a propeller , or a generator auxiliary load . 

16 . The method of claim 14 , wherein detecting engine 
imbalance based on the determined frequency content com 
prises : 

if the first engine speed is within a threshold range of the 
second engine speed , selecting a first frequency of the 
frequency content based on the first engine speed : 
comparing a first magnitude of the first frequency to a 

first threshold magnitude and indicating engine 
imbalance of the first engine or the second engine if 
the first magnitude exceeds the first threshold mag 
nitude ; and 

if the first engine speed is not within the threshold range 
of the second engine speed : 
selecting a second frequency of the frequency content 
based on the first engine speed and selecting a third 
frequency of the frequency content based on the 
second engine speed , the third frequency different 
than the second frequency , 

comparing the second magnitude of the second fre 
quency to a second threshold magnitude and indi 
cating engine imbalance of the first engine if the 
second magnitude exceeds the second threshold 
magnitude , and 

comparing a third magnitude of the third frequency to 
a third threshold magnitude and indicating engine 
imbalance of the second engine if the third magni 
tude exceeds the third threshold magnitude . 

17 . The method of claim 16 , further comprising if the first 
engine speed is within the threshold range of the second 
engine speed and if engine imbalance of the first engine or 
the second engine is indicated , determining if the engine 
imbalance is an engine imbalance of the first engine or the 
second engine by analyzing the frequency content of the 
signal output by the sensor during a subsequent operation 
when only one of the first engine and the second engine is 
operating 

18 . The method of claim 14 , wherein the one or more 
system components comprise a propeller , and wherein iden 
tifying whether the contribution to the determined frequency 
content by the one or more system components at the one or 
more selected frequencies is greater than the threshold 
includes identifying whether a frequency of the propeller is 
within a threshold range of a first engine frequency of the 
first engine or a second engine frequency of the second 
engine . 

19 . A system , comprising : 
a first engine ; 
a first generator coupled to the first engine and configured 

to generate electricity from rotational movement of a 
first shaft of the first engine ; 

a second engine ; 
a second generator coupled to the second engine and 

configured to generate electricity from rotational move 
ment of a second shaft of the second engine ; 

a common bus coupled to the first generator and the 
second generator ; 

one or more motors and / or auxiliary loads coupled to the 
common bus ; 

a sensor configured to measure a generator output param 
eter carried on the common bus ; and 

a controller configured to : 
determine a frequency content of a signal output from 

the sensor ; 
identify whether a contribution to the determined fre 

quency content by one or more system components 
at one or more selected frequencies is greater than a 
threshold ; 

when the contribution is not greater than the threshold , 
detect engine imbalance of the first engine and / or the 
second engine based on the one or more selected 
frequencies of the determined frequency content , and 
adjust an engine operating parameter in response to 
the detected engine imbalance , where the one or 
more selected frequencies are identified based on a 
first engine speed of the first engine and a second 
engine speed of the second engine ; and 

when the contribution is greater than the threshold , 
adjust the detecting of the engine imbalance based on 
the one or more selected frequencies of the deter 
mined frequency content . 

20 . The system of claim 19 , wherein the one or more 
system components comprise a propeller , a converter , a 
motor , and / or an inverter , and wherein the system is installed 
in a stationary platform or a marine vessel . 


