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(57) ABSTRACT 

Vibration and tachometer measurements are used to assess 

the health of rotating equipment to compute and store tWo 
sided cepstrum parameters used to compare the engine 
performance to a class of engines for determining out-of 
family performance indicating the healthy or defective 
nature of the engine under test. The cepstrum parameter can 
be vieWed after static test ?ring of a rocket engine and 
analyzed for changes in the cepstrum parameter further 
indicating defect groWth during static test ?ring. Engine-to 
engine comparisons of vibration-related parameters can be 

(22) Filed; Jun_ 19, 2001 used to provide information on abnormal gear behavior. The 
cepstrum is de?ned as the inverse discrete Fourier transform 

Publication Classi?cation of the logarithm of tWo-sided autospectral density. The test 
method is an effective screen for determining defective 

(51) Int. Cl.7 ............................ .. G01B 5/28; G06F 19/00 rocket engine components during pre?ight static testing. 
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ROCKET ENGINE GEAR DEFECT MONITORING 
METHOD 

STATEMENT OF GOVERNMENT INTEREST 

[0001] The invention Was made With Government support 
under contract No. F04701-93-C-0094 by the Department of 
the Air Force. The Government has certain rights in the 
invention. 

FIELD OF THE INVENTION 

[0002] The invention relates to the ?eld of mechanical 
motor testing. More particularly, the invention relates to 
rocket motor testing using digital signal processing of vibra 
tion responses of a rocket motor under test. 

BACKGROUND OF THE INVENTION 

[0003] The monitoring of rotating machinery and gears 
using vibration measurements for determining the operating 
performance and condition is an established process in many 
industries. Vibration measurements are commonly acquired 
for test data processing using accelerometers placed on the 
rotating machinery to evaluate the condition of rotating 
equipment. Monitoring methods have been applied to the 
pre?ight evaluations of rocket engines. Effective monitoring 
tools are needed for pre?ight testing of rocket engine 
turbopumps. With the current trend toWard reusable launch 
vehicles that Will require the turbomachinery to operate for 
extended periods of time and on multiple missions, active 
monitoring of the condition of the internal components of 
the rocket engine becomes more important. In an effort to 
increase performance, expendable launch vehicle rocket 
engine turbopumps are sometimes operated at speeds and 
loads for Which the engines Were not initially designed. The 
consequence of this increased loading is that structural 
margins are decreased and the potential for hardWare dam 
age or catastrophic failure increases. For a particular 
expendable launch vehicle engine, tWo cases of liquid oxy 
gen gear damage, including a catastrophic failure, have been 
observed during acceptance and development ground testing 
of the hardWare. In order to mitigate the risk associated With 
the decreased structural margins, a drive train diagnostic 
procedure is needed. 

[0004] In order to gain insight into the behavior of a rocket 
engine prior to ?ight, vibration response data is acquired 
during acceptance tests knoWn as static ?rings or hot runs. 
During hot runs, the engine is ?xed in a test stand and 
ignited. The steady-state data acquired is then analyZed to 
determine quantitative parameters that are used to assess the 
vibration signature of an engine. During rotating machinery 
analysis, particular vibration signatures are related to spe 
ci?c types of component defects. For example, discrete gear 
tooth defects are often characteriZed in the frequency 
domain by the appearance of spectral components at higher 
order harmonics of the speed of the shaft upon Which the 
faulty gear is located. 

[0005] The simplest fault detection techniques use the 
change in statistical properties of the vibration signal as a 
measure of engine health. Relevant vibration parameters that 
have been used include both the root mean square value and 
the kurtosis. While these vibration parameters provide a 
single number that can potentially indicate a defect in the 
system, the vibration parameters can not identify the source 
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leading to a change in vibration level. Some gear fault 
detection methods use an analytic envelope signal to provide 
information on the modulation of the gear mesh frequency. 
HoWever, due to the extremely high operating speeds of 
rocket engine turbopumps, measurements of the vibration 
responses up to the gear mesh frequency are often beyond 
the capability of the data acquisition instrumentation. More 
recently, Wavelet transforms have been used for gear fault 
detection. 

[0006] There are several problems associated With current 
methods of testing rocket engine turbomachinery. Current 
methods of testing rocket engine turbomachinery are often 
used to monitor bearing conditions and typically use trend 
analysis With a one-sided cepstrum analysis. These methods 
do not provide quantitative parameters for monitoring rocket 
engine gears developed from the one-sided cepstrum analy 
sis. For turbomachinery With operating ranges typical of 
those experienced in rocket engines, the resolution of the 
one-sided cepstrum analysis approach yields results that are 
not as easily interpreted. 

[0007] In conjunction With vibration measurements 
acquired during tests or operation of a rotating machine, 
digital signal processing techniques are used in condition 
assessment procedures. Analysts have used a one-sided 
autospectral density and the one-sided cepstrum for compu 
tation purposes to indicate gear performance. The one-sided 
cepstrum method in particular, has been used to detect 
damage in both rolling element bearings and gears. Partly 
due to the susceptibility of engine and transmission com 
ponents to fatigue failures, there has been research directed 
at effective detection of gear tooth damage. 

[0008] The typical practice in most machinery analysis is 
to establish a baseline for a speci?c machine and subse 
quently implement a regular monitoring schedule. Typical 
rotating machinery can be compared to a baseline over an 
expected operating life measured over many years. In a trend 
analysis process, changes in relevant parameters are then 
tracked over the life of the machine. HoWever, the life of an 
expendable launch vehicle rocket engine turbopump, includ 
ing acceptance testing and operational missions, is measured 
in minutes. The turbopump is usually test ?red at least tWice 
prior to delivery to the customer in order to shoW that 
acceptable performance limits are met. These test ?rings 
generally last for several minutes each. Due to limited 
available engine life, it is desirable to perform as feW tests 
as possible to assure nominal performance. From a diagnos 
tics perspective, a consequence of only tWo hot ?re tests is 
a limited amount of operating time of the engine during 
Which to assess small changes in the vibration signature 
rendering trend analysis ineffectual. 
[0009] The inherent dif?culty of comparing different 
pieces of hardWare are mitigated by maintaining a database 
of previous comparisons betWeen knoWn hardWare health 
and associated vibration characteristics. For example, the 
variability in vibration characteristics for engines that per 
form in a nominal fashion can be established With some 
simple statistics. Additionally, When a correlation has pre 
viously been established betWeen documented hardWare 
damage and a unique vibration signature, correlation can be 
useful in providing an early differentiation betWeen a nomi 
nally operating engine and one that contains a defect. 

[0010] In many methods, the comparison of measurements 
betWeen different machines is not recommended because of 
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variability in transmission path effects due either to manu 
facturing tolerances or differences in the instrumentation 
setup. Also, infant operational characteristics of a machine 
may not apply across an entire class of machines. The 
constraints imposed by the methods applied to rocket engine 
turbomachinery make a comparison betWeen engines 
impracticable. Rotating machinery can be compared to a 
baseline operation over an expected operating life measured 
in years, but life time baseline comparisons are unsuitable 
for an expendable launch vehicle rocket engine turbopump 
life, including acceptance testing, that is measured in min 
utes. While trend analysis is performed from hot ?re to hot 
?re on a typical engine, trend analysis is not applied to 
compare speci?c engine parameters to other engines param 
eters of knoWn operating conditions. While traditional trend 
analysis may be performed on a single engine, parametric 
cepstrum analysis has not been accurately used to compare 
vibration signatures across a class of engines. While cep 
strum analysis has been used to perform trend analysis for a 
particular engine, an easily interpreted parametric database 
containing cepstrum parameters for both healthy and faulty 
engines has not been used to provide accurate indication of 
engine health. These and other disadvantages are solved or 
reduced using the invention. 

SUMMARY OF THE INVENTION 

[0011] An object of the invention is to provide a test 
method for rotating machinery. 

[0012] Another object of the invention is to provide a 
method for detecting anomalous gear performance in rocket 
engine turbomachinery during acceptance hot ?ring. 

[0013] Yet another object of the invention is to provide a 
method for detecting anomalous gear performance in rocket 
engine turbomachinery during acceptance hot ?ring using 
tWo-sided cepstrum analysis. 

[0014] Still another object of the invention is to provide a 
method for monitoring rocket engine turbomachinery using 
tWo-sided cepstrum analysis for generating a quantitative 
parameter indicating the performance of the turbomachin 
ery. 

[0015] A further object of the invention is to provide a 
method for monitoring rocket engines during hot ?ring using 
tWo-sided cepstrum analysis for generating a quantitative 
parameter indicating the performance of the turbomachinery 
relative to a class of like turbomachinery. 

[0016] Still a further object of the invention is to provide 
a turbopump vibration diagnostic routine that indicates the 
nature of a defect by monitoring the change in output 
characteristics of accelerometers measuring gear box vibra 
tions. 

[0017] Yet another object of the invention is to provide a 
method that uses vibration measurements acquired during 
static ?ring tests to develop screening parameters that are 
related to the condition of turbomachinery components. 

[0018] The invention is a method directed toWards a 
diagnostic procedure for measuring the performance of a 
machine having periodic movement that can be externally 
detected through acquired vibration signals. The method is 
based on a double or tWo-sided cepstrum analysis that can be 
applied in the preferred form to steady-state gear box 
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accelerations. The gear box may be part of a rocket engine 
under hot ?re testing. A cepstrum is de?ned as the inverse 
discrete Fourier transform of the logarithm of the tWo-sided 
autospectral density of the vibration measurements. The 
vibration measurements used in the analysis are acquired 
during static hot ?re tests from accelerometers mounted on 
the external surface of the turbopump gear box of the rocket 
engine. FolloWing the ground tests, the cepstrum analysis is 
used to provide an indication of turbopumps that have 
functioned normally and those With anomalous vibration 
signatures. The effectiveness of the method is demonstrated 
by comparing analysis results from an engine in good 
condition With a similar engine that suffered complete gear 
failure during development testing. The cepstrum method 
detects anomalous vibration characteristics and provides an 
indication of the type of defect. Measurement processing 
provides unique spectral characteristics that indicate the 
presence of a gear fault. 

[0019] Measurements acquired during ground testing of a 
rocket engine are preferably converted into a parameter that 
is indicative of anomalous behavior of a turbopump gear 
under test. During ground test operations, measurements 
from the accelerometers mounted on the exterior of the gear 
box and a tachometer transducer Within a pump housing are 
acquired on a frequency modulated analog recording tape. 
FolloWing a series of tests, discrete time periods of data 
segments are stored in a computer in digital format. The 
stored measurement data is converted into a single quanti 
tative parameter that may be indicative of anomalous behav 
ior of a gear. The system operates on the series of stored data 
records, using a digital signal processing system to produce 
parameters that are stored in a database. These parametric 
results are used to assess the possibility of the presence and 
progression of a gear tooth fault in the gear train of the 
turbopump of the rocket engine. 
[0020] The stored data records consist of measurements 
from the gear box accelerometer and outputs from a tachom 
eter transducer. The accelerometer measures the gear box 
surface acceleration While the tachometer provides a signal 
that is periodic and is related to the rotation rate of the gear. 
These discrete data records are acquired at successive times 
during the ground test operation of the engine and each 
record is individually analyZed by the digital signal process 
ing system. The digital signal processing system implements 
a tWo-sided cepstrum analysis, rotational speed detection 
and periodic cepstrum peak detection. A tWo-sided cepstrum 
analysis calculator converts the time records into a tWo 
sided frequency spectrum using a discrete Fourier transform, 
an autospectral density calculator and a logarithmic con 
verter, and then converts the tWo-sided frequency spectrum 
into a cepstrum vibration signal Within a tWo-sided periodic 
time domain spectrum. The rotational speed detector con 
verts the periodic tachometer signal into an average gear 
speed for the time keeping of the data records being ana 
lyZed. The peak detector automatically locates, Within a 
speci?ed periodic time range, the peak value of the vibration 
signal synchroniZed With the inverse of the calculated aver 
age gear speed. This peak value is a cepstrum parameter that 
is used to assess gear health and is stored in a database. A 
progressive increase in the value of this cepstrum parameter 
for a particular engine is indicative of progression of a gear 
tooth defect. This parameter can be compared With similar 
values of other like engines that have been previously 
associated With knoWn gear hardWare health. The tWo-sided 
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cepstrum analysis method detects anomalous vibration sig 
natures and provides a diagnostic indication as to the nature 
of a defect so that proper corrective actions can be rapidly 
implemented. Additionally, the cepstrum method provides a 
quantitative parameter related to a knoWn gear anomaly. 
This cepstrum parameter is preferably stored in a database 
and used for comparison to the same parameter obtained 
from tests on other engines in the same class. The cepstrum 
analysis is preferably implemented as the inverse discrete 
Fourier transform of the logarithm of the tWo-sided 
autospectral density of the vibration measurements. 

[0021] A single quantitative cepstrum parameter is gener 
ated for indicating gear condition. The cepstrum parameter 
is automatically calculated from the stored time records. The 
tWo-sided cepstrum analysis has the mathematical advan 
tage of increased resolution in the periodic time domain 
particularly suitable to rocket engine turbomachinery oper 
ating at high speeds. The maintained database and quanti 
tative nature of the cepstrum parameter alloW for pre?ight 
acceptance or rejection of the turbomachinery. The method 
is particularly effective using data acquired from the exterior 
of a turbopump gear box during actual ground test opera 
tions of rocket engines as a gear condition monitoring 
method. The measurements acquired on the exterior of the 
gear box are used to assess the health of the internal rotating 
gears that can not be inspected after the ground tests and 
prior to ?ight. This is advantageous in assessing the risk of 
catastrophic engine failure during the ascent launch phase of 
a launch vehicle. If a high risk condition exists, the engine 
can be rebuilt With a neW gear train potentially saving human 
lives and expensive hardWare. The method can be applied on 
any turbopump With a gear train, and can be adapted to 
monitor other types of turbopump components, such as 
bearings, and could also be made to operate in real-time 
enabling in-?ight monitoring of the gear train. Quasi-real 
time calculations can be used for monitoring during ground 
tests for alloWing an operator to shut doWn the test before a 
gear-induced catastrophic failure. 
[0022] The method offers an ability to detect and quantify 
periodic structures in the frequency domain. The ability of 
the cepstrum parameter to diagnose discrete gear tooth 
defects is done by comparing the cepstrum parameters for 
several nominally operating turbopumps to the correspond 
ing values for engines that exhibit catastrophic failure and 
excessive gear Wear and tooth chipping. The mean value and 
mean plus or minus one sigma values respectively for the 
cepstrum value for all nominally operating engine liquid 
oxygen cepstrum parameters are also preferably stored in the 
database. There may be variation in the value of the cep 
strum parameter When different engines are compared to one 
another. This variation is not unexpected and is a result of 
engine-to-engine hardWare variability. Possible contributors 
to this variation are residual imbalances in the liquid oxygen 
shaft or slight gear mesh imperfections. In a preferred form, 
the method may be used to screen engines against in-?ight 
gear failure during a mission by evaluating the preceding 
ground test vibration signatures. The primary requirement is 
to provide an accurate technical evaluation for the unique 
vibration signature associated With the progression of a 
defect toWard failure. A secondary aspect is to describe this 
unique vibration signature using the quantitative cepstrum 
parameter that can be tracked over the operating life of a 
turbopump that is also stored in a database and compared to 
other engines. The tWo-sided cepstrum method is an effec 
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tive gear box monitoring tool for the pre?ight testing of a 
turbopump for engine-to-engine comparisons using the data 
base for comparing hardWare health for speci?c vibration 
characteristics. These and other advantages Will become 
more apparent from the folloWing detailed description of the 
preferred embodiment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] 
system. 

[0024] FIG. 2 is a block diagram of a digital signal 
processing system. 

[0025] FIG. 3A is a graph in the spectral domain of an 
autospectral density of a defect input. 

[0026] FIG. 3B is a graph in the frequency domain of a 
frequency response function With a square magnitude. 

[0027] FIG. 3C is a graph in the spectral domain of an 
autospectral density of a normal gear vibration response. 

[0028] FIG. 3D is a graph in the spectral domain of an 
autospectral density of a defect output. 

[0029] FIG. 3E is a graph in the spectral domain of an 
autospectral density prior to failure of the gears. 

[0030] FIG. 4A is a graph in the time domain of a nominal 
cepstrum response in the cepstrum domain. 

[0031] FIG. 4B is a graph in the time domain of a 
cepstrum response in the cepstrum domain prior to failure of 
the gears under test. 

FIG. 1 is a block diagram of a rocket engine test 

[0032] FIG. 5A is a graph of nominal engine parameters 
during hot ?re testing run time. 

[0033] FIG. 5B is a graph of engine failure parameters 
during hot ?re testing run time. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0034] An embodiment of the invention is described With 
reference to the ?gures using reference designations as 
shoWn in the ?gures. Referring to FIG. 1, a rocket engine 
test system is used to monitor an engine 10 having a gear box 
12 during static ?ring testing. The engine is poWered by fuel 
from a liquid oxygen tank 14 and a liquid hydrogen tank 16. 
The engine 10 is monitored by an accelerometer 18 and a 
tachometer 20. It is advantageous to place several acceler 
ometers in locations on the exterior of the gear box housing 
that are characteriZed by signi?cant system resonances. The 
accelerometer 18 provides vibration signals corresponding 
to vibrations of the gear box during the static testing. The 
engine has a moving portion, not shoWn, including a rotating 
shaft and rotating gears. The moving portion provides a 
tachometer speed signal. During static test ?ring of the 
engine 10, exhaust is expended out of a noZZle 22 as the 
gears in the gear box rotate about the shaft during burning 
of the fuel from the tanks 14 and 16. The vibration and 
tachometer speed signals are fed during monitoring to a data 
acquisition system 24 that ampli?es and communicates the 
vibration and tachometer speed signals respectively from the 
accelerometer 18 and tachometer 20 for subsequent record 
ing by a tape recorder 26. The tape recorder 26 on playback 
feeds the recorded vibration and tachometer speed signals to 
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an analog to digital converter 28 that converts the vibration 
and tachometer speed signals into digital signals and feeds 
the digital signals to a digital processing system 30 that 
maintains a parametric database 32. 

[0035] Referring to FIGS. 1 and 2 and more particularly 
to FIG. 2, the digital signal processing system 30 receives 
the vibration and tachometer speed digital signals 34 from 
the converter 28 and stores a cepstrum parameter in the 
parametric database 32. The digital signal processing system 
30 processes the vibration and shaft speed tachometer sig 
nals 34 to form a cepstrum parameter for each engine tested 
of a family of like engines having similar nominal vibration 
signatures during static test ?ring. The parametric database 
stores cepstrum parameters from a plurality of like engines 
for out-of-family and in-family comparisons. The vibration 
input signal 34 is received by the digital signal processing 
system 30 that includes a discrete Fourier transformer 38 
providing a Fourier spectrum vibration signal that is then 
received by a tWo-sided autospectral density calculator 40 
providing an autospectral density vibration signal that is 
then received by a logarithmic converter 42 providing a 
logarithmic autospectral density signal that is in turn 
received by an inverse discrete Fourier transformer 44 
providing a cepstrum vibration signal. The discrete Fourier 
transformer 38 transforms the vibration input signal into the 
frequency domain. The tWo-sided autospectral density cal 
culator 40 and the logarithmic converter 42 operate in the 
frequency domain. The inverse discrete Fourier transformer 
44 transforms the logarithmic autospectral density vibration 
signal into the periodic time domain. The transformers 38 
and 44, calculator 40 and converter 42 may be implemented 
using conventional computer processing. 

[0036] The digital signal processing system 30 receives 
the tachometer signal 34 and uses a rotational speed detector 
46 for detecting the rotational shaft speed of the gear box for 
providing a speed signal in HertZ in the time domain that is 
in turn received by an averager 48 that averages the speed 
signal in HertZ to provide an average speed signal that is in 
turn received by an inverter 50 for inverting the speed signal 
into an average periodic time value signal. The detector 46, 
averager 48 and inverter 50 form a time-synchroniZed 
processing path in the digital signal processing system 30 
that operates in parallel With the tWo-sided cepstrum calcu 
lator 36. The average periodic time value signal and the 
cepstrum vibration signal are received in synchronism by a 
peak detector 52 that detects the peak of the cepstrum 
vibration signal at the average periodic time value to provide 
the cepstrum parameter that is then stored in the parametric 
database 32 for out-of-family and in-family comparisons of 
monitored engines. The cepstrum parameter is developed by 
processing vibration and periodic measurements during 
steady-state test conditions. These measurements are 
acquired on the exterior of the gear box and thus, vibrations 
induced by small defects in the internal components are 
often hidden Within the high amplitude signal that is inherent 
in normally operating rocket engines. 

[0037] Referring to FIGS. 3A through 3E, the cepstrum 
method uses frequency domain signal evaluations. The 
autospectral density of the hidden defect input is revealed as 
energy spikes shoWn in FIG. 3A located at the fundamental 
and integer multiples of the liquid oxygen shaft rotation rate. 
A single degree-of-freedom transfer function magnitude 
squared is shoWn in FIG. 3B for modeling machine opera 
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tion that has superimposed resonance responses shoWn as a 
nominal autospectral density in FIG. 3C. The autospectral 
density of the single degree-of-freedom oscillator model of 
the defect is shoWn in FIG. 3D. The defect component can 
be superimposed upon the inherent nominal autospectral 
density response of a healthy system turbopump for gener 
ating an inherent and defective composite autospectral den 
sity shoWn in FIG. 3E as an autospectral density of the 
machine prior to failure. 

[0038] Referring to all of the Figures, and more particu 
larly to FIGS. 4A through 5B, the method computes the 
cepstrum for the engine under test. A nominal cepstrum 
signal has some peaks during normal operation as shoWn in 
the periodic time domain in FIG. 4A. A cepstrum just prior 
to failure has additional peaks at multiples of the fundamen 
tal periodic time as shoWn in FIG. 5C. The method gener 
ates from the cepstrum vibration signal the cepstrum param 
eters at various points during a test as shoWn in FIG. 5A for 
a nominal operating engine shoWing the cepstrum parameter 
to be Within a variation band of in-family nominal operating 
engines of a class of engines. An engine With a defect Will 
generate cepstrum parameter values outside the variation 
band as an out-of-family comparison during the test as 
shoWn in FIG. 5B. 

[0039] Referring to all of the ?gures, the tWo-side cep 
strum analysis is based on autospectral density processing. 
A representative autospectral density plot of the vibration 
response is shoWn in the FIG. 3C corresponding to a 4.0 
second time frame and data acquired at a rate, for example, 
of 25K samples per second. This autospectral density plot is 
from data acquired during the ?nal static ?ring of an 
exemplar healthy engine that operated normally during 
acceptance tests and later performed successfully during a 
?ight. The autospectral density is calculated using the dis 
crete Fourier transformer 30 preferably using thousands of 
data points, for example 8200 data points, and a Hanning 
WindoW to suppress sidelobe leakage. For example, the 
difference betWeen the autospectral density for a nominally 
operating turbopump and one that is several seconds aWay 
from catastrophic failure of the gear is indicated by multiple 
peak groWth in the frequency domain. Data acquired at a rate 
of at 25K samples per second during the ?nal acceptance test 
?ring of a production engine that operated nominally during 
the acceptance tests and later performed successfully during 
?ight is shoWn in FIG. 3C for comparison. Several distinct 
peaks can be seen in the loW frequency regime that are a 
result of knoWn forced system responses due to shaft rota 
tion. Depending on the construction of the turbopump, other 
forced responses due to rotating components or ?oW-in 
duced vibrations are often observed. In the case of the 
exemplar healthy engine, the autospectral density did not 
change signi?cantly over the series of hot runs performed. 
The results from testing the exemplar healthy engine may be 
compared to results obtained from an exemplar defective 
engine that exhibited a failure of the liquid oxygen gear at 
the end of a series of static ?rings. Subsequent to the failure 
of the exemplar defective engine, analysis and laboratory 
testing attributed the failure to a fatigue crack that pro 
gressed from the root of a single tooth on the liquid oxygen 
gear. Thus, the method focuses a defect source mechanism 
that correlates the vibration induced by an exemplar discrete 
gear tooth fault to the unique spectral characteristics as 
shoWn by example in FIG. 3E that appear in the exemplar 
defective engine. A qualitative assessment of the engine 
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health can sometimes be made by visual inspection of the 
autospectral density. In the case of discrete gear tooth 
defects, the damage can often be seen in the frequency 
domain as a family of spectral peaks spaced at integer 
multiples of the speed of the shaft upon Which the faulty gear 
tooth is located. In the case of the gear failure, the defect 
source mechanism is a system resonant ampli?cation of 
short-duration impulses spaced at time intervals correspond 
ing to the disturbance induced by a gear defect. 

[0040] A simple input-output model can be used to indi 
cate the source mechanism for the spectral characteristics 
observed on the defective engine With a gear tooth fault. 
Measurements obtained from the accelerometer mounted on 
the exterior of a turbopump gear box are used for develop 
ment of screening criteria for the liquid oxygen gear in a 
particular rocket engine. Processing random vibrations is 
based on data records. Discrete time periods for vibration 
accelerations are expressed in the time domain by the data 
record x(t) that is divided into nd contiguous segments of 
length T. Each record segment xm(t) can be represented in 
digital terms, With a sampling interval of At, by N data 
values {xmn} Where n=0, . . . , N-l, and m=1, . . . , nd. 

Preferably, a Hanning WindoW With a mean square correc 
tion factor is noW applied to the data record. In the trans 
former 38, the discrete Fourier components of the mth 
record are de?ned by a Fourier transform equation. 

NIZ 

[0041] The terms Xrn are the discrete Fourier components 
of the mth record. The Fourier transform equation is deter 
ministic at the discrete frequencies fk=k/T=k/NAt. The tWo 
sided autospectral density is then de?ned by a tWo-sided 
autospectral density equation. The xm(t) data records can 
then be assessed in the frequency domain using the tWo 
sided autospectral density equation. 

NIZ 

[0042] An autospectral density may be presented graphi 
cally as a one-sided autospectral density. The one-sided 
autospectral density equation can be obtained from the 
tWo-sided autospectral density. The one-sided autospectral 
density, GXX(fk) is de?ned by a one-sided autospectral den 
sity equation. 

[0043] Measurements obtained from a particular acceler 
ometer mounted on the exterior of a rocket engine tur 
bopump are used to aid in the development of screening 
criteria for an engine. The accelerometer output is a function 
of the various vibration-producing mechanisms Within the 
gear box. Therefore, this machine can be described using a 
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simple multiple input and single output model. For a mul 
tiple input and single output model, there are q transfer 
functions for the constant parameter linear systems Hi(f), 
i=1, . . . q, q inputs xi(t), i=1, . . . , q, and one output y(t). 

There is also an output noise term n(t) that accounts for all 
deviations from the ideal model, Which may be due to 
unmeasured inputs, nonlinear operations, non-stationary 
effects and instrument noise. When n(t) is uncorrelated With 
each xi(t), the frequency domain relation betWeen the inputs 
and the output is de?ned by the frequency domain equation. 

[0044] The terms X, Y and N can be determined from 
xi(t), y(t) and n(t) using the Fourier transform equation. In a 
general case of arbitrary inputs, the relationship betWeen the 
output autospectral density and the i=1, . . . , q input 
autospectral densities is de?ned by a generaliZed autospec 
tral density equation. 

[0045] The term Sik(f) is the cross-spectral density func 
tion of xi(t) and xk(t), H; is the conjugate transpose of Hi and 
Snn(f) is the autospectral density of the noise. A multiple 
input and single output system With a defect has an output 
autospectral density that is the summation of contributions 
from inputs xi(t), i=2, . . . , q, due to healthy system operation 
and a single input xi(t)=xd(t) that is the result of some defect 
in the system. This system is approximated by assuming that 
the input arising from the defect is uncorrelated With the 
inputs due to healthy system performance. The system 
approximation indicates that Sdi(f)=Sid(f)=0 for i=2, . . . , q 
and can be used for deriving an Syy(f) composite autospec 
tral density equation. 

[0046] The term Sdd(f) is the input autospectral density 
resulting from a defect in the system. The complete 
autospectral density equation can be reWritten by dividing 
the equation into tWo components, such that, Syy(f)=Syyh(f)+ 
Syyd(f) Wherein Syyh(f) represents a healthy component plus 
noise and Syyd(f) represents a defect component. The part of 
the total output autospectral density resulting from noise and 
healthy system operation is de?ned by a Syyh(f) healthy 
autospectral density equation and a Syyd(f) defect autospec 
tral density equation. 
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[0047] The output autospectral density is a summation of 
contributions from a normal healthy system operation With 
noise and the contribution from the defect in the system. The 
Sdd(f) autospectral density of the defect input is ampli?ed or 
attenuated by the magnitude of an associated transfer func 
tion |Hd(f) |2 that indicates a relatively loW-level input 
phenomenon arising from a minor defect that can be 
detected in the vicinity of a system resonance. In the case of 
a defect in a gear tooth, detecting the defect anomaly using 
vibration measurements acquired on the pump housing is 
dif?cult because the vibration level due to the small defect 
is often masked by normal turbopump response at the 
fundamental defect frequency. When the force induced by a 
defect in a gear tooth is characteriZed by a short-duration 
impulse, the resulting energy Will be spread across a Wide 
region of the output spectrum. The excitation impulse 
induced by the gear tooth defect excites system resonances, 
and hence the excitation impulse is ampli?ed across a Wide 
frequency range. The turbomachinery system functions as a 
mechanical ampli?er for detecting the presence of the 
impulse. When the response to the impulse is spread across 
a Wide spectrum, detection techniques can be focused in 
frequency regimes Where the defect is not masked by normal 
vibratory response of the pump. An additional consequence 
of the system resonance ampli?cation is that the signal-to 
noise ratio for the output due to the defect is increased in the 
vicinity of the resonance. 

[0048] The method determines the nature of a defect by 
monitoring the change in output characteristics of the accel 
erometer. In this case, that means being able to relate a 
change in Syy(f) to a knoWn defect condition. In the multiple 
input and single output model, the input and output contri 
butions i=2, . . . , q are associated With normal system 

operation. Any major deviation in the total output, or Syy(f), 
Will be a result of the single input and single output defect 
system (i=1=d) described in the frequency domain. 

[0049] In order to understand the transmission path effects 
betWeen the defect gear location and the accelerometer, 
system identi?cation methods such as tap tests and analyti 
cal analyses including the gear box could help in estimating 
the transfer function Hd(f) associated With the defect single 
input, single output system. The simplest single degree-of 
freedom model possible is used to characteriZe the defect 
single input and single output system. The single degree 
of-freedom model is not a physical representation of the 
turbopump, but rather, is a means by Which the transfer 
function associated With the defect can be mathematically 
described. This single degree-of-freedom model is governed 
by an oscillator differential equation. 

[0050] The term F is the force input induced by the defect 
and yd is the defect contribution to the total response 
acceleration. The transfer function relating the input and 
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output is characteriZed by the natural frequency fn, the 
coef?cient of critical damping Q and the system mass In An 
estimate of the natural frequency that best describes the 
physical system is made by performing a Waterfall analysis 
of the shutdoWn time transient. The transient can be pre 
sented in a max-mean-min format that provides the envelope 
and mean of the time history Within several millisecond time 
intervals. Acontour Waterfall plot of spectral density for this 
transient can indicate the regions representing the highest 
spectral density. When the engine is shut doWn, the high 
amplitude forced responses due to shaft rotations and ?oW 
induced vibration are no longer evident. FolloWing the 
shutdoWn, signi?cant vibration at system resonances can 
still be observed in the regions of high frequency, such as 
4200 HZ, and, to a lesser extent, at other frequencies. Due to 
the relatively Wide-band peak at 4200 HZ that appears 
consistently in the shutdoWn Waterfall plots, regardless of 
engine operating condition, the 4200 HZ resonance is a gear 
box housing structural resonance as indicated by the mea 
sured output autospectral density at all observed operating 
conditions that are characteriZed by a shape containing a 
Wide-band maximum at 4200 HZ. Therefore, this structural 
resonance may be in the transmission path betWeen all 
mechanical and ?oW-induced inputs and the output as also 
demonstrated by tap tests of limited scope in Which locations 
on the turbopump exterior are impacted With an instru 
mented force hammer. Regardless of impact location, the 
frequency response function relating the acceleration 
response on the gear box to the short duration force impulse 
is consistently characteriZed by a peak at a frequency, such 
as 4200 HZ, that dominated the spectrum. Thus, a value of 
4200 HZ is used for the natural frequency of the single 
degree-of-freedom defect model. The frequencies observed 
in the Waterfall contours are actually the damped natural 
frequencies of the system. HoWever, at critical damping 
values of less than 10%, the difference betWeen damped and 
undamped natural frequencies is negligible. A value of 
<Q=0.04 may be used for this system based on curve-?tting 
the test results With ground test results. Values for Q from 
0.01 to 0.10 are typical to best ?t the actual data. The single 
degree-of-freedom transfer function magnitude squared 
|Hd(f) |2 is de?ned for a unit mass of one pound and is shoWn 
in FIG. 3B. 

[0051] A liquid oxygen gear containing a tooth defect 
induces a short-duration force impulse once per revolution 
of the liquid oxygen shaft. Mathematically, the forcing 
function is de?ned by a forcing function equation. 

[0052] The term A is the amplitude of the force impulses, 
6 is the dirac delta function, n are integers, and fLOX is the 
frequency of rotation of the liquid oxygen shaft. This input 
forcing function may be described for a value of fLOX=241 
HZ and A=70 pounds. 

[0053] The autospectral density of this defect input Sdd(f) 
indicates that the energy is spread across the entire fre 
quency spectrum and is contained in spikes located at the 
fundamental and integer multiples of the liquid oxygen shaft 
rotation rate as shoWn in FIG. 3A. The defect component is 
related to the groWth in the frequency domain of the spectral 
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components at fundamental and integer multiples of the 
defect frequency. The response of the single degree-of 
freedom oscillator to this input is then governed by a forced 
oscillator differential equation. 

yd + warm. + (Wm. = an]: - fl) 
LOX 

[0054] The term a is a scale factor, Where ot=A/m can be 
thought of as a pseudo-acceleration term that depends on the 
amplitude of the force impulses and the unknoWn system 
constant associated With the reciprocal of the mass of the 
single degree-of-freedom. The response of the single 
degree-of-freedom oscillator for a value of ot=70 gs can be 
represented in the time domain. The recurring damped 
oscillatory response at the natural frequency, for example 
4200 HZ, has an impact spacing of l/fLox. Using the Syyd(f) 
defect autospectral density equation, the output autospectral 
density due to the defect in the frequency domain Syyd(f) is 
the product of the input defect autospectral density and the 
associated transfer function magnitude squared. While ini 
tially counterintuitive, the transfer function magnitude 
squared indicates that the contribution to the output spec 
trum due to the defect is smallest at the fundamental defect 
frequency and largest at signi?cantly higher frequencies 
near the system resonance. The change in Syy(f) due to a 
defect in a liquid oxygen gear tooth Will be characteriZed by 
an increase in the spectrum at fundamental and integer 
multiples of the liquid oxygen shaft rotation rate. Further 
more, the increase at these liquid oxygen harmonics Will not 
be uniform across the spectrum, but rather Will be ampli?ed 
and or attenuated by the transfer function associated With the 
defect. 

[0055] The consequence of the appearance of the defect at 
integer multiples is that the defect signal-to-noise ratio Will 
be greater in the regions surrounding the system resonance 
than in the loWer frequency range. The signal to noise ratio 
Will be smallest at the fundamental frequency of the defect 
and the harmonics of the defect frequency Will be most 
evident near the system resonance. The autospectral density 
of the single degree-of-freedom oscillator model of the 
defect, for example at (X=100 gs as shoWn in FIG. 3D, can 
be superimposed upon the healthy system turbopump 
autospectral density as shoWn in FIG. 3C. When the single 
degree-of-freedom oscillator response is the contribution 
from the defect to the total output of the accelerometer, the 
peaks of the defect contribution are larger than the healthy 
system autospectral density in the regions in the vicinity of 
the structural resonance Where the liquid oxygen gear har 
monics ?rst appear in the actual engine containing the gear 
fault. Additionally, in order for a particular mechanical or 
?oW-induced input to be ampli?ed by the resonance fre 
quency, for example 4200 HZ, the input spectrum must 
contain energy at that resonant frequency. Many of the 
normal operating inputs associated With the turbopump 
contain signi?cant energy in the loWer frequency regime. 
HoWever, the energy content of normally operating tur 
bopump components may not be as large in the higher 
frequency regime near the resonance frequency. On the other 
hand, the short duration, potentially loW amplitude inputs 
that characteriZe the disturbance induced by a discrete gear 
tooth defect Will be characteriZed by a spectrum With 
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signi?cant energy content at higher frequencies. When 
approaching a theoretical dirac delta input, the energy con 
tent is equally distributed across the entire frequency range 
and is contained in spikes at the fundamental and integer 
multiples of the defect frequency that effectively identi?es 
the defects near the resonance because the defects are not 
hidden or masked by the inputs due to a nominally operating 
engine but may be masked at loWer frequencies. Hence, the 
gear box acceleration outputs should be processed over a 
frequency range that includes system resonant frequencies 
for identifying faults. Data analysis carried out beloW the 
resonance reduces the ability to detect impending failure. 

[0056] A gear defect that occurred during actual ground 
test static ?rings Was used to assess the defect model. An 
exemplar engine is characteriZed by a complete failure of the 
liquid oxygen gear at the end of static ?ring. It is postulated 
that as engine operating time increases, a local liquid oxygen 
gear tooth defect may groW until the gear failed. As the 
defect groWs, the force induced by the defect consequently 
increases indicating that, as the defect becomes more severe, 
the amplitude A of the force impulses de?ned and thus, the 
scale factor a becomes larger. The rotation rate, and thus the 
defect impulse rate, of the liquid oxygen shaft is indicated by 
the autospectral density plots. The defect portion of the 
response is added to the autospectral density of the normally 
operating system to get the total autospectral density of the 
output for the exemplar defect engine as shoWn in FIG. 3E. 
The total can be compared to the autospectral density for a 
normally operating engine as shoWn in FIG. 3C. There is an 
increase in amplitude of the spectral components corre 
sponding to integer multiples of the defect frequency as 
engine operating life increases during the static ?ring. The 
initial and most pronounced changes occur not at the fun 
damental defect frequency, but rather at higher frequencies 
near the system resonance identi?ed using the Waterfall 
contour plot. The spectral lines corresponding to the funda 
mental frequency of liquid oxygen shaft rotation and the 
loWest harmonics do not substantially increase until failure. 

[0057] The multiple input and single output model indi 
cates the physics of the defect groWth process. The multiple 
input and single output model involving an ideal delta 
function force and a single transmission resonance at a 
resonance leads to an overestimation of defect-based har 
monics above the resonant frequency range relative to those 
harmonics in the loWer frequency range. The overestimation 
from the use of a single degree-of-freedom model may lead 
to an overemphasis of the frequency response function 
associated With the defect in the region near the resonance. 
The defect forcing function may have a very short, yet ?nite 
pulse duration rather than an ideal delta function leading to 
a frequency spectrum characteriZed by spectral components 
With diminished amplitudes at frequencies above the reso 
nance. Nevertheless, the multiple input and single output 
model does lead to results that provide good correlation With 
the actual data. 

[0058] The cepstrum method provides a single quantita 
tive parameter that is related to the presence and groWth of 
a discrete gear tooth defect. The cepstrum is used to enhance 
detection of a vibration signature. While the change in visual 
characteristics of the autospectral density is helpful in pro 
viding a qualitative indication of a potential defect, it is 
desirable to quantify the degree of abnormality of the 
vibration signature. This abnormality can be quanti?ed 
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using a single cepstrum parameter that can be stored in a 
database and used to make comparisons between engines 
that have operated normally and those engines that have 
exhibited knoWn defects. Furthermore, by virtue of the 
previous correlation betWeen the groWth of the harmonics in 
the spectral domain and a defect in the liquid oxygen gear 
tooth, this cepstrum parameter is related directly to the 
evolution of a liquid oxygen gear fault. The existence of an 
easily identi?ed spike in the cepstrum plots for the exemplar 
defect engine corresponds to a periodic time of "cLOX=1/fLOX 
and is shoWn in FIG. 4B, as compared to the cepstrum plot 
corresponding to a normal healthy engine as shoWn in FIG. 
4A. The cepstrum plots indicate that the spike, for example 
at the periodic time of approximately 0.004 as shoWn in 
FIG. 4B, is related to the groWth in the frequency domain of 
the spectral components at fundamental and integer mul 
tiples of the defect frequency. 

[0059] In many cases of machinery analysis, fault devel 
opment appears in the frequency spectrum as a family of 
harmonics or sidebands that are spaced at multiples of the 
fundamental frequency of the disturbance induced by the 
defect. The cepstrum method is used to detect and quantify 
these harmonics. By performing a cepstrum calculation, the 
strength of an entire family of harmonics is expressed by the 
cepstrum parameter in the cepstral domain to quantify the 
severity of the defect. The defect evolution can be monitored 
using the magnitude of the cepstrum parameter. The cep 
strum can be used to precisely determine the frequency 
spacing of a periodic structure. The cepstrum can also be 
used to automatically indicate the appearance of harmonics. 
While several cepstrum implementations may be used, the 
preferred form of the tWo-sided cepstrum process is de?ned 
by a Cyy tWo-sided cepstrum equation. 

[0060] At the discrete periodic times "cn=n/NAf, the term 
Af is the line spacing of the autospectral density and T“1 
denotes the inverse discrete Fourier transform operator. The 
cepstrum differs from the autocorrelation function by a base 
ten logarithmic conversion of the autospectral density before 
the inverse discrete Fourier transform is performed. Because 
the cepstrum is the inverse discrete Fourier transform of a 
function of frequency, the independent variable ‘CD is actually 
time. HoWever, the parameter ‘in is effectively a delay time 
as for the auto-correlation function. Therefore, ‘in is referred 
to as periodic time. When the logarithm of the autospectral 
density log|Syy(f)| is periodic in nature With a frequency 
spacing of fp, the contribution of all of the harmonics Will be 
concentrated in the single cepstrum parameter Cyy('cp) at a 
value of 'cp=1/fp. When the logarithm of the autospectral 
density is periodic in nature With a frequency spacing of 
fLOX, the contribution of all of the harmonics Will be 
concentrated in the single cepstrum component CWQELOQ at 
a value of 'cLOX=1/fLOX. Whenever the output cepstrum 
parameter is presented graphically hoWever, the magnitude 
of only one side is shoWn. The cepstrum parameter is a 
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real-valued tWo-sided even function that is computed using 
the tWo-sided autospectral density equation. The tWo-sided 
cepstrum as de?ned using the tWo-sided autospectral density 
equation, provides a resolution increase, as compared to the 
one-sided cepstrum, of a factor of tWo While the character 
istics of the autospectral density remain unchanged. The 
application of the cepstrum is applied to high operating 
speeds of the turbopump and the Wide range of component 
defect frequencies of interest. The magnitude of the tWo 
sided cepstrum parameter |CXX("cn)| is used to identify and 
track the gear fault. In order to establish a baseline, the 
cepstrum corresponding to the healthy turbopump autospec 
tral density is acquired With an absence of an identi?able 
peak at the periodic time. 

[0061] The cepstrum method provides insight into the 
nature of a defect as Well as indicating that a problem exists. 
More speci?cally, the periodic time at Which the cepstrum 
parameter groWs is directly related to the frequency of the 
particular shaft containing the defect. When there is a defect 
in a gear tooth on a shaft other than the shaft of liquid 
oxygen pump, a similar groWth of the cepstrum parameter 
associated With the inverse of the rotation of that shaft Would 
occur. In this sense, the cepstrum method is not only a 
detection technique, but also an effective diagnostic tool. 
Based on the exemplar acquired data, the cepstrum param 
eter appears to increase With operating time, as shoWn in 
FIG. 5B, in engines containing liquid oxygen gear defects 
While the same parameter remains relatively constant in 
nominally operating pumps, as shoWn in FIG. 5A. Addi 
tionally, in the cases of documented hardWare damage, the 
liquid oxygen cepstrum parameter is larger than the corre 
sponding values for nominally operating turbomachinery. 
The cepstrum method is capable of detecting anomalous 
gear behavior in a particular rocket engine turbopump. The 
cepstrum method generates a cepstrum parameter that can be 
stored in a database. Adefect source mechanism produces an 
appearance of higher order harmonics inherent in an 
autospectral density for a turbopump With a faulty gear. This 
source mechanism produces similar appearances of harmon 
ics in other defective turbopump gears by tracking the 
cepstrum component corresponding to the inverse of the 
rotation rate of the shaft supporting the gear. Defects are 
detected earlier in frequency regimes corresponding to 
knoWn system resonances than at the fundamental defect 
frequency. The method is an effective defect screening 
method. Those skilled in the art can make enhancements, 
improvements, and modi?cations to the invention, and these 
enhancements, improvements, and modi?cations may none 
theless fall Within the spirit and scope of the folloWing 
claims. 

What is claimed is: 
1. A method of generating a cepstrum parameter from a 

vibration signal and a periodic signal, the method compris 
ing the steps of, 

receiving the vibration signal and the periodic signal, 

transforming the vibration signal into a Fourier spectrum 
vibration signal, 

calculating a tWo-sided autospectral density from the 
Fourier spectrum vibration signal, 

logarithmically converting the tWo-sided autospectral 
density into a logarithmic autospectral density, 
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inverse transforming the logarithmic signal into a cep 
strum vibration signal, 

generating a time signal from the periodic signal, and 

determining the cepstrum parameter from the cepstrum 
signal at a time indicated by the time signal. 

2. The method of claim 1 Wherein, 

the vibration signal is recorded as a data record X(t) 
divided into nd contiguous segments of length T With 
each record segment Xm(t) represented in digital form 
With a sampling interval of At, by N data values {Xmn} 
Where n=0, . . . , N-1 and m=1, . . . , nd Where discrete 

Fourier components of an mth record are de?ned for 
discrete frequencies fk=k/T=K/NAt by an Xrn Fourier 
transform equation of 

NIZ 

Where Xm(fk) is the Fourier spectrum vibration signal. 
3. The method of claim 1 Wherein, 

the tWo-sided autospectral density is calculated from a 
tWo-sided autospectral density equation of 

Where SXX(fk) is the tWo-side autospectral density. 
4. The method of claim 1 Wherein, 

the logarithmic autospectral density is logarithmically 
converted from the the tWo-side autospectral density, 
the logarithmic autospectral density being a logarithm 
in base ten of the tWo-side autospectral density using a 
logarithmic equation of log[SXX(fk)] for k=—(N/2)+1, . 
. . , N/2. 

5. The method of claim 1 Wherein, 

the logarithmic autospectral density is inversely Fourier 
transformed into the cepstrum vibration signal using a 
tWo-sided cepstrum equation of 

Where Cyy('cn) is the cepstrum vibration signal. 
6. The method of claim 1 Wherein the time signal gener 

ating step comprises the steps of, 

detecting a movement speed signal from the periodic 
signal, 

averaging the movement speed signal into an average 
movement speed signal, and 
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inverting the average movement speed signal into the time 
signal. 

7. The method of claim 1 Wherein, 

the cepstrum vibration signal is in a periodic time domain, 

the time signal is a value identifying a point in the 
periodic time domain for sampling detection a value of 
the cepstrum vibration signal for generating the cep 
strum parameter. 

8. A method of determining a defect in a machine having 
a moving part, the method comprising the steps of, 

operating the machine during run time for producing 
vibrations from the moving part, the moving part 
moving at a periodic rate, 

receiving vibration signals from the vibrations, 

receiving tachometer signals indicating the periodic rate 
of the periodic movement of the moving part, 

acquiring the vibration signals and the tachometer signals, 

storing the vibration and tachometer signals, 

retrieving the vibration and tachometer signals, 

converting the vibration and tachometer signals into digi 
tal form into converted vibration signals and converted 
tachometer signals, respectively, 

transforming the converted vibration signals into a Fou 
rier spectrum vibration signal, 

calculating a tWo-sided autospectral density signal from 
the Fourier spectrum vibration signal, 

logarithmically converting the tWo-sided autospectral 
density signal into a logarithmic autospectral density 
signal, 

inverse transforming the logarithmic autospectral density 
signal into a cepstrum vibration signal, 

detecting a speed signal from the converted tachometer 
signals, 

averaging the speed signal into an average speed signal, 

inverting the average speed signal into an average peri 
odic time value signal, 

detecting the cepstrum vibration signal at the average 
periodic time value signal for providing a cepstrum 
parameter for the machine, 

repeating all of the steps for a plurality of like machines 
for de?ning a base line, and 

determining When the cepstrum parameter for the 
machine is outside the base line for indicating the 
defect of the machine. 

9. The method of claim 8 Wherein, 

the vibration signals and the tachometer signals are syn 
chroniZed in time during the run time, 

the cepstrum vibration signal and the average periodic 
time value signal are synchroniZed in time, and 

the average periodic time value signal has an average 
periodic time value for locating the cepstrum parameter 
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as a value of the cepstrum vibration signal at a time 
point corresponding to an instance in time during the 
run time. 

10. The method of claim 8 Wherein, 

the vibration signals and the tachometer signals are syn 
chroniZed in time during the run time, 

the cepstrum vibration signal and the average periodic 
time value signal are synchronized in time, and 

the average periodic time value signal has a average 
periodic time value for locating the cepstrum parameter 
as a value of the cepstrum vibration signal at a time 
point corresponding to an instance in time during the 
run time, 

the method further comprising the step of, 

repeating all of the method steps a plurality of times for 
generating a respective plurality of cepstrum param 
eters for the machine. 

11. The method of claim 8 Wherein, 

the vibration signals and the tachometer signals are syn 
chroniZed in time during the run time, 

the cepstrum vibration signal and the average periodic 
time value signal are synchroniZed in time, 

the average periodic time value signal has a average 
periodic time value for locating the cepstrum parameter 
as a value of the cepstrum vibration signal at a time 
point corresponding to an instance in time during the 
run time, 

the method further comprising the steps of, 

repeating all of the steps a plurality of times for 
generating a set of cepstrum parameters for the 
machine, and 

comparing the test set of cepstrum parameters to the 
base line for determining When the test set of cep 
strum parameters are Within the base line for indi 
cating a proper operation of the machine and for 
determining When the test set of cepstrum parameters 
are outside the base line for indicating the defect of 
the machine. 

12. The method of claim 8 Wherein, 

the vibration signals and the tachometer signals are syn 
chroniZed in time during the run time, and 

the cepstrum vibration signal and the average periodic 
time value signal are synchroniZed in time, and 

the average periodic time value signal has a average 
periodic time value for locating the cepstrum parameter 
as a value of the cepstrum vibration signal at a time 
point corresponding to an instance in time during the 
run time, 

the method further comprising the steps of, 

repeating all of the method steps a plurality of times for 
generating a respective plurality of cepstrum param 
eters for the machine as a test set of cepstrum 
parameters, 

repeating all of the method steps a plurality of times for 
the machine for generating a respective plurality of 
cepstrum parameters through the run time as a test 
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set of cepstrum parameters, and for generating a 
plurality of cepstrum parameters as a plurality of sets 
of cepstrum parameters respectively for the plurality 
of like machines for generating the base line, and 

comparing the test set of cepstrum parameters to the 
base line of cepstrum parameters, the base line of 
cepstrum parameters indicating a healthy operating 
range for determining When the test set of cepstrum 
parameters are Within the base line for indicating a 
proper operation of the machine and for determining 
When the test set of cepstrum parameters are outside 
the base line for indicating a defective operation of 
the machine indicating the defect. 

13. The method of claim 8 Wherein, 

the machine is a rocket engine, 

the moving part is a set of gears coupled to a rotating shaft 
of the rocket engine, and 

the tachometer signal indicates the periodic rotation of the 
rotating shaft. 

14. A method of determining a defect in a rocket engine 
having a gear boX enclosing a rotating shaft With gears 
coupled to the rotating shaft, the method comprising the 
steps of, 

operating the rocket engine during run time for producing 
vibrations from the gear boX, the rotating shaft moving 
at a periodic rate, 

receiving vibration signals from the vibrations of the gear 
boX, 

receiving tachometer signals indicating the rate of the 
periodic rotation of the rotating shaft, 

acquiring the vibration signals and the tachometer signals, 
the vibration signals and the tachometer signals are 
synchroniZed in time, 

recording the vibration and tachometer signals, 

playing back the vibration and tachometer signals, 

converting the vibration and tachometer signals into digi 
tal form into converted vibration signals and converted 
tachometer signals, respectively, 

transforming the converted vibration signals into a Fou 
rier spectrum vibration signal, 

calculating a tWo-sided autospectral density signal from 
the Fourier spectrum vibration signal, 

logarithmically converting the tWo-sided autospectral 
density signal into a logarithmic autospectral density 
signal, 

inverse transforming the logarithmic autospectral density 
signal into a cepstrum vibration signal, 

detecting a speed signal from the converted tachometer 
signals, 

averaging the speed signal into an average speed signal, 

inverting the average speed signal into an average peri 
odic time value signal, 

detecting the cepstrum vibration signal at the average 
periodic time value signal for providing a cepstrum 
parameter, the cepstrum vibration signal and the aver 
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age periodic time value signal are synchronized in time, 
the average periodic time value signal has an average 
periodic time value for locating the cepstrum parameter 
as a value of the cepstrum vibration signal at a point 
during the run time, 

repeating all of the repeating steps a plurality of times for 
a plurality of like rocket engines for generating sets of 
cepstrum values for generating a base line of normally 
operating rocket engines for the plurality of like rocket 
engines over the run time, and for generating a respec 
tive plurality of cepstrum parameters for the rocket 
engine as a test set of cepstrum parameters, and 

comparing the test set of cepstrum parameters to the base 
line of normally operating like rocket engines for 
determining When the test set of cepstrum parameters 
are Within the base line for indicating a proper opera 
tion of the rocket engine under test and for determining 
When the test set of cepstrum parameters are outside the 
base line for indicating a defective operation of the 
rocket engine under test indicating the defect. 

15. The method of claim 14 further comprising the step of, 

storing the base line of cepstrum parameters for the 
plurality of like rocket engines. 

16. The method of claim 14 Wherein, 

the vibration signals are generated from accelerometers 
disposed on the gear boX, and 
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tachometer signals are generated from a magnetic trans 
ducer disposed on the gear boX. 

17. The method of claim 14 Wherein, 

the rocket engine is a liquid propellant rocket engine. 
18. The method of claim 14 Wherein, 

the averaging step averages time displacements betWeen 
peaks of the tachometer signals, the peaks occurring at 
the periodic rate of the rotating shaft, the periodic rate 
corresponding to the revolution rate of the shaft, the 
average speed signal being a rotation rate value of the 
periodic rate. 

19. The method of claim 14 Wherein, 

the ceptrum vibration signal detecting step detects a 
cepstrum peak value of the cepstrum vibration signal at 
a periodic time associated With the inverse of the 
average rotation rate of the shaft, and 

the cepstrum peak value tending to increase in value as the 
defect in the gear boX progressing toWards failure of the 
rocket engine. 

20. The method of claim 14 Wherein, 

the defect is a gear tooth defect of the gear. 


