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1. INTRODUCTION

i The Interactive digital Signal Analysis Software package (ISAS)
provides a set of analysis programs which are capable of
assisting a user 1in the 1investigation of the dynamic
characteristics of a system. The increasing use of digital
instrumentation techniques and a corresponding increase in the
volume of digital data have driven the utilization of digital
signal analysis software., The requirement to scan and analyze a

. large volume of data is commensurate with interactive analysis
programs which provide immediate graphic representations of the
analysis results, A flexible methodology for the investigation of
a dynamic system is also highly desired. The analysis software
package documented by this user's guide attempts to provide these
capabilities by supplying interactive analysis tools that have a

E graphic representation of analysis results where appropriate.

Additionally, this user's guide exemplifies a methodology for a

typical application of the analysis software.

1.1 Background of the Analysis Software

s The development of the 1Interactive Digital Signal Analysis
' Software Package resulted from a requirement to determine the
, dynamic operating characteristics of gas turbine engines during
: propulsion system flight tests., Digital data were typically
; obtained at appropriate sample rates to capture the transient
ii event or operational anomaly of interest. At the time, several
o schemes for digital data analysis were available. However, the
. associated analysis programs often imposed compromising data
o processing restrictions or required time consuming execution
. through a batch job processing structure. Therefore, it was
: deemed appropriate to develop a unified set of analysis routines
“ with interactive execution and graphic display of results.

The interactive digital signal analysis software package has its

. origin in the utilization of digital filter and arithmetic
g overlays for batch job digital data processing available through
: the Uniform Flight Test Analysis System (UFTAS). From lessons
learned by the application of these overlays to propulsion system
® flight test data, a foundation was established for the
development of a generalized analysis methodology of dynamic

data. This methodology consists of a systematic application of

the interactive signal analysis software which is capable of
conditioning, displaying, analyzing, and filtering digital data.

The development of this software consisted of the generation of

new analysis programs and the enhancement of existing software.

It was necessary to develop methods of signal conditioning which

would correct data dropout and improper signal levels set during L

the digitization of analog signals. Also, a method to RO
interactively edit and plot time history data for viewing on a e

Tektronix graphic terminal was developed. The standard UFTAS file RS

J structures and some UFTAS utility programs were employed for the e
handling of time history data. Many of the fregquency analysis

programs were built upon basic concepts of frequency response
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analysis software algorithms. Digital filtering programs were
modified from programs contained in a digital signal processing
software package and enhanced for interactive usage. The
resultant programs were consolidated and grouped according to
general function and utility. ISAS is maintained on a permanent
file fileset which is available for execution on the AFFTC CYBER
computer system.

A methodology for the utilization and interactive execution of
the analysis software is exemplified in this user's guide through
the analysis of gas turbine engine dynamic data obtained through
flight test. However, the analysis software is generalized and
can be applied for the investigation of other dynamic systems
(e.g. mechanical, hydraulic, and avionics systems).

1.2 Example Application to the Analysis of Aircraft Gas Turbine
Engine Dynamic Instabilities

The complex design of the modern gas turbine engine often harbors
operational anomalies. Operation of an aircraft's propulsion
system at extreme regions of the flight envelope can cause
components of the gas turbine engine to operate off their design
point. Compression components can experience rotating stall or
surge which adversely affects other engine components. The
transient processes which occur during a rapid advance of the
throttle may induce combustion instabilities in the engine
afterburner and its control system. Combustion instabilities
often inherent in high performance thrust augmentation systems
can result in large amplitude pressure oscillations. These
pressure oscillations can stall the compression components of the
engine or induce augmentor blowout. Phenomena of these types may
restrict the operation of an aircraft in a region of its flight
envelope and reduce the effectiveness of its mission.

Operational difficulties accompanying engine component off-design
performance and throttle excursions can be minimized through an
understanding of the underlying physical principles and
characteristics of the encountered anomaly. For example, an un-
derstanding of the driving mechanisms behind the unstable opera-
tion of an afterburner can direct hardware modifications to
reduce or eliminate the the source of the instability. This
understanding of an engine anomaly is facilitated through the
performance of appropriate propulsion system flight tests and the
application of methodical post-flight data analysis.

A methodology for the utilization of the interactive digital
signal analysis software to investigate unstable afterburner
operation is exemplified in this user's guide through the
analysis of gas turbine engine dynamic data obtained from flight
test. The data analyzed were from a propulsion system which is
typical of a modern high performance augmented turbofan engine.
Figure 1 shows a cross sectional schematic of this type of
propulsion system. Primary engine components and stations are
indicated. The engine is typical of a low bypass ratio and high
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Figure 1 - Cross Sectional View of a Typical Propulsion System




pressure ratio design.

| Dynamic engine instabilities have been observed to result from

throttle excursions which involve transient augmentor operation

during propulsion system flight tests. These instabilities were

recorded by pressure transducers located in the engine core and

bypass flowpaths and in the the augmentor fuel delivery system,

. Data obtained during typical unstable augmentor transients were

I chosen to exemplify the application of the signal analysis

software. These augmentor instabilities were characterized by

engine stall or stagnation as well as pressure oscillations in

the fuel metering and distribution manifolds. Analysis techniques

typical of the example application presented in this user's guide

have revealed basic mechanisms underlying tnese unstable

augmentor transients. The analysis of these gas turbine engine

dynamic instabilities was the subject of an investigation
reported in Appendix A .

. T

1.3 Structure of this User's Guide

) This user's guide is organized into several chapters which
explain the operational philosophy of the signal analysis
software. Chapter 2 provides an introduction to the analysis
software and explains the basic concepts underlying the structure
and control of the individual programs and data files.
: Functionally related software are organized into program groups
i which are described in Chapters 3 through 6. Each of these

chapters provides a brief discussion of pertinent technical

concepts, a functional description of the analysis routine, a

list of required input and resultant output, a discussion and

o example of program execution, and a list of limitations or
- nuances for each analysis program. Test source data files are

detailed in Chapter 7. These data files primarily provide a check
I for digital filter designs.
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2. SOFPTWARE STRUCTURE AND CONTROL

: The interactive digital signal analysis software is organized
into four groups of programs. Each program group contains several
analysis programs which perform similar or related tasks (e.q.
frequency response analysis). A detailed discussion of the
- analysis software organization, documentation, file standards,
and execution is given in the following sections,

.- 2.1 Pileset Software and Documentation

The interactive signal analysis software package resides on the
L AFFTC Cyber 170 Model 740 mainframe computer system as a direct
E access NOS permanent file fileset. This fileset is catalogued

under the username of PANDFQ. The fileset ISAS contains the

source, object, data, and documentation files for the various

analysis programs. The program source files are identified by a

filename of the form SOURCE/"name", where SOURCE is the group
: name for the source code of the analysis program and "name" is
r the element name for the particular analysis program. Similarly,
» the executable object files are identified by a file name of the
> form ABS/"name" and the data files are identified by a file name
g of the form DATA/"name". Associated with the executable code of
. each program on the fileset is a file of documentation. This
documentation annotates the fileset directory 1listing and
provides a summary of relevant information necessary for the
interactive execution of a program. This documentation is a quick
reference that is available at the terminal screen.

The functional relationship of the various analysis programs,
associated data files, and output files is shown schematically in
Figure 2. The analysis programs are conceptually organized into
four program groups which are noted in Figure 2. These groups are
the data conditioning program group, the data list and display
program group, the frequency analysis program group, and the
digital filter program group.

The data conditioning program group provides the following
capabilities:

1. Consolidation of parameters onto one data file (CONSO) ;:L
2. Correction ofinstrumentation and digitization errors A
(CONSO and SEQCOND) o
Generation of derived parameters (SEQCOND)

Conversion of data files of one format to another (BTOC)

3
4
5. Temporal alignment of parameter time histories (TIMALIN)

- e .
. A P
T PR O SRR N

where the name of the associated analysis program is given in
parentheses.

These data conditioning programs utilize the standard UFTAS C-
file and B-file data formats for the handling of parameter time
histories. This is illustrated in Figure 2. These programs will
output a resultant time history in either a C-file or B-file
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format. Utilization of these file formats is discussed in Section
2.2. The data conditioning program group is discussed and
exemplified in Chapter 3.

Another group of related software is the data display and list
program group. The following operations are performed by this
program group:

l. List of a parameter time history (LISTF)
2. Plot of a parameter time history (PLOT)

Figure 2 shows the functional relationship of this software group
within the software package. These programs require that the
parameter time histories be input in a C-file or B-file format.
Output from these programs can be listed or displayed on a
terminal screen or directed to a printer. This program group is
discussed and exemplified in Chapter 4.

The frequency analysis program group provides the following
capabilities:

l. Fast Fourier transform of a parameter time history (FFT)
2. Derivation of a transfer function between parameters
(TRANS)

As Figure 2 indicates, these programs also require that data be
input in a B-file format. These programs produce results which
can be graphically displayed on a Tektronix graphic terminal
screen or directed through a local file to be listed on a line
printer. These programs are discussed and exemplified in Chapter
5.

The last program group is the digital filter program group. These
programs are shown in Figure 2 and they provide the following
capabilities:

1. Design of a lowpass filter file (LOWPASS)
2, Design of a multiple band filter file (MLTPASS)
3. Implementation of a filter design (FILTER)

The filter design programs produce a filter file which is based
on design specifications. If desired, a listing of these
specifications can be displayed at the terminal screen or
directed to a local file for cataloging or listing on a printer.
The filter files are employed by the filter implementation pro-
gram and applied to data time histories input in a B-file format.
This program group is discussed and exemplified in Chapter 6.

The four program groups provide analysis software capable of
processing time history data. These programs and their associated
data, filter specification, and output files are summarized in
Figure 2 which also presents a type of flowchart for data
processing, Paths of program implementation are indicated in this
figure. Many of the processing paths are parallel and several of
the analysis programs need not be executed serially., The only

.......




restriction is that data input to an analysis program must be in S
either a C-file or B-file format, Beyond this requirement,
implementation of the analysis software to data time histories of
system dynamics is up to the user's discretion. An example appli-
cation of the analysis software to observed gas turbine engine
dynamics is presented in Chapters 3 thr °gh 6. This example will
illustrate many of the analysis paths through the interactive e
signal analysis software.

2.2 Data, Filter, and Output Files

Various types of files are employed by the analysis software to
communicate information to and from the various analysis programs .
within the software package. The four types of files used are: .

Standard UFTAS C-files
Standard UFTAS B-files .y
Digital filter description files -
Output files

oW N -
L] .

The relationship of these files with respect to the analysis
programs is illustrated in Figure 2. During processing of data,
these files are attached to the terminal local file space and are
associated with the particular program being executed. These
files can be retained as permanent files and catalogued by the
NOS operating system of the Cyber.

The standard UFTAS C-files and B-files are employed by the
analysis software to transfer time history data from one analysis Tl
program to another. A B-file consists of a group of parameters -
recorded over the same time period and written at the same rate. t{]
A C-file is a collection of catenated B-files. Each B-file is a S
section of the C-file. C-files and B-files have unique header -
records which document a particular test event. A detailed ——
discussion of UFTAS C-files and B-files is given in Reference 1. C

The analysis programs in the ISAS take advantage of two key
features of the UFTAS B-file structure. These features are the
adjustable number of parameters available on the file and the
variable length of file., Figure 2 shows the utility of using
these files to communicate and store data.

Normally, C-files and B-files are supplied to the analysis pro-
grams by the user or are automatically generated by an analysis
program as the result of data conditioning. An exception to this
convention are data files supplied with the analysis programs in
the ISAS. Currently, one such data file exists. This data file :
is a B-file named DATA/WHITE and contains one parameter named R
NOISE1l which is useful for testing a digital filter design. The e
utility of this program is further axplained in Section 7.1. e

Lttt
PO
A N
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The filter description files shown in the right hand side of
Figure 2 are used to store design specifications of a filter.
These specifications are output from the filter design programs
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and are employed by the filter implementation program to filter a
parameter time history. These files are similar ¢to the UFTAS
data files and contain the required number of values for the
finite impulse response of a digital filter. These files are
documented in Reference 2.

Output files contain results of an analysis program. These
sequential files are produced during or at the end of a program's
execution. They contain analysis results which can be directed to
a printer for listing or saved on a permanent storage device.

2.3 Interactive Execution and Documentation

The interactive signal analysis software package resides on the
AFFTC Cyber mainframe computer system as a direct access fileset,
This fileset is named ISAS and catalogued under the username of
PANDFQ. The signal analysis software 1is designed to operate
under the interactive facility of the Cyber NOS operating system.
Some of the analysis programs will provide graphic
representations of the analysis results as a plot of the data
time histories at a Tektronix graphic terminal. Otherwise,
program execution and output can be directed from a nongraphic
type of terminal,

To execute any analysis program at a Cyber remote terminal, the
direct access fileset ISAS must first be attached to the
terminal local file space by entering the command:
ATTACH,FILESET=1SAS/UN=PANDFQ.

A complete listing of the fileset elements (i.e. source,
absolute, and data files) as well as a one line description of
the fileset element can be obtained by entering the command:

LD

This command produces a listing of the fileset elements at the
terminal screen. This listing is given by Display 1. A complete
description of fileset commands is given in Reference 3.

The executable code of an analysis program can be obtained by
entering a command of the form:

GF (ABS/"name")

where "name" is the particular name of the desired analysis
program. For example, to access the executable code for the fast
Fourier transform analysis program which is named FFT enter:

GF (ABS/FFT)

FFT can now be executed by a name call load of the program.

Associated with the executable code of each analysis program is a
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file of documentation. This documentation annotates the fileset
directory listing and provides a summary of revelant information
necessary for the execution of a particular program. This doc-
umentation is a quick reference that is available on the terminal
screen. The documentation for an analysis program can be
displayed after the fileset has been attached to the terminal
local file space by entering a command of the form:

GD (ABS/"name")

For example, the documentation associated with the fast Fourier
transform analysis program FFT can be displayed by entering the
command :

GD (ABS/FFT)

The resultant display at the terminal screen is given by Display

2. A complete listing of the fileset documentation is given in
Appendix B.
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3. DATA CONDITIONING PROGRAM GROUP

The data conditioning program group contains software which
consolidates and conditions parameter time histories as well as
manipulates data files in the form of C-files and B-files. The
discussion of this software follows a specific format. When
appropriate, a brief technical discussion of the background of
the analysis software is first presented. Program input
requirements are then discussed followed by a discussion of the
interactive execution of the program. Next, typical program
output is discussed followed by an example of program execution
as applied to gas turbine pre-stall data, Finally, limitations
and nuances of the program are given for reference. This format
of discussion and example execution to dynamic engine parameters
will be repeated for each program in Chapters 3 through 6. It is
hoped that this will provide confidence in applying the analysis
software.

3.1 Data Circumspection

Before application of the analysis software, it is important that
an all too frequently encountered truism "Garbage In, Garbage
Out", be considered. Results of an analysis can only be as good
as the data input to the program. The user of the ISAS should
be familiar with the acquisition and processing of the data to be
analyzed from the time it was recorded to the time it was
processed into an UFTAS C-file or B-file format. Things to be
aware of include aliasing, time shifting, noise, and compression.

Aliasing is the phenomenon of high frequency energy being
transferred into lower frequency energy when analog signals are
sampled at improper rates. Aliasing can have detrimental and
dramatic effects on analysis results. To prevent this phenomenon
from occurring, an anti-aliasing filter should be placed before
the sampling device. An anti-aliasing filter is an analog lowpass
filter of appropriate cutoff frequency such that the higher
frequency energy before sampling is not aliased into the lower
frequency range of 1interest. A graphical approach to
understanding and preventing aliasing is discussed in Reference
4.

A time shift of data may occur due to several sources., Sensors,
instrumentation systems, anti-aliasing filters, and data sampling
may contribute to a temporal shift of one signal relative to
another. Also, data processing by the AFFTC Standard Analog to
Digital System (SANDS) may result in a temporal shift of digital
data. These effects can be corrected by the analysis software;
however, the time shifts involved must be precisely known.

Noise always creates analysis problems. Noise contamination ARt
should be eliminated or controlled at the source. Some types of R
noise may be filtered from the contaminated signal. This can be
accomplished by the digital filtering programs contained in the ,A‘

analysis software package., Again, it pays to closely follow data AN

13

DO

- ‘--‘-..- - " Y . -
LI T I I TR R S




acquisition and handling.

Data dropout can originate from many sources. The instrumentation
system or data handling operations may be at fault. This phe-
nomenon can be difficult to eliminate; however, if the source and
character of the dropout are known appropriate measures can be
- taken before processing the data. Data dropout has an adverse
- affect on most of the frequency analysis results and this cannot
be tolerated. Data dropout is corrected by some of the data
conditioning and handling programs.

L2 . - Iy
A AR

3.1.1 Example:

A discussion of the acquisition and processing of the example
test data before an analysis by the interactive signal analysis
software is given below. Also, the background of the propulsion
system instrumentation and post-flight data acquisition system is
discussed. An understanding of these systems provides insight
into the flight test data and any anomalies in the data such as
aliasing, time shifting, noise, or compression.

Signals from pressure, temperature, rotation, and position
sensors were recorded during propulsion system flight tests. The
instrumentation installed on the augmented turbofan engine is
shown in Figure 3. The various parameters were measured at the
locations indicated in Figure 3. Data were recorded by a low
frequency response pulse code modulation (PCM) system and a high
frequency response frequency modulation (FM) system. These data
streams were recorded on magnetic tape aboard the aircraft
during the flight test. High frequency response parameters, such
as the core and bypass duct flowpath pressures, main fuel pump
pressure, and the augmentor segment fuel pressures, were recorded
by the FM system. Only the FM parameters are analyzed for the
examples of the analysis software. The various FM parameters were
filtered before digitization to prevent aliasing errors.

Data from the engine instrumentation were processed by a series
of digital computer programs which produced the flight data file.
This process is illustrated in Figure 4., During this process the
FM parameters were digitized at a rate of 1,000 samples per
second. A data base was produced which was compatible with the
digital data analysis softwar=2, The data base consisted of four
C-files which collectively contained ten parameters. These C-
files are represented by the block of data files at the top of
Figure 5. Many of the parameters analyzed as examples in the
following sections have coded names that are not indicative of
their origin or identity. A listing of these parameter names
along with the instrumentation nomenclature is given in Table 1.

The flight test results recorded on the example C-files
characterize the engine flowpath and fuel pressure fluctuations
experienced prior to engine stall. Figure 5 illustrates the
methodology employed to analyze the pre-stall test data. The
various analysis and data transfer paths employed in the examples

.
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Figure 3 - Propulsion System Instrumentation
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Instrumentation and Data File Parameter Nomenclature

Table 1

Instrumentation Parameter Description
AJd -—- exhaust nozzle area [percent]
LOD -—- augmentor light-off detector
N1l -—— fan rotor speed [rpm]
N2 -—— core rotor speed [rpm]
PB PPO73 core burner inlet pressure [psi]
PF4 PF4 core fuel pressure {[psi]
PLA -—- power lever angle [degrees]
PSEGLl- PP293 augmentor segment 1 fuel pressure [psi]
PSEG3 PP295 augmentor segment 3 fuel pressure {[psi]
PSEGS PP297 augmentor segment 5 fuel pressure [psi]
PS2.5C PP23¢ fan duct static pressure [psil
PT2.5C -——- fan duct total pressure [psi]
PT2.5H ’PP227 fan core total pressure [psi]
PS5C PP128 fan duct static pressure [psi]
PT6M -—- turbine discharge total pressure [psi]
VP@25 VP025 gear box vibration [g]
VP4a58 vP@53 power shaft vibration [g]
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are indicated, These paths will be detailed by the discussion of
the example application of the analysis software presented in
this chapter and the following chapters.

The examples of the signal analysis software were conducted on a
Tektronix graphic terminal to obtain a hard copy of the graphic
display of the analysis results when appropriate. These displays
augment the example discussions.

3.2 Consolidation of Parameters (CONSO)

CONSO provides the capability to consolidate several parameter
time histories fromone to tenC-files into one 7-file or B-file.
This capability is useful for combining parameter time histories
which reside on many separate C-files due to previous data pro-
cessing limitations or procedures. CONSO will correct moderate
data dropout due to data compression.,

3.2.1 Background:

CONSO was developed as the result of a requirement to consolidate
parameter time histories that were resident on many separate C-
files which spanned equal time periods. This situation resulted
from the availability of a limited number of FM discriminators
for the digititization of an analog tape. Also, CONSO was design-
ed to correct data dropout due to data compression which may have
occurred during the generation of UFTAS C-files. Data dropout due
to compression was prevalent in the engine test data discussed in
the examples below and resulted when a parameter did not change
in value from one time point to the next. If possible, this
problem should be addressed during the initial processing of data
into a C-file format. However, this problem may persist and CONSO
will correct moderate levels of data dropout.

The parameter merging philosophy of CONSO is illustrated in
Figure 6. A maximum of ten C-files can be input to the program.
The parameter time histories to be consolidated must reside on
these C-files and span equal time intervals at identical sample
rates. The parameter time histories can reside on any B-file
section of the source C-files. A maximum of 200 parameters from
the specified input B-file sections are then transferred from the
input C-files and written over the common time interval to the
specified output B-file or C-file. If a C-file format is chosen
for the resultant time histories, the header record from the
first input C-file is written as the header record for the output
C-file. If data dropout is encountered during the process of
transferring the parameter time histories, the previous value of
the parameter is carried and used for the dropped time point.
Thus, execution of CONSO will produce a consolidated timehistory
data file which is free of data dropout for subsequent analysis
techniques.
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C-File #1 C-File #2 C-File #N (Ng£ 10)
CFLR CFLR CFLR
BFLR BFLR BFLR tg
ISP B
o - e e e = tS
* o o - — — — —~ —ftf
BFEODR BFEQDR BFEODR
CFEODk CFEODR CFEODR
2 N
CONSO
or
Note:
CFLR=C-File Label R
CFLR 4L. record e
RFI R ts BFLR te BFLR=B-File Label
record -y
BFEODR=B-Fi’ . -
end of data record 4
CFEODR=C-File 3
end of data record -9
T of
tg = start TOD for - 9
consolidation .
| _BFEODR __Jftf BFEODR  |'f  tg= finish TOD for
CFEODR consolidation O
C-File B-File -

Figure 6 - C-File Consolidation Methodology Employed by CONSO BRS
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3.2.2 Input:

CONSO will consolidate parameter time histories which span
identical time intervals. The parameter time histories to be
consolidated must reside on C-files that are attached to the
terminal local file space. These files are input to the program.
Specifications requested by the program's interactive dialogue
are:

! - number of C-files to be consolidated

- start time-of-day for the time history interval of the
parameters to be consolidated [seconds]

) - finish time-of-day for the time history interval of

the parameters to be consolidated [seconds]
i; - data sample rate [samples per second]
- names of the input C-files

-~ B-file section number which contains the parameters to be
consolidated

- selection of a C-file or B-file output file format

- name for the output C-file or B-file

Another consolidation of parameter time histories can be perform-
ed upon consolidation of the specified C-files. If this option is
selected, the above specifications must again be entered through
the interactive dialogue. The utility C~file or B-file print
program LISTF may be used to verify the data consolidation
performed by CONSO.

3.2.3 Execution:

Interactive execution of CONSO is initiated by entering the
name call load command:

CONSO

The program will respond by displaying at the terminal screen a
statement of its capabilities and a prompt for an interactive
dialogue. Termination of the interactive dialogue returns the
terminal to the command level of NOS.

3.2.4 Output:

CONSO produces one C-file or B-file which contains the
consolidated parameter time histories. This consolidated file is
generated as a local file at the terminal, This file should be
stored on a permanent storage device if it is desired to retain .
this file. T

3.2.5 Example:

To facilitate handling of the engine pre-stall test data, it was
desired to consolidate the parameters stored on the four C-files

21
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produced by SANDS onto one B-file. This was accomplished by
utilizing CONSO as indicted by Figure 5. The parameter time
histories from the four C-files named FLT@lA, FLT@lB, FLTOLlC, and
FLT@1D were consolidated onto one B-file named BF@@l. This B-file
was subsequently used to list, plot, and edit the parameter time
histories.

The consolidation of the C-file parameters is given by a record
of the interactive session with CONSO presented in Display 3. The
parameter time histories from the four C-files were consolidated
over the time-of-day interval from 75015.808 seconds to 75018.500
seconds. The four input C-files each consisted of one B-file
section, During the consolidation and transfer of parameters,
CONSO corrected data dropout. The resultant B-file named BF@O1
was generated as a local file.

3.2.6 Limitations and nuances:

CONSO can consolidate a maximum of 200 parameters. All parameters
on the input C-files are consolidated onto the output C-file or
B-file. Consequently, if the same parameter time history is
present on more than one input C-file it will be repeated in the
resultant data file.
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3.3 Conversion of a B-file to a C-file (BTOC)

F‘ BTOC converts an UFTAS data file froma B-file format toacC-file N ‘
| format.

3.3.1 Background:

hi This program is a modified version of the UFTAS utility program -
named BTOC which is documented in Reference 5. .

*A. 3.3.2 Input:

A local file named BFILE is the primary input for BTOC. This file -
must contain the parameter time histories to be input in aB-file g
format. Additionally,a local file named INPUT can be used to
specify information to be included on the output C-file header
record. This information is read by BTOC through the following
program records:

READ (5,5,END=10) LIC,ITAIL,ITEST,FLT,DFLT,DREQ,DCOM -
5 FORMAT (AS5,2X,I13,2X,I1,2X,A5,2X,A6,2X,A6,2X,A6)
READ (5,'(16(A6))',END=28) (TITLE(I),I=1,10)

The variable names are documented in Reference 5. Default values
for the header record parameters are:

LIC = JON13 g
ITAIL = 123 e
ITEST = 1 T
FLT = FLT13 .
DFLT = 25DEC1 o
DREQ = 25DEC1 -
DCOM = 25DEC1 - -
TITLE =

THIS C-FILE CAME FROM BTOC oo

The program card of BTOC is given below for run time file o
substitution. B

PROGRAM BTOC (BFILE,CFILE, INPUT,OUTPUT,TAPE1=BFILE, -~
TAPE2=CFILE,TAPES=INPUT,TAPE6=0UTPUT) "

3.3.3 Execution:

Interactive execution of BTOC is initiated by entering the
execution card statement as a command at the terminal. This
name call load command is:

BTOC

Termination of BTOC returns the terminal to the command level of
NOS.

LRI
< v, 2t
P
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3.3.4 Qutput:

Program messages are directed to the terminal screen.

3.3.5 Example:

It was desired to convert the consolidated engine stall time
histories from a B-file to a C-file format. This format change is
indicated in Figure 5. Data inspection through the data list and
plot programs indicated that further data editing as well as the
derivation of a new parameter was desirable before performing
frequency analysis or digital filtering of the data.

Display 4 details the interactive session of BTOC which
performed the data file format conversion. The B-file named BF@31l
was converted to a C-file named CFOG1l. As Figure 5 shows, CF@dl
was employed for further data processing.
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3.4 Conditioning and Derivation of Parameter Time Histories

(SEQCOND)

SEQCOND conditions and derives parameter time histories from a
standard UFTAS time history data file for further processing by
frequency analysis, digital filter, or plot programs. Several
data conditioning and manipulation options are available. These
include:

Correction of data dropout in a time history

Transfer of a time history without manipulation
Termination of a time history with a cosine taper

Shift in a time history DC level

Aamplification or attenuation of a time history

. Generation of a derived parameter time history from the
ratio or difference of two time histories

U W~
L]

3.4.1 Background:

The data conditioning and manipulation capabilities listed above
are implemented during the transfer of data from an input C-file
to an output B-file. This transfer process is interactively
directed by the user such that only selected parameters of
interest over a specified time period are transferred to the
output B-file. This strategy provides a resultant B-file which
contains only time history data of interest in a form that is
compatible with the various data analysis programs within the
program group. The parameter time history conditioning and
manipulation options of SEQCOND are discussed below.

Data dropout will be corrected automatically by SEQCOND. The
program will fill in dropped data points at the appropriate data
sample rate. The value of the dropped data point is set equal to
the last valid data point. This procedure was adopted because
data dropout has been found to be primarily due to data
compression. Data dropout will be recovered if no more than 1080
consecutive dropped data points are encountered. All parameter
time histories which are transferred to the output B-file are
corrected for data dropout.

SEQCOND provides an option to terminate a data sequence with a
cosine taper which is characteristic of the signal dynamics
under investigation. This feature is useful if "filter ringing"
occurs upon implementation of a digital filter to a time history
which has a step or spike in the signal level. Figure 7
illustrates the application of a cosine taper to a signal to
eliminate a step in the signal level. The original signal is ]
retained until the apex of the signal oscillation just prior to S
signal dropoff. Beyond this apex time point, the output time e
history consists of the cosine taper fit determined by the period
and amplitude of the signal dynamics.

It may be necessary to shift the DC level of a parameter time T3
history because of instrumentation or processing errors or for =
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comparative analysis with another signal. Similarly, a require-
ment may be to amplify or attenuate a time history sequence.
SEQCOND provides this capability which is directed by the program
user when the data time histories are transferred from a C-file
to a B-file format. These time history conditioning options are
only applied to the selected interval of the time history for
output to the B-file.

SEQCOND also provides a means of deriving a parameter time
history from existing parameter time histories. Currently, two
options are available for deriving a parameter. These are the
derivation of the ratio of two time histories or the difference
between two time histories. The derived parameter time histories
are appended to the transferred time histories on the output B~
file.

3.4.2 Input:

Parameter time histories to be transferred, manipulated, or
derived must reside on a single C-file. This C-file must be
attached to the terminal local file space since this data file is
input into SEQCOND. The program's interactve dialogue is divided
into three sections. These three sections require input for
general processing of the parameters, input for transferring of
selected parameters, and input for deriving parameter time
histories.

Specifications requested by the first section of the program's
interactive dialogue which concerns general processing informa-
tion include:

- name of the C-file which contains the parameter time
histories to be processed

- section number of the B-file which contains the parameter
time histories

- number of parameters to be transferred or manipulated

- number of parameters to be derived

- sample rate of the parameter time histories [samples per
second]

- start time-of-day for the output B-file [seconds]

- finish time-of-day for the output B-file [seconds]

- name for the resultant B-file

Specifications requested by the second section of SEQCOND's
interactive dialogue which concerns transferred parameter
information are:

- name of the parameters to be transferred

- DC bias (if desired) [parameter units]

- amplification or attenuation factor (if desired)

-~ option of sequence termination with a cosine taper

If the cosine taper option is selected, additional requested
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specifications are:

- approximate time-of-day of the signal step or spike apex
[seconds] '
- approximate period of the signal dynamics [seconds]

. Specifications requested by the third section of the program's
' interactive dialogue which concerns derived parameter information -
include:

- name for the derived parameter
- selection between a ratio of parameters or a difference

between parameters to form the derived parameter time

history .
- reference parameter numbers (these are supplied by SEQCOND

in the second section of the interactive dialogue)

| &g}

Upon conditioning and manipulating specified parameters from the
input C-file, other time histories may be conditioned and
i transferred to a B-file from another C-file. If this is desired,
) the above specifications must again be entered into the program.

3.4.3 Execution:

Interactive execution of SEQCOND is initiated by entering the
i name call load command:

SEQCOND

The program will respond with a statement of its capabilities and
a prompt for an interactive dialogue. Termination of SEQCOND oy
returns the terminal to the command level of NOS. -

& 2 & m,» = =
.
l'l'.‘

. -
'

3.4.4 Output: N

-7 SEQCOND produces a B-file which contains the parameter time
> histories which were transferred, manipulated, or derived from
) the parameters available on the input C-file.

3.4.5 Example: :};

: The parameter time histories contained in C-file CF0@l were e
) further conditioned and edited by SEQCOND. Also, SEQCOND was )
: employed to derive a parameter from the ratio of two pressure
parameters contained in CF@0l. A cosine taper was applied to the
, transferred parameter time histories to eliminate data dropoff
o and subsequently prevent filter ringing. The transferred time
o histories were trimmed in length to 1924 points which captured
‘ the pre-stall dynamics of interest. As Figure 5 indicates, the
transferred and derived parameters were output on B-file BF311 -9
which was used for input to the freguency analysis and digital )
filtering programs. e
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The execution and dialogue of SEQCOND is exemplified in Display 5
which is a record of an interactive session. In section 1 of
SEQCOND, general specifications concerning the parameters to be
processed were given. These parameters were input from section 1
of C-file CF@O0l. Two parameters were transferred and one
parameter was derived from these parameters., The sample rate of
the B-file parameters was specified as 1000 samples per second.
Also, start and finish times-of-day for the resultant time
histories were specified to be 75017.901 seconds and 75018.924
seconds respectively., It was desired to name the output B-file
BFOLll.

Section 2 of SEQCOND required specifications of the parameters
that were to be transferred or manipulated from the input C-file.
For each of the transferred parameters, PP128 and PP227, a DC
bias level and amplification or attenuation factor was required.
Parameters PP128 and PP227 were transferred unchanged with a DC
bias of @ and an amplification factor of 1 over the selected time
period. However, a cosine taper was applied to these parameters.
PP128 and PP227 were terminated with a cosine taper at an apex
point of the signal dynamics which occurred at a time-of-day of
75017.802 seconds. The period of the signal dynamics at this
point was approximately 0.019 seconds.

SEQCOND serially assigns a parameter number to the transferred
time histories. This parameter number is referenced by section 3
of SEQCOND which calculates derived parameters.

Section 3 of SEQCOND required specifications for the parameter
time histories that were to be derived from the transferred
parameters. Parameter PD@@l was derived from the ratio of trans-
ferred parameter numbers 1 and 2, PP128/PP227.

The three resultant parameter time histories were written to the
specified B~file BF@ll, This B-file was output as a member of the
terminal local file space. The effect of the cosine taper upon
the termination of parameters PP128 and PP227 is illustrated by
plots of their time histories which were obtained at the terminal
through the plot program PLOT.

3.4.6 Limitations and Nuances:

Data transfer from the input C-file can include a maximum of 5@
parameters. From these 5@ parameters a maximum of 25 parameters
can be derived parameters. This limitation is system dependent
and may be alleviated in the future. Also, data dropout cannot
exceed 100 successive samples in a parameter time history.

32
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k] 3.5 Temporal Alignment of a Data Sequence (TIMALIN) _

{ TIMALIN provides a means of time shifting parameter time S
2 histories. This capability is useful for the temporal alignment N
- of a time history to correct for time delays and phase lags -

introduced by instrumentation systems and unmatched filters.

R L
L
e . PR

3.5.1 Background:

2
]
T
o
d
K
=
v
]
=
%

g

{
1
]
A
-

TIMALIN is based upon a frequency response analysis (FRA)
capability provided by the FRA program TSHFT which is documented
in Reference 6. TIMALIN produces a time history which is lagged
or advanced relative to the input time history. A time shift lead
is given by,

x(tg) = x(tj+a)

oo

where x(t,) is the output time history shifted by time a and
x(ti) is t%e input time history. Similarly, a time shift lag is
given by,

-

x(to) = x(tl-a)

The temporal shift of the input time history is accomplished by
first applying a fast Fourier transform to the time history. The
resulting Fourier coefficients are then phase shifted according
to the desired time shift. An inverse fast Fourier transform is
then applied to the shifted Fourier coefficients to restore a
time history of shifted data.

The input time history must be bandlimited. Also, TIMALIN
requires that the input time history consist of a number of
points which is a power of two. TIMALIN will automatically zero P
fill an input time history to the next power of two 1if this re- N
quirement is not met. e

3.5.2 Input:

TIMALIN requires that the time history to be temporally shifted o
reside on a B-file at the terminal 1local file space. S
Specifications requested by TIMALIN through the interactive Rty
dialogue are: A

- name of B-file which contains the parameter time history -
to be time shifted :

- name of the parameter to be time shifted

- start time-of-day of the time history [seconds]

- finish time-of-day of the time history [seconds]

- sample rate of the time history [samples per second]

- desired time shift (positive for lead, negative for lag)

(seconds] "
- name of the output B-file to contain the shifted parameter :},
- option to write the shifted parameter as a unique e

- 3
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parameter or to overwrite the input parameter with the
shifted parameter

If the shifted parameter is to be output as an unique parameter,
additional requested information is:

- name of the shifted parameter time history

Upon time shifting one parameter, if it is desired to shift
another parameter, the above specifications must be entered
again.

3.5.3 Execution:

1
Interactive execution of TIMALIN is initiated by entering the i'ﬁ
name call load command:

TIMALIN
The program will respond with a statement of its capabilities and

a prompt for an interactive dialogue. Termination of TIMALIN .
returns the terminal to the command level of NOS,

3

be desirable to correct a time delay in the time histories due
to the linear phase response of the filter. As Figure 5
indicates, the parameter time histories filtered by FILTER
through the MLTPASS filter design were temporally realigned by
TIMALIN. This restored the filtered parameter time histories into
alignment with the unfiltered parameters. This facilitated
analysis of the time histories in the time domain. -

3.5.4 Output: f&j
TIMALIN produces a local B-file which contains the shifted time ~—
history as a unique parameter. e
3.5.5 Example: :ﬁ%

g
After the digital filtering of parameter time histories, it may -

L. o8
.t

' s

LR
PR

P IR N

Sad

The execution and dialogue of TIMALIN is exemplified in Display 6 R
through its application to the filtered parameter FP128M o
contained on the B~file named BF#24, FP128M was shifted by a time o
lag of 0.032 seconds over the interval time-of-day from 75017.9401 o
seconds to 75018.924 seconds. As Sections 6.2 and 6.3 discuss, S
the application of the MLTPASS filter design to the parameter .
PP128 resulted in a time history FP1l28M that was shifted forward
in time by 0.032 seconds relative to the input time history. The T
corrected time history was output as a unique parameter named RN
SP128M and written to the local B-file BF@31l., The effect of T

TIMALIN is shown in the plots of parameters FP128M and SP128M -
which are presented in Display 6. S

N . !
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4 DATA LIST AND DISPLAY PROGRAM GROUP

' Phe data list and display program group contains software which

lists and plots parameter time histories. As Figure 2 indicates,
- these programs obtain parameter time histories from UFTAS C-files
. and B-files. These programs also produce output in the form of a
: graphical display at a Tektronix graphic terminal or a listing
. which can be displayed at the terminal screen and written to a
| local file for printing at a printer.

4.1 List of a Parameter Time History (LISTF)

; LISTF is a C-file or B-file time history print program. LISTF
Wwill write a listing of the input file to the terminal screen or
to a local fiie for printing at a remote site.

4.1.1 Background:
) LISTF is a modified version of an UFTAS utility program named

LISTBC. LISTBC is documented in Reference 4. LISTF provides

options which enable the specification of the data print rate,

the parameters to be printed, and the format of the printed data.

These options are specified through an execution command. This

command enables interactive execution of the program, Batch
i execution of LISTF is possible and is also documented in
' Reference 4.

4.1.2 Input:

i Input to LISTF is provided through an execution command which is
entered at the terminal and begins interactive execution of the
program., The execution command is of the form:

LISTF (FILE,PR=nl,PC=n2,SD=n3)

where,

L b

. FILE = name of the local file which contains the parameters to be
Bt listed. Default is the local file named CFILE.

PR

print rate which specifies every nlth point to be printed.
Default is nl=1 which prints every data point.

PC

flag to indicate that only specified parameters are to be S
printed. If n2=0 (default) all the parameters on the O
specified B-file or C-file are printed. If n2=1 the names e
of parameters to be printed are read from a local file LR
. named INPUT. The names of the parameters are specified on gAY
b this file in free format in columns 1 through 88 with a

blank or comma as terminators. An example for file INPUT

- is:

44
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*EOR
Pl P2
P3,P4
P5

*EOR

This results in the parameters Pl, P2, P3, P4, and PS5
| being printed, provided that they exist on the input local
file.

sD = flag to indicate the number of significant digits for the
printed data values. If n3=0 (default), 5 significant
digits are printed.

The arguments of the LISTF execution command are optional.

4.1.3 Bxecution:

Interactive execution of LISTF is initiated by entering the
execution command at the terminal. If execution defaults are
invoked, then list is executed by entering the name call load
command:

LISTF

A listing of the parameter time histories will be directed to the
terminal screen. The program card of LISTF is given below for run
time file substitution.

PROGRAM LISTF(CFILE,TAPEl1=CFILE, INPUT,OUTPUT,
TAPES=INPUT,TAPE6=0UTPUT,TAPE99)

Termination of LISTF returns the terminal to the command level of
NOS.

4.1.4 Output:

If run time file substitution is not employed, a formatted
listing will be directed to the terminal screen.

4.1.5 Example:

As Figure 4 illustrates, UFTAS produced a data base compatible
with the digital signal analysis software, This data base
consists of C-files. A listing of the parameter time histories
obtained from the engine pre-stall test data using LISTF was
desired for a cursory inspection of the data. Data processing
anomalies such as data dropout were detected from these listings.
' Also, at many intermediate steps in the example data analysis it
was advantageous to obtain a listing of a parameter time history
for inspection at the terminal screen.

.
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Utilization of LISTF for the pre-stall data is indicated in
Figure 5., List was employed to list the data base C-files as
shown by Display 7. A listing of the parameters PP230 and PP127
contained on C-file FLT@1B was obtained at the terminal screen at
the specified print rate of 100 (i.e. print every 160th point).
LISTF was also employed to confirm the consolidation of
parameters performed by CONSO as discussed in Section 3.2.
Display 8 is a record of the interactive usage of LISTF to
produce a listing of the consolidated B-file BF@@l at the
terminal screen. The ten consolidated parameters are listed at a
print rate of 1,0040.
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4.2 Plot of a Parameter Time History (PLOT)

PLOT will display a plot of a B-file parameter time history on
the screen of a Tektronix graphic terminal.

4.2.1 Background:

PLOT provides a plot of a B-file time history through interactive
b commands entered at a Tektronix graphic terminal. The user can
. dynamically modify the resultant plot. This capability provides a
' means to examine in detail many aspects of signal dynamics and
‘ to estimate characteristics of the dynamics such as the amplitude
b: and period of oscillations.

4.2.2 Input:

The parameter time histories to be plotted must reside on B-files
which are attached to the terminal local file space. These files
are input to PLOT. Specifications required by the program's
interactive dialogue include:

- model number of the Tektronix graphic terminal
- name of the B-file which contains the time history to be

plotted .
- name of the parameter to be plotted ——
- units of the parameter - e

- data sample rate [samples per second] jf¢
- plot start time-of-day [seconds] e
- plot finish time-of-day [seconds]

- option to print a line of remark at the top of the plot
- option to invoke automatic scaling of the plot ordinate

1f manual scaling of the plot was selected, additional required
specifications are:

- maximum value of the plot ordinate
- minimum value of the plot ordinate

The maximum and minimum value of the plot abscissa are determined
by the plot start and finish times-of-day.

4.2.3 Execution:

Interactive execution of PLOT is initiated by entering the
name call load command:

PLOT

The program will respond with a statement of its capabilities and
a prompt for an interactive dialogue. Termination of PLOT will -
return the terminal to the command level of NOS.
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4.2.4 Output:

PLOT produces a plot of a parameter time history on the screen of
a Tektronix graphic terminal. A copy of the plot can be obtained
through the usage of a Tektronix hard copy unit.

4.2.5 Example:

Plots of the FM parameter time histories revealed details of
augmentor transient phenomena which preceded engine stall., An
understanding of the onset of pressure fluctuations was
facilitated by the high digitization rate of 1000 samples per
second.

The plot of two B-file parameters is exemplified by an
interactive session of PLOT as given by Display 9. The
parameters PP128 and PP227 were input from the B-file named BF@01l
and plotted on the screen of a Tektronix graphic terminal. This
is indicated in Figure 5, The parameter time histories were
plotted over a time-of-day interval from 75015.000 seconds to
75018.500 seconds. Automatic scaling was chosen for parameter
PP128 while the plot ordinate of parameter PP227 was manually
scaled from @ psi to 25 psi,.

The plots of Display 9 show the onset of pressure fluctuations in
the fan duct which immediately preceded engine stall at
approximately 75018 seconds. During this period of time,
augmentor fuel system parameters indicated stabilized fuel flow.
Also duct flow pressure oscillations were observed at the high
pressure compressor inlet but not at the exit of the high
pressure compressor. This information suggested that the large
amplitude pressure oscillations may be associated with a
combustion instability of the augmentor. This situation is
summarized by a compilation of time histories presented in Figure
8. The elapsed time interval in Figure 8 corresponds to the
times-of-day in Display 9 from 75017.200 seconds to 75@18.200
seconds.

The augmentor transient time histories have suggested several
phenomena which involve oscillations of the augmentor fuel
delivery system and induced oscillations of the fan and core
flowpath. These phenomena appear very similar, occur within short
time intervals, and result in different operational anomalies. It
was not certain by viewing the data time histories if the
pressure oscillations in the engine flowpaths resulted from the
same phenomena, coupled phenomena, or separate mechanisms. A
gquantitative method for analyzing the time history data was
needed. One approach was to analyze the time history data in the
frequency domain. This approach is exemplified in Chapter 5.
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5 FREQUENCY ANALYSIS PROGRAM GROUP

]l Some characteristics of the mechanisms underlying dynamic data
are not easily determined in the time domain. It can be more
appropriate to transform the parameter time history into the
R frequency domain and analyze the data. The frequency analysis
o program group contains software which transforms time domain data
oy into the frequency domain. This transformation provides a range
Il of analysis capabilities. Two such capabilities are the determi-
nation of the variation of amplitude, phase, and power spectral
density of a parameter time history with frequency and the deter-
mination of the transfer function between two parametar time
histories.

5.1 Fast Fourier Transform (FFT)

Y

FFT performs a transformation of a parameter time history into
the frequency domain through the usage of the fast Fourier
transform. The variation of amplitude, phase, and power spectral
density (PSD) with frequency of a time history is determined by
. a fast Fourier transform of the parameter time history. FFT is
[ ] based upon an algorithm documented in Reference 7 and implemented
in Reference 6.

5.1.1 Background:

FFT performs a fast Fourier transform on a segment of a parameter
ii time history. The fast Fourier transform results in a series of
- complex values known as the spectral components of the time

history. These spectral components occur at discrete frequencies

and are evaluated at n/2+1 points, where n is the length of the

data sequence. The spectral components are complex with an
- amplitude and phase (real and imaginary part) associated with
ii each spectral component. The amplitude squared spectrum is

utilized to derive the power spectral density of the sequence
- which has the units of energy per unit frequency. The amplitude,
- phase, and PSD of a parameter time history are calculated over an
o appropriate frequency spectrum which is dependent upon the length
’ of the data sequence.

A

® The fast Fourier transform algorithm requires that the data R

sequence to be analyzed consist of a number of points which is -
equal to a power of two. If the input data sequence does not meet
this requirement then two options are available. The first option
. is to truncate the parameter time history to a number of points
S equal to a power of two before analyzing the data sequence. The
_J second option is to input the parameter time history unchanged
- - and FFT will zero fill the time history to generate a data
e sqeuence with a number of points equal to two. FFT will
automatically check for the power of two criterion and proceed
will the zerc fill if necessary.
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when a time history sequence that has been truncated is analyzed

i Leakage of spectral estimates into adjacent frequencies results
' in the frequency domain. Data windows can be employed to reduce
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this leakage. Most time history data input into FFT will be
- truncated due to the power of two criterion. To compensate for
m this, FFT provides the option to apply a Hann window to the input
data sequence to reduce the impact of truncation effects.

5.1.2 Input:

N The parameter time history to be analyzed by FFT must be resident
.l on a local B-file. This B-file is employed to transfer the data
sequence to the analysis program. Specifications raquired by the
interactive dialogue of FFT are:

- model number of the Tektronix graphic terminal (if
employed)

- name of the input B-file

- name of the parameter to be analyzed

- units of the parameter

- data sample rate [samples per second]

- analysis start time-of-day [seconds]

- number of points to be analyzed (power of two)

- option to apply a Hann window

- option to plot and/or list results

gl ol s Sl SR SRS 3

Depending on the options selected, additional required
specifications may include:

- name of a output file to contain analysis results

- selection between graphs of amplitude, phase, or PSD with
frequency

- maximum value of the plot ordinate

- minimum value of the plot ordinate

Plots produced by FFT follow the conventions and format
associated with the time history plot program PLOT discussed in
Section 4.2.

5.1.3 Execution:

Interactive execution of FFT 1is initiated by entering the
name call load command:

FFT

The program will respond with a statement of its capabilities and
a prompt for an interactive dialogue. As indicated above, FFT can
be executed at a Tektronix graphic terminal or a nongraphic type
of terminal, Plots of the analysis results can only be obtained
from a Tektronix graphic terminal. Beyond this restriction
execution of FFT is not dependent on the type of terminal
employed by the user.
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5.1.4 Output:

FFT can be directed to output analysis results to the terminal
screen and/or to a specified local output file. FFT can also
display plots of the analysis results on the screen of a Tektron-
ix graphic terminal. A permanent record of the plotted results
can be obtained through the usage of a Tektronix hard copy unit.

5.1.5 Example:

FFT was employed to analyze the pre-stall engine data in the
frequency domain. Figure 5 indicates the example application of
FFT to the time history data contained in B-file BF@24. Program
output consisted of a listing and graphic display of the analysis
results on the Tektronix terminal screen. Also, a listing of the
results was directed to the output file OF@41l.

Display 18 details the example application of FFT. Parameter
PP128 was input through B-file BFGll, The sample rate of PP128
L‘.' was specified as 1,000 samples per second. The fast Fourier

transform analysis was initiated at the time-of-day equal to
75817.800 seconds and included 64 data points. This time interval
_ captured the signal dynamics of interest. The data sequence did
{ not require zero filling; however, a Hann window was employed to
[ reduce leakage of the spectral estimates into adjacent
frequencies. A listing of the analysis results was directed to
the terminal screen and the output file. Display 19 presents the
plots of the analysis results that were displayed on the terminal
screen.

The plots of Display 10 show that pre-stall pressure oscillations
were dominant at a frequency of 68 Hertz. It was suspected that
the resultant fan stall was caused by an augmentor combustion
instability which back-pressured the fan. A combustion insta-
bility of this type is typically characterized by longitudinal
mode frequencies of 50 to 100 Hertz, Augmentor rumble was further
suspected since the amplitude of the pressure fluctuations were
measured to be greatest at station 5 in the fan duct. This is
shown by Figure 9 which illustrates a comparison of power
spectral density plots obtained at various engine locations.

A path of propagation of the pressure oscillations was suggested
by a comparison of the amplitudes of the PSD at the characteris-
tic frequency of the combustion instability for the various
measured flowpath parameters. Figure 9 indicates that the source
of the pressure oscillations was in the augmentor. The pressure
oscillations propagated upstream in the fan duct. Upon reaching o
the fan face, the pressure oscillations propagated further RIS
upstream and downstream through the engine core components. fﬁy
However, the pressure oscillations were absorbed by the high e
pressure compressor. This resulted in stable pressure levels at
the core burner inlet.
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Figure 9 - Power Spectral Density of Fan and Core Flowpath
Parameters Preceding Engine Stall
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The utility of the FFT analysis program can be realized as a
: primer for the application of a digital filter to enhance the
g signal dynamics of interest. FFT was employed for the purpose of
identifying the range of frequencies of interest in the engine
pre-stall dynamics. As the plots of Display 10 indicate, this
range of frequencies is from 20 Hertz to 108 Hertz. This informa-
tion was utilized for the design of the lowpass and multiple pass
digital filters in Sections 6.1 and 6.2.

5.1.6 Limitations and nuances:

FFT can accept a maximum of 512 points from a parameter time
history.
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5.2 Transfer Function (TRANS)

TRANS computes the magnitude and phase of the transfer function
between two parameter time histories. This capability is
particularly useful for determining relationships between
parameters in the frequency and time domain. TRANS can also be
used to determine the frequency response of a filter. Such a
filter could result from the a design program documented in
Chapter 6.

5.2.1 Background:

TRANS uses the fast Fourier transform algorithm to compute the
frequency spectrum of the parameter time histories. Let the
frequency spectrum of a time history represented by x(n), where n
is a point of the data sequence, be given by X(w). Here w is a
discrete frequency in the spectrum. Similarly, let the frequency
spectrum of another data sequence y(n) be given by Y(w). Then the
transfer function between these two parameters is represented as:

T(w) = Y (w)/X (W)

T(w) is a complex number whose value is representative of the
transfer function between the two parameters at all frequencies
in the spectrum. Since T(w) is a ratio of spectral components and
can be expressed as a vector with magnitude and phase, the
magnitude of T(w) is calculated as 281o0ogT(w) and expressed in
decibels. The phase is expressed in degrees.

5.2.2 Input:

The input data sequences should have a length equal to a power of
two. This restriction is applied because the fast Fourier
transform algorithm is used to compute the transfer function. If
the input data sequences are not specified to be analyzed over a
number of points equal to a power of two or the data sequence is
not equal to a power of two, then the data sequence will be zero
filled to the next power of two.

AB-file format is used to input the two parameter time histories
for analysis. Both parameter time histories must be on the B-file
and consist of the same number of points. Specifications required
by the program through the interactive dialogue include:

- model number of the Tektronix terminal (if appropriate)
- name of the input B-file

- analysis start time-of-day [seconds]

- number of data points to be analyzed

- data sample rate [samples per second]

- name of parameter time history 1

- name of parameter time history 2

- option to plot and/or list results
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! Depending on the options selected, additional required .
specifications may include: - o

»

- name of the output file to contain analysis results o

- selection between a graph of the amplitude or phase of the
transfer function versus frequency
- maximum and minimum values of plot ordinate

| Plots produced by TRANS follow the conventions and format
associated with the time history plot program PLOT which is
discussed in Section 4.2,

5.2.3 Execution:

! Interactive execution of TRANS is initiated by entering the
¥ name call load command:

[ TRANS

; The program will respond with a statement of its capabilities and
a prompt for interactive execution. As with the program FFT,
TRANS can be executed at a Tektronix graphic terminal or a

i nongraphic type of terminal. Plots of the transfer function can

5 only be obtained on a Tektronix graphic terminal. Besides this

restriction, execution of TRANS is not dependent on the type of
terminal employed by a user.

5.2.4 Output:

TRANS can be directed to list analysis results to the terminal
screen and/or to a named local output file. The listed analysis
results consists of a tabulation of the magnitude and phase of
the transfer function with frequency. This tabulation contains
(n/2)+1 frequency samples at a spacing of fg/n Hertz, where n is
the sequence length and fg is the sample frequency in samples per
second.

A plot of the transfer function magnitude and phase versus
frequency can be directed to the screen of a Tektronix graphic
terminal. A permanent record of the plotted results can be
obtained by a Tektronix hard copy unit.

5.2.5 Example:

Additional information concerning the mechanisms which drive
dynamic systems may be obtained in the frequency domain by
determining the transfer function between parameter time
histories. As Figure 5 indicates, TRANS was employed to determine
the magnitude and phase relationships of the spectral components
of parameters contained on the input B-file BF@34. The parameters
contained on this input file were previously filtered to enhance
the signal dynamics. TRANS produced a listing and graphic display
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of the analysis results on the Tektronix terminal screen as well
. as a listing of results which was directed to the output file
1 named OF@0d2.
!

M Display 11 details an example application of TRANS to parameters

o SP128M and SP227M. The transfer function analysis was specified

3 to begin at a time-of-day equal to 75017.46¢ seconds and to

o encompass 512 data points. The sample rate of the parameters was

." 10006 samples per second. Parameter SP128M was considered as the
input signal and parameter SP227M was considered as the output
signal, A listing of the analysis results was directed to output
file OF@@2. Plots of the transfer function magnitude and phase
versus frequency were obtained at the terminal screen and are
given in Display 1l.

[; TRANS is particularly useful in determining the frequency
‘ response of a digital filter. In this case, the two signals
analyzed are the input and output of the digital filter. An
example of this application of TRANS is presented in Section 7.1.

5.2.6 Limitations and nuances:

TRANS can accept a maximum of 512 points from a parameter time
history.
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6. DIGITAL FILTER PROGRAM GROUP

The digital filter program group provides the capability to
design, analyze, and implement digital filters on a parameter
time history. The software comprising this program group are
modified versions of finite impulse response (FIR) filter design P
and implementation programs. These programs were obtained from R
the digital signal processing software package which is o
documented in Reference 2. The digital signal processing software
package provides additional filtering capability; however, the
L filter design and implementation programs discussed below will
i meet most filtering requirements.

Much of the background discussion presented below and in the
k; following sections is paraphrased from Reference 2. A more de-
i tailed discussion of digital filters is given in this reference.
Additionally, an overview of digital signal processing
terminology is given in Reference 8.

The frequency spectrum that a signal encompasses often represents
the characteristics of the signal more explicitly than its time .-
domain counterpart. When analyzing a signal in the frequency do-
main, spectral components are revealed that may be removed or
enhanced by applying a digital filter. An example of this situa-
- tion is noise due to a power supply which is at a discrete
' frequency. It would be desirable to eliminate this noise from the
otherwise good signal. This can be accomplished by suppressing
the components of the frequency spectrum which correspond to the .
frequency of the power supply noise. This capability is provided B
by the filter design programs discussed in this chapter.

The design of a digital filter is determined by a number of
specifications which describe the intended function of the
filter. These specifications designate the various pass bands and
stop bands of the filter. The band of frequencies that are to
pass essentially unattenuated through the filter is called the
pass band, Similarly, the band of frequencies that are to be
attenuatad is called the stop band. A transition band is a range
of frequencies which the filter will partially attenuate the
frequency components. Although it is desirable to not specify a
transition band, this is not obtainable for a real filter. T
Various combinations of the stop, pass, and transition bands e
produce typical filter designs as illustrated in Figure 14@. o

Within each pass band and stop band, the affect of a filter may
be characterized by the amplitude and phase response of the
filter. The amplitude response of the filter is the ratio of the
output signal to the input signal. The amplitude response is
expressed in decibels at any component frequency. The phase
response of the filter indicates the time delay of the output
signal relative to the input signal. Phase response is expressed
in degrees at any component frequency. The amplitude and phase
re2sponse specify the frequency response of the filter.
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Thefilter design programs contained in the ISAS produce a
finite impulse response (FIR) filter. An FIR filter produces a
linear phase response with frequency. This corresponds to
imparting a constant time delay to the filter output time history
relative to the input time history. However, this characteristic
can be compensated through a temporal alignment of the parameter
time history. This can be accomplished by using the data
conditioning program TIMALIN.

The above discussion provides a basic understanding of digital
filters., This information and that contained in the following
sections should facilitate implementation of a digital filter
with a reasonable level of confidence. Again, a more detailed
discussion of digital filters is given in References 2 and 8.

6.1 Lowpass Filter Design (LOWPASS)

The filter design program LOWPASS generates a filter file for a
maximally flat pass band and stop band FIR lowpass filter. The
rasultant filter file is used by the filter implementation
program to filter a parameter time history.

6.1.1 Background:

LOWPASS is characterized by an ideal magnitude response that has
a value of 1 within the pass band and a value of @ within the
stop band. Since the pass band and stop band cannot overlap, a
transition band is employed. This transition band determines the
steepness of the filter rolloff and the order of the filter.
LOWPASS solves for a closed form expression of the filter
response which yields filter coefficients. These filter
coefficients comprise the filter description that is written to
the filter file.

6.1.2 Input:

Input to the filter design program LOWPASS is accomplished only
through an interactive dialogue with the program. Specifications
required for the filter design are:

- sample rate of the data to be filtered [samples per
second]

- center frequency of the transition band (less than 1/2 the
sample frequency) [Hertz]

- transition band frequency width (greater than the sample
frequency / 25) [Hertz]

- option to write the filter description to a filter file

- option to list the filter coefficients at the terminal
screen or to an output file

Depending on the options selected above, additional required
specifications may include:
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- name for the filter file
~ name for the output file

Upon completion of one filter design, another lowpass filter may
be designed by reinitiating the program inquiry and providing the
above specifications again.,

6.1.3 Execution:

Interactive execution of LOWPASS is initiated by entering the
name call load command:

LOWPASS

The program will respond with a statement of its capabilities and
a prompt for an interactive dialogue, Upon termination of
LOWPASS, the terminal is returned to the command level of
NOS.

6.1.4 Output:

LOWPASS produces a filter description file which contains the
filter coefficients. This file is input to the filter
implementation program FILTER. Also, the filter description can
be listed at the terminal screen or written to a local output
file for saving on a permanent storage device or listing at a
printer.,

6.1.5 Example:

Digital data filtering techniques were applied to the parameter
time histories obtained during transient augmentor operation.
The filter pass band was specified to pass a band of frequencies T
which contained the characteristic frequency of the pre-stall -
flowpath pressure dynamics. Lowpass provided a filter design C
which would enhance the pressure oscillation data. Figure 5
indicates the application of LOWPASS to generate the filter file
FFO0l which was subsequently used by FILTER, Also, a listing of
the filter description was directed to the local output file
OF@@63.

Display 12 provides a record of an interactive filter design
session which exemplifies the dialogue and execution of LOWPASS.
The sample rate of the data to be filtered was specified as 1,004
samples per second. From the results of the fast Fourier X
transform analysis, it was determined that the characteristic RO
frequency of the engine pre-stall dynamics was below 200 Hertz. ﬁfd
Thus, the center frequency of the transition band width was C
specified as 250 Hertz and the transition band width was ~
specified to be 60 Hertz. The resultant filter description was R
written to the filter file named FF@@l. Display 12 also shows the e
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screen listing of the filter coeffifients that were directed to
p the output file OF@63.

Application of the filter design to the parameter time histories
is discussed in Section 6.3. Also, the LOWPASS filter design was
verified by utilizing the white noise data file to drive the
N input of the filter design. The output of the filter thus
indicated the frequency response of the filter. This procedure is
_l presented in Chapter 7.

6.1.6 Limitations and nuances:

Some restrictions are imposed upon the design specifications for
LOWPASS. These restrictions are:

l. The center fregquency of the transition band must be
greater than the sample frequency divided by 2.

2, The width of the transition band must be greater than the
sample frequency divided by 25.

If these restrictions are observed, LOWPASS will normally
converge on a filter design.
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6.2 Multiple Passband Filter Design (MLTPASS)

MLTPASS designs a finite impulse response filter based upon given
specifications.

6.2.1 Background:

Many filter configurations may be designed by using the multiple
pass band and stop band specifications of MLTPASS. The amplitude
response of any filter is characterized by at least one pass band
and one stop band with a transition band between these two bands.
The lowpass and highpass filters are characterized by one pass
band and one stop band. However, other filter designs may have
more than one stop band and one pass band. For example, bandpass
and band reject filters have two pass bands and stop bands.
Figure 10 indicates the relationship between the pass band and
the stop band frequencies for various types of filters. The need
for the specification of the lower and upper cutoff frequencies
as well as the the lower and upper stop band edge frequencies is
dependent upon the type of filter.

MLTPASS uses an Remez exchange algorithm to determine filter
values which minimize a weighted Chebyshev error function over a
grid of frequencies. This means that the difference between the
desired filter function and a trial filter function is calculated
over a set of frequencies. The magnitude of this difference is
then used to update the filter function. Also, the extent to
which error influences the filter function in each of the
specified bands is determined by the weighting value for that
band. Thus, the value of the band weighting signifies the
relative importance of the filter response.

6.2.2 Input:

Input to MLTPASS is provided through interactive dialogue with
the program. Specifications required by MLTPASS are:

- filter length, i.e. the number of points to comprise the
FIR filter {maximum is 128)

- number of frequency bands (disjoint pass bands and
stop bands)

- grid density (nominal = 16)

- sample rate of the data to be filtered [samples per
second]}

~ edge frequencies of the passbands and stop bands [Hertz]

- filter gain (1 for an ideal passband or @ for an ideal
stopband)

- relative weighting for each specified band

- option to write the filter description to a filter file

- option to list the filter coefficients at the terminal
screen or to an output file

- gain of the filter for each specified frequency band

........
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Depending on the options selected above, additional required
specifications may include:

- name for the filter file
- name for the output file

Upon completion of one filter design, another filter may be
designedby responding affirmatively to reinitiating the program
inquiry and providing the appropriate specifications from those
given above.

6.2.3 Execution:

Interactive execution of MLTPASS is initiated by entering the
name call load command:

MLTPASS

The program will respond with a statement of its capabilities and
a prompt for an interactive dialogue. The terminal is returned to
the command level of NOS upon termination of program execution.

6.2.4 Output:

MLTPASS produces a filter description file which contains the
filter coefficients., This file is input to the filter
implementation program FILTER to actually filter a parameter time
history. This filter description file can be listed at the
terminal screen or written to a local output file.

6.2.5 Example:

The MLTPASS filter design program was utilized to design a
digital filter which would enhance the pre-stall dynamic engine
data. Figure 5 illustrates the utilization of MLTPASS for the
generation of the filter file FF@02 which was subsequently used
by FILTER to filter the parameter time histories of interest.

Display 13 provides a record of an interactive filter design
session which exemplifies the execution and dialogue of MLTPASS.
A multiple pass band and stop band FIR digital filter was
designed for the enhancement of data obtained during dynamic
oscillations of the gas turbine engine. The data to be filtered
is that which exemplified the execution of the Fourier analysis
program FFT and the usage of the filter design program LOWPASS.
Analysis of the dynamic data using FFT further determined the
characteristic frequency of the pre-stall dynamics to be centered
about a frequency of 60 Hertz. The MLTPASS filter design was
specified to generate a pass band/stop band filter to further
enhance the pre-stall dynamics, The pass band was specified to
range from @ Hertz to 100 Hertz and the stop band was specified
to range from 120 Hertz to 509 Hertz. 500 Hertz was chosen as the




upper cutoff frequency because this is the folding frequency
corresponding to the data sample rate of 1000 samples per second.
This filter design resulted in a transition band from 106 Hertz
to 120 Hertz. The resultant filter design was saved on the filter
file named FF092 for subsequent application through the filter
implementation program FILTER.

Additional specifications were input to MLTPASS. The number of
filter coefficients was chosen to be 64, Since one stop band and
one pass band were desired, the total number of frequency bands
specified was two. The filter grid density was set at the nominal
value of 16. The sample rate of the parameter time history to be
filtered was given as 1,800 samples per second. The gain of the
pass band and the stop band were set equal to 1 and 0
respectively. The frequency bands were given a relative weighting
of 18. A listing of the resultant filter description was directed
to the terminal screen. Also, output was directed to an output
file named OF@04 for subsequent listing at a line printer.

T o T ™
S T R R
. — A -

Verification of the filter design produced by MLTPASS was
accomplished by utlizing the white noise data file. This file was
used as input to the filter design produced above. The resultant
filter output indicated the frequency response of the filter.
This verification process is presented in Chapter 7.

6.2.6 Limitations and nuances:

The extent to which error influences the filter function in each
of the specified bands is determined by the weighting value of
that band. Thus, the band weighting value signifies the relative
importance of the filter response.
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6.3 Filter Implementation (FILTER) .j

FILTER filters a parameter time history by using a previously e
generated filter design. ;&?
K
L

6.3.1 Background:

The filtering of a parameter time history is accomplished by the
convolution of the filter design with the data sequence. This
convolution is accomplished by using a fast Fourier transform.
The fast Fourier transform algorithm requires that the data
sequence to be filtered consist of a number of points which is o
equal to a power of two. If the input data sequence does not meet o
this requirement then FILTER will zero fill the input data

sequence to the next power of two. 3

6.3.2 Input:

[
E
; to FILTER. Also, a filter file which has been previously

A B-file format is employed to input the parameter time history
generated is used to relay the particular filter design R

specifications to the program. Specifications requested by FILTER
through an interactive dialogue are:

- nameof the B-file which contains the data sequence to
be filtered

- name for the B-file generated by FILTER which will contain
the filtered parameter time history

- name of the parameter to be filtered

- name for the filtered parameter

- selection of terminal entry or a filter file as thesource
of the filter description

If a terminal entry was selected then additional requested
specifications are:

- length of the filter
- filter sequence point number and gain for each non-zero
filter value

If a filter file was selected as the filter description source
then an additional requested specification is:

DA T

1
4
-
-1

- name of the filter file
If it is desired to filter another parameter time history, the T3
above specifications must be entered again. S
6.3.3 Bxecution: :ﬁﬁ
Interactive execution of FILTER is initiated by entering the -
name call load command: 'uj
S
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FILTER

The program will respond with a statement of its capabilities and
a prompt for interactive execution. Termination of FILTER returns
the terminal to the command level of NOS.

6.3.4 Output:

FILTER produces a filtered parameter time history which is
appended to the input time history and output on a B-file.

6.3.5 Example:

FILTER was employed to enhance the dynamic parameters of interest
through filter designs supplied by the design programs LOWPASS
and MLTPASS. Figure 5 illustrates the application of FILTER to
the parameter time histories contained on B-file BF@1ll. In this
example, FILTER was employed twice, once with the LOWPASS filter
design given by FF@01l and again with the MLTPASS filter design
given by FF002. The resultant filtered parameters were output on
B-file BF@24.

Display 14 provides an example application of the LOWPASS filter
design to the time history of PP128. The filtered parameter time
history FP128L was directed to an intermediate B-file named
BF@21. The result of filtering PP128 is illustrated in Display 14
by comparing the plots of the PP128 and FP128L. Qualitatively,
the filtered parameter shows a reduction of the higher frequency
oscillations which reflects the stopband specifications of the
LOWPASS filter design. Also, the LOWPASS filter design does not
impart a time delay to the filtered time history. Parameter
FP128L is temporally aligned with the input time history PP128.

FILTER was also applied to parameter PP227 through the multiple
bandpass filter design given by MLTPASS. The result of this
filter application is shown in Display 14 by the plot of the
filtered parameter FP227M. This plot can be compared to the plot
of the input time history of parameter PP227. As the plot of
FP227M indicates, The MLTPASS filter design imparts a time delay
to the filtered parameter time history. This time delay may be
corrected through the application of TIMALIN as given in Section
3.5.

The filtering of a time history by FILTER is accomplished by a
convolution of the filter design with the data sequence. Since
the filter has a finite length N, N/2 end points on each side of
the filtered time history will be inaccurate. This is
dramatically shown by the plot of FP227M. In this case, this
effect is combined with the time lag due to the linear response
of the filter design by MLTPASS.

The digital filter may uniformly attenuate the level of the
signal. This characteristic is most pronounced by the
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implementation of the lowpass filter as is illustrated by FP128L.
A good estimation of the expected attenuation can be determined
by filtering a time history of white noise. A white noise data
file is provided in the fileset for this purpose and is discussed
in Section 7.1. The filtered white noise can then be compared to
the original white noise in the frequency domain. This will
determine the expected attenuation of a signal filtered with the
filter design over a range of frequencies of interest.

The digital filtering techniques described above were applied to
the dynamic parameters measured prior to engine stall. Figure 11
illustrates the digital filter processing results for the
flowpath parameters PS5C, PT2.5H, PB, and the augmentor fuel
manifold pressure PSEGS5. These parameters were filtered in a
frequency band from 40 Hertz to 70 Hertz and over a period of
time which encompassed the dynamics of the fuel system and the
core and bypass flowpaths. This period of time corresponds to
elapsed times-of-day from 75817.208 seconds to 75018.200 seconds.
The pressure oscillations of PSEGS are clearly shown and are
observed to influence the fan duct pressure PS5C and the core
flowpath pressure PT2.5H., This influence was probably due to a
combustion instability driven by oscillating fuel delivery rates
to the augmentor,

Digital filtering techniques were employed to determine if the
characteristic frequency of the augmentor instability was
constant for the period of time immediately preceding stall.
Figure 12 shows the results from filtering PSS5C into four
frequency bands which range from 30 Hertz to 70 Hertz. During the
initial growth of the pressure oscillation, the higher frequency
bands contained most of the frequency content. However, as the
stall point approached, the characteristic frequency of the
flowpath oscillation was shifted to the lower frequency bands
where it was most pronounced before stall.

6.3.6 Limitations and nuances:
The end points of the filtered parameter time history will be

inaccurate due to the finite length of the filter. The number of
end points affected is dependent upon the length of the filter.

. '.. -------- . '- - 3 . - . - - . v . . -'-.--'..'--‘....
R A A e A A T 0 A.A. x‘_. ALY ‘- ;_' AT

Lo




T ' T T T T 1 T
~ F I
mH
a® v » MWW
L 2.5 PSI_
— PRE-STALL —
.| DYNAMICS —
o 2.5 PSi
N ‘
e
o~ r — -
28
QUICKFILL ] S
. DYNAMICS -
O 25 PS| 3
wa .
=TT . b
i I L A 1 1 1 1 1 .“_‘
7.2 7.4 7.6 7.8 8.2 8.2 _,_1
ELAPSED TIME (SEC) 1
-
]
- -.7;:
=
Figure 11 - Digital Filter Results of Flowpath and Fuel System _::
Parameter Prior to Engine Stall =

96




pregr——— we— .
- T ——y. A e e i e o S e o d O T s et e ey

. T T T T T L T T T
~F 60 - 70 HZ — -
8;; 2.5 PSI
Da
e o‘v_ — -
A~ — PRE-STALL —
. o ~F 50 - 60 HZ DYNAMICS -
8 5| ”””MMMM” 2.5 PSI
:- el
. - -
3 Qo[ 00 2.5 S|
.:._. g,-gmwwww\WMMMMMMNVVV\NVV\f .
o: = 30 - 40 HZ -— -
32 '”M 2.5 PSI|
a i L i
I} 1 1 I i 1 [1 . 13
7.2 7.4 7.6 7.8 8.0 8.2

ELAPSED TIME (SEC)

Figure 12 - Multiple Frequency Band Filter Results of PS5C -
Prior to Engine Stall e




sudrsag 12371y SSVALTH Pu® ssyquot Sutsp 431114 3o uorieoyyddy Prduexy - 4y Lerdsyq

ML NOJINDIXT SAND23S 47 @8,
842 wvYI0dd 40 GN3 sas

Yoo
CINZA) ﬁaupu£<¢<& H43IHLONY Lkl e INVA N0s 0g
821 HIIN3IY oy G3iv3¥L 38 1A 43119 Wy

188)) ¢

3 4 NOILdi43S30 ¥ILUIT ML 40 IuyN L HIINI
) <

VA74) ¢AMINT TYNfUNTy ¥0 314 v won4 3ugn NOI14I1YIS3Q M3 4 IHL JIA
18219, ¢

12048 311 3-8

1NdIN0 3vy NO G3INIvINDD 39 VUA HIIHA ¥313vHvd 03431714 IHL HOS YN v YUNTI

"I NQiLISOd 1v a3141aN3ac MAMM-MM>
[ <
‘a3¥31V 4 38 03 Y31iJuvdvd 317 4-@ ML 40 YN g HIINI

1Zgra ¢

(37 4-8 LNd1NQ STML ¥0J UYN v y3IinNd

'3114-8 INQINA v Sy NdiN0 38 NIy 19a 3114-8 GIYNIddy SinMg 431 uvyvd
31¥¥343S v Sy 311 4-9 NN ML 01 030NIIgY 38 A ¥ Wvevy 03931713 »y

(1919
‘a3¥I1I4 38 0y Y3 ivevd IMy SNIVINGD NI{HA u4.u-auznuou:<z uz.zu»zw

b 4
s 13ond-8 3ivE3d3s v sy ingino s 3v;4 SINL 3V 3-8 inang 3, *
a 04, 330N3dd NV 03831113 S1 835 3ive s 3-8 031412345 v g3, *
N oaIN3D ATSACIAING NOTSIO w31 M3 L)) ISNOJSIY ISINal 31INI 3 ¥ s
. INIAGEMI 4@ vivE Wi13iG 40 owTuas i e 3NL SUNOJN3d UvHIQYd SiH, s
2 '
3
 } 2

98




28106

9 810G

ponurjuo) - 1 Leydsiq

(SAGNQJI3S ] avd 40 ML

B L1086, 9 £10GL » LIBGL @ L1906

1 1 Py
[]
-]}
Gl

4 I~
¥ .14

_ T -
114

AHOLSIH 3WIL ¥3L3uUvdvd
. e ol - T ([ [ |

aun-—-

[ M-S 1Y ]

99




——r

.

panutijuo) .- y1 Aerdsid

e Wr LSQNOIIST AV 40 WML
2 8105 e 8186 8 ¢185L 8- ¢106L v LI8SL ° L105L
. ) - - )
i
-
S
-
) =
; _ e
| S\
i
-
-
82
-
s2
A¥O0LSIH 3UIL ¥3L3uvyvd
~|-n.l ‘“ - AA-i .‘.- [ I .-.

aun—

wa. ~No

100




‘..
&
panutiluogd -« 41 Leydsiq
- NP P {SANOIIS] Avd 40 FIL
Z'8105L 98185 8 L105L 92106 Y LIOGL 2 L1096 ® L1056
. 1 1 1 A 1 1 "]
-
} g
_ s
] -
5 S
s 5
w., -
b
3 -
4 el |
s
3 - S =
. b —
s
L
i ¢
sl s
. d
| WAy
I~ o
‘ —— m 1 T y e
$2

AYOLSIH 3uWIL ¥3L3UWVvd




papniouo) - %1 Kerdsiq

‘e3'2y 1|
¥8/10/50 {SANQJIS) Avq 30 3MIL
Z 810G, @' 8i0sL 8 (10SL 9 410G v 18S¢ 2 L1QG¢L 9 106
- 1 1 1 -
-
S
-
(]
-
Gi
L.
-
m?>> A - aod —A k\\\‘ | 02
c:2¢< ooy 2 YA i
-
'14

AYOLSIH 3WIL ¥313UWvivd

o vre=—

wa N~ D

102




e " Ty ——— . o DN s o o aar o Nt e o p—— Ty —— Yy — T

7. TEST SOURCE DATA FILES

Test source data files provide a means to test the output of an
analysis program with a well defined input. Currently, one such
data file is provided on the ISAS fileset.

7.1 white Noise (DATA/WHITE)

. White noise is represented by a data sequence on the file
K named DATA/WHITE. This file is an UFTAS standard B-file with the
fileset group name DATA and element name of WHITE. The white
noise file provides a source test signal with frequency content
: spread across the sampled data spectrum. This signal may be used
t to drive the input of a digital filter under consideration so

that the filter's output is an indication of the frequency
response of the filter.

7.1.1 Background:

“ After a filter design has been generated, it is useful to examine
. the actual filter response and determine if the actual filter
1 response meets the design specifications. A simple way to
accomplish this is to provide a broad spectrum time history as
input to the filter design and use a spectrum analysis tool to
examine the output of the filter. Such a broad spectrum input is
white noise which contains sinusoids of equal amplitude over a
broad frequency range.

The fast Fourier transform may be used to analyze the frequency
response of a system subjected to a particular signal. If a
digital signal is composed of sinusoids evenly spaced across the
frequency spectrum, the FFT will calculate frequency content
within evenly spaced intervals across the spectrum. Also, if the
N-point FFT of an sequence is calculated from the signal, the
frequency content at(N/2)+l1 positive frequencies is obtained by
the fast Fourier transform, These frequencies are located between
@ and f,/2 and have a spacing of fg/N, where fg is the sample
frequency.

I1f the sinusoids of the test signal are located at precisely the
center frequencies, no smearing of the frequency spectrum will
occur. The frequency content of the signal will be accurately
represented by a FFT. Correspondingly, the output of a linear
system driven by this input will also have frequency content at :
only the center frequencies. The output of the system may be -
analyzed to determine the effectiveness of the system on the -
input signal. Thus the filtered output from a digital filter that e
had as input the white noise data file may be compared to this .}Qﬂ
input to determine the effectiveness of the digital filter. This 1
comparison is best conducted in the frequency domain by employing ]
a frequency analysis program such as TRANS or FFT.
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7.1.2 Data file specifications:

Specifications of the white noise data file are given below to
facilitate the application of this test sequence in the digital
filter and frequency analysis programs.

File name - DATA/WHITE

File type - B-file

Parameter name - NOISEl (this is the only parameter on
the B-file)

Data sample rate - 1,000 samples per second

Start time-of-day - 0.00)1 seconds
Finish time-of-day - 1.024 seconds

Signal length - 1024 samples
Number of sinusoids - 513 (including DC)
Sinusoid spacing - @.97656 Hertz between @ and 583 Hertz

7.1.3 Example:

The data file named WHITE was employed to verify the digital
filter designs detailed in Sections 6.1 and 6.2. This white noise .
B-file was generated through the UFTAS utility data generation
program DATAGEN which is documented in Reference 5. Depending on
the specifications of the filter design (e.g. data sample rate,
frequency band range, etc.), it may be necessary to generate a
white noise data file which reflects the sample rate and
frequency content of the data to be filtered. The white noise
data specifications given above were specified through DATAGEN to
be compatible with the example test data. For reference, a plot
of WHITE is given by Display 15 which was obtained from PLOT.

‘—xrvvl‘ D
, . -

PEME

As Figure 5 indicates, WHITE was employed as input to the filter
implementation program FILTER to verify the digital filter
designs. The parameter NOISEl was filtered according to the
LOWPASS design specifications input through the filter file N
FFPBl. The filtered parameter time history named LFNOIS was ﬂg
output on the B-file WN@24. This filtered time history was
subsequently compared with the unfiltered time history NOISEl in
the frequency domain by TRANS, Display 16 shows the resultant
plot of the transfer function magnitude of the transfer function R
between these two parameters. The effect of the LOWPASS filter
design is evident and corresponds to the filter specifications.
The pass band is present from @ Hertz to 208 Hertz with the
amplitude of the frequency components above 250 Hertz severely
attenuated by the filter. However, Display 16 shows that the pass
band frequency components are slightly attenuated by
approximately 2 dB. This has been observed to be a consequence of
the LOWPASS filter design and should be noted for reference.

et Yo e
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In a similar manner, the white noise parameter NOISEl was
employed to verify the MLTPASS filter design. Display 17 shows a
plot of the transfer function magnitude between NOISEl and the
filtered white noise parameter SFNOISE. The design specifications
of the filter file FF002 are reflected in this plot of the
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transfer function magnitude. The pass band is predominant from @
Hertz to 100 Hertz without any attenuation. The transition band
displays rapid amplitude dropoff of the filtered parameter by
approximately 25 dB. Also, the stop band is severely attenuated
to the limiting frequency of 500 Hertz.

Verification of the filter designs employed to enhance the pre-
stall test data through the above procedure provided confidence
for the implementation of the filter designs to the test data.
Also, insight was gained into the exact behavior of the filter
over the spectral components of the white noise time history.
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ANALYSIS OF GAS TURBINE ENGINE DYNAMIC INSTABILITIES

Ronald M.

Davino®

Alr Force Flight Test Center
Edwards Alr Force Bsse, Califorania

Abstract

A aethod has been developed for the analysis of
dynamic {nstabilities that have been observed {(n
gas turbiae engines duriag flight tesc. An inves-
tigation vhich exemplifies data analysis techniques
was conducted on dyunamic data recorded during aug~
mentor transient operstica. Signals from pressure
traasducers located in the engine gas path and
fuel delivery system were recotded and digitized.
Data analysis techaiques {included time history
ploctting of low and high frequency respouse data,
Fourier Transform based spectral analysis, and
digital filteriag. Pre~stall dynamic fastabilicies
vers characterized by low frequency oscillations
throughout asny engine components. The ansl-
ysis of component {nteractions {dentified the
path of dynamic instabilities through the eangine.
A transfer of dynamic energy from one frequency
bsnd into another was also identified.

Nomenclature

AC type of oscillating signal employed by
aasking tschniquse

AJ exhaust nozzle avres, percent

EPR engine pressure ratio

24} engineering units

FFT Fast PFourier Transform

™ frequancy aodulated sigoal

LoD augaentor light~off detector

MASK type of coustant sigaal eaployed By waisa-
iag tschnique

N1 fan rotor speed, tpm

N2 cors totor speed, rpa

ORIG type of dynamic signal amployed by anask-
ing techaique

4] core burner inlet pressure, 1b#/1n2

PO pulse code aodulated signal

PLA power lever angle

Peegl fuel pressure in augmentor segment 1,
1b¢/1al

Pseg2 fuel pressure io augmentor segment 2,
1b¢/1n?

Psegd fuel pressure in augnenctor segment 3,
1b¢/102

* Agrospace Engineer, Flight Test Technology Braach,
Mamber ALAA
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Psegé fusl pressure ian augmeator segmeat &4,
1b¢/102

Pseg5 fual pressure in augmentor segment 5,
1b#/1a?

Ps2.5¢ fao exit duct scatic pressure, 1bf/1ad

Pt2.5¢ fan exit duct total pressure, 1b¢/10?

Pt2.5h fan exit core total pressure, 1bf/1a?

PsSc fan duct static pressure, 1bf/1n

Peba turbine discharge (mixed cors and fan

stream) total pressure, lbf/in

SANDS Standard Analog to Digital System for
processing data

[ 4 elapsed time, secouds

UFTAS Usiform Flight Test Analysis Systea

Iatroduction

A continuous technological challenge exists for
high performance aircraft capable of executing
aultiple mission roles. This challenge has driven
the design of the aircraft gas turbine engine
throughout its history of development. Today's
typical high performance gas turbine engine is an
augmented turbofan engine with features such as
variable compressor vans geometry, variable exhaust
nozzle area, and a hydromechanical or electronic
control systeam. Such a design provides a high
chrust~to-wveight ratio and optimwa performance over
a wide range of operating coanditions. Coantiouing
gas turbine technological advancements coupled with
aircraft {ntegration through the eagine countrol
system have resulted in complex designs o aeet
operational requirsments.

The complex design of the amodern gas turbine
engine often harbors operational ancmalies.
Operation of the aircraft's propulsion system at
extreme regions of the flight envelope can cause
components of the gas turbine engine to operate off
their design point. Coapouents, such as the high~
prassure COmpressor, can experience rotating stall
or surge wvhich adversely affects other engine
components. The transient processes which occur
during a rapid advance of the throctlie from an
idle or wmilitary power setting to a aaxiaum
power setting may induce combustion {nstabilities
in the afterburner and its control system. Combus~
tion {nstabilities often inherent in high pecfor-
msnce thrust augmentation systems can result in
large amplitude pressure oscillations. These
prassure oscillations can stall che compression
components of the engine or induce augmentor blowe
out. Transient processas resulting from a throttle
excursion can also impose umeetable demands on
the engine control system. Ph and pr sas
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of these types vithian the gas turbine engine re=
strict operation of the aireraft over a region of
its flight eavelope and reduce the effectiveness
of its mission.

Operational difficulties asccompanying engiae
cosponeat off-design performance and throctle
excursions can bde einimized cthrough asn under—
staading of the underlying physical principles and
characteristics of the sencouncered gsaomaly. An
understanding of the driving sechaaisas bdehind
unstable engine operatiocs can prompt hardware
sodifications to reduce or eliminate the source of
the instadility. Component coupling can reinforce
uastable operation of seversl composents of the
engine. An understanding of the coupling aechanisas
csa result in design wmodificatiocns to alleviste
reiaforcement of the instability. Dynsmic f{nsts-
bilities aad time delays of cthe engine councrol
systea can be identified and ainimized during
transieat operatioca. Aa understauding of the
phencaena underlying unstable eugine operatica is
facilitated through performing appropriate propul-
sion syetem flight teets and applying aethodical
post=flight data snalysis.

Propulsion system evalustion and testing of high
performance aircraft are conducted at the Air Porce
Night Test Center. During recent propulsion systea
flight tests, dynsmic engine instadilities have
been observed to result from throttle excursions
vhich involve transient sugmentor operation. These
i{nstabilities wvere recorded by prassurs transducers
locaced {n the engine core sad bypsss flowpaths, and
in the gas generator snd sugmentor fusl delivery
systems. Maasurameuts from typical augmentor
traceients vere chosen for asnalyeis and for the
generation of a dats dase of the dyusmic engine
instabilities. These {nstadilities weare charac-
terized by angiae stall or scagaatiom, asugmentor
rumble or blowout, and pressure oscillaciocas {a
the fual flov wsetering and distridution system.
Exiscing data asnalyeis procedurss wers extended
and nev techaiques vere developed for the snalysis
of engine inscabilities ctecorded i{n the daca bass.
Procedures vars defined vhich aided the idencifi-
cation and characterization of phecomeas typical
of unstable augmentor trausient operation. The
analyeis tachaiques revealed Ddasic aechanisas
underlying the dyusmic iastability as well as
coupliag Dbetveen eugine campouents. Ssrdvare
design sodifications vere decermined to alleviate
specific dynamics of che fusl delivery system and
iaprove transieat augmentor operation.

Propulsion Systes Descriptien

The data snalysed vere obtained from a propulsion
sysctas vhich is typical of & sodern high performancse
sugnented turbofan engine. Pigure 1 illustraces a
cross sectionsl schematic of this type of propulsioan
systam. Primary engine stactions snd components
are indicated. The engine is typical of a low
bypass ratio and high-pressure ratio design. The
aultiple~stage fan is drivea by a amultiple-scagas,
lov=pressure turdine. Similarly, the comprassor i{s
povared by s aultiple~stage, high—pressurs turbine.
Varisble compressor vaoes are utilized to help
naiatain high performance over & wvide range of
pover settings. The engine cors combustor {is
typically of the sanular type. The engine is slso
equipped with a full length sanular fan duct and o

~w v ivgw o

mixed flow augmentor. The sugmentor is teminated
by & variable-sres, coavergent-divergent unozzle.
The sugmentor coutains asultiple spray aaaifolds
or segments vwhich deliver fuel to the afterburner
cambustion ares for afterburner operation. These
manifolds are located {n the core and bypass flow-
paths dehind the low pressure turbiae.

SYSTEN CONPRESSOR

N
INLET COMPRESSOR  TURBINE AUGHENTOR WOZILE

- -

Ml g

12 8 ) 456
STATION NUMBER

Pig. | Cross ssctional vievw of typical propulsiocn
systes vith componeat aand station idescifi-
cation.

Modulation of the augmentor fuel delivery systems
{s typically accomplished by an integrated after-
burner and nozzle control system. The afterburner
control system has the prisary function of governing
the fusl delivered o the afcerburner asasaifolds,
and ssintaining & correct pressure level {1 the
afcerburner by varying the aozzle throat ares. The
control sytem is also respousible for sequentially
supplying the fuel to the various segmencs of the
augmentor. This process nonormslly coasists of
initially £illing the amsnifolds at a high rate of
fuel flov (quickfill) and then transferring the
ssaifold fuel flow o a precisaly metered rate of
flov. The augmeator fuel coatrol is particularly
iaportant during throttle excursions which f{avolve
transient augmentor operation.

Data Acquisition

Signals from pressure, teaperaturs, rotation,
aad position sessors wvera recorded during propul-
siou system flight tests. The instrumentation io-
stalled on the augmented turbofan engine utilized
for flight tast is showan in Figure 2. The various
parameters vers aeasured at the locations indicated
ia Mgure 2. Data vere recorded by & low frequency
respoase pulse code aodulation (PQY) system aod a
high frequency respouse frequency aodulsation (M)
systam. These data streaas vers rcecorded oa
sagnetic tape aboard the aircraft duriag flight
test for post-flight procesaing. Lov frequancy
respouse parameters such as the pover lever angle
(PLA), augmeator light-off dectector (LD), percent
nozzle area (AJ), and the rotational speed of the
high and lowv pressute rotors, vere tecorded by the
PCM system. Bigh (frequency response parameters,
such as the core and bypass duct flowpach pressures,
asin pump fuel pressure, and the augneantor segment
fusl pressures, vere recorded by the ™ system.




The various paraseters vere filtered by the PCM

and ™ iastrumentation systems before digicization
£9 pravent aliasing errors.

pS2,5¢ f—

P12.5¢C
s /— L00 /- A
- X
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Fig. 2 Propulsion system instrumentacion.

Deta from the afrcraft and engine instrumenta-
tion recorded on the aircraft tape were processed
Sy a series of digital computer programs which
produced the flight daca file. This process is
{lluscrated {n Flgure 3. The analog aircrafc
tape was coanverted into a digital tape bdy an
analog-to-digital converter. During this process
the FM parameters were digitized at a race of
1,000 sazples per second. The data were then
converted inato engineeriag valts and various
computations were performed with direction from
the project history file. At this time {nscru-
aentation errors Jere corrected, and derived param~
dcers, such as the engine pressure racio and
compressor pressure racio, were calculated. This
processing was conducted by the Alr Force Flight
Test Canter’s Standard Analog to Digital Systea
(SANDS) for data analysis which produced a digital
data tape with the psaraaeters expressed fin
engineering units. Further processing, such as
data smoothing and editing, was performed by the
Uniform Flight Test Analysis System (UFTAS) at the
Flight Test Center. UFTAS produced a data base
compatible with digital data analysis software.
The digital data base wss subsequeantly referenced
by digital computer programs which performed analy-
sis taexs td {dentify and characterize the neasured
augmentor translent phencmena.
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Fig. 3 Adrcraft and post-flight data acquisition
sysces.
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Throttle snaps from idle to maximum pover vere
performed at relatively high altitudes and low Mach
numbers. Figure 4 shows a portion of the alrcrafc
flight envelope and the augmeator operating enve-
lope. The augmentor operating envelope is divided
into three regions which are based on tha probabil-
ity of afterburner transieat success. Unrestricted
afterburner operacion is permitted fa region 1l and
all augmentor transients are expected to be success~
ful. However, afterburner mislights, light-off
stalls or blowouts, and stalls related to rumble,
may occur duriag chroctle ctransients. Augaeator
transients performed in region 3 are likely to be
unsuccessful. Also, afterburner rumble and blowout
are possible during steady-state operation. Figure
4 shows a region of the augmeantor operating envelope
where combustion instabilities such as rumble have
been experienced. This region is indicated by the
cross~hatched area.
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Fig. 4 Augmentor operating envelope.

Flight test results wvere obtained from Cthroctle
suaps from i{dle to maximum power at operating points
in regions 1 and 2 and aear the {nteriace betvesn
ctegions 2 and 3. Idle to maxiaum power snaps
wers generally successful ia region 1. However,
some throttle snaps atteapted (n region 2 led to
engine stall or augmentor blowout. Throttle snaps
to maxiaum power in region 3 frequently resulted
in similar operational anoaalies. From unsuccessful
augmentor transieats, typical flight rtesc data
were chosen to exeaplify transient phencaena
and develop data snalysis techniques. Two such
flight test points are indicated in Figure 4. A
throctle snap was attempted at flight test poiat 1.
This augmeator craasient resulted :a aa englae
stall. A similar throctle snap wes attempted at
flight test point 2. This augmentor Ctraasient
resulted in an augmentor blowout. Data obtained
from these traansient events were recorded and
processed through the post-flight data processing
syscem for further analysis.

Dsts Analysis 2rocedure

Data analysis consisted of processing the param
eter cime histories 3f che digical daca file through
a group of digital computer nrograams. Figure §
illustrates 2 block diagram of the data analysis
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softvare. This softwars is orgaaized {ato four
groups of functionally sisilar programs. These
groups are the data consolidstion and editing
program group, the data display and list pro-
gran group, the frequency sualyeis program group,
and the digical filter progras group. The data
snalysis softvare utilized che UFTAS daca file
structure for the communication of data between
the {ndividual anslysis programs. Also, formatted
output files were amployed to cranemit anslysis
reasults to hard copy devices. .

1 DIGITAL DATA FILE ]
wmra Y | eott ano romar | | orern !
CORRECTION OERIVE CONVERS ZON FILTER
PARANETERS | oEsIGN
[ DIGITAL DATA FILE ] [ruren el
mor 2 rast 3 ransrer 3| | st 4
or FOURTER FUNCTION OIGITAL
st TRANSFORR FILTER
L DIGITAL QUTPUT FILE |
. SOFTVARE GROUP HUMBER
ot 1. CONSOLIDATION AND EDIT
O L " 2. OISPLAY AND LIST
= IJL._. 3. FREQUENCY ANALYSIS
— 4. OIGITAL FILTER

Flg. 5 Block disgram of data anslysis software.

The various saslysis softwvars groups coatain
prograas which perform specific tasks of data
teduction. The data comsolidation and editing
group of programs performad operacions such as the
consolidatiou of puraaetcar time histories,the cor-
reccion of instrumeantation aend di_itizia, errors,
the generation of derived psacametars, and format
conversion of data files. Purameter tiae hiscories
could be plotted or lisced (a & specified format
through the ussge of softvare {n the display aad
lisc prograa group. The frequency analysis program
group provided the capadility to saaslyze data fia
the frequency domain. A Psst PFourier Transfora
(TFT) of a dyasaic parasecer or the frequancy domain
transfer function between two paramecers could bde
decermined. The software of the digital filter
program group facilitated the design and implemen~
tation of low-psss asad wsultiple—bsnd, finite=
ispulse-respouse digital (filcers. A description
of the digital filcer vae represented by its impulse
repouse vhich was stored oa the filtsr descriptiocn
file. The softvare programs vithia the four
program groups genersted snalysis results in the
form of listings, plots, or output files which
could be directed to s ploctar ot line printer.

Duta Anslysis Results

Resuilts from various data asnalysis techniques
that wvere applied to augeeator Crsasient data
acre presented and discussed below. Dats analysis

techaiques that are discussed foclude PCM and ™
data time history plots, Pourier Transform based
spectral analysis, snd digital filtering. These
soalysis tools asssisted in revealing the charac-
teristics and physical basis of dymsaic tnscadbil-
ities of sugmentor operation that were observed
during flight test.

PCM Daca Time Uiacories

The tise histories of engine parsaeters recorded
by the PCM daca acquisition systes provided s
comprahensive tecord of a ctransient event during
flight test. Aa advantage of this data acquisition
system is that many parameters could be iaput to the
PCM data stresa. Therefore, an Lntersctioa or
coupling betveen engine components could be dis-
cerned during aoalysis. PCM data of che engine
parameters vers tecorded during the augaentor tran-
sient flight tests. PFlgures 6 and 7 present PCM
dats obtained from flight test points 1 and 2.
Various paraseters are presented over & 10 sacond
time interval vhich captures the transient processas
leading to a stall or blowout.
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rig. 5§ Time hiscory of PCM daca obtained during
sugaentor transient at flighc test poiat 1.

The transient processes vhich occurred durisg the
throttle saosp to aaxiaum pover at flight tesc
point 1 resulted in an engine stall. These trao=
sient processes are characterized by the parameter
time histories given i{n Figure 6. The PLA vas
sdvenced to the a@maximus pover setting at the
elapsed time of t @« O seconds. Approxizacely 8
seconds later, afcer full thrust asugnmentation was
schieved, 8o engine scall vas experienced and
the PLA was cutback to an {intermediate pover
setting.

The paramater time histories presented in Flgure
6 susmarize the saquence of events wvhich occurred
between the throttle snap and the inciplent stall.
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Various pressures in the fan and core duct, as vell
as che exhaust nozzle perceal ares variation, are
a showa along with the augmentor fuel manifold pres=
sures. At t = 0 secouds the PLA request resulted
in an increase of the faan duct pressure (Pt2.5¢),
core flow pressure behiand the high pressure coa-
prassor (Pb), and pressure in the aixed flow region
behind the low pressure turdbine (Ptém). The rise
in the eagine flowpath pressures gradusally inm
creased until t = 3.5 seconds. At this time the
augmentor fuel control began to sequentially
pressurize the augnenctor fuel spray rings which
consisted of segment 1 through segment 5. Augmen—
tor ignition at t = 4 seconds vas deduced from the
rapid increase in Ptém and confirmed by the LOD.
After segment l was stable, the fuel control quick-~
filled segment 2 at ¢t = 5.3 seconds and then trans~
ferred segment 2 to aecered flov. This process vas
continued for segments 3 through 5 and terminated
= with segment 5 oa aetered flow at approximately
t = 7.7 seconds. The core and fan flowpath pres—
sures increased and decreased in amplitude during
. this process ia response to backpressure generated
" by the augmeantor stepped combustion procasses and
N aodulation of the exhaust aozzle. Ptbém and Pt2.5¢
) axperieunced substantial variacions 1ia amplitude
b during the sequential activacion of cthe augmentor
! sagments. However, any increase in backpressure
to the fan up to t = 7 seconds was accommodated by
the fan's stall sargis. Also, the nozzle area
ad jusced to maintaia che correct eangine pressuce
racio (EPR). After the quickfill aad transfer to
metered flov of segment 5, a pressure pulse was
generated which had sufficient amplicude to increase
. the fan pressure ratio to a value above its steady-
~ state stall line. This resulted in a fan stall at
‘ t = 8 seconds. The stall wvas evidenced by a
~. rapid lancrease in Pt6m and a severs oscillation
of Pr2.Se. lmmediacely following the stall, the
. PLA w7as brought to an intermediate pover setting,
the fuel flow was sequentially stopped to the aug-
. uencor segments, the nozzle was closed, and the
* angine recovered at t = 9.5 saconds.

i An augmentor blowout was also experienced during
i a throttle excursion from idle to asximum power.
L The blowout occurred at flight test poiat 2. Figure
o 7 summarizes the time histories of cthe PCM param—

.- eters during 10 seconds of time which capcured the

b,

. event. The five augmentor segment fuel pressures
' are shown along with the pressures aesasured ia the
;i fana and core flowpath and the perceant cxhauo.t
] nozzle ares variationm.

_ At ¢ = 0.8 secoads of elapsed zime, the throttle
[ was snapped from an idle pover settiag to the aax-
‘ {aum power secting of the PLA. again, the throctle
. advaance resulted ia an incresse ia the amplitude
- of the core and fan flowpath pressures. At t = &4
seconds the augmentor segaents wJers sequentially
pressurized. Ignition of the augmentor was detect-
ed at ¢t = 4.5 seconds. Segments 2 through 5
proceeded through a sequence of quickfills and
transfers co azetered flowv until ¢t = 8.5 secoads
vhen segment 5 was supplied with aetered fuel flow.

Substantial variations in the amplitude of the
fan duct pressures were {nduced due to pressure
pulses from the augmentor transient fuel flow.
However, the stall amargin of cthe fan was not
exceeded and the nozzle adjusted to axaiantain a
constant engine pressure ratio. One second after

segment 5 was transferred to aetered flow, at
t=s 9.5 seconds, an augmentor blowout was exper—
ienced. The cause of cthis blowout was difficult
to detesruine from the PCM data aloue.
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Fig. 7 Time history of PCM data obtained during
augmentor transient at flight test point 2.

The PCM data acquisition system provided a
comprehensive summary of the variation of asany eo—
gine parameters during augmentor transients. The
interaction between engine components was described
by a lacge nunber of parameters over a loag period
of time. However, the lower sample rates associated
with the PCM data system linited the ability ¢to
identify rapid fluctuations ia paramecer values.
From the PCM data, it was difficult to determine the
phencmena vhich induced the pressure oscillacions
that resulted {n an engiae stall and bdlowouc. A
better understanding of the augmentor transient
events was obtained through the ™ time history
daca.

M Data Tize Histories

The ™ data acquisition system provided parameter
tine histories which could be digitized at a high
rate. A digitizing rate of 1,000 samples per second
was esployed. Characteristics of several augmentor
transieac phenocmens in the gas flowpath and fuel
delivery system were revealed at this high saample
rate.

The ™ Oata revealed decails of augmentor tram
sient phenomena which preceded the eagine stall
thar occurred at flight test point 1. The time his~
tories of several ™ paramecers are given in Flgure
8 for the stall event. These time histories span
a period of | second (n time which corresponds to an
elapsed time of the PCM data presented (n Figure 6
from t = 7.2 seconds to t = 3.2 seconds. The
quickfill of the augmentor segments, as exemplified
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by segment 5 at t = 7.4 seconds, is shown to coa=

sist  of high amplitude pressurs fluctuations
vhich diainished {n amplitude wvhen the segaent
transfetred to a2 ametered flow rate. The dyuaaics
associated with cthe quickfill of the augmencor

aanifolds vers transmitted to segments already
supplied with setered fuel flow due to the cowmoa
delivery systes. This (s realized by comparing
the quickfill of segnent S and the resultant
pressurs  oscillations in cthe metered fuel flow
of segmeat J. Also, the transfer to aetered
fuel flow wvas not smocoth and was revesled to
be characterized by a pressure spike. This pressure
spike has been reported to creste a prassure
pulse in the fan duct flowpath of sufficieat am-
plitude to induce a fan stall. The segments already
on aetered (lov also experiesaced a pressure drop
since they are supplied by the common fuel deliv—
ery systea.
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Fig. 8 Time history of ™ data preceding engine
stall st flight test point 1.

The quickfill and transfer to metered flow of
the augmentor segments vers observed to {nduce
pressure oscillations in the engine fan duct as
shown by Figure 8. This pheaocmencn is exeaplified
by the variacion of the duct static pressure at
scatioa 5, PsSc, during the quickfill of segment 5.
The ianduced pressure oscillations ia the faa flow
path became 30re severs as the quickfill process
vas applied by subsequent wmsnifold segmeats.
This is due o the common fuel delivery systea
of the nanifolds. The induced gas flowpath pressure
oscillstions wvere observed with reduced smplitude
by other flowvpath pressures aessured {n the fan
duct aad also by Pt2.5h wvhich was aessured {a the
core flovpath behind the fan. However, no {influence
vas observed {a Pd aessured dowvnstream of the
high=pressure compressor. This suggests that the
flowpath pressure oscillations vers not transait-
ted through the compressor.

Figure 8§ 4also shows the onset of pressurs
oscillacions in the fan duct atc ¢t = 7.7 secounds
vhich immedistely preceded stall. These pressure

oscillations reached sa amplitude which caused
the fan to stall at t = 8 seconds. During this
period of time, the augmentor fuel delivery systea
sppeared to be stabilized with all segments on
aetered flow. Thesa pressure oscillations 1in the
gas flovpath were observed through the fan duct
and salso at the high=pressure compressor ialet.
Hovever, the duct flow pressure oscillacions were
aot observed at the exit of the high-pressure
compressor as showm by Pb. Agsin, the pressure
oscillations vere observed to be readily transait-
ted through the fan but aot through the high-pres-

sure cCoupressor. This {information suggests
that the large aaplitude pressure fluctuations
may be associated wvith a combustion inscability

of the augmentor which occurred after segment S
stabilized with metered fuel flow. Combustioa
instabilities of this type can be driven by a
coupling betveea sa acoustic oscillacion at a
resonant mode of the sugmentor and the hest addi-~
tion process.

The transient phenomena preceding the augmentor

bl experi d at flight test point 2 are
characterized by the ™ parameters preseated in
Plgure 9. These data correspond to two pericds of

time recorded by the PQM data systeam and plotted In
figure 7. These time periods correspond to elapsed
times from t = 8.2 seconds to t = 8.7 seconds and
fram t = 9.2 seconds to t = 9.7 seconds. The data
presented {n Figure 9 from t = 8.2 seconds to t =
8.7 seconds demonstrate the affect of a nodifica-
tioa to the augmeator quickfill syscem which
veduced the amplitude of prassure oscillactions {n
the fuel delivery system. The time history of
Pseg3 shows a reduced pressure oscillation due to
quickfill and a smoother transfer to aetered flow.
Also, the variation of Pseg) indicaces that pres-
sure oscillations are ao longer readily traas-

ferred through the fuel delivery systes of the
augmentor.
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Fig. 9 Time history of MM data preceding augnmentor
blowout at flight test poinc 2.
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The fan duct pressure oscillations which pre=
ceded augmentor blowout are also shown in Figure 9
during the period of elapsed time from ¢ = 9.2
seconds to t = 9.7 seconds. During this period of
time, the augmentor fusl delivery system had stabil-
ized and all the segments were on metered flow. How—
ever, pressure oscillations were observed ino the
fan duct and at the coapressor face with diminished
agplitude. As with flight test point 1, these time
history plots suggest that a combustion instability
of the augmentor had fLaduced the blowout during
the throttle transient.

The above augmentor transient time histories
have suggested several phencmena which involve
oscillacions of the augmeantor fuel delivery systes
and induced oscillacions of the fan and core
flowpath. These phencmens appear very similar,
occur within short time {ntervals, and result {in
two different operational ancmalies: an engiae
scall and an augmentor blowout. It {s aot certain
by viewing the data time histories Lf the pressure
oscillations of the fuel system and flowpath result
from the same phenomenon, two coupled phencmena,
or separate mechanisas. A quantitative uethod
for analyzing the time history data was needed.
One approach was to analyze the digitized ™ data
in the frequency domain.

Power Spectral Density Amalysis

Some characteristics of the mechanisms under~
lying dynamic data are not easily determined ila
the time domain. It can be more appropriate to
traasform the parameter Gtime history {nto the
frequency domain and analyze the signal. The
digitized ™ parametsr time histories of flight
test point 1 were transformed into the frequency
domain and power spectral densities of the data
were obtalined. These power spectral densicles
{dentified component frequencies of the s3signal
ascillations and the relative amplitude of the
oscillations at various engine locations.

Power spectral density plots of Ps5c were ob-
tained during the augmentor quickfill and imme-
diately preceding scall. Flgure 10 shows that the
characteriscic frequency of the fuel pressure oscil-
lation during quickfill differs from che character—
{scic frequency of che faa flowpath dynamics prior
to stall. The fuel pressure dynasics are shown
to be characterized by pressure oscillations at
approximacely 45 Hertz., This phenomenon was
observed throughout the augnentor fuel delivery sys-
tem, transaitted through the augmentor combustion
process and resulted f{a pressure oscillations {a

the fan duct. The fuel system dynamics associaced
with the quickfill process vere reduced in amplitude
after segment 5 traasfarred to metered fuel flow
as shown 1in Figure 8. Immediately following
segment 5 transfer to nmetered flow, Pigure 10
{indicates that pressure oscillations, at a
characteristic frequency of 60 Hertz and lesser
amplitude compared to quickfill, immediacely
praceded the fan scall. It 1is suspected that
an augmentor combustion inscability, which {s
characterized by longitudinal aode frequencies

from 50 to 100 Hertz, induced cthis fan scall.
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Fig. 10 Pover spectral density of Ps5c duriag
augmentor quickfill and pre-stall dynaaics
at flight test poiat 1.

Augmentor rusble was further suspected since the
amplitudes of the pressure oscillations were great-
est at stazioa 5 ian the fan duct. Figure 1l illus-
strates a comparison of power spectral density
plots obtained from measurements at various eangine
stations. The pressure oscillacion seasured dy PsSe
had veduced 1in amplitude at the fan exit plane as
showa by Pt2.5¢. The amplitude of the pressure
oscillation was reduced further when neasured ia
the core flowpath at scation 2.5. Also, the aapli-
tude of the spectral density plot of Pb shows that
the pressure oscillatioa was notr readily transaitted
through the compressor.

9.150 T T T T
<
= 0.100 4
H
-~
~
g
0.050 p 4
Q
g
0.000 m
pYSC PT2.5C  OT2.SH ]
PARAMETER

Fig. 11 Power spectral density of fam and core
flowpath parameters preceding engine stall
at flight test point L.

A path of propagation i3 suggested by the ampli~
tude of the power spectral densities at the
charactaristic frequency of the combustion i{nsta-
bilicy. The source of the pressyre oscillation due
to rumble was in the augmentor. This pressure oscil-
lation propagated upscream in the fan duct. Upon
reaching the fan face, the pressure oscillation
propagated further upstream and wvas also transmic~
ted through the fan core flowpsth. However, the
pressure oscillation was absorbed by cthe thigh-
pressure compressor. This resulcted in stable
pressure levels at the core burner inlet.




Digital Filcer Processing

The frequency spectrum of a signal often repre=
sents the characteristics of the signal more expli-~
citly than its time domain counterpart. The removal
or enhancement of signal cheracteristics in the
frequency domain csa help 1identify the phenomens
under investigstion. An exssple of this is the
removal of noise dus to a pover supply from other—
vise clesn asad desirable dats. By filtering the
band of freqencies that con.ain the aofse or s
similar undesirable baod of frequencies, a more
useful signal can be restored. This eignal can then
be analyzed vwithout confusion or interferesce fros
irrelevaat frequency comtent.

Digital dsts (iltering cechaiques wvers spplied
to the paraseter time histories obtained duriag the
augmentor transient operation. Application of the
digital filter to the time history data crequirsd
sose knowledge of the characteristics of the data as
vell as the specificatioas of the filter to be
eaployed. The dynamic parameters ameasured during
the augmentor transieats, vere analyzed {n the
range of frequencies of i{aterest. This range of
frequencies vas determined by the power spectral
density of the pavameter. The digital filcar
passband vas specified to pass a bend of frequen-
cles containing the characteriscic frequency of
the fuel sysces quickfill pressure oecillatious,
pre=stall [flowpath preseure dynsmics, and the
dynasics of the flowvpath pressures befors blowout.
A J-pole Buttervorth filter was designed and
{splemented vith & forvard and reverse pass through
the daca to cancal asny phase shift due to the
filcer.

Some dynamic parameters rtequired conditioning
with a2 aasking technique bdefore bdeing filcerad.
This reduced any {oduced ringing of the filcter
from rapid data drop—off. Parameter PsSc obtained
at flight ctest poiat 1 exhidited this rapid drop-off
of samplitude immediately following the dynsaics of
interesc. Pigure 12 i{llustrates the application
of s masking signal to parameter PsSc before baing
filtered. A a3asking signal (MASK) was generated
aad subtracted from the origiosl sigoal (ORIG)
to produce an osclllating type of sigual (AQ)
vhich vas free of daca drop-off for procsssing.
The aasking signal coasiscs of a constant sapli-
tude signal uncil the poiat of data drop~off wvhere
a copy of the original signal {s used zo terain-
ate the signal. The rasultant AC signal was
filcered inco the various bands of iatarest without
error due to filter ringing.

The digical filtering techaique descrided adove
vas appliad to the dyuamic parameters measured at
flight cest potat 1. Mgure 13 {llustraces the
digital filter processing results for the flowpath
paraseters PsSc, Pt2.5h, Pb, aad the sugmentor fuel
assaifold pressure of segment 3. These paramaters
vere [ilteared {a a frequency band from 40 Hartz to
70 Hertz snd over s period of tiae vhich encompassed
the quickfill dynamics of the fuel systes and the
pre-stall flowpath dynamics. This period of time
corresponds to an elapeed time {n Flgure 6 from ¢t =
7.2 to ¢t = 8.2. The pressure cecillstions in Pseg$
dus to the quickfill process are cleatly showmn sad
ace observed to influsnce the fan duct pressure,
PsSc, and the core flowpath pressure, Pt2.5h. This
influence vas probabdly dus to s combuscilon insta~
bilicy driven by oscillacing fuel delivery rataes

to segaent 5 of the sugaentor. The pre-stall dy-
namics observed in flowpath pressures are shown (n
PMgure 13. During this period of tisme, PsegS was
stable and was beilng supplied by asecered flow.
These pre-stall dynaaics are probably sssociated
vith sn augmentor coabustion fastability such as
rumble. Flowpath pressure oscillacloas wvere
meagsured st stacion 5 in the fan duct (PsSc) with
the largest aaplitude. As the pressure oscilla-
tiocns propsgated up the fan duct to the faa face
and downstress through the faa, they vere aessured
by Pt2.5h {a the eagine core flowpath at a reduced
amplitude. These oscillations were not substao~
tislly transmitted through the high pressure com~
pressor, as P i{ndicates. This anslysis enhanced
the signals of {nteresc.
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A similar digical filtering analysis vas conduct=-
ed on pressure parametars aeasured in the augmentor
fuel dalivery sysctem and gas flowpath prior to the
blovout eacountered at flight test poinc 2. The
results shown in Figure 14 corrvespond to an elapsed
time from t = 8.5 secoads to t = 9.5 seconds.
During this period, the augmentar fuel pressure was
stable. However, as Figure 14 illustraces subscan-
tial pressure osc.llations wers expsrienced in the
gas flowpath. Parameters PsSc aad Pt2.5h experi-
enced these oscillations and their relacive magni-
tudes suggest that the source was an augmentor
combustion {nstabilicy. This relationship is
easily determined through the enhaanced signals
produced by the digzital filtering procedure.
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Fig. 14 Digital filter results of flowpath and fuel
system parameters obtained at flight tesc
poiac 2.

Digital filtering ctechniques wvers emploved to
determine 1f the characteristic frequency of the
augmentor {nstabilicy was constant for a period of
tine immediately preceding scall. PsSc was
analyzed during aa elapsed time of ¢t = 7.2 seconds
tot = 8.2 seconds for the augmeator transient
experienced at flight test poinc 1. Figure 15
shows the results from filtering PsSc into four
frequency bands which range from 30 Harcz to 70
Hertz. During the faoitial growth of the pressure
oscillation, the higher frequency bands coa~
tained aocst of che frequency content. However,
as che stall poinc approached, the characteriscic
frequancy of the flowpsth oscillation was shifted
to the lower frequency bands and .as 3ost pro~
nounced just before stall. The shift {n charac~
teristic frequency was also revealed by a
frequency analysis of che duct pressure fluct-
ustions immediately preceding stall. Figure 16
i{llustrates this frequency shift preceding stall.
The characteristic frequency is seen to shift to
a lower frequency just prior to stall.
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Fig. 15 Multiple frequency band digital filter
results of Ps5¢ during pre=sctall dynaasics
at flight test poiac 1.
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Fig. 16 Variation {n characteristic f{requency of
pre=stall dynamics ac flight test point 1.

The shift {n characteristic frequency occurred
vhen the augmeator was suspected to be experienciag
ruable. This frequency shifr nay indicate that the
frequancy of the coambustion instability wvas ap-
proaching a resonant aode of the augmentor systes.
Just prior to stall, this resonant mode coupled
with an acoustic oscillacion to produce large
pressure oecillations, which subsequently stalled
the fan.

Coucluding Remarks

A method has been developed for the anslysis of
gas turbine engine dynamic {nstabllities that have
been observed during transieat iugmentor operationm.
These insctabllicies were characterized by engine
stall or stagnation, augmeator rumdle or bdlowout,
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sad prassure oscillations 1ia the asugmentor fuel °

distribution systea. Ixisting dats asoalysis
procedures vere exteoded sad aev techaiques wvere
developed for the analysis of these engine
instabilities vhich vare recotded by pressure
sensors located in the engioe flowpeth and fuel
delivery system. Analysis procedures_ included
partametar time history analysis of low and high
frequancy vespoase data, Pourier Traasform based
spectral analysis, and data filtering. These
anslysis techaiques revealed amechanisms underlying
the dynsaic instabilities and intsvactiocas bdetween
engine compouents.

A comprehensive history of augmentor traasieat
events was summacized by lov frequency response
data obtained Cthrough the PCM data acquisition
systes. Many parameters vere iaput to the PCM data
stress which csptured the overall traasient process—
es and coaponent iateractious preceding & faa stall
or augmentor blowout. However, dua to cthe low
data saaple rate, detaile of the observed saomaly
wetrs not obtained by the PCM data scquisition
systea.

The PM data acquisition system provided parameter
time histories which could be digitized at s high
sample rate. Detailed parameter time history analy-
sis has suggested ssveral phesomess which (o~
volve oscillations of the augmentor fuel delivery
systea and the sugmeantor combustion process. The
augnent sanifold quickfill process was deterained
to induce fusl pressure oecillaticas vwhich wvere
traasaitted through the fuel delivery system to
other manifold segments. Also, these fusl pressure
oscillations induced flowpeth pressure cecillations
through the sugmentot cosbustion process. Augmen—
tor tuable was indicated through large assplitude
pressure oscillactions {n the engine core and fan
flovpach.

Anslysis of the digitized M parameter time
hiscories {a the frequency domaian provided a method
of disceruing the characteristic (frequemncy of che
auguentor operating snomaly. uviffereat character—~
iscic frequencies, for che fusl syscem dynsaics and
combustion instability precediag scall or bdlowout,
suggested that the fuel systas dyoamics weres not
directly related ¢co the augmeator combdbustion
dyoamics. A propegation path of the core and fan
duct pressure oscillations, which originaced in
the augneator, vas detsrained by the aaplitude of
the parametsr pover spectral densities at the
chsracteristic frequency of the combustioan {asta~
bilicy.

Removal or snhaacenent of signal characteristics
in the frequency domain wes performed by utiliziag
digictal filtering techniquas. The enhsaced param~
eter time hiscories revesled the i{nfluence of fual
system pressure oscillaticus ou the gas pressures
in the fan aad core flowpaths. Augmentor combus—~
tion pressure oscillatious vers shown to be easily
traosmitted through cthe faan bdut aot Cthrough the
coupressor. The characteristic frequancy of the
sugmentor combuscion {nscability was shown to be
time dependent. The frequency shift prior to
stall indicated & coupling of a resocnaat mode of
the combustios {netability with an ascoustic
ocecillacion to produce large pressure osecillactions
ia the faa duct.
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CONVERSION OF A B-FILE TO A C-FILE
ARSRSARRRNERNARABRNRBRANRRNRNN RN RS

PURPOSE:

Ot
R ALY

BTOC CONVERTS AN UFTAS DATA FILE FROM A B-FILE FORMAT TO A C-FILE
FORMAT. THE PROGRAM ENABLES THE SPECIFICATION OF THE C-FILE HEADER DNy
RECORD INFORMATION.

s

REQUIRED INPUT:

. BTQC CAN BE RUN BOTH INTERACTIVELY AND BATCH. INTERACTIVE EXECUTION
[ IS DOCUMENTED HERE. A LOCAL B-FILE NAMED BFILE IS THE PRIMARY INPUT

» FOR BTOC, THIS FILE MUST CONTAIN THE PARAMETER TIME HISTORIES IN A o
!; B-FILE FORMAT FOR THE CONVERSION TO A C-FILE FORMAT. CONTROL OF PRO- -
GRAM EXECUTION IS OBTAINED THROUGH AN EXECUTION CARD STATEMENT WHICH .o
IS ENTERED AT THE TERMINAL AS A COMMAND. THE FORMAT OF THIS COMMAND

IS:

BTOC
Ll OPTIONAL INPUT: B
A LOCAL FILE NAMED INPUT CAN BE USED TO SPECIFY INFORMATION TO BE

INCLUDED ON THE OUTPUT C-FILE HEADER RECORD. THIS INFORMATION IS
READ BY BTOC THROUGH THE FOLLOWING PROGRAM RECORDS:

READ (5,5,END=10) LIC,ITAIL,ITEST,FLT,DFLT,DREQ,DCOM
S5 FORMAT (AS5,2X,I3,2X,It,2X,A5,2X,A6,2X,A6,2X,A6)
READ (5,'(10(A6))',END=20) (TITLE(I),I=1,10)

BTOC PRODUCES A C-FILE NAMED CFILE WHICH CONTAINS THE INPUT PARA- i

METER TIME HISTORIES IN A C-FILE FORMAT, T

o
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CONSOLIDATION OF C-FILE PARAMETERS
b SERARBNARBERBRDRBRARARBRNRRNRRNA NN ND

PURPQSE:

o CONSQO CONSOLIDATES TIME HISTORY PARAMETERS FROM MULTIPLE C-FILE

B B-FILE SECTIONS AND OUTPUTS THESE PARAMETERS TO ONE B-FILE OR

- C-FILE. THIS CONSOLIDATION OCCURS OVER A SELECTED TIME PERIOD WHICH
- MUST BE COMMON TO ALL B-FILE SECTIONS OF THE INPUT C-FILES. MODERATE
DATA DROPOUT DUE TO DATA COMPRESSION IS AUTOMATICALLY CORRECTED.

REQUIRED INPUT:

NUMBER JF C-FILES TO BE CONSOLIDATED,

START TIME-OF-DAY FOR THE RESULTANT B-FILE (SECONDS).
. FINISH TIME=-OF-DAY FOR THE RESULTANT B-FILE (SECONDS).
DATA SAMPLE RATE (SAMPLES/SECOND).

NAMES OF THE INPUT C-FILES TO BE CONSOLIDATED,

. SECTION NUMBER OF THE B-FILES TO BE CONSOLIDATED.

. NAME FOR THE OUTPUT B-FILE OR C-FILE.

.

~_NOUEWN =
.

‘ OUTPUT:

1. B=FILE OR C-FILE WHICH CONTAINS THE CONSOLIDATED PARAMETERS.
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MANIPULATION AND CONDITIONING OF PARAMETER SEQUENCES
SERSERABASARARNERN PR NN R RN BRI R R AR R RR AR SRR BN R

PURPOSE:

SEQCOND MANIPULATES PARAMETER TIME HISTORIES THAT ARE INPUT FROM A
C-FILE AND RECOVERS MODERATE DATA DROPOUT DUE TO COMPRESSION FROM
SANDS PROCESSING. DATA SEQUENCE CONDITIONING CAPABILITIES INCLUDE:
AMPLIFICATION OR ATTENUATION OF THE SEQUENCE AND ITS DC LEVEL, THE
DERIVATION OF NEW PARAMETERS, AND THE APPLICATION OF A COSINE TAPER
TO THE END OF A SEQUENCE, THE RESULTANT PARAMETER TIME HISTORIES ARE
OQUTPUT TO A SPECIFIED LOCAL B-FILE.

REQUIRED INPUT:

1. NAME OF THE INPUT C-FILE,.
2. B-FILE SECTION NUMBER CONTAINING THE PARAMETERS TO BE MANIPULA-
TED.
NUMBER OF PARAMETERS TO BE CONDITIONED.
NUMBER OF PARAMETERS TO BE DERIVED,
. DATA SAMPLE RATE (SAMPLES/SECOND).
START TIME-OF-DAY FOR THE RESULTANT TIME HISTORIES (SECONDS).
FINISH TIME-OF-DAY FOR THE RESULTANT TIME HISTORIES (SECONDS).
NAME FOR THE B-~-FILE WHICH RECEIVES THE CONDITIONED DATA.
FOR EACH THROUGHPUT PARAMETER TO BE CONDITIONED:
A. PARAMETER NAME.
B. DC BIAS (IF DESIRED).
C. ATTENUATION FACTOR (IF DESIRED).
D. COSINE TAPER (IF DESIRED),
10. FOR EACH DERIVED PARAMETER:
A. PARAMETER NAME.
B. CHOICE OF THE DERIVED PARAMETER TO BE A RATIO OR DIFFERENCE
OF PARAMETERS.

OO~V & W
.

OPTIONAL INPUT:
1. SELECTION OF A COSINE TAPER REQUIRES:
A, TIME-OF-DAY OF THE SIGNAL APEX (SECONDS).
B. APPROXIMATE PERIOD OF THE SIGNAL DYNAMICS (SECONDS).
QUTPUT:

1. LOCAL B-FILE WHICH CONTAINS THE MANIPULATED DATA SEQUENCES AS A
TRANSFERRED OR DERIVED PARAMETER.

B-4
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TIME SHIFT OF A B-FILE PARAMETER SEQUENCE
ERRARBRARSRAARERARRRBRRANDRANNRRRRURRRNAN

PURPOSE:
TIMALIN PRODUCES A B~FILE TIME HISTORY WHICH IS SHIFTED IN TIME REL- <
ATIVE TO THE ORIGINAL TIME HISTORY. THE SHIFTED PARAMETER SEQUENCE o
CAN BE APPENDED TO THE INPUT B~FILE AS AN ADDITIONAL PARAMETER OR i-:l
WROTE OVER THE INPUT PARAMETER., THE INPUT SIGNAL MUST BE BAND LIMIT- _— |
ED AND NOT WINDOWED. ;

REQUIRED INPUT: ~‘j

1. NAME OF THE LOCAL B-FILE WHICH CONTAINS THE PARAMETER TO BE TIME o]
SHIFTED. .

2. NAME OF THE PARAMETER TO BE SHIFTED. o

3. START TIME-OF-DAY FOR THE PARAMETER TIME HISTORY (SECONDS).

4, FINISH TIME-OF-DAY FOR THE PARAMETER TIME HISTORY (SECONDS).

5. DATA SAMPLE RATE (SAMPLES/SECOND).

6. DESIRED TIME SHIFT (SECONDS).

7. NAME FOR THE LOCAL B-FILE WHICH CONTAINS THE RESULTANT PARAMETER
TIME HISTORY.

8. SELECTION OF THE RESULTANT TIME HISTORY TO BE A NEW OR OLD PARA-
METER.

OPTIONAL INPUT:
1. SELECTION OF THE RESULTANT TIME HISTORY TO BE A NEW PARAMETER
REQUIRES:
A. NAME FOR THIS NEW PARAMETER.
QUTPUT:

1. B=-FILE WHICH CONTAINS THE TIME ALIGNED PARAMETER TIME HISTORY AS
A NEW OR OVERWRITTEN PARAMETER.

........
------------------
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B-FILE OR C-FILE LISTING OF PARAMETERS
RREBERBENBRBRRNRBRSANRDRR BN BN ERR SRR RR AN

PURPOSE:

LISTF IS A MODIFIED VERSION OF AN UFTAS UTILITY PROGRAM WHICH PRINTS
THE CONTENTS OF A B-FILE OR C-FILE. THE PROGRAM ENABLES A SELECTION
' OF THE DATA PRINT RATE, PARAMETERS TO BE LISTED, AND THE DATA FOR-
. MAT.

REQUIRED INPUT:

LISTF CAN BE RUN BOTH INTERACTIVELY AND BATCH. INTERACTIVE EXECUTION
IS DOCUMENTED HERE, CONTROL OF PROGRAM EXECUTION IS OBTAINED THROUGH

“RY .

AN EXECUTION CARD WHICH IS ENTERED AT THE TERMINAL AS A COMMAND, THE
FORMAT OF THIS COMMAND IS:
LISTF(FILE)
WHERE FILE IS THE NAME OF A LOCAL FILE WHICH CONTAINS THE PARAMETERS
TO BE LISTED. THE DEFAULT NAME IS CFILE. . d
b .
OPTIONAL INPUT: -
LISTING OPTIONS ARE INVOKED THROUGH AN ARGUMENT LIST ON THE EXECU- L
TION CARD. THIS IS SPECIFIED AS: .
i LISTF(FILE,PR=N1,PC=N2,SD=N3) ":
= WHERE: -]
N 1. PR IS THE PRINT RATE. N1 IS A NUMERICAL VALUE SPECIFYING EVERY ]
o N1TH POINT TO BE LISTED. DEFAULT IS PR=1. =
- 2. PC IS A FLAG FOR PARAMETER SPECIFICATION. IF N2=0, ALL PARAMETERS e
& ARE PRINTED. IF N2=1, A LIST OF PARAMETERS IN FREE FORMAT IS READ e
. FROM A LOCAL FILE NAMED INPUT. ONLY THESE PARAMETERS ARE LISTED. =9
: DEFAULT IS PC=0. N
_ 3. SD IS A FLAG FOR THE NUMBER OF DATA VALUE SIGNIFICANT DIGITS. IF s
; SD=0, 5 SIGNIFICANT DIGITS ARE LISTED. IF SD=1, 7 SIGNIFICANT 3
- DIGITS ARE LISTED. DEFAULT IS SD=0. 3
> oo 4
b OUTPUT: =
I} THE LISTING OF DATA VALUES IS WRITTEN TO A LOCAL FILE NAMED OUTPUT. §€§f
= RS
N ]
v * :{
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3
o
R
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N
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PLOT OF A B-FILE PARAMETER TIME HISTORY
RERRRBRENSBRARERBRARRNERARBRNANDRRNRRERY

PURPOSE:

PLOT DISPLAYS A PLOT OF A SPECIFIED PARAMETER TIME HISTORY ON THE
SCREEN OF A TEKTRONIX GRAPHIC TERMINAL,

REQUIRED INPUT:

1. MODEL NUMBER OF THE TEKTRONIX GRAPHIC TERMINAL.

2. NAME OF THE B-FILE WHICH CONTAINS THE DATA SEQUENCE TO BE
PLOTTED.

3. NAME OF THE B-FILE PARAMETER TO BE PLOTTED.

4. UNITS OF THE B-FILE PARAMETER.

5. DATA SAMPLE RATE OF THE SEQUENCE (SAMPLES/SECOND).

6. PLOT START TIME-OF-DAY (SECONDS).

7. PLOT FINISH TIME-OF-DAY (SECONDS).

OPTIONAL INPUT:
1. STATEMENT OF A PLOT TITLE OR REMARK,
2. SELECTION OF MANUAL PLOT SCALING REQUIRES:
A. PLOT ORDINATE MAXIMUN VALUE.
B. PLOT ORDINATE MINIMUM VALUE.
OUTPUT:

1. PLOT OF THE B~FILE PARAMETER TIME HISTORY ON THE SCREEN OF A
TEKTRONIX GRAPHIC TERMINAL.
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FAST FOURIER TRANSFORM OF A B-FILE PARAMETER
FARRBARBAREDRARARRABRRBRRRABARBRRRBARBRRER RN

PURPOSE:

- FFT PERFORMS A FAST FOURIER TRANSFORM ON AN INPUT 8-FILE PARAMETER
2 TIME HISTORY, THE FFT RESULTS CAN BE LISTED AT THE TERMINAL SCREEN,
- WRITTEN TO AN OUTPUT FILE, OR PLOTTED ON THE SCREEN OF A TEKTRONIX
' GRAPHIC TERMINAL.

REQUIRED INPUT:

1. MODEL NUMBER JOF THE TEKTRONIX TERMINAL (IF APPROPRIATE).

2. NAME OF THE B-FILE WHICH CONTAINS THE DATA SEQUENCE TO BE AN-
ALYZED.

i 3. NAME OF THE PARAMETER TO BE ANALYZED.

: 4, UNITS OF THE PARAMETER.

5. DATA SAMPLE RATE (SAMPLES/SECOND).

6. ANALYSIS START TIME-OF-DAY (SECONDS).

7. NUMBER OF POINTS TO BE ANALYZED.

8. SELECTION OF THE FORMAT FOR THE FFT RESULTS.

4. .

OPTIONAL INPUT:

1. APPLICATION OF A HANN WINDOW TO THE DATA PRIOR TO ANALYSIS.
2. SELECTION OF OUTPUT FORMAT REQUIRES:
5 A. CHOICE OF TERMINAL SCREEN OR OUTPUT DUMP FILE.
i 3. SELECTION OF GRAPHIC DISPLAY OF RESULTS REQUIRES:
A. SELECTION OF THE TYPE OF PLOT (MAGNITUDE,PHASE,OR PSD VS,
FREQUENCY).
B. SELECTION OF AUTOMATIC OR MANUAL SCALING.
4. STATEMENT OF PLOT A REMARK.

i ST SRS

.
.

i OUTPUT:

1. TABULATION OF FFT RESULTS ON THE TERMINAL SCREEN OR ON A SPECI-
FIED OUTPUT FILE.
2. PLOT OF FFT RESULTS AT THE TERMINAL SCREEN,
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TRANSFER FUNCTION BETWEEN TWO B-FILE PARAMETERS
SRBRRBERRRBNRRBRREREARNRNRNB R AR R RGN BB RN AR RN B

1 PURPOSE:

e TRANS COMPUTES THE TRANSFER FUNCTION BETWEEN TWO B~FILE PARAMETER

o TIME HISTORIES. RESULTS CAN BE LISTED AT THE TERMINAL SCREEN, DUMPED
- TO A LOCAL FILE, OR PLOTTED AT THE SCREEN OF A TEKTRONIX GRAPHIC

.’ TERMINAL.

REQUIRED INPUT:

1. MODEL NUMBER OF THE TEKTRONIX GRAPHIC TERMINAL (IF APPROPRIATE).
2. NAME OF THE LOCAL B-FILE WHICH CONTAINS THE PARAMETERS TO BE ANA-
LYZED.

ANALYSIS START TIME OF DAY (SECONDS).

4. NUMBER OF POINTS FOR THE ANALYSIS.

5. DATA SAMPLE RATE (SAMPLES/SECOND).

6. NAMES OF THE PARAMETERS TO BE ANALYZED.

7. SELECTION OF AN OUTPUT FORMAT FOR THE ANALYSIS RESULTS.

|

» OPTIONAL INPUT:

1. CHOICE OF RESULTS LISTED AT THE TERMINAL SCREEN OR DUMPED TO A
LOCAL OUTPUT FILE.

2. SELECTION OF GRAPHIC DISPLAY OF RESULTS REQUIRES:
A. TYPE OF PLOT (MAGNITUDE OR PHASE VS. FREQUENCY).
B. CHOICE OF AUTOMATIC OR MANUAL SCALING OF THE PLOTS.

OUTPUT:

1. TABULATION OF TRANS RESULTS AT THE TERMINAL SCREEN OR ON A SPEC-

_ IFIED OUTPUT FILE.

ii 2. PLOTS OF TRANS RESULTS ON THE SCREEN OF A TEKTRONIX GRAPHIC TER-
MNAL.
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DESIGN OF LOWPASS DIGITAL FILTERS
FRBARABSBERBARBERNERBRBRRRNRDRRRAD

PURPOSE:

N LOWPASS IS A DESIGN TOOL FOR THE GENERATION OF MAXIMALLY FLAT PASS-
BAND AND STOPBAND FINITE IMPULSE RESPONSE (FIR) DIGITAL LOWPASS FIL-
TERS. THE FILTER DESIGN IS USER SPECIFIED AND THE RESULTANT FILTER
DESCRIPTION IS WRITTEN TO A FILTER FILE IN STANDARD FORMAT. THIS
FILTER DESIGN HAS A LINEAR PHASE VARIATION WITH FREQUENCY WHICH IM-
PARTS A CONSTANT TIME DELAY TO THE FILTERED DATA.

REQUIRED INPUT:

1. SAMPLE RATE OF THE DATA TO BE FILTERED (SAMPLES/SECOND). -3
2. CENTER FREQUENCY OF THE TRANSITION BAND (HZ). i
3. WIDTH OF THE TRANSITION BAND (HZ). R
4, NAME FOR THE FILTER DESCRIPTION FILE. RN
5. SELECTION OF LISTING OPTIONS FOR THE FILTER COEFFICIENTS. '..' e

OPTIONAL INPUT: N
1. SELECTION OF A LISTING OF THE FILTER COEFFICIENTS REQUIRES:

A. CHOICE OF A TERMINAL LISTING OR DUMP TO A SPECIFIED LOCAL
FILE.

OQUTPUT:

1. LOCAL FILTER FILE FOR SUBSEQUENT APPLICATION TO DATA THROUGH
THE FILTER IMPLEMENTATION PROGRAM,

2. IF CHOSEN, A LOCAL FILE WHICH CONTAINS A LISTING OF THE FILTER
COEFFICIENTS AND THE FILTER DESCRIPTION.

- -
......................
-----




DESIGN OF MULTIPLE PASSBAND & STOPBAND DIGITAL FILTERS
ARSBRBHSBRRBRRARBARRARARRBRRERRRERRRR BN R RN RN RN R R NN

PURPOSE:

MLTPASS IS A DESIGN TOOL FOR THE GENERATION OF EQUIRIPPLE MULTIPLE
PASSBAND AND STOPBAND FINITE IMPULSE RESPONSE (FIR) DIGITAL FILTERS.
THE FILTER DESIGN IS USER SPECIFIED AND THE RESULTING FILTER DES-
CRIPTION IS WRITTEN TO A SPECIFIED LOCAL FILE IN STANDARD FORMAT.
THE RESULTANT FILTER DESIGN HAS A LINEAR PHASE VARIATION WITH FRE-
QUENCY. THIS IMPARTS A CONSTANT TIME DELAY TO THE FILTERED DATA.

REQUIRED INPUT:

1. FILTER LENGTH,
2. TOTAL NUMBER OF PASSBANDS AND STOPBANDS,
3. FILTER GRID DENSITY.
4, SAMPLE RATE OF THE DATA TO BE FILTERED (SAMPLES/SECOND).
5. SPECIFICATIONS FOR EACH PASSBAND AND STOPBAND:
A. BAND LOWER EDGE FREQUENCY (HZ).
B. BAND UPPER EDGE FREQUENCY (HZ).
C. GAIN OF THE BAND.
D. RELATIVE WEIGHT OF THE BAND.
6. NAME FOR THE FILTER DESCRIPTION FILE.
7. SELECTION FROM LISTING OPTIONS FOR A DESCRIPTION OF THE FILTER
SPECIFICATIONS.

OPTIONAL INPUT:

1. SELECTION OF THE FILTER DESCRIPTION TO BE WRITTEN TO A FILTER
FILE REQUIRES:
A. NAME FOR THE FILTER FILE.

2. SELECTION OF A FILTER DESCRIPTION LISTING REQUIRES:
A, CHOICE OF A TERMINAL LISTING OR LISTING ON A LOCAL FILE,

OUTPUT:

1. LOCAL FILTER FILE WHICH CONTAINS THE FILTER DESCRIPTION AS RE-
QUIRED BY THE FILTER IMPLEMENTATION PROGRAM.

2. IF CHOSEN, A LOCAL OUTPUT FILE WHICH CONTAINS A LISTING OF THE
FILTER DESCRIPTION AND THE FILTER COEFFICIENTS.
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DIGITAL FILTER IMPLEMENTATION
ARBABREERNERRRBRRBRARRARRBR NN

PURPOSE:

FILTER PERFORMS THE FILTERING OF DIGITAL DATA BY EMPLOYING A FINITE
IMPULSE RESPONSE (FIR) FILTER DESIGN WHICH HAS BEEN PREVIOUSLY GEN-
ERATED. A SPECIFIED B-FILE PARAMETER IS FILTERED AND APPENDED TO
THE INPUT B-FILE, THIS FILE IS OUTPUT AS A UNIQUE B-FILE.

REQUIRED INPUT:

g 1. NAME OF THE B-FILE WHICH CONTAINS THE PARAMETER TO BE FILTERED.
! 2. NAME FOR THE OUTPUT B-FILE.

- 3. NAME OF THE PARAMETER TO BE FILTERED.
l:i 4, NAME FOR THE FILTERED PARAMETER.
i 5. SELECTION OF THE FILTER DESCRIPTION TO COME FROM A FILTER FILE
. OR TERMINAL ENTRY.

OPTIONAL INPUT:

1. SELECTION OF THE FILTER DESCRIPTION FROM A FILTER FILE REQUIRES:
A. NAME OF THE FILTER FILE.

2. SELECTION OF THE FILTER DESCRIPTION FROM THE TERMINAL REQUIRES:
A. LENGTH OF THE FILTER.
B. FILTER GAIN FOR EACH SEQUENCE POINT.

OUTPUT:

1. B=FILE CONTAINING THE FILTERED PARAMETER AS AN APPENDED PARAMETER
TO THE INPUT B-FILE.
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WHITE NOISE DATA FILE
RERRBRRRRBERBRRNBNNERS

PURPOSE: ’

3 WHITE IS A WHITE NOISE DATA B~FILE WHICH PROVIDES A SOURCE TEST SIG- A
i NAL WHICH IS CHARACTERIZED BY FREQUENCY CONTENT UNIFORMLY SPREAD ol
y ACROSS THE SAMPLED DATA SPECTRUM. THIS TIME HISTORY CAN BE USED TO '_?ﬁ:
3 TEST A DIGITAL FILTER DESIGN UNDER CONSIDERATION. THE IMPLEMENTATION PO
. OF THE FILTER TO THIS WHITE NOISE FILE YIELDS OUTPUT WHICH INDICATES ’
3 THE FREQUENCY RESPONSE OF THE FILTER. -

3 SPECIFICATIONS:

i 1. CONTAINS ONE PARAMETER NAMED NOISE1.

% 2. DATA SAMPLE RATE IS 1000 SAMPLES/SECOND. i

3. START TIME-OF-DAY OF THE SEQUENCE IS 0.001 SECONDS. ;

4, FINISH TIME-QOF-DAY OF THE SEQUENCE IS 1.024 SECONDS.

5. LENGTH OF THE SEQUENCE IS 1024 SAMPLES.

6. NOISE1 CONTAINS 501 COMPONENT SINUSOIDS (INCLUDES DC).

7. FREQUENCY SPACING BETWEEN SINUSOIDS IS 1.0 HZ BETWEEN O AND R
500 HZ. =
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