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Introduction

The EDM Post Analyzer application is used to post process previously recorded time stream data.
Post processing includes data conditioning, Fourier transform operations, and specialized analyses
such as order tracking, octave analysis, and more.

Crystal Instruments developed EDM (Engineering Data Management) Post Analyzer, Waveform
Editor, and File Converter to provide a complete package for real-time analysis and post
processing. Post Analyzer (PA) contains many powerful post processing tools with batch
processing capabilities. This document describes EDM PA functionalities.

EDM Post Analyzer

Version 11.0.0.0

©£1996-2023 Crystal Instruments Corporation. All rights reserved
This program is protected by copyright law and international treaties.

PA is an independent Windows application that analyzes data files on a computer using various
algorithms. It has three versions: PA Viewer allows the user to view data and create reports; PA
Basic has FFT spectral analysis and 3D signal display functions; PA Premium has more advanced
functions such as octave filters and order tracking.

Batch processing is a powerful tool that allows PA software to automatically process compatible
data files in batches. As long as the recorded time signal files are of the same settings, which is
often the case, the recorded signal files can be fed into the same project and processed
consecutively without manual operation.

The following table describes the functions in each of the three versions:

Functions PA Viewer PA Basic PA Premium
Browse and display long waveform files \ \ \

Signal display with different spectrum unitand | v N N

X-Y scale

Signal annotation, cursor, play sound, calculate | v \ \
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RMS, THD, ZOOMe-in, ZOOM-out, auto
scaling

Create template-based report

Engineering unit conversion, dB reference

Export to standard formats including ASAM-
ODS, UFF, BUFF, MATLAB, user-defined
ASCII, and wave files

2Ll |2

2|2 |2

2|2 |2

Import user-defined ASCII file, wave file,
Pacific Instrument file

Acceleration, velocity, and displacement
conversion

FFT Spectral analysis: FFT, auto power
spectra, cross power spectra, frequency
response function

3D display: waterfall, color map

Data file batch processing

<=2

Math Functions: abs, +, -, *, /, square, square-
root, log, integration, differentiation, RMS,
peak, offset and scale,

<22 |2

Digital Filters: IIR, FIR, Low-pass, High-pass,
Band-pass

User defined data conditioning modules

Fractional octave filters: 1/1, 1/3, 1/6, 1/12

Order Tracking: RPM spectra, order spectra

Offline Sine Data Reduction

2|2 |22 < |
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Getting Started

At a glance

Every analysis operation is performed in the context of a Project, which stores analysis settings
and is associated with one or more source data files. An unlimited number of projects can be
created, but only one can be active at a time.

The first time Post Analyzer is launched opens the following window containing a guide to create
a new project.

o
Hisersnow | e ©

Create a new project by selecting New Project from the Project menu or click the New Project
icon. This will open the New Project Wizard as shown in the following screenshot.
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New Project Wizard X
«
@ Select a project type for analysis
1
ll Projecttype
@ FFT Spectral Analysis The FFT Spectral analysis is to use applications of the Digital Signal Processing theory
' for input channel signals with the optionto enable Data Conditioning. Data
) Octave and Acoustic Analysis Conditioning allows mathematical operat:on§ to t?e perfornr.led on.thg Time Sh'eams
from the data source or sources. These operations include arithmetic, integration di...
<) Order Tracking
< Orbit Plot
_'Sine Reduction

' Basic Signal Conditioning

. Sound Power Measurement
~ from Sound Pressure

. Vibration Intensity

 Fatigue Damage Spectum

~ Signal Analysis with Time
- Stamps

M Nexts 1| cancel

Select an analysis type to perform in the New Project Wizard window:

FFT Spectral Analysis

Octave and Acoustic Analysis
Order Tracking

Orbit Plot

Sine Reduction

Basic Signal Conditioning

Sound Power from Sound Pressure
Vibration Intensity

Fatigue Damage Spectrum

Signal Analysis with Time Stamps

Click Next to open the following window.
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s

Project name Spectral&l

Project description

| Project information |
Enable data condtioning

Create project by using a template

Select Project name

. Spectral2

|[ Templahsl

Drescription

4 8 RECO040.atfx
= 7] IE“ Chl, Block size = 151808
&[] [y Cha, Block size = 151808
= 7] Iﬂ_f‘, Ch3, Block size = 151808
L[] vy chd, Block size = 151308

Ir Select data source file |

Add source file
Remaove source file

| <Bscc | Nets | Goncel

Enter the project name and select a recorded file by clicking the Add source file button. Then

click the Next button.

Mew Project Wizard

Please check the signal types to be computed

| FFT Analysis Options |

A APS: Auto power spectra

| FFT: Linear spectra

| CP5:Cross power spectra

| FRF: Frequency response function

A SRS Shock response spectm

| Demod: Demodulation spednum

| Cepstrum

Select reference source RECO040_Chil

| AutoCorr Autocorrelation (Cross-correlation)

| esack || mmen | Gancel

Select the signal types to be computed and click Finish to display the new project window as

shown in the following screenshot.
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Project Configuration
Click on the Config icon or button to access project configuration parameters.

|ControIPaneI Fl|
e
| |
o | Stop ‘ Config
i Project Configuration

The Project Configuration section contains a multi-tab dialog box with options to set up the
analysis parameters, save options, analysis speed, and more. Users can edit some of these
parameters directly on the Control Panel during a test.
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Project Configurations for - Spectral3. X

Analysis parameters | Note: analysis parameters are available based on the measuremert type chosen

et FFT
saveoptions Block size/ line 10247450 [-]
Analysis speed
Quertap ratio Mo Overlap [-]
Gher options
Average mode Exponential [-]
Average number 32/
Window Hanning

[

Startaverage frame

oo | cmemt

Control Panel
Users can control a project with buttons on the Control Panel and the Control Toolbar.

|Contro| Panel

n
I
Stop | Save Config

4 Run status

Processed frames

Time elapsed 00:00:00

4 Data source section

Starttime 000/ (5
End time 59.30| (s}
Start point 0
End paint 151807
4 Test operations
Toggle trigger |=] OFF
|_W| | Preview trigger |

») =

Run Hold Stop Mext Save BatchProcessing

Measured Signals
Click on Setup->Measured Signals to select signals to measure, save, or cache.
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Egmhul View Layout Took BRe

Engineering Units L4
¢ Project Configuration Ctri+T
@ Data Conditioning Ctrl+Shift+D
B TestSequence Ctrl+Q

Imput Channel Label

Signals are organized according to type under this tab. Select any signal to measure, save, or cache.

Measured Signals Setup ? *
Time Blocks (Amplitude Spectra (FFT).| Auto-Power Spectra (APS) | = (cPs) | Spectra (R
Hé.l’.‘..r o Y 5 il \er,Signak
| Measure all || Saveall [T Cacheall
Display name | Measure ve che Signal colar A

(5]

EEEEEEEEEEEE E S| E S E | ) ] ]

(5]

Signals selected in the Save column are saved when the Save button is clicked in the Control
Panel or when a save condition is met.

View Live Signals
Select a live signal to view from the list of available live signals on the left side of the window.
Right-click on the signal and select Display in New Window.
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|Lhre Signals."Run Fu::ldem"[lata Files|

|

|
454 Auto-Power Spectra 02 ____|r
[#, APS{Ch1)[F] |
Lo, APS(Ch2)[f] |
[, APS(Ch3)] - ____Ir
&, APS(Ch4)[f] |
&, APS(ChS)[F] |
&, APS(ChE)[f]
o, APS(ChT)If]
- Jaw, APS(ChB)f]
4 5 Time stream
[nn chaf# | — =
}rL_q Cha[ Displayina Mew Window [double-click]
[nn chaf Add to the Active Window
Jan, Chaf Apply Alarm Limits
}m_n‘ Chsl Disable Alarm Limits from All Signals

T,
F3
=]
=]
(=1

| APS{Ch1)

[nr Che[
~ | Displaythe Alarms together with Compared Signals
@. Ch?[ play a U o a

8 | Export Data to Excel ([E)
4 5 Time Bl Export Data to File(E
}n'—n‘ Bl Rename

[nn Blod

}m_n‘ Bloc Add Annotation
[nn Bloc Attach Object
[na Bloc Remowve All Annotationand Attachment
I"_“. Bloc Report Signal Chart
[nn Block{TR7YE
Jnn Block{cha)[t]

Figure 1: Signal display options

Users can also navigate to the View menu and select New Window to open the Window
Customizer dialog box. Select signals to display and display window types.
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[ New Signal Display Window 7?7 X
! ® All signak Saved signals Livesignals | <filtersignal by name> \
| =

4-- 0] 88 Autopowerspectrum - e
|1 [, APSIChL) ]

Jtw, APS[ChZ) —

J4, APS(Ch3) _l Stack plat .
T B

]-’_W\ APS[Ch5) U Mumeric text plot
Jtw, APS[ChE)
JAw, APSCHT)
----- Jt, APS(ChE)
4O & Time stream
[ chi

lnn chz

[ ch3

I e

[ chs L
Inn ché

- |1 Jany ChT

..... I cna

4-- 0] 8§ Time Block

[nn Block(Chi)

I Blockich2) -
If no signals are selected, an em pty window will be created. oK | [ Cancel

Run Folders
A Run Folder is created on the disk by default each time the Run button is clicked on the Control
Panel. Data files and a runlog are saved in the Run Folder.

Live Signals| Run Folders |Data Files

4 {, Saved Files May 11, 2016 14-11-58 e
4 RECO001_PA12 5/20/2016 9:23:33 AM
488 Time Blocks
Jnn Block({Ch1)
Jne Block{ch2)
Jnt Block{Ch3)
Jnn Block{Ch4)
]ﬁ DemodBlock(Chl)
]ﬁ DemodBlock(Ch2)
It DemodBlock(chs)
}E‘ DemodBlock{Ch4)
& FrT
&% SRS
&% Auto-Power Spectra
&% Cross-Power Spedma
4§ FRF
¢ |4, H(Ch2,Ch1)
* [o, COH(Ch2,Ch1)
{ [, H(Ch3,Ch1)
{1, COM(Ch3,Ch1)
¢ |4, H(Ch4,Ch1)
‘i, COH(Ch4,Ch1)
& Autocorrelation
A RECO001_PAL1 5/20/2016 9:22:20 AM
& Time Blocks
& FFT
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Right-clicking on a Saved Files entry opens a list of available entries for the saved file folder.
Entries under Run Folders can be opened, renamed, exported, or deleted. When a Run Folder is
exported, all of the data files in the Run Folder are copied to the target folder. The list of saved
signals under Saved Files can be expanded or collapsed.

Live Signalz| Run Folders | Data Files ‘ HII
4%y Saved Files May 11, 70444 44 co

s RECO001_PAS 5/ Open Run Folder

L RECO001_PAS 5 Rename this Run Folder

i RECO001_PAZF 5/ Export Run Folder

st RECO001_PAG 5/ Delets

i RECO001_PAS 5/

| Add Run Folder Ta Data Files Tab
- hant RECO001_PAS 5.
nnt RECO001_PAS 5/ Expand All
; At RECO001_PA2 5/ Collapse Al

View Data File

Click on the Data Files tab to view the data source file opened. The available options are View,
Open File, and Open Folder.

Live Signals | Run Foldes | Data Files

Open File Open Folder

4wy Data Source
A [ RECO001.athx
IE& Chi
- ch2
}E‘. Ch3

Right-click and highlight a channel of data to export into a new display window, Excel file, or data
file. Annotations and Objects can be added to a selected channel of data. The properties window
and report generation for the selected channel of data are also available.
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Create a Report

Live Signals| Run Folders |Data Files

View | Open File Open Folder

4wy Data Source

Export Data to Excel(E)
Export Data to File

Play Sound
Add Annotation

Attach Object

Properties

Report Signal Chart

Post Analyzer Manual

-100

Click on the Report menu. The information listed below is available to generate in a Word
document report. Users can access previously defined templates using the Define Template
feature or can create a new template.

Report| Help
User Defined Template
My Report
System Report
Report for All
Window Report
Record Report
All Signal Report
Active Signal Window
Active View
Run status
All Test Configurations
Test Parameters
Data Source Info
License
Global Settings

Software Screenshot

Define Template
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FFT Spectral Analysis

Basics

FFT Analysis is included as a Dynamic Signal Analyzer operation. This operation focuses on
using applications of Digital Signal Processing theory such as Auto Power Spectrum, Cross Power
Spectrum, and Fourier Transform calculations for input channel signals.

This section provides an overview of the theory related to functions performed by EDM Post
Analyzer. To read in further detail about this topic, refer to the “Dynamic Signal Analyzer Basics”
document published by Crystal Instruments along with this manual.

Fourier Transform is the most fundamental and popular method of signal analysis. Frequency
domain facilitates the signal analysis due to advantages like phase information and Transfer
Function calculations. Fourier Transform involves an infinite sum over infinite time, which
requires the signal to be broken into finite blocks of N samples. Each block is transformed with
the Discrete Fourier Transform (DFT). The DFT sum is computationally intensive, so a more
efficient algorithm referred to as Fast Fourier Transform (FFT) was developed.

Applications of FFT are listed below.

Power Spectrum

The magnitudes of the frequency components of signals are collectively called amplitude
spectrums. In many applications, the quantity of interest is power or rate of energy transfer that is
proportional to the squared magnitude of frequency components. The squared magnitudes of all
the DFT frequency lines are collectively referred to as the Power Spectrum.

1
S.x.r{kj = ES;{;C} : Sr{k}

Cross Spectrum
Cross Spectrum characterizes the relationship between the spectra of two signals. For two signals
x and y, with frequency components Sx and Sy, it is defined as:

Sxy (k) = Sx(k) - Sy (k)

It is the correlation between the frequency components of two related signals. While the Power
Spectrum is real-valued, the Cross Spectrum is complex. This means that it also describes the
phase alignment of the two signals.

Frequency Response Function

An important application of Dynamic Signal Analysis is characterizing the input-output behavior
of physical systems. This is the domain of network analysis. With linear systems, the output can
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be predicted from a known input if the Frequency Response Function of the system is known. The
Frequency Response Function (f) relates the Fourier Transform of the output Y (f) to the Fourier
Transform of the input Y (f) by the simple equation:

Y(f)= H(f)X(f)

The system is linear because H(f) is independent of the input. When measuring the input-output
behavior of a system, there is always noise present that obscures the output. An important measure
is how much of the output is actually caused by the input. Another correlation measure is called
Coherence and it is defined as:

o Lol
T Sk Syy

The coherence is between 0 and 1, with 1 meaning the output is perfectly explained by the input.
A coherence of 0 means the output and input are uncorrelated.

Shock Response Spectrum

The Shock Response Spectrum (SRS) is used to characterize transient and shock waveforms in
terms of their effect on single degree-of-freedom (DOF) mechanical systems. The SRS calculated
from a time waveform can predict the effect of that waveform on more complex, multi-degree-of-
freedom structures.

Create an FFT project
Open the New Project Wizard to create a new project.

New Project Wizard X

0 %
g Select a project type for analysis

{ Project type |

@ FFT Spectral Analysis The FFT Spectral analysis is to use applications ofthe Digital Signal Processing theory
for input channel signals withthe optionto enable Data Conditioning. Data
Conditioning allows mathematical operations to be performed on the Time Streams
from the data source or sources. These operations include arithmetic, integration di...

Octave and Acoustic Analysis

Order Tracking

Orbit Plot
Sine Reduction
Basic Signal Conditioning

Sound Power Measurement
from Sound Pressure

Vibration Intensity

Fatigue Damage Spectnm

o 90 W0 &k 3

o
.«

Signal Analysis with Time
Stamps
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Select FFT Spectral Analysis and click Next.

e
Enter project information and select data source file

| Project infarmation |

Project name Spectraldi Enable data condtioning

Project description Create project by using a template
I Templates I

Select Project name Description

| Select data source file |

| Add Single source file |

r.dergeand Analyze MultipE‘
Files

PA cananalyze the source file one by one, or in batch.

< Back "

i

Cancel

Assign a project name and add a project description if desired in the Project Information section.
Select the Enable data conditioning box to enable data conditioning (refer to the Data
Conditioning section below).

In the same window, select the data source files to use with this project. A single source file is
commonly used but multiple source files can be combined as well. The source file is usually a time
stream recording in ATFX format. Select and highlight source files to remove from the data source
file list, then click Remove Source File.

Click the Next button to accept all selections, and the following FFT analysis options window will
open.
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MNew Project Wizard X

T
% Please check the signal types to be computed

FFT Analysis Options
| APS: Auto power spectra
|| FFT: Linear spectra
Wf|| CPS: Cross power spectra
| FRF: Frequency response function
|| SRS:Shock response spectm
S| AutoCorn Autocorrelation (Cross-correlation)
< Demod: Demaodulation spedmm

| Cepstrum

Select all

Select reference source RECO001_Chi -

<« Back Cancel

The final window in the Wizard provides options to specify the type of analysis spectrum being
analyzed. For FFT projects, check the type of FFT or any spectrum data to be enabled. If only one
channel is selected for post-processing, cross-channel spectrum signals will be grayed out.

The reference channel is required when a CPS or FRF option is selected. This allows the user to
choose a channel as a reference for calculating the frequency response function, coherence, and
cross power spectrum. Users can specify the selected channel as the response channel or the
excitation channel. Signals such as CPS, Coherence and FRF are defined based on this selection.

Click the Finish button to close the New Project Wizard window and open the Post Analyzer
window.

Overview

After creating or opening a project, the main Post Analyzer window is displayed. There is a toolbar
across the top, as well as three main sections in the middle. The left side has the Recent Projects,
Live Signals, Run Folder, and Source Files views; in the middle are one or more Signal Display
views; and on the right is the Control Panel which also contains the analysis parameters.

Page 23 of 190



A CRYSTAL

INSTRUMENTS
Post Analyzer Manual

wdersion Svle

= ﬁ - E
o - W
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Recent Projects

The Recent Projects list shows the currently active project and previously opened projects in the
application. The current project will have a shortcut toolbar containing the Measured Signals setup,
Data Conditioning setup (if data conditioning is checked with creating this project), Data Sources
setup, and Project Configuration window. It also displays the data file associated with the project.

Live Signals, Run Folder, and Data Files

The Live Signals, Run Folders, and Source Files list is below the Recent Projects list. Live
Signals includes the signals in the Data Source file or files, as well as new signals created as part
of the analysis. The live signals are not saved to the host computer hard disk but are available for
display in a Signal Display view tab. Anything saved to the hard disk is displayed in the Saved
Files list, which is associated with a directory in the file system. Run Folders contains data for
each run. Data is saved in a specified file format under the Source Files tab.

Signal Display

The middle of the main window contains the Signal Display view tabs, where live and saved data
is displayed. More than one of these tabs can be created, but there always is at least one. Each of
these views can contain one or more Display Windows, with a fully customizable layout. These
display windows can move freely, resize, and display any valid combination of live or saved
signals. New view windows are created by selecting an option in the View menu.

Control Panel and Analysis Parameters

The right side of the window contains the Control Panel (which controls the post-analysis
operation) and the Analysis Parameters (which contains setup parameters specific to the
performed analysis type). The Config button on the control panel opens the Project Configuration
window, which is described in the following section.
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Project Configuration
The Project Configuration window has settings related to saving data, analysis speed, and other
options that are mostly independent of the type of analysis being performed.

Analysis Parameters

Analysis Parameters consist of FFT, SRS and Demodulation parameters. The availability of SRS
and Demodulation parameters depends on the selected FFT Analysis Options when the project is
created.

Analysis parameters Note: analysis parameters are available based on the measuremert type chosen
Analysis parameters FFT parameters Demod Parameters
Reference profile _ — )
Block size/ line 1024 / 450 = Demod Band Width 1 *| (kHz
Save optiors
Analysic spe Overlap ratio No Overlap - Fmax 360 | Ha)
Analysis
Other optiors Average Mode Exponential - Fmin 100 (Hz
Average Number 32
Window Hanning -
Start average frame 1
Total frames 2520
SRS parameters
Fractional octave number 13 -
Low frequency band 500 (Hz)
High frequency band 1000.00 (Hz)

Reference frequency 100.
Damping Ratio 5.00 (38
Average Mode Linear -
Average Number 1

Start average frame 1

oK Cancel

FFT Parameters

Block Size/Lines defines the size of the time blocks in terms of the number of samples, and the
number of spectral lines used in the frequency domain of the Fourier Transform of the signal. The
duration of a time block can be calculated as follows:

B Block Size
~ Sampling Frequency

Increasing the block size increases the resolution of the frequency transform and allows detection
of lower frequencies. In turn, the increased block size also increases the calculation time and slows
down the response.
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The ratio between lines and block size is determined by the characteristics of the A/D converter
and anti-aliasing filter. In general, the ratio is about 0.439 which means that a time block of 1,024
samples results in about 0.439 * 1,024 = 450 lines in the spectrum.

Overlap Ratio sets the proportion of the samples in the time blocks that are overlapped when
calculating the FFT. Higher overlap ratios result in faster response time but increase processing
requirements. The overlap ratio options are: no overlap, 25%, 50%, 75%, 80%, 87.5%, 90%, 95%
and “as high as possible”.

Average Mode provides options such as: exponential, linear, moving linear, and peak hold as the
methods used to average the spectrum signals.

Average Number is the number of blocks that are averaged for the signal spectrum. Increasing
the number of averages reduces the variance of the signal spectrum.

Window allows users to select a window to apply during FFT operation. Windowing functions
can help reduce leakage and increase the precision of the frequency measurement.

Detailed descriptions about window types and average modes are provided in the DSA Basics
document.

Start Average Frame defines which frame the average function starts from.

SRS Parameters

e Fractional Octave Number is chosen from 1/1, 1/3, 1/6, 1/12, 1/24, 1/48.
Low Frequency defines the lowest frequency boundary of the SRS spectrum.
High Frequency defines the highest frequency boundary of the SRS spectrum.
Reference Frequency defines the where the reference level is.
Damping Ratio (%) defines the damping ratio as a percentage.

Demod Parameters
e Demod Band Width defines the band width of the demod.
e Fmax defines the highest demod frequency.
e Fmin defines the lowest demod frequency.

Save Options

After running the analysis, computed signals are listed under the Live Signals tab. However, this
data is only stored in a display buffer and must be explicitly saved to the disk to create new data
files. There are multiple ways to do this. One option is to manually click the Save button on the
control panel, which saves data according to the Save settings under the Measured Signals setup.
Users can also enable an option (listed in the section below) to automatically save data while the
analysis is running.
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Save options Save optiors
| Analysis parameters Save 1 block oninterval 300F s
Reference profile

Save 1 block when average number reached
Save optiors

Save 1 block whentriggered

Continuously save each block of processed data (the save signals buttonis disabled when saving)

Continuously save time streams

Time Stamp

® Processed time
Acquired time
[Save location
@ Run folder
Source file folder
Subdirectory insource file folder

Custom location

2

Cancel

There are five options for saving block data and one option for saving stream data. Most data
computed in Post Analyzer is block data, such as APS and SRS spectra. Some data, such as the
output of digital filters or other data conditioning blocks, are continuous time streams. Only one
type of data can be saved at a time — block or time stream.

Save 1 Block on interval saves one block of data for all computed signals with the save option
selected in the Measured Signals setup per interval defined here.

Save 1 Block when average number reached saves one block of data every time the number of
processed blocks reaches the average number set under the Analysis Parameters.

Save 1 Block when triggered saves one block of data when a trigger occurs. The trigger is set up
by clicking the Setup Trigger button in Analysis Parameters.

Save 1 Block at the end of each section saves the last block of data analyzed.
Continuously save each block of processed data saves every block of data computed.
This window provides three options to choose a location in the file system used to create new data

files: in the same directory as the data source file, in a sub-directory of the original directory, or in
a custom location.
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Analysis Speed

Project Configurations for - Spectralle x
Analysis speed Analysis speed
Analysis parameters ® Mormal speed
Save options
Fastest with complete signal display
Analysis spesd

Other options Fastest with |ittle display

OK Cancel

Analysis Speed adjusts the amount of processing time used for the signal display during post-
processing. Increased display details result in less available processing resources for post
processing data analysis. Normal Speed is the default setting that balances data processing and
the signal display. Fastest with Complete Signal Display prioritizes the display, and Fastest with
Little Display prioritizes data processing.

Other Options

Averaging Non-Contiguous Sections of Time Series Data allows the data source to be split into
two or more non-contiguous blocks. When this option is selected, a Set Block Section button
appears under the Data Source tab.

Digital Resampling allows resampling of all source signals to the selected sampling rate to meet
the requirement of the other interface. Many sampling rate stages can be selected from the
dropdown menu.

Signal History Buffer sets the size of the data buffer used to store and display the signals under
the Live Signals tab. This buffer size is set according to a number of frames, a time duration, or
data size in MB. If the buffer fills during analysis, old data is discarded. This does not affect data
already saved to the disk.
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E ifigurations fi e e
Other options Averaging Non-contiguous sections |
Analysis parameters @ Normal

Reference profile Averaging Non-contiguous sections oftime series data
Save optiors

Analysis speed | Digital Re-sampling optiors |

Otheroptiors Sampling frequency (Hz):  No Re-Sampling

I Signal history buffer settings }

® History data frame # auE (1~128)

Youcandrag the bar oneachwindow to display the historydata ;%_.n

-;-i-_;

i

Using Non-Contiguous Sections

If the Averaging Non-Contiguous Sections of Time Series Data option is selected in the Project
Configuration window under the Other Options tab, a Set Block Section button will appear in the

lower section of the Data Source window.
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v

v T
30 |
20 |
10 |
0.0
e N " L Date Time|
00:00:00 00:00:50.001 00:01:40 00:02:30 00:05:22.560
Data Sources ¥
Signal Sampling rate | Sensitivity Block size Duration X units Y units -
4 89 REC1169.atfx
2 s tacho 8.00 kHz NaN 2580480 32256 (s s \
4 [ chi 8.00 kHz 99.99643mV/(g) 2580480 32256 (s H g
7 ch2 8.00 kHz 99.99643mV/(g) 2580480 32256 (s s [}
7 ch3 8.00 kHz 99.99643mV/(g) 2580480 32256 (s s g
7 v cha 8.00 kHz 99.99643mV/(g) 2580480 32256 (s s g
7 J chs 8.00 kHz 99.99643mV/(g) 2580480 32256 (s H g
7 b ché 8.00 kHz 99.99643mV/(g) 2580480 32256 (s s g
7 b ch7 8.00 kHz 99.99643mV/(g) 2580480 32256 (s s g
7 Jn chs 8.00 kHz 99.99643mV/(g) 2580480 32256 (s s 9
4 cho 8.00 kHz 99.99643mV/(g) 2580480 32256 (s, s ] b <
Start time: Start point: 0
End time: 32256 (5 End point: 2580479 | Set block section

Use this to add block sections to the analysis domain. Each block section is specified with a start
and stop point or time. The sections can also be adjusted graphically by moving the edges of the

dashed boxes that appear around them.
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Edit Block Section(Ch1)

v T

¥ Black Section
ID Start Point End Point Start Time End Time
1 116223 134654 22.6998050257534 26.2996097668%47
140799 142847 27.499805097279 27.8998051032395

Maote: Drag the arrow onthe Range Cursor ardouble-click the table cells to determine the scope of a section.

oK

| Add Block Section || Remove Block Section ot | | Cancel

Data Source
The Data Source layout tab displays source data from the recorded file or files associated with the

current project. Enable or disable source signals in this tab and set the time domain for analysis by
dragging the left and right edges of the yellow box. The start and stop point, or time, can be entered

manually in the text field below.
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E , [=7] signal Display -

Tewton T — cni

500 \ ! Time (s}

Signal Samplingrate  Sensitivity Block size. Duration X units ¥ units -
4§ RECO001 athc
H b om 400 kHz
HERIN- 400 kHz
Hio w3 400 kHz
ety 400 kHz

748544 18714 (5)
748544 18714 5)
748544 18714 5)
748544 187.14 (s)

000 () 0

End time: 18714 (g End point: 748543 | Setblock section

Use the mouse to drag both boundaries shown in yellow to define the time segment to be analyzed.

Data Conditioning

Some analysis types provide the option to enable Data Conditioning modules. Data Conditioning
allows mathematical operations to be performed on time streams from the data source or sources.
Each plug icon is a signal source, and the conditioning modules can be dragged from the toolbox
onto the conditioning workspace. To connect a source to a conditioning module, drag a line from
the source output to the conditioning module input. Once they are connected, the output of the
conditioning module becomes a new signal source, which will be used just like one original signal
source. It can be connected to more conditioning modules.
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\:l 4 DataSource [=] signal Display -
RECO001_ChL Tr\gﬂ:r;r;'etnc trigonometricl (Tima(RECDD01_Ch1))
ax+b _
E = g = 0\ =:S;

OffsetScale scale1(Time(REC0001_Ch2))
REC0001_Ch2

REC0001_Ch3
¥ s —= lx:h [
\ - = hJ/' -
EE_er add1(Time(REC0001_Ch3),Time(REC0001_Ch4)) Acc2Vel acc2veli(addi(Time(REC0001_Ch3),Time(REC0001_Ch4)))

REC0001_Ch4

PO erTeE O

Trigonometric

Math Modules |Statistic Modules|Integration/Differential Modues | Resample Modules | Digital Filter Modules

Data Conditioning modules are categorized into the following groups: Math Modules, Statistic
Modules, Integration/Differentiation Modules, Resample Modules, and Digital Filter Modules.
Users can configure these graphically by connecting conditioning modules and signal sources in
the Data Conditioning tab of the Analysis Page. Each resulted output from the conditioning module
is treated like a regular signal source. The corresponding signals will be added to the signal list
and analyzed.

Math Modules

The following basic math operation modules are available under Math Modules: Add, Subtract,
Multiply, Divide, Abs, Square, Sqrt, Log, OffsetScale, Trigonometric, ThreeRectangular,
SoundAnalysis.

The setup interface is displayed in the Control Panel when the OffsetScale and Trigonometric
modules are in use. Users can set the parameters for these modules there.

Math Modules ¥

PP PSS EFCEE 0 U
N 0 N
dc o\e: -~ — t B
Subtract Nulnply vande Abs Square Sqrt Do ver Log OffsetScale Trigonometric ThreeRectangular

2. >
!Q&

SoundAnalysis

Math Modules  Statistic Modules Integration/Differential Modues Resample Modues Digital Filter Modules.
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Statistic Modules

The following statistic modules are available: Peak, PeakPeak, RMS, Max, Min, Mean, StDev,
Histogram, and Statistics.

Users can define the setup parameters for each module in the corresponding sections of the
Control Panel.

Statistic Modules .

SO LPSSSLL
0 W W Y e
Peak PeakPeak RMS Max Min Mean StDev Histogram Statistics

Math Modules Statistic Modules g VDI Modules Modues Digital Filter Modules

Integration/Differentiation Modules
Integration and differentiation modules are displayed in the following screenshot.

Integration/Differential Modues ¥ |
xdt xelt d/dt xdt xdt
) ) B ()
Integration Integlow DblInteg DblInteglow  Diff DbIDiff  Acc2Vel Acc2Displ Vel2Displ

Math Modules | Statistic Modules|(Integration/Differential Modules| Resample Modules || Digital Filter Modules

Users can specify the cut-off frequencies for Integlow, Acceleration to Velocity, or
Displacement Integration modules.

Resample Modules
DecimFilter and Resampling are provided in the Resample Modules tab.

Resample Modules ¥ |

2 D

DecimFiltar Resampling

Math Modules |Statistic Modules | Integration/Differential Modues | Resample Modules || Digital Filter Modules

Digital Filter Modules

Three filters are provided, and the setup parameters can be specified in the corresponding section
of Control Panel.
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Digital Filter Modules ¥
IIRFilter FIR Filter-Window  FIR Filter-Remez
Wlﬂaihh-‘ dul "Statisl'lc H. grati uﬂhunialmﬂksanpiem"DigﬂalFiﬂerModuB

Measured Signals
All signals available for computing are listed under the Setup->Measured Signals tab.

Measured Signals Setup
| pata Conditioning | Time Blocks | Amplitude Spectra (FFT) | Auto-Power Specira (APS) | Cross-Power Spectra (CPS) | Frequency Response Spectra (FRF) . 4 b
Shock Response Spectrum (SRS) | Auto C jon | Cross C ion | Demoduiation Specinm (Cepstrum | All Signals

|| Measurea Il [ Save all [ Cacheall

Display name | Measure ‘ Ve | Cache | Signal color |

5]

(]

1l 4

HEEEEEEEEEEEEEEEEEE
HEEEEEEEEEEEEEEE S5
HEEDEEEE S ] ]|

| OO |

-

This includes defined signals from each Data Conditioning module, as well as block data
computed from the original data file, such as Auto-Power Spectra (APS).

Each signal has a Measure, Save, and Cache option. Signals with the Measure option checked
are listed under the Live Signals tab and available for display. Signals with the Save option
selected are saved to the disk when the Save button is clicked in the control panel, or when an
automatic saving option is specified in Project Configuration. Signals with the Cache option are
cached in the memory for faster access by the software.

Control Panel
The Control Panel contains sections for post processing operation control, status display, and
parameter setup.
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The following control buttons are available for post analysis processing:

Run starts the analysis

Hold/Continue pauses and resumes the analysis
Stop stops the analysis

Next Frame processes one frame, and then stops
Save saves block signals.

Config opens the Project Configuration window

Run status contains the following information:

Processed Points is the number of processed samples.
Processed Frame is the number of processed frames.
Time Elapsed is the total time duration of the input signals processed.

Control Panel
-
e
e
4 Run status o
Processed points
Processed frames _
4 Data source section
Starttime(s) 23.81
End time(s) 71.55
Start point 190473
End paint 572424
4 Test operations
Toggle trigger r_] OFF
| Setup trigger | | Preview trigger |
| Resetavg | | Viewwindow |
4 FFT parameters 1
Block size/ line 65536 / 28800 I
Overlap ratio 95% Cverlap E|
Average Mode Linear El
Average Number 32
Window Hanning
Start average frame 1
SRS parameters
Fractional octave number 1/3
Low frequency band(Hz) 5.00
High frequency band({Hz) 1000.00
Reference frequency(Hz) 100,00
Damping Ratiofg 5.00
Average Mode Linear
Average Number 1 I
Start average frame 1
Demod Parameters
Demod Band Width{kHz) 1 g 3
Parameters
Signal Allocated ...

Post Analyzer Manual
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Octave and Acoustic Analysis

Basics

The Octave and Acoustic Analysis function applies a bank of real-time octave filters to the input
time streams and generates two types of signals at the same time: fractional frequency band signals
(e.g., octave spectra) and the RMS time history of each filter band. The output of each real-time
filter bank is in fact a 3D waterfall signal that is arranged on the x-axis as logarithmic frequency
and z-axis as time. Frequency weighting is applied in the frequency direction. Time-weighting is
applied in the time axis.

Octave Analysis provides 1/N octave analysis using true real-time digital filters that conform to
ANSI std. S1.11:2004, Order 3 Type 1-D and IEC 61260-1995 specifications. A, B and C
weighting filters can be applied to the input data. Output results are weighted or un-weighted RMS
values. The output can be normalized with a calibration value. The results can be plotted on log or
linear axes and exact or preferred frequency values are supported.

Acoustic Analysis provides 1/N octave analysis using true real-time digital filters that conform to
ANSI S1.11 and IEC 61260 specifications. Each band filter is designed in accordance to ANSI
S1.11 and IEC 61260 specifications by transforming the original analog transfer function to the
digital domain by means of the bi-linear transform. The filter order can be specified, and the
frequency ratio can be calculated using the binary or decimal system.

The RMS reading of each octave filter is usually represented by a “bar” in the spectrum plot. Keep
in mind that the octave filters have “skirts” on both sides. They are not as straight as the bars
depicts. The adjacent filters always overlap. Due to this reason, a sine tone at 1 kHz will not only
excite the filter with a center frequency at 1 kHz, but also all other filters.

Full Octave Filters

An octave is a doubling of frequency. For example, frequencies of 250 Hz and 500 Hz are one
octave apart, as are frequencies of 1 kHz and 2 kHz.

A 1 Octave

Full octave analysis (e.g., 1/1 octave) displays the frequency characteristics of a signal by passing
the signal through a bank of band-pass filters where the center frequency of each filter is one octave
apart. If the lower and upper cutoff frequencies of a band-pass filter are f; andfy, then the center
frequency, f. can be determined with:
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fe= UL * fu)

The nominal frequency ratio G is determined by:

G=fullL

Two systems are used in the industry, base-two or base-ten systems. For base-two systems, G = 2.
For base-ten systems, G = 10%%°, The base-ten system is used for Spiders.

The proportional bandwidth property will divide the frequency information uniformly over a log
scale. It is very useful in analyzing a variety of natural systems. For example, the human response
to noise and vibration is very non-linear and many mechanical systems have a behavior that is best
characterized by proportional bandwidth analysis.

Fractional Octave Filters

To gain finer frequency resolution, the frequency range can be divided into proportional
bandwidths that are a fraction of an octave. For example, with 1/3 octave analysis, there are three
band-pass filters per octave where each center frequency is 10*° the previous center frequency.

In general, for 1/N octave analysis, there are N band pass filters per octave such that:

fu 1/N
In 103/10

£ = (10°79)
fcj+1 = fcj' * (103/10)1/N

where 1/N is called the fractional bandwidth resolution.
For Spiders, the equation and table below define the center frequency of each fractional filter.
I‘;: — 103X/10N

For example, for 1/1 Octave (N =1) the first center frequency (index X = 1) is computed as

3*(—3

(-3)
f. =107101 = 0.125 Hz
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1/1-Octave 1/3-Octave 1/6-Octave 1/12-Octave
IEC 225- IEC 225-
1966 1966
DIN 45651 DIN 45651
Standard ANSI S1.11- | N/A N/A
ANSI S1.11-
2004
2004 Order 7
Type 1-D Order 3 Type
1-D
).( -3~14 -10 ~ 43 -20 ~ 86 -40 ~172
(index)
Total
number | 18 54 107 213
of
f. (Hz) |0.125 —16k | 0.1-20k 0.1 - 20k 0.1 — 20k

Nominal Center Frequencies (Mid-band Frequencies)

Nominal center frequencies are “round” numbers that were inherited from the old analog octave
filters. These values are rounded mid-band frequencies for the designation of band pass filters. The
nominal mid-band frequencies for 1/1-octave and 1/3-octave are listed in the ANSI S1.11-2004
Annex A. The standard also describes how to decide the nominal mid-band frequencies for other
fractional octave bands.

The exact center frequency of the filter band is usually not the same as that of the nominal
frequency. For example, in a 1/3 octave, the exact center frequencies 794.33 Hz, 1000 Hz and
1258.9 Hz are used to correspond to the filters with nominal frequencies 800 Hz, 1000 Hz and
1250 Hz.

Band Edge Frequencies of Fractional Filters
The low and high edge frequencies of a filter can be calculated based on the frequency ratio, G,
and the fractional octave resolution N (=1, 3, 6, 12...)

Lower Edge Frequency f, =f. * (103/10)_1/2N
Upper Edge Frequency fy = f, * (103/10)1/2N

The bandwidth of the filter is: BW = f; — f

When starting or resetting the filtering operation of the fractional-octave filters, time is required
before the measurements are valid. This time is referred to as settling time and is related to the
bandwidth of any particular filter. The lowest frequency band has the smallest bandwidth and
defines the settling time required before the complete fractional-octave measurement valid can be
considered valid. Settling time is approximately calculated as five divided by the bandwidth.

5 5
Settling time = — =
g BW ~ fu—fu
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Note the settling time depends on the bandwidth which changes with the center frequency. A
narrower filter and a lower frequency band requires a longer settling time.

Analysis Frequency Range
In Post Analyzer, the user can set the analysis range by changing the lowest and highest f. as the
Analysis Parameters.

Analysis 1/1 1/12 1/24
Range Octave 1/3 Octave  1/6 Octave Octave Octave

0.1 0.1 0.1 0.1 0.1
Lowest f. 1 1 1 1 1

(Hz) 10 10 10 10 10

100 100 100 100 100

125 125 125 125 125

250 250 250 250 250

500 500 500 500 500
Highest f. 1000 1000 1000 1000 1000
(Hz) 2000 2000 2000 2000 2000
5000 5000 5000 5000 5000
10000 10000 10000 10000 10000
20000 20000 20000 20000 20000

Frequency Weighting

The human hearing system is more sensitive to some frequencies than others, and its frequency
response varies with the level. In general, low frequency and high frequency sounds appear to be
less loud than mid-frequency sounds, and the effect is more pronounced at low pressure levels,
with a flattening of response at high levels. Octave analysis and sound level meters therefore
incorporate weighting filters, which reduce the contribution of low and high frequencies to produce
a measurement that corresponds approximately to what humans hear.
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Figure 2. Frequency weighting filter shapes.

The Post Analyzer software provides A, C, Z weightings conforming to IEC 61672-1 2002 and B
weighting conforming to IEC 60651 in both Octave Analysis and Sound Level Meter. The
frequency weighting in the octave filters will affect the results of all filter bands.

Time or RPM based RMS Trace of the Octave Filters
The ANSI and IEC standard does not require storage of band pass filter output time history.

However, users may want to view this information. In Post Analyzer, the RMS history of all band
pass filters is stored in the RMS quantity.

The RMS history can be stored against one of two variables: Time or RPM.

Both the input and output of a digital filter are a series of data points. While it requires excessive

memory to keep all the time data of all the filters, it is useful to keep the so-called RMS history of
each filter output. The RMS time history is computed after the time weighting averaging operation.

Octave filter
Octave filter

Octave filter

RMS
estimate &
Time
weighting

r.m.s.

Raw Decimator buffer

data

Frequency
Weighting

i

Trace Update
Time
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The Decimator is used to allow the user to choose the length of time to save RMS data. For example,
given a buffer length of 1,024, a Trace Update Time of 5 ms will keep about 5 seconds of RMS
history; if this update time is set to 5 seconds, it will record 1.4 hours of RMS history.

If a cut is made in the Z axis direction, the result is an Octave Spectrum. If a cut is made in the X-
axis, the result is called a Time Trace.

The Time Trace stores the RMS history of each filter output. The spacing between two points of
the Time Trace (in seconds) is referred to as Trace Update Time. Spider systems allocate one Time
Trace for each channel to display. Keep in mind that this Time Trace buffer is the output of a
specific filter. Users can change the center frequency of the Time Trace filter during a run, which
will change the content of the time trace buffer display.

Alternatively, the RMS trace can be stored using RPM as a variable. This method is particularly
useful in automotive NVH applications. The following diagram demonstrates how one of the filter
outputs is stored in the RPM trace.

Octave filter
Octave filter

Octave filter

Exponential and Linear Averaging

Linear Average: The Linear Average method uses a fixed time period to sum up the historical
power value of each filter and then takes the square-root to calculate the averaged RMS value. In
Linear Average, the RMS trace update time is governed by the time period of averaging. For each
time period of averaging, one RMS value per frequency bin is produced.

RMS
estimate &
Time
weighting

RMS
buffer

Delta RPM
Low RPM
High RPM

Raw
data

Frequency
Weighting

Exponential Average: Exponential Average applies an exponential time constant to the historical
power values of each filter and takes the square-root of the averaged power value. A time constant
of 0.125 seconds is equivalent to “Fast” averaging and 1.0 second is equivalent to “Slow”
averaging in the acoustics. In Exponential Average, the RMS trace update time is independent of
the time constant.

Peak Hold: Peak Hold retains the maximum value in each frequency bin over the period of time
since the last “start” or “restart”.

As discussed previously, each filter may have a different settling time.
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Create a Project for Octave Analysis
Create a new project by clicking New Project. Select Octave and Acoustic Analysis as the project
type. Click Next to continue.

MNew Project Wizard *

{9
ol
Q Select a project type for analysis

[Fr——
| Project type I
FFT Spectral Analysis The Fractional Octave Filter Analysis applies a bank of real-time octave filters to the input
time streams and generates two types of signals at the same time: fracticnal frequency
® Octave and Acoustic Analysis band signals and the RMS time history of each filter band.
Order Tracking
Octave(Chi14) q b x
Crbit Plot dB/10 m/=® (RFS] ; T [ Gctave(Chid
Sine Reduction

Basic Signal Conditicning

Sound Power Measurement
from Sound Pressure

Vibration Intensity

Fatigue Damage Spectrum

f Next > 1 | Cancel |

In the following window, enter a name for the project and optionally add a description. If Create
project by using a template is selected, the previously defined template projects will be shown
in the Templates section. Highlight a selection to use as a template and the new project will
incorporate the same project setup and layout.
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MNew Project Wizard x

Enter project information and select data source file

[ Praject information |

Project name Octaves

Project description Create project by using a template

I Templates I
Select Project name Description

I Selectdata source file I

<88 RECOO01.atfc | Add source file
b ] |, T, Block size = 748544 ———
¢ [, Ch2, Block size = 748544 | Remove source file
[ |, Ch3, Block size = 748544
“[& |y Cha, Block size = 748544

| <Back | Next> | | Cancel |

In the Select data source file section, select the source data files to recall with this project by
clicking the Add source file button. The source file is usually a time stream recording in ATFX
format. Once a source file is selected, the Remove Source File button becomes active. To remove
a selected source file, highlight the entry and click the Remove Source File button.

Check the channels requiring post analysis and click Next to open the next window.
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New Project Wizard x

L -".‘,
Please check the signal types to be computed

I Other Analysis Options I

APS: Auto power spectra

SLM:Sound level meter

Selectall

| <Back || Fimish || Cancel |

Select APS and/or SLM to enable these processes or simply click the Select all button to select
both. Click Finish and a new project is created.

Overview

After creating or opening a project, the main Post Analyzer window is displayed. There is a toolbar
across the top, and 3 main sections in the middle. The left side contains Recent Projects, Live
Signals, and Saved Files views; in the middle are one or more Signal Display views; and on the
right is the Control Panel which also contains the analysis parameters.
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TimeTrace(chi)
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Signal Allocated

Recent Projects

The Recent Projects list displays the currently active project and projects previously opened in
the application. The current project provides a shortcut toolbar which contains the Measured
Signals setup, Data Conditioning setup (if data conditioning is checked when creating the project),
Data Sources setup, and Project Configuration window. It also displays the data file associated
with the project.

Live Signals, Run Folder, and Source Files

Below the Recent Projects list is the Live Signals, Run Folder, and Source Files list. Live
Signals includes the signals in the Data Source file or files, as well as new signals created as part
of the analysis. Live signals are not saved to the host computer hard disk but are available for
display in the Signal Display view tab. Anything saved to disk is displayed in the Saved Files list,
which is associated with a directory in the file system. Run Folders contain data for each run,
which is saved in a defined file format accessed from the Data Files tab.

Signal Display

The middle of the main window contains Signal Display view tabs, where live and saved data is
displayed. More than one of these tabs can be created, but there always is at least one. Each of
these views can contain one or more Display Windows, with a fully customizable layout. These
display windows move freely, be resized, and display any valid combination of live or saved
signals. Create new view windows by selecting an option from the View menu.

Control Panel and Analysis Parameters

The right side of the window has the Control Panel (which controls the post-analysis operation)
and the Analysis Parameters (which contains setup parameters specific to the analysis type). The
Config button on the control panel opens the Project Configuration window, described in the
following section.
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Project Configuration
The Project Configuration window provides settings for saving data, analysis speed, and other
options that are mostly independent of the analysis type to be performed.

Analysis Parameters
Analysis parameters consist of Octave, FFT, and Sound Level Meter parameters.

Project Configurations for - Octave? x

Analysis parameters MNote: analysis parameters are available based on the measuremert type chosen

Analysis parameters Octave

Average type Exponential

Frequencyweighting z

Low frequency band 10 = | (Hz)
High frequency band 10000 - [Hz)
Octave resolution 173

Time weighting 013 (g)
Time trace frequency Overall - | (HZ)
Trace update times 0.02 (s}
FFT

Average mode Exponential

Average number 32
Window Hanning

Start average frame 1
Sound Level Meter

Time trace type L_Time_Weighted

Time interval 10 - s
Analysis period ] = [min)

oK Cancel

Octave parameters are listed below.

Average Type defines the averaging type including exponential, linear and peak hold.
Frequency Weighting defines the frequency weighting including A, B, C or Z.

Low Frequency Band (Hz) defines the low frequency band of the measurement in Hz.
High Frequency Band (Hz) defines the high frequency (span) of the measurement in Hz.
Octave Resolution defines the octave resolution including: 1/1, 1/3, 1/6, 1/12, and 1/24.
Time Weighting defines the time weighting for exponential averaging.

Time Trace Frequency (Hz) defines which center band frequency or overall frequency
weighted band is used to plot time traces.

e Trace Update Time(s) defines the time trace display duration. Select a larger update time
to create a longer time trace display duration.

Save Options

After running the analysis, computed signals are listed under the Live Signals tab. However, this
data is only stored in a display buffer and must be explicitly saved to a disk to create new data files.
There are multiple ways to save. One method is to manually click the Save button in the control
panel, which saves data according to the Save settings defined in the Measured Signals setup. The
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other method is to enable an option listed in the section below to automatically save data during
the analysis.

Project Configurations for - BattleBot_acoustic X

Save options | Save optiors }

Analysis parameters Save 1 block oninterval 3,00 s
Save optiors ;
Analysis speed

Other optiors

1 Continuously save each block of processed data {the save signals button is disabled when saving)

| Time Stamp I

@ Processed time

Acquired time

| save location |
Run folder
Source file folder

Subdirectory insource file folder

® Custom location C\Users\Simran\Dropbox (Team CIP\PC\Desktop’ Browse...

oK Cancel

There are many options to save block data, and one option to save stream data. Most data computed
in Post Analyzer is block data, such as APS and SRS spectra. Some data, such as the output of
digital filters or other data conditioning blocks, are continuous time streams. Only one type of data
can be saved at a time — block or time stream.

e Save 1 Block on Interval saves one block of data for every computed signal with the save
option selected in the Measured Signals setup per the selected interval.

e Save 1 Block when Average Number Reached saves one block of data every time the
number of processed blocks reaches the average number set under the Analysis Parameters.

e Save 1 Block when Triggered saves one block of data when a trigger occurs. The trigger
is set up by clicking the Setup Trigger button in Analysis Parameters.

e Save 1 Block at the end of Each Section saves one block at the end of the analysis section.

e Continuously Save Each Block of Processed Data saves every block of data computed.

e Continuously Save Time Streams saves all time stream data. Selecting this option
disables all options related to block data saving.

The Time Stamp section is used to set the time axis on time-based signals. The axis can either
display the time relative to the start of the test or to the actual date and time the data was acquired.
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The Save Location section allows users to select the location of the file system used to create new
data files from the following options: current run folder, same folder as data source file folder,
subdirectory in source file folder, or a custom location.

Analysis Speed

rPrnJE(I Configurations for - Octave6 x|
Analysis speed Analysis speed
Analysis parameters ® Normal spesd
Saveoptions
Fastestwith complete signal display
Analysis spesd

Other options Fastestwith little display

oK Cance

Analysis Speed adjusts the amount of processing time used for the signal display during post-
processing. Increased display details result in less available processing resources for post
processing data analysis. Normal Speed is the default setting that balances data processing and
the signal display. Fastest with Complete Signal Display prioritizes the display, and Fastest with
Little Display prioritizes data processing.

Other Options

Digital Resampling allows resampling of all source signals to the selected sampling rate to meet
the requirement of the other interface. Sampling rate stages can be selected from the dropdown
menu.

Signal History Data Buffer sets the size of the buffer used to store and display the signals under

the Live Signals tab. This buffer can be sized according to a number of frames. If the buffer fills
during the analysis, the old data is discarded. This does not affect data already saved to disk.
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Other options [Digital Re-sampling optiors |
Analysis parameters Sampling freguency (Hzk: | Mo Re-Sampling |Z|
Save optiors
Analysis speed y
Signal history buffer setti

Other optiors 'u'

® History data frame 1235 (1~128)

Youcandrag the bar oneachwindow to display the history data (_;_\_@ (_-i._\_. 11128

o o

Data Source
The Data Source tab displays the source data from the file or files associated with the current

project. Enable or disable source signals and set the analysis time range by dragging the edges of
the yellow box. Users can enter the start and stop time, or point, manually in the provided text

fields.
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Tewon

—— on1

00
00
00 L . Time ()
o 50 100 150 a7
Data sources ¥
signal Samplingrate | Sensitivity Block size Duration X units ¥ units -
4§ RECODD1 attx
I cmt 400 kHz ) 748544 18714 5) Nevton
In cn2 400 kHz 748544 18714 5) mjs?
b chs 400KHz 748544 1871419 mist
I ca 400 kHz 748544 187.14(5) m/st -
Starttime: 000 (g Startpoint: 9|
Endtime: 187.14 (g End point: 748543 | setblock section

Measured Signals

All available signals are listed under the Setup->Measured Signals tab.

Measured Signals Setup

Auto-Power Spectra [APS) | Octave Signals ' Sound Level Meter | All Signals

Measure all Saveall Cacheall

Display name Measure
Octave(Ch1)

TimeTrace(Ch1)

Octave(Ch2)

TimeTrace(Ch2)

Octave(Ch3)

TimeTrace(Ch3)

Octave(Ch4d)

TimeTrace(Ch4)

Save

Cache

Signal color

Cancel
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This includes the output from every Data Conditioning module used as well as block data
computed from these, such as Auto-Power Spectra (APS).

Each signal has a Measure, Save, and Cache option. Signals with the Measure option checked
are listed under the Live Signals tab and available for display. Signals with the Save option
selected are saved to the disk when the Save button is clicked in the control panel, or when an
automatic saving option is specified in Project Configuration. Signals with the Cache option are
cached in the memory for faster access by the software.

Control Panel
The Control Panel is used to control post processing operations. It also displays the analysis status.
Analysis parameters can be quickly modified here as well.

The Control Panel provides the following control buttons:

Run starts the analysis.

Hold/Continue pauses and resumes the analysis.
Stop stops the analysis.

Next Frame processes one frame, and then stops.
Save saves block signals.

Config opens the Project Configuration window.

The Run Status panel displays the following status information:
e Processed Points # is the number of processed samples.

e Processed Frame # is the number of processed frames.
e Time Elapsed is the total time duration of the input signals processed.
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|Contro| Panel a |

- [
B -

4 Run status

Processed poins
Processed frames

Time elapsed

4 Datasource section

Start time 0.00| (s)
End time 18714 [s)
Start point 0
End paint 748543

4 Octave parameters

Averagetype Exponential
Frequency weighting A
Low frequency band 10 Hz)

=
=
=
High frequencyband 10000 =] v
=
13
=

Qctave resolution 1/3
Time weighting o (s)
Time trace frequency Croerall (Hz)
Trace update times 0.02| (s)
4 [ Il | »
|Pa rameters
Analyzer stopped...
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Order Tracking

Basics

Order Tracking is a general term describing a collection of software functions used for analyzing
the mechanical dynamic behavior of rotating or reciprocating machinery for which the rotational
speed can change over time. Unlike the power spectrum and other frequency-domain analysis
standards where the changing variable is the frequency, Order Tracking functions presents data
related to the variable rotating speed, i.e., RPM (revolution per minute).

The most useful measurements are order spectra and order tracks. An order spectrum gives the
amplitude of the signal as a function of harmonic order of the rotation frequency. This means that
a harmonic or sub-harmonic order component remains in the same analysis line independent of the
speed of the machine.

The technique that observes the changes of any quantity vs. RPM is called Tracking, as the
rotation frequency is being tracked and used for analysis. Most of the dynamic forces exciting a
machine are related to the rotation frequency so the interpretation and diagnosis can thus be greatly
simplified by use of order analysis.

Order tracks are simply the observations to the amplitude of the components with fundamental
frequency or harmonics. It is a typical type of tracking. There are other types of tracking. For
example, the user can track the FFT-based PSD spectra, a fixed band or an octave band, etc.; all
these can be called tracking.

With Order Tracking, the PA software can:

Process a tachometer signal and give a high fidelity RPM measurement
Measure the order spectra

Measure the order tracks

Measure the RPM FFT spectrum

Measure the energy in fixed bands vs. RPM

Measure the amplitude and phase of an order relative to the tachometer.

There are several different applications for order tracking. A discussion of some is given below.

The first application, often referred to Run Up/Run Down, is used to evaluate the noise or vibration
dynamic response when RPM is used as a changing variable. In this case, the RPM range can be
very large, from a few RPM to 10,000 RPM. Typical applications of order tracking are for
automotive or aircraft engines testing. The measurements can be any physical quantities such as
sound, displacement, velocity, acceleration, torque, etc. The analysis measure can be the amplitude
or the power of an order, the energy over a fixed frequency band, a bin of octave filter, etc. The
phase information of the responses to tacho is less important in this type of application. In fact, the
rotating element might be hidden inside of a mechanical system. The primary result for this type
of measurement is the magnitude of the responses vs. RPM.
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The second application is rotating machine analysis that focuses on the measurement of
displacement or velocity of the rotors while it is rotating. The instrument measures the amplitudes
of specific orders and their relative phase to a reference signal. The phase is calculated relative to
the tachometer input or a separate reference input. This application is common for machine
diagnosis and balancing. In this case, the RPM is stable or quasi-stable. Order tracking technology
is useful to increase the accuracy of the estimation of orders.

Order signals with phase are useful in the testing of rotating machinery in the Run Up/Run Down
process. This is often presented as a “Bode Plot”. The Bode Plot is a borrowed concept from
control theory; it is a collection of Amplitude and Phase data over a changing speed range (i.e.,
Run Up or Coast Down). Some of the setup information depends on the rate of change of the RPM.
The Run Up or Coast Down could take anywhere from a few minutes to a few hours (such as for
a cold startup on a turbine). Other displays such as the orbit plot are useful as well.

The Post Analyzer by Crystal Instruments includes the ability to measure RPM based octave
analysis and sound levels. This feature is similar to order tracks except that spectra are recorded in
octave bands with A, B, C or Z frequency weighting. This feature is included in the Acoustic
Analysis and Sound Level Meter CSA Templates instead of the Order Tracking Template. Refer
to these sections for more details.

Tachometer Signal Processing and RPM Measurement

A tachometer (tacho) converts the angular velocity of a rotating shaft into an electrical signal,
typically a voltage. It is common for calibrated instruments to provide a measurement of the shaft
in units of revolutions per minute (RPM) or revolutions per second (RPS). Many modern rotating
machines (electric motors, generators, pumps, turbines, IC engines, etc.) have integrated
tachometers that can measure shaft angular velocity. An example of an optical tachometer is
illustrated in the following diagram.

Power

s (I:D—’ Amplifier
Q)
Phototransistor ‘

Reflective tape

The goal of tacho signal processing is to obtain a clean and stable RPM reading. The tacho signal
must be carefully processed to provide a base of tracking. Any order tracking results can only be
thought of as being as accurate as the tachometer signals that were used to estimate the
instantaneous frequency of the order in the analysis process. If the quality of the tachometer
channel is poor, the results from all other channels will be poor or even unreliable.
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Old analog methods conditioned tacho channels with a tracking ratio tuner using a phase lock loop.
The disadvantage of this method is the limited slew rate and the use of complex hardware. Various
digital tacho processing methods have been developed to overcome these limitations.

There are two ways to implement a tacho input channel from a hardware design perspective: use
a dedicated tacho channel with a digital counter or use an analog input channel.

Dedicated Tacho Channel Using Counter

Using a dedicated tacho channel, usually without an A/D converter, has been popular. This
hardware approach contains its own tacho clock which runs at a much higher speed, typically in
MHz. This tacho hardware also contains special counters which maintain a continuous counter
reading to avoid skipping any triggered cycles of the tacho signal. There is also an option to allow
these counters to "average™ several tacho periods for cases when the input tacho frequency is very
high.

Using Analog Input Channel

Alternatively, some systems use an analog input data channel as a tacho channel. In this case, the
tacho clock is actually the sample rate of the data channels. This sample rate usually limits the
tacho frequency range since the tacho range is now set by the input data frequency range
requirement. In addition, due to the "frame processing" nature of some not-so-well designed input
sampling processes, some instruments may be limited to how they acquire the tacho signal. This
restriction usually means they get several tacho cycles in every data frame. The result is often an
"averaged" value which is acceptable unless the tacho signal is changing frequency during the data
frame event, which is often the case.

The advancements in electronics and the lowering cost of electronic components places expenses
as less of a concern. The approach of a dedicated tacho channel with a digital counter, without
A/D, may or may not be the best choice.

The PA software can use any data channel as a tacho channel. For simplicity, channel 1 is used as
the tacho. While the data input channel is used as a tacho measurement, the special hardware
circuitry allows this data channel to sample at the highest possible sampling rate. In other words,
the accuracy of tacho speed measurement is dependent on the current range of the analysis
frequency. This technique has several obvious advantages:

e The time domain signal of the tacho input is transformed by the A/D converter into a digital
signal. The user can observe the pulse trains of the tacho signal and set the threshold
arbitrarily.

e Accurate phase information can be obtained relative to each data channel because the tacho
channel, which is fed by a high frequency sampling counter, is synchronized with data
channels.

e The RPM estimation is not influenced by the current data sampling rate.

Pulse per revolution is defined as the number of pulses per revolution. It must be defined by the
user to enable the software to calculate the tacho reference frequency using tacho frequency. This
relationship is:
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Tacho Reference freq = Tacho freq / Pulses per Rev

Tl

-l [ ;‘
Bl Lt | Lt

Revolution Period = 1/(Tacho Ref Frleq)
Pulse Period = 1/(Tacho Frequency)

In most rotor tests, especially in balancing, the pulses per revolution is simply 1. However, in other
cases, such as in flywheel or geared data measurement, the pulses per revolution can be as high as
the hundreds. A dedicated tacho channel with a high-speed counter could work more effectively
in this situation.

Order Tracks and Order Spectrum

Knowledge of the rotating speed allows presentation of measurement results in angle and order
domains, corresponding to the time and frequency domains. An order is a frequency normalized
with some reference frequency, e.g., the shaft frequency. This means that the order of a vibration
component in the order spectrum indicates the number of vibration cycles per shaft revolution. The
magnitude, which can be measured using EUpk, EUrms or EUrms?, of an order is the measurement
extracted through a tracking filter with the center frequency located at this frequency. Multiple
measurements of a range of orders will construct an Order Spectrum. An order power spectrum
measurement gives a quantitative description of the amplitude, or power, of the orders in a signal.
It provides a good view of all order components of a signal. This can help users find significant
orders and compare the level of different order components.

There are two methods to perform rotationally coherent sampling: phase-locked frequency
multipliers and digital resampling. Phase-locked frequency multipliers were mainly used in early
work. They generate sampling pulses based on a rotational reference signal. These sampling pulses
control the sampling process. Note that the sampling frequency will depend on the rotational speed,
and thus an adjustable anti-aliasing filter is needed. This complicates the method considerably. In
the digital resampling technique, the time signal is conventionally sampled together with some
rotational reference signal. The time signal is then digitally re-sampled to the angle domain by
interpolation techniques. The rotational reference signal can be acquired with a tachometer or an
incremental pulse encoder.

The following diagram shows conceptually how angle data resampling can be used to analyze

vibrations from an engine during start up. Once the signal has been transformed into its angle
domain, the FFT can be applied to analyze the order spectrum of the vibrations.
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Uniformed Sample Rate

'Il] ' U Order Spectrum

v
Synchronously Sampled Data (sampling rate is
determined by both instantaneous tacho speed
and required analysis frequency range)

The last plot in the preceding diagram shows that the sampling rate will be determined both by
instantaneous tacho speed and required analysis frequency range.

In PA software, the order tracks and order spectrum are computed with a proprietary technology
that combines digital resampling, data decimation, interpolation, DFT and FFT calculations.

An important concept that must be introduced now is called delta order, AOrder. In the FFT based
frequency spectrum analysis, the frequency span and frequency resolution are fixed. The capability
of discriminating frequency components is equal in both low and high frequency. In rotating
machine analysis, a better analysis resolution in the low frequency than that in high frequency is
desirable. For example, if the rotating speed is at 60 RPM, the user would be concerned if the
instrument can tell the difference between 1 Hz (order 1) and 2 Hz (order 2). On the contrary, if
the rotating speed is at 6,000 RPM, the user probably will not be concerned if the instrument can
discriminate the measurement between 100 Hz (order 1) and 101 Hz.

With the digital resampling technique, the order tracks and order spectrum are extracted based on

a filter with equal AOrder instead of equal AFrequency. The concept is illustrated in the following
diagram:
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Frequency Frequency
of Order of Order
Frequency Band Frequency Band
used to extract used to extract
the Orders the Orders
RPM RPM
Constant Band Tracking using Order Tracking using Digital
Regular FFT method Resample method

In the diagram above, the left side shows when the order tracks are extracted using the conventional
FFT method with fixed resolution, the AFrequency of tracking filter will be fixed. The right side
of the diagram shows that if the order tracks are extracted using digital resampling, the AFrequency
tracking filter will be increased proportionally with the RPM. Obviously, the method of digital
resampling is more desirable to extract order measurements.

RPM Frequency Spectrum

While the order tracks and order spectra are developed to analyze the characteristics of the system
on the order space, the measures of fixed bands are also helpful for analysis. Similar to the RMS
time trace for a given frequency band with time as a variable, the RMS trace can be extracted for
a given frequency band with the RPM as an independent variable. This is simply called an RPM
Spectrum.

Overall Level Measurement

In order tracking, it is important to monitor the overall RMS level or power level of the
measurement versus RPM. The overall level is a good reference for comparison with other signals
such as order tracks or fixed band RPM spectrum.

Overall level can be in unit of RMS (EUms) or power (EUrms?). The horizontal axis is RPM.

Order Tracks with Phase

Phase in Rotating Machine Analysis

Many mechanical faults are associated with certain orders. Analyzing order magnitude and phase
can help users detect mechanical faults. For example, a strong first order magnitude indicates
imbalance in most cases. Analyzing the first order magnitude can help users identify the imbalance.
Moreover, the magnitude and phase of the first order can help users correct the imbalance by
adding weights on the appropriate rotor positions. However, to fix such an imbalance problem
requires phase information of order tracks. A list of vibration sources from the rotating machine is
provided in the following table.
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Order Source of Problem

0.05X~0.35X Diffuser Stall
0.43X~0.49X Instability

0.5X Rubbing
0.65X~0.95X Impeller Stall

1X Imbalance

1X+2X Misalignment
(#Vane)X Vane/Volute gap
(#Blades)X Blade/Diffuser Gap

Post Analyzer Manual

As previously discussed, an order track is the measurement taken for an order, i.e., normalized
frequency, versus RPM. In most of applications of engine related tests, the phase information of
order tracks is not important. In rotating machine analysis, the phase of the signal is vitally
important.

Phase is a relative measurement quantity and can only be measured with a pair of signals. It
indicates the time delay at a certain frequency between two signals. The phase value can be
translated into the difference of relative angle, relative position, or propagation time if additional
information is given. When we refer to the phase information of one signal, we imply its phase is
relative to a reference signal that was mentioned in context.

In rotating machine analysis, the phase of the first order of the rotor can be directly mapped to an
angular difference between a signal and the reference signal. The reference signal can be another
channel of measurement, or the tachometer signal. The phase difference between two waveforms
is often called a phase shift or phase delay. A phase shift of 360 degrees is a time delay of one
cycle, or one period of the wave, which actually amounts to no phase shift at all. A phase shift of
90 degrees is a shift of 1/4 of the period of the wave. The phase shift can be considered positive or
negative, one waveform can be delayed relative to another one, or one waveform can be advanced
relative to another one. These conditions are called phase lag and phase lead respectively.

An example of this is the phase of an imbalance component in a rotor with reference to a fixed
point on the rotor, such as a keyway. To measure this phase, a trigger-pulse must be generated
from a certain reference point on the shaft. This trigger can be generated by a tachometer or some
type of optical or magnetic probe that senses a discontinuity on the rotor and is sometimes called
a "tach" pulse.

Heavy -

Spot “._  Phase
L% Angle
_ Reference
" Position
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A zero-degree phase delay at a frequency can be depicted as a series of pulses overlaid with a sine
wave where the pulse edge is exactly located in peak position of the sine wave.

Reference
Pulses

In the figure above, a section of the tacho signal is shown on its own and then overlaid on the
vibration signal. The tacho signal in this example crosses the vibration signal at exactly the same
point on each cycle. If the phase of the vibration signal were to change, then its position relative
to the tacho pulse would also change. Extracting the first order modulus and phase, as before, gives
the curves shown in Figure Y. The phase is now constant near -60° as it should be for such a signal.
The rotating period of the signal is about 20 ms, which results in -60° corresponding to a
20*60/360=3.3 ms delay.
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The phase measurement at higher orders will have a similar physical interpretation although they
are difficult to comprehend intuitively.

It must be noted that the order tracks with phase, or Complex Order Tracks by name, are not regular
complex signals as frequency response or cross spectrum. They are really auto spectra with
assigned phase. These synthesized signals can certainly be viewed as complex signal using tools
including bode plot, polar and orbit diagram. However, the user must keep in mind that the
magnitude and phase of a complex order track are calculated separately.

Overview

After creating or opening a project, the main Post Analyzer window is displayed. There is a toolbar
across the top, and three main sections in the middle. The left side has Recent Projects, Live
Signals, and Saved Files views; in the middle are one or more Signal Display views; and on the
right is the Control Panel which also contains the analysis parameters.

signal Allocated...

18 T ) 18
b 99 as oz ) e s s o7 s w5 o ||m 90
Tratkngt-GrderTraing Samping Aste: va e Samoing

Recent Projects

The Recent Projects list shows the currently active project and previously opened projects. The
current project displays a shortcut toolbar to access the Measured Signals setup, Data Sources
setup, and Project Configuration window. It also displays the data file associated with the project.
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qwer-> Recent Projects a2
New Open Properties Delete
4. = QOrderTrackingd [OrderTracking]

.. O Data Source
L. [ REC0013.atfx

[= = Octave? [Octave]

[-- = Spectrall7 [General]
[~ = Octave6 [Octave]
[~ = Octave5 [Octave]

L= =5 Octaved4 [Octave]
L= = Spectrall6 [General]

[~ = Spectral15 [General] 3
e e

Live Signals, Run Folder, and Data Files

Below the Recent Projects list is the Live Signals, Run Folder, and Source Files list. Live Signals
includes the signals in the Data Source file or files, as well as new signals created as part of the
analysis. The live signals are not saved to the host computer hard disk but are available for display
in the Signal Display view tab. Anything saved to disk will appear in the Saved Files list, which
is associated with a directory in the file system. Run Folders contain data from each run. Data is
saved in a file format under the Data Files tab.

Live Signals | Run Folders |DataFiles

454 TimeBlocks
an TACH(Ch1)
a5 Order Tracking
il RPM(ChL)
A Order Tracking Speactra
: |4, ORDSpec(Ch2) Py
|1, ORDSpec(Ch3) {%
: A, ORDSpec(Ch4)
[, ORDSpec(ChS)
[, ORDSpec(Che)
£ Jo., ORDSpec(Ch7)
i |, ORDSpec(Che)
l(_»' OTREK_2%(Ch2)
{[A, OTRK_1x(Ch2)

+

Signal Display

The middle of the main window contains the Signal Display view tabs, where live and saved data
can be displayed. More than one of these tabs can be created, but there is always at least one. Each
of these views can contain one or more Display Windows with a fully customizable layout. These
display windows can move freely, be resized, and display any valid combination of live or saved
signals. Create new view windows by selecting an option from the View menu.
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Control Panel and Analysis Parameters
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The right side of the window contains the Control Panel (which controls post-analysis operations)
and the Analysis Parameters (which contains setup parameters specific to the analysis type being
performed). The Config button on the control panel opens the Project Configuration window,
which is described in the following section.

‘Cuntml Panel

3

I

e e

Max order
DeltaRPM
High RPM
LowRPM

L unstatus
Processed points -
R | o
“Data source section
Start time 0.00 (s)
End time 5.16| (s)
Start point o
End point 132095
#Test operations
Setup tacho
40rder parameters
Delta order 0.5 \;\

10.00
200.00
10000.00
100.00
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Project Configuration

The Project Configuration window has settings related to analysis parameters, shaker settings,
saving data, analysis speed, and other options that are mostly independent of the type of analysis
being performed.

Analysis Parameters
Analysis parameters contains FFT, Order, and Tacho parameters.

Project Configurations for - OrderTrackings x

Analysis parameters Note: analysis parameters are available based on the measuremert type chosen

Analysis parameters FFT Order

Save optiors
save optiors Average number 32 Delta order 0125 -
Average strategy MNone - Max order 10,00
Other optiors
Block size / line 1024 /450 v Delta RPM 200.00
Overlap ratio Mo Cverlap v High RPI 10000.00
Window Hanning i Low RPM 200,00
Tacho
Pulse detect resolution 001
Pulse edge type Rising -
Pulse edge value 1.00
Pulse per revolution 1.00
oK Cancel
Analysis parameters Note: analysis parameters are available based on the measurement type chosen
Analysis parameters FFT Tachometer
Shaker settings
Average Number 1 Tacho source tacho |z|
Save optiors
Analysis speed Average Strategy MNone |z| Pulse edge type Falling |z|
Other optiors Block size/ line 1024 /450 El Fulse edge value 0.00
Overlap ratio No Overlap [ Pulse per revolution 100
Window Harring [ Pulse detect resolution 001
Order RPAT RPMT
Delta order 05 [+]
Mazx order 10.00° 5000
Delta RPM 60.00 2000
2000
High RPM 10000.00|
Low RPM 10000
ok || cancet |
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FFT Parameters
Average Number is the number of blocks that are averaged for the signal spectrum. Increasing
the number of averages reduces the variance of the signal spectrum.

Average Strategy provides options such as None, Exponential, Linear and PeakHold as methods
to average the spectrum signals.

Block Size/Line defines the size of the time blocks in terms of the number of samples, which the
FFT algorithm transforms to a number of spectral lines in the frequency domain. Increasing the
block size increases the resolution of the frequency transform and allows lower frequencies to be
detected. However, this also increases the calculation time and slows down the response.

The ratio between lines and block size is determined by the characteristics of the A/D converter
and anti-aliasing filter. In general, the ratio is about 0.439 which means that a time block of 1,024
samples results in about 0.439 * 1024 = 450 lines of spectrum.

Overlap Ratio sets the proportion of the samples in the time blocks that are overlapped when
calculating the FFT. Higher overlap ratios result in faster response times but increases processing
requirements. The Overlap ratio options are: no overlap, 10%, 25%, 40%, 50%, 75%, 80%, 87.5%,
90% and 95%.

Window allows users to select a window to apply during FFT operation. Windowing functions
can help reduce leakage and increase the precision of the frequency measurement. Detailed
descriptions about window types and average modes are provided in the “DSA Basics” document.

Order Parameters

Delta Order: The Delta Order defines the resolution of the order spectra. The Max Order and
Delta Order together define the number of points in a normalized order spectrum. Users should
define the minimum delta order required for an application to conserve computation resources.

Max Order: The Max Order defines the highest order number for an order spectrum. The software
uses this value to determine the analysis frequency range. Users should define the minimum Max
Order an application requires. If the Max Order is defined as a very high value, the system must
sample at a very high frequency to cover the entire frequency range, which may cause poor
accuracy of lower order estimations.

Delta RPM: The Delta RPM defines the resolution of the RPM trace or the resolution of the
waterfall in the RPM axis. The higher the Delta RPM, the finer the signals will be when stored and
displayed in the RPM axis. More storage will be required. The Delta RPM is typically chosen
between 25 and 100.

High RPM: The High RPM defines the upper edge of RPM for any order signals, RPM waterfall,
or RPM traces to be analyzed. If the software detects the current RPM is between the Low and
High RPM, it will take the measurement and display it. Otherwise, the system will display the
status as RPM High or RPM Low, and the required signals will not be computed or displayed.
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Low RPM: The Low RPM defines the lower edge of RPM for any order signals, RPM waterfall
or RPM traces to be analyzed. If the software detects the current RPM is between the Low and
High RPM, it will take the measurement and display it. Otherwise, the system will display the
status as RPM High or RPM Low, and the required signals will not be computed or displayed.

Tacho Parameters
Tacho Source defines the channel to be referenced as the tachometer. Additionally, the Setup
tacho is used to define the pulse edge type, pulse edge value, and pulses per revolution.

Pulse Detection Resolution is defined as the number of pulses per revolution. Pulse per revolution
must be defined by the user so that the software can calculate the reference frequency of tacho
using tacho frequency. In most rotor tests, especially in balancing, the pulse per revolution is
simply 1. However, in other cases, such as in flywheel or geared data measurement, the pulses per
revolution can be as high as hundreds. To address this situation, a dedicated tacho channel with a
high-speed counter might work more effectively.

Pulse Edge Type controls the pulse trigger edge conditions. Rising sets the trigger condition to a
rising slope. Falling sets the trigger condition to a falling slope.

e Pulse Edge Value defines the level of edge lines.
e Pulse per Revolution is defined as the number of pulses per revolution.

Save Options

After running the analysis, computed signals are listed under the Live Signals tab. However, this
data is only stored in a display buffer and must be explicitly saved to disk to create new data files.
There are multiple ways to do this. One method is to manually click the Save button on the control
panel, which saves data according to the Save settings specified under the Measured Signals setup.
The other method is to enable an option (listed in the following section) to automatically save data
during the analysis.
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Project Configurations for - OrderTracking3 X
Save options [ save optiors |

Analysis parameters Save 1 block oninterval 3,005 s
Save optiors Save 1 block when average number reached
Analysis speed
Other optiors Save 1 block when triggered

Save 1 block at the end of each section

Continuously save each block of processed data (the save sigs button is disabled when saving)

Continuously save time streams (cannot save block signal at the same time)

Absolute Time oftime streams based on @ Processed time Acquired time

@ Run folder

Source file folder

Subdirectoryinsourcefile folder

Custom location Browse

[—— —

Project Configurations for - OrderTracking20 X

Save options

|[ Saveoptior‘s1

Analysis parameters Save 1 block oninterval 3,00 s
Shaker settings
Save 1block when average number reached
Save optiors
Analysis speed Save 1block whentriggered
Cther optiors
Save 1 block at the end of each section

¥ Continuously save each block of processed data (the save signals button is disabled when saving)

Continuously save time streams

1 Time Stamp
® Processed time
Acquired time
| Save location
@ Run folder

Source file folder
Subdirectory insource file folder

Custom location

e || cancer

There are many options to save block data, and one option to save stream data. Most data computed
in Post Analyzer is block data, such as APS and SRS spectra. Some data, such as the output of
digital filters or other data conditioning blocks, are continuous time streams. Only one type of data
can be saved at a time — block or time stream.
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Save 1 Block on Interval saves one block of data for every computed signal with the save option
selected in the Measured Signals setup per the interval selected here.

Save 1 Block when Average Number Reached saves one block of data every time the number
of processed blocks reaches the average number set under the Analysis Parameters.

Continuously Save Each Block of Processed Data saves every block of data computed.
Absolute Time of time streams can be based on Processed time or data Acquired time.
The Save Location section allows users to select the location of the file system used to create new

data files from the following options: current run folder, same folder as data source file folder,
subdirectory in source file folder, or a custom location.

Analysis Speed

-
Project Configurations for - OrderTracking4 x
Analysis speed Analysis speed
Analysis parameters @ Normal speed
Saveoptions
Fastestwith complete signal display
Analysis spesd

Other options Fastestwith little display

oK Cancel

Analysis Speed adjusts the amount of processing time used for the signal display during post-
processing. Increased display details result in less available processing resources for post
processing data analysis. Normal Speed is the default setting that balances data processing and
the signal display. Fastest with Complete Signal Display prioritizes the display, and Fastest with
Little Display prioritizes data processing.
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Other Options

Digital Resampling allows resampling of all source signals to the selected sampling rate to meet
the requirement of the other interface. Many sampling rate stages can be selected from the
dropdown menu.

Signal History Data Buffer sets the size of the buffer used to store and display the signals under
the Live Signals tab. This buffer can be sized according to a number of frames. If the buffer fills
up during the analysis, old data will be discarded. This does not affect data already saved to disk.

Project Configurations for - OrderTracking4 y-}
Other options I Digital Re-sampling options I

Analysis parametes Sampling frequency(Hz): | No Re-Sampling E
Save options
Analysis %peed IMI
Eeee @ Buffer size (frame count): 1235 (1~128)

Buffer size (s): 55 {1r55)

Buffer size (MB): 1.UUE| {0.01~1MB)

ok || gance
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OrderTracking2( x
Other options - [DlgltalRe-samplmgopmns}
Analysis parameters Sampling frequency (HZ} | No Re-Sampling |Z|

Shaker settings

Save optiors
. | signal history buffer settings |
Analysis speed _
@ Historydata frame # [1~128)
Other aptiors & ! ZSE : !
Youcandrag the bar on eachwindow to display the history data (—‘u@ (_-i-‘_u 1/128

Data Source

The Data Source tab displays the source data from the data file or files associated with the current
project. Enable or disable source signals here and set the time range for analysis by dragging the
edges of the yellow box. Enter the start and stop time (or point) manually in the text fields below.
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m]s®

0.10

m" cni

0.10
s . ; ; ; ‘ | Seconds
0.0 0.1 0.2 0.3 0.4 05 06 07 07
S =
Data Source Candidates ¥ |
Signal Sample Rate Sensitivity Block Size Duration Unit X int ¥ -
4. 88 RECD013.5tfx
> 7 nn ch1 51.20 kHz 10.1868mV/{ 37888 0.74 (sec) Time (Seconds) {mfsz) =
7 [ ch2 51.20 kHz 10.1868mV/f{ 37888 0.74 (sec) Time (Seconds) {mfsz)
> Jhn ch3 51.20 kHz 10.1968mvf(... 37888 0.74 (sec) Time (Seconds) {mfs2)
lhn cha 51.20 kHz 10.1968mvf(... 37888 0.74 (sec) Time (Seconds) {mfs2)
Jnn chs 51.20 kHz 10.1968mvf(... 37888 0.74 (sec) Time (Seconds) {mfs2)
Jnn chs 51.20 kHz 10.1968mvf(... 37888 0.74 (sec) Time (Seconds) {mfs2)
on ch7 51.20 kHz 10.1968mvf(... 37888 0.74 (sec) Time (Seconds) {mfs2)
I chs 51.20 kHz 10.1968mV/f(... 37838 0.74 (sec) Time (Seconds) {mfs2) L
. S — e - - e
‘ Start Point: 0 End Point: 30801 Start Time: 0.00| End Time: 0.60

Measured Signals
The different signal types are listed under the Setup->Measured Signals tab.

Each signal has a Measure and Save option. Signals with the Measure option selected are listed
under the Live Signals tab and will be available for display. Signals with the Save option selected
are saved to disk whenever the Save button is clicked in the Control Panel, or when an automatic
save option is selected in the Project Configuration window.
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Measured Signals Setup 7 s

o o o o o o o -
Time Blocks | RPM Streams | Order Spectrum |FFT Spectrum | Band RMS Spectrum | Order Tracks |30 Signals | All Signals

|C1| Measureall [C] saveall [ Cache all

b
g
a

m
a
8
g8
C]

Display name | IMeasure |

(]

(= | &= (= | 3| =) | =)= E | E
(=] | ] | ] | (50 | (= | (] | oD | D | D | D | [0 A
(= (= | (= | =] ) D] | ] ) ] | ] | S

e e

Time Blocks — The signal used as the tachometer is listed here.

RPM Streams — Signals based on the tachometer channel can be added here. The RPM signals
take a gear ratio into account.

Add RPM Signals *
lSignaI IislJ RPM signal optiors

Sigmal name: |RPM7— |

Tacho Tachof =
Gearratio O ratio - B B
][]
® Facor 100
| pelete | B

ok oo |

I
-

==

NN
]

=

Order Spectrum — The signals here are tracked against one of the RPM signals.
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Add Order Track Spectrum Signal >
ISignaI list I {Drdertracksignaloptior‘s'—
Signal name ORDSpec(ch1_1)
RPM Channel
RPM1 =] em [-]

[Pmoan| [jpuest] ||

L x o

FFT Spectrum — Auto-Power Spectra signals are listed here.

Band RMS Spectrum — The root mean square is calculated in a block-by-block operation. The
number of data points used is based on the block size/spectral lines. The RMS signals can reference
either time or RPM. Signals based on RPM may be filtered before the RMS calculations are

performed.

Add RMS vs Time signals >
ISignaI list I {Drdertracksignaloptior‘s'—
Signal name tRMS[0,51.20K](ch1)
Channel RMS calculate  Start frequency Stop frequency

cht [=] gana  [7] 0.00

51,200.00

[Pmoan| [jpuest] ||

e e
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[tRMS[200,51.20K](ch1) RMS:118.7865 mis* |

200 -

-50 , , ) , , Date Time
E| 00:00:04.450 00:00:14.450 00:00:19.450 00:00:24 450 00:00:33.050
(RMS[3.00K.25.00K](ch1_1)) =

Mag m/s* (RMS) ' |— RMS[3.00K,2500K](ch1_1)
15 + E
10 + \F
5 m
0 m
| | | Rotational Speed (RPM)
E| 100 2000 4000 G000 8000 10000

Order Tracks — These signals track the magnitude of an order against either RPM or time.
Additionally, the order phase can also be measured.

3D Signals — APS and Order spectrum signals are referenced against frequency and order,
respectively. 3D signals allow for the addition of a third axis of measurement, either time or RPM.
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I Signal list I I Order track signal optiors I—
Signal name RMS{ch1_1)
RPM Channel RMScalculate Start frequenStop frequen

RPM1 [=] ot [=] overal  [+]

- Add \ |De|ete\

All Signals - This includes the output from every Data Conditioning module used as well as block
data computed from these such as Auto-Power Spectra (APS).

Control Panel Functions

The Control Panel is used to control post processing operations. It also displays the analysis status
information.

The following command buttons are provided:

Run starts the analysis.

Hold/Continue pauses and resumes the analysis.
Stop stops the analysis.

Next Frame processes one frame, and then pauses.
Save saves block signals.

Config opens the Project Configuration window

Run Status panel displays the following information:
e Processed Points # is the number of processed samples.

e RPMis the speed of the current frame under processing.
e Time Elapsed is the total time duration of the input signals processed.
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|Contro|Pane! ﬁ||

o o [N

4 Run status

Time elapsed 00:00:00

4 Data source section

Start time 0.00| (s)
End time 18714 (s)
Start point 0
End paint 748543

4 Tast operations

e

4 Order parameters

Delta arder 05 [+]
Max order 10,00
Delta RPM 200.00
High RPM 100000.00
Low RPM 100.00
_4 [ I | »
|Parameter5|
Signal Allocated...

General Process for Conducting an Order Tracking Project

Create a new project
Locate and select New Project within the Project tab after opening the Post Analyzer software.

This tab is located in the top left corner of the program.
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Setup Control View Layout Tools Report [
) New Project Ctri+N o
Oben Progect Project
' paslliting [New Project (Cur-N)}—
Delete Project I
Save Project Delete

e B A
Save Pro F

ata Files

Expor
Add Data Source File

Open Data File
&8 File Converter
[ ves profile View

X Exit

Select the ‘Order Tracking’
Select the Order Tracking project type in the New Project Wizard window and click Next.

New Project Wizard X

|| Select a project type for analysis

Order analysis, FFT analysis, complex order tracks and band RMS spectra are available.

{ Project type |

FFT Spectral Analysis
Octave and Acoustic Analysis

@ Order Tracking

Orbit Plot
Sine Reduction
_ Basic Signal Conditioning

Sound Power Measurement
- from Sound Pressure

Vibration Intensity

Fatigue Damage Spectrum

| Net> | Cancel

Enter Project Name, Description and Signal Source

This page allows users to add a project name and description. An option to create a project using
a template is available if a template file exists.

Under Select data source file select Add single source file. Select the desired file and click open.

The file with associated signals will appear in the display box as seen in the following figure.
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Click the Finish button.

New Project Wizard X
2N
& Enter project information and select data source file
Project information
Prcject name OrderTracking5
rojec ription Create project by using a template |
o=y
1
Select ‘ Project name ‘ Description ‘

| Select data source file |

Add single source file
Merge and analyze
multiple files

4 88 REC0342 RUNUP.atfx
[ | tacho, Block size = 704512
[ [y ch1, Blocksize =704512
-4 | ch2, Block size = 704512

Remove source file
Select tacho source REC0342 RUNUP tacho [ +]
) Select tacho? source  REC03242 RUNUP ch [-]

Press [Add single source file] button to add one or more files with the same structure, PA can analyze them cne by one.
Press [Merge and analyze multiple files] button to combine two or more files into one for PA to analyze.

o <Back | Finsh | Cancel

Measured Signals Setup
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Locate the Measured Signals section in the top left ribbon portion and navigate to the All Signals

tab to select signals to measure. A selection of signals to save and a cache is also available.

Measured Signals Setup ?

Time Blocks | RPM Streams | Order Spectrum | FET Spectrum | Band RMS Spectrum | Order Tracks | 3D Signals [ All Signals

|1 Measure all || Save all || Cache all

| Cache | Signal coler

q

Display name v| Measure

E

=
EHEE
O]

[ RMS(ch1_1)

=]
O
[

=

=

| |
HEEE E|E

=

HEEEE S = E

=
=

Setup Signal Display

Double-click to select signals from the Live Signals pane, then drag and drop into the blank

window. The signals can include but are not limited to the following:
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e Tacho time block
e RPM order tracking
e Order tracking spectra— ORDSpec and APS
e 3D Signals — ORDSpec_RPM
New Open Propertes Deete TG achel
4= ing5 [Order Trackong] [—— TACH1(tacho)
= = o]
£ RECO342 RUNUP atfx N
-
Live signals Ru‘nfaﬁoﬂs S‘ourceﬁies . N . . Date Time|
Vln RPM tachd) ™ T T T T— Rewiiacho) Wog o G peals 4 T — 'ORDSpecic 1. 1)
#58 Order Tracking Spectra
} L. ORDSpec(ch?_1} Lol
I ORDSpec(ch2_1) o
1 1o, APS{ech) 818
{ I APSIch2)
I OTRI Txfeh1_1) 10
¥ fas, OTRI 2xfch 1) 000
‘IIIISDSignih oo
! [, ORDSpee_RPM(ch1_T)
n " L " Opdes
00 APS(c x
T [— APSicin |
-
.
.
.
e | e
= =

An additional signal display can be created for the imported source files. Select the + (plus) button
in the signal display ribbon.

»Illllb‘ MUY ST el IUJB‘-\ MU'IIISU|UKIUII LA L L A IUJ\H‘ \-’F\—l

}iﬁ: Data Source

Delete '[raru1rearhan

Select One window and click OK.

Mew Signal Display Tab ? X
[Leyoutstyte]
Table view layout
Two windows Four windows

Empty window 2

Tab title:

Remember selection - only show this
dialog when [shift] key is pressed

Double-click to select signals from the source files pane, then drag and drop into the blank window.
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[—— RECU342 RUNUP_RPM

Source
RECO342 RUNUP.atfx.
o

3
g
F
8
§
&
8
A

| T [——_RECU343 RUNUF_ch1

Data Source Section of Control Panel
Input the analysis range of interest. This range may be defined in terms of time or points.

4 Data source section
Start time(s) 0.00
End time(s) 10.00
Start point 0
End point 204200

Test Operations Section
The Delta Order defines the resolution of the order spectra. Select and define the minimum Delta
Order required for an application to conserve computation resources.

Next, select the Max Order, Users should define the minimum Max Order required from an
application. If a Max Order value is defined very high, the system must sample at a very high
frequency to cover the entire frequency range, which may result in poor accuracy of lower order
estimations.

The Max Order and Delta Order combined define the number of points in a normalized order
spectrum.

The Delta RPM defines the resolution of the RPM trace or the resolution of the waterfall in the
RPM axis. The Delta RPM is typically chosen between 25 and 100.
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The High RPM defines the upper edge of RPM for any order signals, RPM waterfall or RPM
traces to be analyzed. Likewise, the Low RPM defines the lower edge of RPM for any order

signals, RPM waterfall or RPM traces to be analyzed.

4 Test operations
Setup tachol
4 Order parameters
Delta order 05 B
Max crder 10.00
Delta RPM 60.00
High RPM 1000000
Low RPM 100.00
-
Parameters

Configuration Setup
Locate and click the purple Config button in the control panel.

Select the Analysis Parameters tab within the Configuration window. Refer to pages 15 — 17 for

descriptions of these parameters.

Page 82 of 190



A CRYSTAL

INSTRUMENTS

Project Configurations for - OrderTracking7

Analysis parameters
Analysis parameters
Shaker settings
Save options
Analysis speed

Other options

Note: analysis parameters

FFT parameters

Average number 1
Average strategy None ‘-‘
Block size / line 1024 /450 [~]
Overlap ratic No Overlap ‘v‘
Window Hanning ‘v‘
Order par.

Delta order ‘v‘
Max order 10.00
Delta RPM 60.00
High RPM 10000.00
Low RPM 100.00

are available based on the measurement type chosen

Post Analyzer Manual

Tachometer
Tacho source
Pulse edge type
Pulse edge value

Pulse per revolution

tacho

Falling

Pulse detect resolution

X

0.00
1.00

0.01

RPM'

6000

2000
-2000

! T T[— rPM1

Next, select the Save Options tab to define the location to save processed data.

Save 1 Block on Interval saves one block of data for every computed signal with the save option
selected in the Measured Signals setup per the selected interval.

Save 1 Block when Average Number Reached saves one block of data every time the number
of processed blocks reaches the average number set under the Analysis Parameters.

Continuously Save Each Block of Processed Data saves every block of data computed.

Absolute Time of time streams can be based on either Processed Time or data Acquired Time.

The Save Location section allows users to select the location of the file system used to create new
data files from the following options: current run folder, same folder as data source file folder,

subdirectory in source file folder, or a custom location.
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Save options | Save options

Save 1 block on interval 3008 s

Analysis parameters

Continuously save each block of processed data (the save signals button is disabled when saving)

Time stamp

® Processed time
Acquired time
Save location
@ Run folder
Source file folder
Subdirectory in source file folder

Custom location

oK Cancel

Proceed to the Analysis Speed tab after save options are configured. Analysis Speed adjusts how
much processing time is used for the signal display during post-processing.

Increased display detail results in less available processing resources for post processing data
analysis. Normal Speed is the default setting that balances the data processing and signal display.
Fastest with Complete Signal Display prioritizes the display, and Fastest with Little Display
prioritizes the data processing.

Analysis speed Analysis speed

Analysis parameters ® Normal speed

. test wit te s splay
Save options Eastest with complete signal display

Analysis speed
Fastest with |ittle display
Other options

Select the Other Options tab for additional configurations.
Digital Resampling allows resampling of all source signals to the selected sampling rate to meet

the requirement of the other interface. Many sampling rate stages are available for selection from
the dropdown menu.
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Signal History Data Buffer sets the size of the buffer used to store and display the signals under
the Live Signals tab. This buffer can be sized according to a number of frames. Old data is
discarded if the buffer fills up during the analysis. This does not affect data already saved to disk.

Project Configurations for - OrderTracking7

Other options } Digital pling options |
Analysis parameters Sampling frequency (Hz): | No Re-Sampling E
Shaker settings
Save options
Analysis speed | Signal history buffer settings |
Other options ® History data frame # 1 235 (1~128)
You can drag the bar on each window to display the history data ©u @® 1/128

Run the Project

The last step is to run the project. Click the green Run button in the Control Panel.

w

frame

=
e

After the run is completed, the recording will appear in the Run Folder.

e e T B

|4 -\? Saved Files Sep02,202211-2941 |
IIW REC0434_PA2 9/2/2022 4:21:01 PM
(* Mt RECO434_PA1 9/2/2022 11:2041 AM
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Orbit Plot

Basics

The Orbit Display uses two data channels in the time domain. The signals from two channels are
drawn on an X and Y plane to display the shaft position change versus the angle of rotation. Orbit
displays provide a two-dimensional visual of motion from a rotating shaft.

A well-balanced shaft without movement in any direction produces a dot in the middle of a plot.
The shaft movement can give an indication of the vibration source (i.e., a lot of up/down movement
may indicate that the machine feet are not bolted down securely).

Users can create an orbit plot by taking a simultaneous dual channel measurement to capture data
at the horizontal and vertical axes at the same time. The displacement or acceleration sensors must
be placed 90° away from each other.

The Orbit Display uses measurement obtained from a pair of channels in the time domain. It does
not require Order Tracking.

VAVE.S Q

i X
= . ™,
¥ Prooamity r\\‘ ;s ' W
3 Probe S \'“h/r k"“u-.._,______._,_ﬂ-‘

X Proxamity

F‘rl‘l il «
\ Shat N

P

The Orbit Display is similar to the Polar Display in that it only displays the instantaneous status at
the current RPM. In theory, the Orbit Display does not need a tachometer or another reference
signal because X and Y reference to each other.

Create an Orbit Plot Project

Create a new project by clicking New Project and select Orbit Plot as the project type. Click Next
to continue.
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-
New Project Wizard

e
Select a project type for analysis

x

FFT Spectral Analysis

Octave and Acoustic Analysis

OrderTracking

@ Orbit Plot

Sine Reduction

Basic Signal Conditioning

} Project type }
The Orbitdisplay uses two data channels inthe time domain. The signals from twe channels are

drawn onan X and Y plane to display the shaft position change versus angle of rotation. Orbit
displays give a two dimensional visual picture of the motion of a rotating shaft.

..f,.-,;'.;\'f:.rr.xa'n:x'sr,rr.i's'u1Err.PAII'M:A'.\\\'.W:Hm .'Ul'mm : _
w:.m'.'ffr.J.\.l\'a't.'!!.'J.I\\'|‘|'!I.ll'n'n'ﬂ#.ﬂwmmIlmmlrm“

BIRi-08 000 -0
LLih:Rill e

| Mext> || Cancel

In the following window, create a name for the project and optionally add a description. Both data
conditioning and digital resampling features are not available in Orbit Plot projects.

Select the data source files to associate with this project. The source file is usually a time stream
recording in ATFX format. The time stream must be recorded in displacement to be validated.
Existing source files can be selected for removal from the data source file list by clicking Remove

Source File.

Set signal sources for the X-Y coordinate plotting. The RPM value is also specified at this step.
Then click Finish to enter the main page. Only one signal source file can be added as the source

file.
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-
New Project Wizard
7y

x_
Enter project information and select data source file
| Projectinformation |
Projectname Orbite
Project description Create project by using a template
[ Templates |
Select | Projectname Description
[ Select data source file |
4§ REC0022.atfx Add source file i —|Parameters |
» [ [ Chi, Block size =51712 X Chi [-]
4 |nn Ch2, Block size =51712 Remove source file
“ 14 | Ch3, Block size =51712 v: [cht [
“1d Jwn Ch4, Block size =51712 RPM: 360012
<Back || Fnish | P Cancel 1}

Overview

After creating or opening a project, the main Post Analyzer window is displayed. There is a toolbar
across the top, and three main sections in the middle. On the left, there are the Recent Projects,
Live Signals, and Saved Files views; in the middle are one or more Signal Display views; and on
the right is the Control Panel. Compared with other project types, the Orbit Plot project does not

require the analysis parameter due to its nature.
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Recent Projects

The Recent Projects list shows the currently active project and previous projects recently opened
in the application. The current project will have a shortcut to the Measured Signals setup, the
Project Configuration window, and the Saved Files tab. It also displays data files associated with
this project.

Live Signals, Run Folder, and Data Files

Below the Recent Projects list is the Live Signals, Run Folder, and Data Files list. Live Signals
includes the signals in the Data Source file or files and new signals from the analysis. The live
signals are not saved to disk but are available to display in a Signal Display view tab. Anything
saved to disk will appear in the Saved Files list, which has an associated directory in the file system.
Run Folders contains the data for each run. Data is saved in a file format specified under the Data
Files tab.

Signal Display

The middle of the main window contains Signal Display view tabs, where live and saved data can
be displayed. More than one of these tabs can be created, but there is always at least one. Each of
these views contains one or more Display Windows, with a fully customizable layout. These
display windows move freely, be resized, and can display any valid combination of live or saved
signals. New view windows can be created by selecting an option in the Display menu.

Control Panel and Analysis Parameters

The right side of the window has the Control Panel (which controls the post-analysis operation),
and the Analysis Parameters (which contains parameters specific to the analysis type being
performed). The Config button on the Control Panel opens the Project Configuration window.

Control Panel
The Control Panel is used to control post processing operations. It also displays the analysis status
information.

The Control Panel contains the following buttons:

Run: starts the analysis

Hold/Continue: pauses and resumes the analysis
Next Frame: process one frame, and then pauses
Stop: stops the analysis

Save: N/A in Orbit Plot project

Config: N/A in Orbit Plot project
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B
e

4 Run status

Time elapsad 00:00:00

4 Data source section

Start time 3.56 (5]
End time 3417 5]
Start point 14247
End point 136673

4 Test operatiors
Setup tacho

4 Order parameters

Dielta order 0.5 -

MWax order 10,00
Delta RPM 200.00
High RPM 10000.00

Low RPM 100,00

1 b
Parameters

Signal Allocated...

The Run Status panel provides the following information:
e Processed Points: the number of processed sample points

e Processed Frame: the number of processed frames
e Time Elapsed: the total time duration of the input signals processed
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Sine Reduction

Sine Reduction allows users to “slave” a dynamic signal analyzer (DSA) to a vibration control
system (VCS) to gain more processing channels for a Swept Sine test. The Sine Reduction software
runs on the DSA system; no changes to the VVCS are required. Two systems are synchronized by
the controller’s COLA (Constant Output Level Amplitude) signal. The COLA is a constant voltage
sine wave that tracks the drive signal in frequency during a Sine test.

Unlike a real-time Sine Reduction test, PA Sine Reduction post-analyzes recorded signal data file
offline for Sine Reduction analysis.

Create a Sine Reduction Project

Open the New Project Wizard and select Sine Reduction as the project type. Click Next to
continue.

Mew Project Wizard >

Select a project type for analysis

I Projecttypel
FFT Spectral Analysis Offline Sine Reduction. Analysis ofrecorded real time Sine Reduction test based on
various measurement strategies.

Octave and Acoustic Analysis

Order Tracking

Loghlag ¢ I | Spectrum{Ch2)
Orbit Plot SpectusiCha] Peak: 036294 § (5 00A1 -

Sine Reduction
Basic Signal Conditioning 0.1

Sound Power Measurement
from Sound Pressure

Vibration Intensity

| o001 |- — |

Fatigue Damage Spectrum

T
~
o
)

100504 L j Freqyency (Hz)
1000 2000

F
g

Signal Analysis with Time
Stamps e

Mext > Cancel

In the following window, enter a name for the project and optionally add a description.
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New Project Wizard X

Tl
é Enter project information and select data source file

| Project information |

Project name SineReduction |
Project description Create project by using a template :
Fempiee] |
Select Project name Description I
|
|
|
[ Selectdatasourcefile | '

B S NEW TRY.atfx | Add Single source file |

’ £ IE{ chl, Block size = 1536000
£ IE{ ch2, Block size = 1536000
| ’ i }E‘, ch3, Block size = 1536000

@ }E‘, chl3, Block size = 1536000 |

r.derg eand Analyze MthipEI
Files

Remove source file | ‘

| Select COLA source MEW TRY_ch1 IZ| |
Select reference source MEW TRY _chi |Z|
PA cananalyze the source file one by one, orin batch,
<gack || Fmish | | Cancel

Select the source data files in this window to associate with this project. The source file is usually
a time stream recording in ATFX format. Existing source files can be selected and removed from
the data source file list by clicking Remove Source File.

Select the COLA source before finishing the new project creation. The COLA channel in the PA
project must match the COLA channel in the real-time test when the data file is recorded.

Overview

After creating or opening a project, the main Post Analyzer window is displayed. There is a toolbar
across the top, and three main sections in the middle. The left side features Recent Projects, Live
Signals, and Saved Files views; in the middle are one or more Signal Display views; and on the
right is the Control Panel which also contains the analysis parameters.
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Project Configurations for - SineReduction2 X
Analysis parameters Note: analysis parameters are available basad on the measuremert type chosen

Analysis parameters Sine Reduction

Fulse edgetype Falling

Pulse edgevalue

COLA Amplitude 100, ()
Window Hanning
signal Plot Points 2048

Sweep Type Logarithmic

Low frequency band 500 (Hz)

High frequency band 200000 {Hz)
Measurement Strategy Froportionalfiter |+

Bandwidth 25

Recent Projects

The Recent Projects list shows the currently active project and previous projects recently opened
in the application. The current project will have a shortcut to the Measured Signals setup, the
Project Configuration window, and the Saved Files tab. It also displays data files associated with
this project.

Live Signals, Run Folder, and Data Files

Below the Recent Projects list is the Live Signals, Run Folder, and Data Files list. Live Signals
includes the signals in the Data Source file or files and new signals from the analysis. The live
signals are not saved to disk but are available to display in a Signal Display view tab. Anything
saved to disk will appear in the Saved Files list, which has an associated directory in the file system.
Run Folders contains the data for each run. Data is saved in a file format specified under the Data
Files tab.

Signal Display

The middle of the main window contains Signal Display view tabs, where live and saved data can
be displayed. More than one of these tabs can be created, but there is always at least one. Each of
these views contains one or more Display Windows, with a fully customizable layout. These
display windows move freely, be resized, and can display any valid combination of live or saved
signals. New view windows can be created by selecting an option in the Display menu.

Control Panel and Analysis Parameters

The right side of the window has the Control Panel (which controls the post-analysis operation),
and the Analysis Parameters (which contains parameters specific to the analysis type being
performed). The Config button on the Control Panel opens the Project Configuration window.
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Project Configuration
The Project Configuration window provides settings for saving data, analysis speed, and other
options that are mostly independent of the type of analysis being performed.

Analysis Parameters
Analysis Parameters consist of Sine Reduction analysis parameters and COLA settings.

Project Configurations for - SineReduction2 X

Analysis parameters Note: analysis parameters are available based on the measurement type chosen

Analysis parameters Sine Reduction

Saveoptions 8
Pulse edge type Falling
Analysis speed

Other optiors Pulse edgevalue 000, (V)
COLA Amplitude 100 (V)
Windowr Hanning

Signal Plot Points 2043

Sweep Type Logarithmic

Low frequency band 5.00| (Hz)
High frequency band 200000 (Hz)
Measurement Strategy ProportionalFitker

Bandwidth 25

oK Cancel

Pulse Edge Type specifies triggering upon the rising or falling edge of the pulse.

Pulse Edge Value is the threshold voltage level that the input pulse needs to exceed to be detected
as a pulse.

COLA Amplitude is used to set the COLA amplitude. Set the COLA amplitude as that was
recorded from the Sine controller.

Window lets the user choose the window to be applied during FFT operation. Windowing
functions can help reduce leakage and increase the precision of the frequency measurement.
Detailed descriptions about window types and average modes are provided in the DSA Basics
document.

Signal Plot Points sets the number of signal points on the X-axis.
Sweep Type has two options: Logarithmic and Linear.

Low Frequency Band is the low limit of the sweeping range.
High Frequency Band is the high limit of the sweeping range.
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e Measurement Strategy provides the options of Proportional Filter, Fixed Filter, RMS,
Mean, and Peak.

e Bandwidth is used to set the tracking filter width when Proportional Filter or Fixed Filter
is selected as the Measurement Strategy.

Save Options

After running the analysis, computed signals are listed under the Live Signals tab. However, this
data is only stored in a display buffer and must be explicitly saved to disk to create new data files.
There are multiple ways to do this. One method is to manually click the Save button in the Control
Panel, which saves data according to the Save Settings specified under the Measured Signals setup.
The other method is to enable an option (listed in the following section) to automatically save data
during the analysis.

Project Configurations for - SineReduction2 *

Save options Save options
Analysis parameters 3.00 : s
Save optiors
Analysis speed

Other optiors

« Continuously save each block of processed data (the save signals button is disabled when saving)

Time Stamp
@) Processed time

Acquired time

Save location

@) Run folder
Source file folder
Subdirectory insource file folder

Custom location

oK Cancel

Four options are provided to save block data and one option to save stream data. Most data
computed in Post Analyzer is block data, such as APS and SRS spectra. Some data, such as the
output of digital filters or other data conditioning blocks, are continuous time streams. Only one
type of data can be saved at a time — block or time stream.

Save 1 block on interval saves one block of data for every computed signal with the save option
selected in the Measured Signals setup per the selected interval.

Save 1 block when average number reached saves one block of data every time the number of
processed blocks reaches the average number set under the Analysis Parameters.
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Save 1 block when triggered saves one block of data when a trigger occurs. Click the Setup
Trigger button in Analysis Parameters to set up a trigger.

Save 1 block at the end of each section saves one block at the end of an analysis section.

Continuously save each block of processed data saves every block of computed data. Please
note that the Save button in the Control Panel is disabled when this setting is used.

Continuously save time streams saves all time stream data. Selecting this option disables all
options related to block data saving.

Time Stamp
Users can select Processed time or Acquired time in the Time Stamp section to time stamp data.

ITimeStampI

® Processed time

Acquired time

Processed Time: data is time stamped according to the time it was processed with Post Analyzer
software on the computer.

Acquired Time: data is time stamped according to when it was acquired with the data acquisition
hardware.

Save location

The Save Location section allows users to select the location of the file system used to create new
data files from the following options: current run folder, same folder as data source file folder,
subdirectory in source file folder, or a custom location.

| Save location |

@ Run folder
Source file folder

Subdirectory insource file folder

Custom location Browse
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Analysis Speed

Project Configurations for - SineReduction1 x

Analysis speed [Analysis speed |

Analysis parameters ® Normal speed

Save options
Fastestwith complete signal display
Analysis speed

Other opfions Fastest with Jittle display

oK Cancel

Analysis Speed adjusts the amount of processing time used for the signal display during post-
processing. Increased display details result in less available processing resources for post
processing data analysis. Normal Speed is the default setting that balances data processing and
the signal display. Fastest with Complete Signal Display prioritizes the display, and Fastest with
Little Display prioritizes data processing.

Other Options

Digital Resampling allows all source signals to be resampled according to the selected sampling
rate to meet another interface requirement. Sampling rate stages ranging from 20 Hz to 102.4 kHz
can be selected from the dropdown menu.

Data can be automatically resampled with Post Analyzer software.
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Project Configurations for - SineReduction3 X
Other options Digital Re-sampling optiors

Analysis parameters sampling frequency (Hz): Mo Re-Sampling -

Save optiors

Analysis speed

Other optiors

oK Cancel

Data Source
The Data Source tab displays source data from the recorded file or files associated with the current
project. Enable or disable source signals in this tab and set the time domain for analysis by dragging
the left and right edges of the yellow box. The start and stop point, or time, can be entered manually
in the text field below.

—— Cht

Data Sources

sigra Samplingrate | Senstuty | Blocesize | Duratin | Xunis Yunits
-89 REC0040ath
[@hacm  2seciz  tooomv 1508 59309 v
whacr  2s6kH s sie 50309 st
l@em  2sekn 5 1stacs se319 st
Ghacns  2sskn: mis) 51908 59309 st

Startpoirt: a6 Endpaint 151281 Starttime: 31| g Enditime: 5910 g5
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Measured Signals
Every signal available for computing is listed under the Setup->Measured Signals tab.

Measured Signals Setup ? *

Frequemy—hr;rSwept Sine Spechul;rﬁeqtlerxy Rﬁponser[FRFF‘{ Al Signals.\\
@ Measure all @Saweall

Display name | Measure |

(7]

]

n
&
)
8
2

(o] { (o] | ] | [0 | (o] | [o] | ] | [ | [ { (S | ] | ] | [ [ { ] | [ | [ { (] | ] | ] | [] | [N
(] | ] | (] { (50 D | o] | ] { ([ | 5D | O] { [ D | o] (] | O | D | ] ([ D | £ | E5] R

-

[———| | —

This includes Frequency-his, Swept Sine Spectrum, Frequency Response (FRF), and All Signals.

Each signal has a Measure, Save, and Cache option. Signals with the Measure option checked
are listed under the Live Signals tab and available for display. Signals with the Save option
selected are saved to the disk when the Save button is clicked in the control panel, or when an
automatic saving option is specified in Project Configuration. Signals with the Cache option are
cached in the memory for faster access by the software.

Select a COLA channel by clicking Change COLA Channel in the Frequency-his tab. Select a
data channel as a COLA data source in the Setup COLA Source window.
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-

Measured Signals Setup
Frequency- his\‘f.SweplSineScech'lrr‘l\‘[frEqm Response(FRFi‘[_{\H Signal;‘\‘

? X

Measureall (] saveall [Change COLA Channel

‘ Measure | Save | Signal color |

Display name

] & ]

Setup COLA Source a

Current COLA source REC0003_Ch2

COLAdatasources  [RECODD3_Ch2 -]

o] ganear |

[——| —

Default FRF signals use a COLA channel as the reference channel after a new Sine Reduction
project is created. Click the Add FRF button in the Frequency Response (FRF) tab to assign the

response and excitation channels.

d

Measured Signals Setup

FI'EqI.ErI:]H’IIS\ISMEpl Sine Specmrn\{ Frequency Response(FRF)\‘f\{\H Sngnals\\\

Measure all (7] Saveall |Change Reference Channel| |Add FRF| [Delete allsignais|

| Measure | Save | Signal color | Response

| Excitation | HFunction |

Display name
-

[ [F
Fl

|

o I

| >

4

[——) (—

The Create FRF Signals window will appear as shown in the following screenshot.
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4 Ch3 Ch3
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drive 4| drive
| e
| B
Select H function | H1 -]
leG(?'FSPO}?S?: i )}(G( itati ion ) HSZ(H1+HJ)
H 2= G(}'e:porr:e:}'e:pon:e) "Ir G[}'e:pon:an‘c."far."on) H v — (H 1 + H J,) | |7|
Cancel

Select the Response and Excitation channel(s); click the >> button to add FRF signals. Remove
selected FRF signals by clicking the << button. Selections of different frequency response

functions are available. Users can select Hi, H2 or Hz a frequency response.

Control Panel

The Control Panel is used to control post processing operations. It also displays analysis status

information. Quickly modify Analysis Parameters here as well.
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Run starts the analysis

|controt Parel R
oo
- )
4 Run status
Processed points 6782976
Processed frames
Time elapsed 00:05:31.200

4 Data source section
Start time(ms)
End time{ms)
Start point
End point

“ine Reductionpar...
Pulse edge type
Pulse edge value(V}
COLA Amplitude(V)
Window
Signal Plot Points
Sweep Type
Low frequency band..

High frequency bandy...

0.00
331,199.96
0

6782975

Falling

B

0.00

1.00

Hanning |Z|
2048 [-]
Logarithmic |z|
5.00

2000.00

Measurement Strategy | Proportionalfl IZ|
Bandwidth(3) 25 -]
Parameters

Signal Allocated ...

Control panel contains the following buttons:

|control Panel

‘ Stop i Save

Config

w |
=3

Hold/Continue pauses and resumes the analysis
Next Frame processes one frame, and then the test is in a Hold state. The test can then
process frame by frame via Next Frame or run as configured via Run.

Stop stops the analysis

Post Analyzer Manual
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e Save saves block signals
e Config opens the Project Configuration window

Run Status contains the following information:

4 pun status
Processed poinis

Processed frames

Time elapsed 00:00:03.150

e Processed Points is the number of processed samples.
e Processed Frame is the number of processed frames.
e Time Elapsed is the total time duration of the input signals processed.

Data Source Section lists the following information: Start time, End time, Start point, and End
point.

4 Data source section

Start time 319 (5)
End time 59.10 (g}
Start point 8164
End point 151291

Sine Reduction Parameters contains setup parameters related to Sine Reduction analysis.

4ine Reduction para...
Pulse edge type Falling |z|
Pulse edge value(V) 0.00
COLA AmplitudeV) 1.00
Window Harnning |Z|
Signal Plot Points 2043 |I|
Sweep Type Logarithmic |Z|
Low frequency bandi... 5.00
High frequency bandi... 2000.00
Measurement Strategy | Proportionalfl |E|
Bandwidth(3) 25 -
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Digital Filters, Data Conditioning, and Resampling
Digital filters are advanced signal conditioning modules that are applied in the data conditioning
phase. Users can cascade digital filters or other data conditioning modules to construct powerful
post analysis functions. The three main real-time digital filters are: Decimation filter, FIR filter,
and IIR Filter.

Digital Filters is a powerful analysis tool that can filter a measured signal in real time and then
apply the Spider system’s built-in FFT and time-based analysis. Users can precisely define the
filter characteristics to meet a specific application. Real-time digital filters are applied in the data
conditioning phase. The user designs the filter model with a provided graphic design tool and
uploads the filter design parameters to the front-end for real-time calculation. The graphic design
tool draws the filter performance in vertical axis with dB unit and horizontal axis in relative
frequency.

Some users may want to view the energy distribution over time for a specific band of frequencies
instead of the entire frequency spectrum from zero to the maximum sampling rate. This is
accomplished by creating a band-pass filter and then applying an RMS estimator to the output of
the filter. The figure below shows the graphical representation of this process which is used to
define the real-time filter in EDM Post Analyzer software. The CH1 icon on the left represents
the native measured time stream and is connected to an IIR Filter that computes a signal connected
to an RMS estimator labelled iirfilter (chl1). The output of the RMS estimator is a signal labelled
rms (iirfilter(chl)).

===

CH1 LG irfilter(chl)  RMS  rms{irfilter{ch1))

Users may also want to view the frequency energy over 100 Hz to 200 Hz and 1000 Hz to 2000
Hz separately. This is accomplished by deriving two output streams from the native channel 1,
then applying the band-pass filter to each path as shown below.

E— = =

CH1 OCGIET rfiter(ch1)  RMS rms(iirfilter(ch1))

S S

ILRENGERIENE: remezfilter(chl) RMS rms(remezfilter(ch1))

In another example, users may want to view the very fast time characteristics of a channel at a high
frequency, and the same channel at a very low sampling rate. This is accomplished by applying a
decimation filter to the native time stream as shown below. The native channel time stream is split
into two streams so that the signal from the same channel is recorded at both high and lower
sampling rates.
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IR Filted iirfilber(chl)

M p_
D=
[DecimFilter defit{ch1)

The Real Time Digital Filters option includes three types of digital filters: FIR, IR and
decimation filters. Users can specify low-pass, high-pass, band-pass or band-stop types with
several different methods for FIR and IR filters. This chapter first explains the filter design theory
and then introduces operations within the Post Analyzer software and Spider hardware.

The goal of filter design is to calculate a series of filter coefficients based on user specified criteria,
which are often described by following variables:

Number of Filter Coefficients: also known as the order of the filter. The filter order defines the
number of delay elements used in the filter. A lower order filter consists of a fewer number of
coefficients. A low order filter responds relatively faster than a higher order filter, i.e., the filter
output has less lag time.

Cutoff Frequencies: low-pass or high-pass filters only need one cutoff frequency. Band pass or
band-stop filters require two cutoff frequencies to fully define the filter shape. The following figure
shows a typical band-pass filter design with the two cutoff frequencies set to approximately 0.1
and 0.2 Hz as indicated by the blue and yellow vertical lines.

Stop Band Attenuation: defines portion of input signal cut out of the output at rejected
frequencies. In theory, the higher the attenuation, the better. The following figure shows the stop
ban attenuation is >40 dB as seen from the highest side lobe just below 0.25 Hz.

Pass Band Ripple: Ripple is an unavoidable characteristic for a digital filter. It refers to the
fluctuation in the filter shape outside the transition frequencies. If a very flat filter is required, then
it can be specified by choosing a very low ripple. In the following figure, ripple is seen in the stop
band and no ripple is evident in the pass band. Ideally the pass band should be very flat, and some
ripple is tolerable in the stop band.

Width of Transition Bands: This refers to the filter shape between a band pass and a band stop
region. Ideally this transition band should be very small. However, a very narrow transitional band
requires a higher order filter which affects the filter response time and can also affect ripple. In the
following figure, the transition bands are between 0.05 to 0.1 and 0.2 to 0.25.
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rEl:lit_:‘.nal‘.:sis Parameters X
Window Type Hanning [+]
Filter Type |Z| First Cutoff Frequency Ratio 0.10
Filter Length 67 Second Cutoff Frequency Ratio 0.40

Frequency Response [dB)

0

-10

20 / \
-30

40 {
-50

£0 'Inl' |
LN .

30{\'
L

-80

L

)

S_,

-100
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| Refresh | | oK | | Cancel |

In most cases, filter design includes making trade-offs between minimizing the filter order, ripple,
transition band width, and response time. Not all variables can be satisfied at the same time. Filter
design can be an iterative process and experience is helpful.

FIR Digital Filters

Finite Impulse Response (FIR) filters have the distinctive trait that their impulse response lasts for
a finite duration of time as opposed to, an Infinite Impulse Response (1IR) filters whose impulse
response is infinite in duration. This trait is due to the fact that there are no feedback paths in the
FIR filter. FIR filters offer several advantages over IIR filters:

e Completely constant group delay throughout the frequency spectrum. Group delay refers
to the time delay between when a signal goes into the filter and when it comes out.
Constant group delay means that an input signal will come out of the filter with all parts
delayed the same duration with no distortion.

e Complete stability at all frequencies regardless of the size of the filter.

FIR filters also have some disadvantages:
e The frequency response is not as easily defined as it is with IR filters.

e The number of coefficients required to meet a frequency specification may be far larger
than that required for IIR filters.
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A digital filter can be understood by considering the difference equation which defines how the
input signal is related to the output signal as:

y[n] = box[n] + bix[n— 1]+ -+ byx[n — N]

where x[n] is the current input signal sample, x[n-1] is the previous signal sample and x[n-N] is
the last sample in the series. The series multiplies the most recent N+1 samples associated with
the N+1 filter coefficients. y[n] is the current output signal and b; are the filter coefficients. The
number N is known as the filter order; an N-order filter has (N + 1) terms on the right-hand side
and N+1 filter coefficients also referred to as “taps”.

This equation illustrates why a higher order filter has a slower response time. It takes more samples
and therefore more time for an event to work its way through the series until the output is no longer
affected by the event as compared to a lower order filter with fewer coefficients.

The previous equation can also be expressed as a convolution of the filter coefficients and the input
signal.

i=0
The impulse response of the filter shows how the historical data affects the current filtered value.

The longer the impulse response, the farther the old data will affect the current filtered value. To
find the impulse response we set:

where 3[n] is the Kronecker delta impulse. The equation below shows that the impulse response
for an FIR filter is simply the set of coefficients by, as follows:

N
h[n]=2bi6[n—i]=bn forn=0toN
i=0

FIR filters are clearly stable, since the output is a sum of a finite number of finite multiples of the
input values, so can be no greater than Y:¥_,|b,,| times the largest value appearing in the input.

Data Windows FIR Filters

Hundreds of methods are available in the academic world to design a FIR filter to meet various
criteria. The Post Analyzer software includes the most popular filter design methods: Data
Window and Remez. Both methods are discussed below.

The Data Window FIR Filter Design method is the easiest to understand. The name "Window"
comes from the fact that these filters are created by scaling a sinc (SIN(X)/X) function with a
window such as a Hanning, Flat Top, etc. to produce the desired frequency effect.
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A data window FIR filter is generated by starting with an ideal “brick-wall” shaped filter, which
is a filter with vertical edges, or zero transition band width as shown on the left. The brick-wall
filter is specified by the cutoff frequencies and has a band-pass amplitude of 1 and stop band
amplitude of 0. The problem with the ideal brick-wall filter is that the time response oscillates
forever and it requires an infinite number of filter coefficients.

This ideal filter can be modified by applying a data window to force the time response to decay in
a finite time. Of course, this degrades the shape of the ideal brick-wall filter performance. It
introduces ripple, increases the transition band width, and decreases the stop band attenuation.
However, it allows the filter to be defined by a finite number of filter coefficients.

The filter performance can be modified by using different data windowing functions and making
the tradeoff between filter order and response time. The user must choose these settings during the
filter design.

The following figures show a comparison of different data window choices for the same filter

settings. In all cases the low and high cutoff frequencies are 0.1 and 0.2 relative to the sampling
frequency. The number of filter taps is 51.
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Edit Analysis Parameters x
window Type Hanning El
Filter Type Band Pass El First Cutoff Frequency Ratio 0.10
Filter Length 67|  Second Cutoff Frequency Ratio 0.50

Hint: The cutoff frequency ratiois relative tosampling rate.

Frequency Response (dB)
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Edit Analysis Parameters x

Window Type Hamming El

Filter Type Band Pasz |z| First Cutoff Frequency Ratio 0.10

Filter Length 67 Second Cutoff Frequency Ratio 0.49

Hint: The cutaff frequency ratiois relative tosampling rate.

Frequency Response (dB)
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Edit Analysis Parameters x
Window Type Flattop E
Filter Type Band Pass |z| First Cutoff Frequency Ratio 0.10
Filter Length 67 Second Cutoff Frequency Ratio 0.40

Hint: The cutoff frequency ratiois relative to sampling rate.

Frequency Response (dB)
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Edit Analysis Parameters X
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Edit Analysis Parameters X
Window Type Kaiser-Bessel |z|
Filter Type Band Pass |Z| First Cutoff Frequency Ratio 0.10
Filter Length 67 Second Cutoff Frequency Ratio 0.40

Hint: The cutoff frequency ratiois relative to sampling rate.
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Edit &nalysis Parameters x
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Frequency Response [dE)
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As shown in the preceding figures, different window methods produce different filter
performances, i.e., different attenuation of the main lobe and side lobes. The best data window
choice depends on the user’s specific application.
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Remez Filters

The Remez Filter is a different method for designing a FIR filter. It is more computationally
intensive than the data window method. A Remez filter is generated with iterative error-reducing
algorithms designed to reduce the pass band error. In addition to allowing stop band ratio and
frequency definition, the Remez filter allows the "Ripple Ratio" to be defined as a user specified
parameter.

The figures below show an example of a filter design using the Remez method in the Post Analyzer
software. The low and high cutoff frequencies are 0.1 and 0.2 relative to the sampling frequency.
The number of filter taps is 51.

Advanced...

Filter Type Band Pass |Z| First Cutoff Frequency Ratio 0.10
Filter Length 67 Second Cutoff Frequency Ratio 0.40
Frequency Response [dB)
0
20 |
I
{ Filter Advanced x \
40 L] i r\ll ) 1| o
V V V l Transition Band Ratio1 j.02] ‘ Y { \(
60
‘ ’ ‘ Transition Band Ratio2 0.02 | ’ |
=0 Pass Band Ripple (dB} 1.00
Stop Band Attenuation (dB) 40.00
-100
ok || canca
-120
-140 fifs
0.0 0.1 0.2 0.3 0.4 0.5
| Refresh | | oK ‘ | Cancel |

The software is intelligent enough to automatically calculate the total FIR filter length based on
these criteria. For example, if the user asks for very high attenuation, very small ripple, or a very
sharp transition band, the filter length will be very high. The user must make trade-offs between
these parameters so that the appropriate filter length can be generated and used.

IR Real Time Digital Filters

Infinite impulse response (IIR) filters’ impulse responses decay very slowly but theoretically
lasts forever. This is due to the fact that the filter input includes the measured signal and also the
filter output creating a feedback path which results in the infinite impulse duration. This is in
contrast to Finite Impulse Response filters (FIR) which have fixed-duration impulse responses.

The design procedures for IIR filters are somewhat more complicated than FIR filter design
because there is no direct design method like the data window method for FIR filters. Instead, IR
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filters are typically designed by starting with an ideal analog filter in terms of the frequency
response characteristics such as the Chebyshev, Butterworth, or Bessel filter. Then the analog filter
is converted into a digital filter using a method known as the Bilinear transformation or impulse
invariance method.

An 1IR digital filter can be understood by considering the difference equation which defines how
the input signal is related to the output signal as:

yvInl = box[n] + byx[n—1] + -+ byx[n — P] —a;y[n —1] — - — azy[n — Q]
where P is the feed-forward filter order, b; are the feed-forward filter coefficients, Q is the
feedback filter order, a; are the feedback filter coefficients, x[n] is the input signal and y[n] is the

output signal.

The previous equation can also be expressed as a convolution of the filter coefficients and the input

signal: .
y[n]=z x[n —i] z

i=

which, when rearranged, becomes:

+Za]yn 7l Zb [n—i] ifweletay=1

i=

To find the transfer function of the filter, we first take the Z-transform of each side of the above
equation, where we use the time-shift property to obtain:

Q P
Y(2)(1+ ) az7/)= ) biz7'X(2)
207

We define the transfer function to be:

Y(Z) >P b 77

0= ¥~ 1152, ar

The transfer function gives the frequency response that relates the input to the output magnitude
and phase relationship.

Various analog filter types can be used as the basis for the IIR filter. The Butterworth Filter is a

filter type that results in the flattest passband and contains a moderate group delay. The following
are examples of Butterworth low-pass and band-pass filters.
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Edit Analysis Parameters x
Analog Prototype Butterworth E
Filter Type Band Pass |z| First Cutoff Frequency Ratio 0.10
Filter Length 7 |z| Second Cutoff Frequency Ratio 0.40

Hint: The cutoff frequency ratiois relative to sampling rate.
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Edit Analysis Parameters x
Analog Prototype Butterworth E
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Filter Length 21 |z|
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The Chebyshev Type I Filter results in the sharpest passband cut off and contains the largest group
delay. The most notable feature of this filter is the significant ripple in the pass-band magnitude.
A standard Chebyshev Type | Filter's pass-band attenuation is defined to be the same value as the
pass-band ripple amplitude. The following are examples of Chebyshev Type | band-pass and high-
pass filters.
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Edit Analysis Parameters
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The Elliptic Filter contains a Chebyshev Type | style equi-ripple pass band, an equi-ripple stop

band, a sharp cutoff, high group delay, and the greatest possible stop band attenuation. The
following are examples of 7th order Elliptic low-pass, band-stop filters.
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Applying Filters

PA software allows filters to be applied to any project supporting the Data Conditioning option.
Once the data conditioning option is selected when creating a new project, filter modules can be
found under Data Conditioning tab. Edit Parameters buttons are provided in the Control Panel.
Click this button to open the edit window.
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Users can also double-click the filter module in the data conditioning window to configure filter
parameters as introduced in the theoretical section. Right-click the filter module to access a

command to delete a module.

|3 ]ﬁ.— Data Source

* pata Conditioning BA Measure Signals
Y

=

REC0002_Ch3

=

REC0002_Ch4

FIR Filter-Window  firflt( Time(REC0002_Ch3))

e

|

P

FIR Filter-Remez

s -

IIRFilter iirfilter(Time(REC0002_Ch3))

remezfilter{Time(REC0002_Ch4))

Digital Filters Modules

@

® &

1IRFilter FIR Filter-window  FIR Filter-Remez

ModLis"StatisticModLia"IntegrationfDiFferenﬁd Modda"ResampleModLia”Digital Filters Modules 4 »

Applying Digital Resample
Resampling can be applied to any project supporting the Digital Resample option. Once the Data
Conditioning option is selected when creating a new project, the Digital Resample modules are
provided under the Data Conditioning tab. Editing resampling rates are located in the Control Panel.
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|-_| e DataSource B4 Measure Signals yp | Control Pane ks
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REC0002_Ch3 Resampling ‘ Stop ‘ Save Sigs
4Test Runtime Status
resamp(Time(REC0002_Ch3)) — n
=
. TimeElapsed
REC0002_Ch4 Resampling 2 00:00:00
= #oarameters of Resampling_1
resamp(Time(REC0002_Ch4)) Resampling Rat= 1280
#parameters of Resampling_2
|;| Resampling Rate 1280
| | 3
——rrrrrm —
Rezample Modules %
Parameters| Cursor
S D
DecimFilter Resampling Signal Allocated...
Modules ||Statistic Modules || Integration/Differential Modules |Resample Modules | Digital Filters Modules| 4 #

The digital resample can be set up during Project Configuration instead of adding the digital
resample module at the Data Conditioning phase (see previous chapters for more details).

Data Conditioning Modules

Math

Math Modules, Statistic Modules, and Integration/Differential Modules are located in the Data
Conditioning tab. Like Digital filters and Resampling, these modules can be applied to the source
files selected in the New Test Wizard.

The Math Modules consist of arithmetic operations among several more complex operations. The
arithmetic operations include add/subtract, multiple/divide, square/square-root, power/log,
absolute value, and offset scale.

MathModules

= a5 a4 IEX = T i i @ @ @
n n N n n N n n n n =

& :S o jﬂ A & :S \ Cb :5 C% :S Cﬁ jﬂ \ \ ( O o

Adi Subtract Multiply Divide Abs Square Sgrt Power Log OffsetScale Trigonometric ThreeRectangular SoundAnalysis

The more advanced functions include:

1. Trignometric Operations: Recording channels are used as arguments for
trigonometric functions. The function to be applied is edited in the Control Panel.
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Tan ] E

ArcSin h

ArcCos
ArcTan
Sinh
Cosh
Tanh
ArcSinh
ArcCosh
ArcTanh

2. ThreeRectangular: This function takes 3 channels as inputs and outputs 6 channels.

[

-
Principal_Strain1_1

Principal_Strain2_1
—

ThreeRectangular =

Principal_Stress1_1

—_——

Principal_Stressz_1

[t

Angle_1

Shear_Stress_1
The functions parameters are Young’s Factor and a Poisson Ratio.

#arametersofThreeRectangularl

Young's Factor 1.00

Poisson Ratio 0.00

3. Sound Analysis:
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& “parameters of SoundAnalysis 1

Average Mode Exponential
Pmean(ch7.che)_1 Average Mumber 32
Window Hanning |Z|
hﬁ_: Start average frame 1
I(ch7,ch8)_1 Prabe spacing(m) 1.00

Soundanalysis
ey
Uich7,ch8)_1

4

Statistic
All statistic modules use one recording channel as an input and produce one corresponding output
channel.

Statistic Modules.

PO 9SSSO

Max Min Mean StDev  Histogram Stafistics

| Matn Modules | statistic Modules IntegratioryDifferential Modues |Resample Modues | Digital Filter Modues|

These modules can be applied to determine the mean, minimum value, maximum value, and
standard deviation. Each operation uses the same parameters: Overlap Ratio, Average Number,
and Average Time.
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Average Number 32

Average time 32.00
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Overlap ratio Mo Cverlap E

Average Number 32

Ayerage time 32.00
‘Pa.ra.meta'sofstd%l 1

Overlap ratio A% Overlap E

Average Number 32 |=

Average time 32.00
|‘Parametersofmin[ch3)_1

Overlap ratio Mo Cverlap E

Average Number 32

Ayerage time 32.00

The PeakPeak, Peak, and RMS functions are block-based operations. Similar to the four statistic
modules described earlier, these functions use Overlap ratio, Average number, and average time

as parameters.

iy

peakichg)_1

iy

@ &

FPeakPeak

peakpeakichg)_1

&=

z%i

rrms(cha)_1

Harameters of 1 |

Owerlap ratio Mo Cverlap E
Average Mumber 32
Average time 32.00
?ﬂmeﬁsofgﬁw i
Cwverlap ratio Mo Overlap E
Average Number 32
Average time 32.00
“Parameters ofrm i |
Owerlap ratio Mo Cverlap E
Average Mumber 32
Average time 32.00

The histogram function, as its name suggests, produces a histogram based on all its input values.
It uses three parameters to produce the plot: Minimum Value, Maximum Value, and Number of

Bins.
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Integration/Differential

There are several integration and differentiation modules with subtle differences among them.
However, the operation of all these modules occurs in the time-domain. Frequency-based
integration/ differentiation is available through the input channel settings and in the AVD function.

Integration/Differential Modues ¥ ‘

i | xdi | i) ) gy gdgdi] g D] fddy xde |
s o eg® 0 D el & plo pl O
— = — = — = _— — —

Integration Integlow Dblinteg Dblinteglow  Diff DbIDiff  Acc2Vel Acc2Displ Vel2Displ

The Integration functions are:

=

Integration: This module simply integrates the incoming time stream.

2. Integlow: This module first filters out the low frequency components of the incoming time

stream and then integrates that data. The cutoff frequency is defined in the function

parameters.

DblInteglow: Similar to Integlow with the exception that the filtered data is integrated twice.

4. Acc2Vel: This module requires an acceleration time stream as an input. It performs a
frequency-based integration on the input and outputs a timestream of velocity.

5. Vel2Displ: This module requires a velocity time stream as an input. It performs a frequency-

based integration on the input and outputs a timestream of displacement.

w

The Differentiation functions are:

1. Diff: This module simply differentiates the incoming time stream.
2. DbIDiff: This module differentiates the incoming time stream twice.
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Vibration Intensity

Post Analyzer is capable of processing signals related to Vibration Intensity testing. This feature
is based on five different standards:

Whole Body Vibration — ISO 2631 — 1:1997
Hand-Arm Vibration — 1SO 5349 - 1:2001
Building Vibration — 1ISO 2631 — 2:2003
Building Vibration — BS 6472 — 1:2008
Ship Cabin Vibration — ISO 6954:2001

MNew Project Wizard x

*
f% Please check the signal types to be computed

Other Analysis Options

@ Whole Body Vibration (1S02631-1:1997 Vibration Intensity Param
Hand-Arm Vibration (150 5349-1:2001 X: |REC1169_ch3 *| ¥: |REC1169_ch -
Building Vibration (ISO 2631-2:2003) Z:  |REC1169_ch v
Building Vibration (BS 6472-1:2008 Application| Health v | | posture_Poirk | Seat_Surface |+

< Back Finish Cancel

Each of these standards require at least three time-waveform recordings. In the New Project
Wizard, a time-waveform recording is assigned to each axis of measurement specified in the
Vibration Intensity Param. Moreover, each axis requires a unique recording, one recording cannot
be assigned to multiple axes.

The relevant signals generated by Post Analyzer will be Weighted RMS Acceleration, Fourth
Power Vibration Dose, Running RMS, Maximum Transient Vibration, and the Crest Factor. These
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signals are generated in all the standards in the preceding list. However, the weighting filter applied
to the time-waveforms varies by standard.

Basics
The weighted RMS of these data sets is required for evaluation and is calculated by Post Analyzer
according to the following equation:

1
1 (7 2
a,, = [f,’; aﬁ,(t)dtl

Where a,, (t) is the weighted acceleration as a function of time, and T is the duration of the
measurement periods.

The fourth power vibration dose value is calculated similarly to the weighted RMS, but uses the
fourth power instead of the second, making it more sensitive to peaks in the acceleration data sets.
Post Analyzer uses the following equation for this calculation:

T 1/4
VDV = {f a;‘v(t)dt}
0

The Running RMS value is important in cases where transient vibration and shocks are present.
These cases can be accounted for by using a small integration time constant. Post Analyzer uses
the following equation for this calculation:

1 (to 1/2
aw(to) = {_f aav(t)dt}
T to—T
Where T is the integration time constant for running averaging, and t,, is the observation time.

When the Running RMS values are known, the Maximum Transient Vibration value is simply
computed with the following equation:

MTVV = max{a,,(t,)}
The Crest Factor is defined as the absolute value of the ratio between the maximum instantaneous
peak and the RMS for an acceleration signal. Post Analyzer performs this calculation for each
frame of processed data.
Post Analyzer is preconfigured to calculate the RMS, Fourth Power Vibration Dose, Running RMS,
Maximum Transient Vibration Value, and Crest Factor for all Vibration Intensity tests. These

signals are computed for each axis of acquired acceleration data, and are located in the Measured
Signals tab.

Whole Body Vibration
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The 1SO 2631-1 (1997) is a common standard referred to in Whole Body Vibration (WBV). It
defines the procedure for measuring and interpreting WBYV in terms of human health and comfort,
the probability of vibration perception, and the incidence of motion sickness. Specifically, this
standard applies to vibrations introduced to the human body through supporting surfaces.

A W, filter is applied to x-axis data and y-axis data, and a W, filter is applied to the z-axis data.
The difference in weightings is due to the difference in human perception of vibration in the
horizontal and vertical directions.

Hand-Arm Vibration

The 1SO 5431-1 (2001) standard defines the procedure for measuring vibration intensity in human
hands and arms. Vibration may be transmitted to hands and arms through the use of vibrating tools,
vibrating machinery, etc. This standard is used to help establish safety guidelines for workers who
may be subjected to hand-transmitted vibration. Additionally, this standard may aid in the
advancement of hand-operated tools in an effort to reduce the hazards associated with vibration-
related health effects.

The vibration frequencies that concern hand-arm vibration range from 8 Hz to 1000 Hz. Vibrations
are measured in the x-axis, y-axis, and z-axis. A W), filter is applied to the measurements acquired
in each axis.

Building Vibration (ISO 2631-2 (2003))

Similar to the ISO 2631-1 (1997) standard, the ISO 2631-2 (2003) standard concerns human
exposure to whole-body vibration. However, the posture of the subject is not defined in this
standard. Like the two standards described earlier, vibration is measure in the x-axis, y-axis and z-
axis, but unlike the 1SO2631-1 (1997) standard, these axes are in reference to the structure instead
of the human body.

The frequencies of concern range from 1 Hz to 80 Hz, and a W, filter is used to weight the
measurements in each axis of direction.

Building Vibration (BS 6472-1 (2008))

This standard provides guidance for predicting the human response to vibration in buildings within
the frequency range 0.5 Hz to 80 Hz. The vibration is measured in three axes defined by the vertical
direction, the lateral direction, and the fore and aft direction. The weighting curve applied to the
horizontal direction is defined by the Wy filter, and the weighting curve applied to the vertical
direction is defined by the W, filter.

Ship Cabin Vibration (ISO 6954 (2001))

This standard provides a procedure for measuring and evaluating vibration with regards to
habitability on passenger and merchant ships. The habitability is evaluated in the frequency range
1 Hz to 80 Hz, with a minimum spectral resolution of 0.2 Hz. The instrumentation calculates the
weighted RMS value according to ISO 6954 in terms of vibration velocity. The velocity
measurements should be given in mm/s. A velocity spectrum, created by an FFT of the measured
time series, should be made available and storable.
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Overview

After creating or opening a project, the main Post Analyzer window is displayed. There is a toolbar
across the top, and three main sections in the middle. On the left, there are the Recent Projects,
Live Signals, and Saved Files views; in the middle are one or more Signal Display views; and on
the right is the Control Panel.

— RECTI69_ch1

4 R status

4 Testoperation:
Exaluation Repodt

T e 0% w000 800000
s =
Sampiing Rate No Re-Sameirg

Recent Projects

The Recent Projects list displays the currently active project and projects previously opened in
the application. The current project provides a shortcut toolbar which contains the Measured
Signals setup, Data Conditioning setup (if data conditioning is checked when creating the project),
Data Sources setup, and Project Configuration window. It also displays the data file associated
with the project.

Live Signals, Run Folder, and Source Files

Below the Recent Projects list is the Live Signals, Run Folder, and Source Files list. Live
Signals includes the signals in the Data Source file or files, as well as new signals created as part
of the analysis. Live signals are not saved to the host computer hard disk but are available for
display in the Signal Display view tab. Anything saved to disk is displayed in the Saved Files list,
which is associated with a directory in the file system. Run Folders contain data for each run,
which is saved in a defined file format accessed from the Data Files tab.

Signal Display
The middle of the main window contains the Signal Display view tabs, where live and saved data
is displayed. More than one of these tabs can be created, but there always is at least one. Each of
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these views can contain one or more Display Windows, with a fully customizable layout. These
display windows can move freely, resize, and display any valid combination of live or saved
signals. New view windows are created by selecting an option in the View menu.

Project Configuration

The Project Configuration window has settings related to saving data, analysis speed, and other
options related to resampling data.

Save Options

After running the analysis, computed signals are listed under the Live Signals tab. However, this
data is only stored in a display buffer and must be explicitly saved to the disk to create new data
files. There are multiple ways to do this. One option is to manually click the Save button on the
control panel, which saves data according to the Save settings under the Measured Signals setup.
Users can also enable an option (listed in the section below) to automatically save data while the
analysis is running.

Save options | Save optiors I

save optiors Save 1 block oninterva 3.005 s
Analysis speed

Other optiors

Continuously save each block of processed data (the save signals button is disabled when saving]

{ Time Stamp |
@ Processed time

Acquired time

| Save location I

® Run folder
Source file folder
Subdirectory insource file folder

Custom location

oK Cancel

There are many options to save block data, and one option to save stream data. Most data computed
in Post Analyzer is block data, such as APS and SRS spectra. Some data, such as the output of
digital filters or other data conditioning blocks, are continuous time streams. Only one type of data
can be saved at a time — block or time stream.
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Save 1 Block on Interval saves one block of data for every computed signal with the save option
selected in the Measured Signals setup per the selected interval.

Save 1 Block when Average Number Reached saves one block of data every time the number
of processed blocks reaches the average number set under the Analysis Parameters.

Save 1 Block when Triggered saves one block of data when a trigger occurs. Set up the trigger
by clicking the Setup Trigger button in Analysis Parameters.

Save 1 Block at the End of Each Section saves one block at the end of an analysis section.
Continuously Save Each Block of Processed Data saves every block of computed data.

Continuously Save Time Streams saves all time stream data. Selecting this option disables all
options related to block data saving.

The Time Stamp section is used to set the time axis on time-based signals. The axis can either
display the time relative to the start of the test or to the actual date and time the data was acquired.

The Save Location section allows users to select the file system location used to create new data

files from the following options: current run folder, same folder as data source file folder,
subdirectory in source file folder, or a custom location.

Analysis Speed

Project Configurations for - VibTensity7 x

Analysis speed Analysis speed
Save optiors ® MNormal speed
Analysis speed i X
Fastestwith complete signal display
Other aptiore

Fastest with |ittle display

oK Cancel
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Analysis Speed adjusts the length of processing time used for the signal display during post-
processing. Increased display details result in less available processing resources for post
processing data analysis. Normal Speed is the default setting that balances data processing and
the signal display. Fastest with Complete Signal Display prioritizes the display, and Fastest with
Little Display prioritizes data processing.

Other Options
Project Configurations for - VibTensity7 x
Other options | Digital Re-sampling optiors }
save optiors Sampling frequency (Hz} |No Re-Sampling |Z|

Analysisspeed

Other optiors

oK Cancel

Digital Resampling allows users to resample all source signals according to the selected sampling
rate to meet the requirement of other interface. Sampling rate stages are available for selection
from the dropdown menu.

Data Source

The Data Source tab shows the source data from the file or files associated with the current project.
Set the time range for analysis by dragging the edges of the yellow box. Enter the start and stop
time or point manually into the text fields below.
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g T i — ch2
20 |-
10 |-
0
10
20
20 , Date Time
0a:00:00 00:00:50.001 000140 00:02:30 00:03:20 00:04:10.001 00:05:22.560
Data Sources ¥
signa Sampling rate | Sensitivity Blocksize Duration X units ¥ units -
4§ ReC1 160t
P b tacho 800kHZ NaN 2580480 32236 5) s v
FE b am 800 kHz 99.99643mV/lg) 2580480 s ]
+[@ by cnz2 800 kHZ 99.99643mV/lq) 2580480 s 9
by s 800 kHz 99.99643mV/(g) 2580480 s g
0 e e 800 kHz 2580480 s g
b cns 800 kHz 2580480 s g
8, e 800 kHz 2580480 s g
8 by a7 800 kHz 7ig) 2580480 s g
2 b g 800 kHz 99.99643mV/lg) 2580480 s 9
HE g 800 kHz 99.99643mV/lg) 2530480 32236 5) s g b
Starttime: 077 15 Start point: 6193
End time: 32256/ (5) End point: 2580479

Measured Signals
Every signal available for computing is listed under the Setup->Measured Signals tab.

Measured Signals Setup ? *
Vibration Intensity | All Signals
Jf| Measure all b4 Saveall M| Cacheall
Display name Measure Save Cache Signal colar

ST g z Z I

RunningRMS_X(ch1) A 7 7 ]

MTW_X(ch1) z z s I

VDV_X(ch1) - - - I

CrestFactor_X(ch1) %) %) "] _

aw_Y(ch?) 7 7 7 I

RunningRMS5_Y(ch2) %) %) "] _

MTVV_Y(ch2) - - - I

VDV._Y(ch2) - - - I

CrestFactor_Y(ch2) %) %) "] _

aw_Z(ch3) - - - I

RunningRMS_Z(ch3) %) %) "] _

MTVV_Z(ch3) - - - I

VDV _Z(ch3) ’ ’ ’ I

CrestFactor_Z(ch3) %) %) "] _

o | o
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The Control Panel is used to control post processing operations. It also displays the analysis status

information.

The following control buttons are provided from the Control Panel:

e Run starts the analysis

Hold/Continue pauses and resumes the analysis

Stop stops the analysis

Next Frame processes one frame, and then stops

Save saves block signals

Config opens the Project Configuration window

Run Status panel shows the following status information

Processed Points # is the number of processed samples

Processed Frame # is the number of processed frames

Time Elapsed is the total time duration of the input signals processed

Contral Panel »

-
i
e

4 Run status

Processed points -
Processed frames -
Time elapsed 00:00:00.000

4 Data source section

Start timels) 000

End time(s) 32256

Start poirt 0

End paint 2580479
4 Test operations

Evaluation Report

Parameters

Signal Allocated ...
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Fatigue Damage Spectrum

Fatigue Damage Spectrum (FDS) creates accelerated life cycle testing profiles for vibration tests.
The FDS function reduces testing time by calculating the quickest path to destruction or damage.
Testing time is accelerated by concentrating the random or swept sine energy, depending on the
FDS calculation, to where it will induce the most fatigue damage. The FDS function can determine
the amount of damage on a tested object. Combine information gleaned from the FDS function
with other parameters to further reduce testing time.

The overall fatigue damage spectrum workflow is as follows. First, vibration data must be
measured to obtain a time history. The obtained time history becomes an input to a system of
SDOF (Single-Degree-Of-Freedom) resonators. Each resonator has a particular natural frequency.
The different responses for each resonator are relative acceleration values. These values become
the inputs into a cycle count process (called Rainflow Counting). The relative accelerations are
used to calculate the stress that the system undergoes. Once this stress response is known, SN-
Curve information is used to determine the stress-cycle relationship for the system. The Rainflow
Counting algorithm then calculates the number of stress-loading cycles. This assortment of cycles
then factors into the damage calculation, adjusted by the Fatigue Damage parameters. The result
is the FDS.

Nt

FDS Process

Additional information regarding different components of the FDS calculation process are
provided in the following sections.
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Damage
The damage caused by vibration can come from one of the following conditions:

e Damage caused by an extreme instantaneous stress on an object.
e Damage caused by fatigue when a high amount of stress is applied to the object.

FDS represents a spectrum of the fatigue damage on an object. The FDS function uses the S-N
curve to construct the spectrum. The S-N curve represents the stress applied to a material (S) versus
the number of cycles of applied stress. The S-N curve of aluminum is illustrated in the following
figure:

Stoss(MPa

Lfe (cycles)

S-N Curve of Aluminum

Rainflow Counting

Rainflow Counting is a method used to determine the number of fatigue cycles present in a load-
time history. A fatigue cycle is the loading and unloading of a DUT. It will weaken and eventually
fail with enough repeated cycles. Users can calculate the fatigue damage for a part subjected to a
cyclical load of constant amplitude using the SN-Curve of the material and Miner's Rule. However,
the number of cycles and their respective amplitudes are not easily determined in a real-world
load-time history.

A load-time history typically consists of force versus time, or strain versus time. Rainflow
counting is then used to extract the number of cycles, their respective range, and mean.

The Rainflow Counting method extracts fatigue cycles from any load-time history. The result is a
Rainflow matrix and residue. The following information is preserved from the time history:

e Number of cycles
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e Range of cycles
e Mean of cycles

Analytical Formulation of the Fatigue Damage Spectrum

Move on to the FDS analytical model after the number of fatigue cycles are extracted from the S-
N curve. Start with an understanding of how the system under investigation responds to a shock to
accomplish this task.

The Shock Response Spectrum (SRS) is a Frequency Response Function (FRF) that describes the
frequency response of a system to a shock or a transient event. Its analog in the time domain is the
Extreme Response Spectrum (ERS), but the ERS predicts a system response due to a lengthier
loading duration. The equation for the ERS of an acceleration response for a system is:

ERSpecet(fy) = [G,(f) - In(Tfy) - Qnfyl2

Where:

fn — natural frequency of an SDOF system
T — excitation duration
Q — dynamic amplification factor
G,(f,) — acceleration input PSD value at f;,

The FDS builds on assumptions of the SRS and ERS. The FDS is an FRF that describes cyclic
fatigue damage of a system. The equation for the FDS is:

TS, Q6,0 f

b
FDS(f")zr(_H) ¢ |2rf)?

2

Where:

[ee]

I' > Gamma function, I'(g) = J x971- e *dx
0

C
b, C — fatigue parameters related by N = b

S — Cyclic Stress Amplitude
N — # of cycles to failure at S
k — system spring stiffness using the SDOF model

The FDS can also be calculated using a time-dependent input. Similar to the SRS, the FDS for a
range of frequencies can add together to obtain the lifetime fatigue damage of a system. The
obtained FDS can be inverted into a test PSD. This PSD can be used for accelerated vibration
testing, with the potential to impart a whole lifecycle of damage to a system with a single test.

Page 134 of 190



A CRYSTAL

INSTRUMENTS
Post Analyzer Manual

Create a Fatigue Damage Spectrum Project
Open the New Project Wizard to start a new project and select Fatigue Damage Spectrum as
the project type. Click Next to continue.

New Project Wizard X

Select a project type for analysis

I ProjecttypeI
FFT Spectral Analysis FD'S builds a Random PSD target profile ofequivalent fatigue damage to animporied

time recording. Test duration and RMS level are scaled by an adjustable fatigue
exponent factor (SN curve slope).

Octave and Acoustic Analysis

Order Tracking

[Fatighe Damage : T TargetFDS
. F CurrentFDS.
Orbit Plot w® [ A A ]
Sine Reduction Ea h ﬂ ]Il‘y
1w’ Ulf
Basic Signal Conditioning 1w
wi b
Sound Power Measurement w2 |
from Sound Pressure .
o
Vibration Intensity o
o
@ Fatigue Damage Spectum w?
w® J
\ | Fregquncy]
1w 10 10° 10 10!

In the following window, enter a name for the project and optionally add a description or set up
the test based on a template.

MNew Project Wizard X

Ty
@ Enter project information and select data source file

| Project information |
Project name FatigueDamage12

Project description Create project by using a template

I Templates I

Select Project name Description

Overview
Importing Signals
Users can select and add one or more signals to the FDS analysis on the start page of a new test.
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UUIUULSY UutuuIsu LFLT TR i e LFLTRT R pFet] UUIUI s LV Ja el i b 1 | | RV Rl
Add PSD || Add Rec+Sire || Edit PSD || Remowve |Time format: (s) j Time Stream Target life type: Passes |;
:Type | File name Target life Start Time End time Recording duration = RMS
white noise sample 2... 1 0.00s 120.00s 120.00s 0.102g
Add Recording — add any time-based recording signal from .atfx, .csv, .txt or other universal file
formats.
Signal Recall ? X
Signalfilter: Equidistant Autopower Spectrum
{ Recent saved signals I
A (: Ml white noise sample 2 mins.atic 3/21/2022 1:44:23 AM
& e Profile
4[] 44t FDS Sample 1.ath 2/12/2021 30425 PM
i o ent
4[] 44t FDS SOR SAMPLE.ath 5/16/2022 254:53 PM
H[0 Jn TACHO Chit
i J TACHO CHI 1
[EemcveAII| I Erowsefrom the disk ... | |_QK_| |—gvm—|

Rainflow Counting — after a time-based signal is added, right-click the signal to generate a
Rainflow Matrix according to the Downing-Socie 82 algorithm.

Add recording || Add PSD | [Add Rec+Sine| [ EditPsD || Remove | Time format: () [+] Time stream targetlife type: Time -]

Select | FDS source type | File name Targetlfe Starttime End time Recording duration | RMS Sampling ra...
@ e (User)PSDI1 30000 98l3ms

@ Timestream FDS Sample 1_ch1 3440 0,005 3440 o 2048kH:z

Rain Flow Matrix[Downing Soc e 82]

\ Rain Flow Matrix ch1{0-34.40000051265] Acceleration[m/s"2]

.
6007 4007 2007 007 1993 3993 5993 e
L L L L 1 1 * <
007 <1302
=£258
<2619
157880
<-6886.09
Threshold 0.00F Point Type: |Circle [o]  Numberof decimalss 2]
Number of bins: 4]
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The Rainflow Matrix settings are:

e Threshold: determines the difference between a peak or a valley for the Rainflow counting
algorithm. This is an absolute value number for the desired Engineering Unit.

e Point Type: setting can be used to change the shape of the points to either circles or squares.

e Number of decimals: adjusts the amount of decimal places for all numbers.

e Number of bins: increase or decrease the amount of fixed amplitude ranges used to map
the data.

Add PSD - add a PSD signal through the breakpoint table. Import a CSV or a PSD with any
universal file format.

| | [
Add P50
B
I | i
PSD Mame: | P3D1 1 _-_{._._ — _._Il
Target Life: 30‘3-‘}‘35 s RMS: - _}_ _ll
|
OutputResolutionr | 500F5] Hz  Slopeunit: agoct [+ I i
af -
Freq Type |Log - llnsert row‘ lDeIete row‘ l.Append rowl = | I
Frequency(Hz) Acceleration (g*/Hz) :I;%ed [Cleartablellmport]
120 0.000273233 Tz o
I
: oooere [
3 |350 0.00108776 _ Sampling R...
K 128Kz
(0 ooy [
20.48 kHz
5.12 kHz

Add Rec + Sine — add a signal with a tachometer signal to extract sine tones from the recording
and individually analyze random and sine components for Fatigue Damage analysis.
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Select Tacho source and 5ine X

4.5 FDS SOR SAMPLE.atfi

Ig TACHO Chi, Block size = 662528 Add source file
“Jn TACHO Chi_1, Block size = 662528
Remove source file

Select tacho source
FD'S SOR SAMPLE_TACH |Z|
Select sine + random source

FD'5 SOR SAMPLE_TACH |Z|

[ ok |[ Cancel |

Specify the tachometer parameters and PA will extract the top 15 orders.

Extract PSD from Sine On Random Recording

Order Tracking

’ o e P Bis mE— “ W
15 6000

0.4
5500 Wwf STDP
/ \ 03 -
5000 ~
/ \ End time(s) 12940,
4500 02 Start poirt o
000 \\ End point 662519
o1
Order Parameters
3800
Delta Ord 05
s - it Order 5]
-1.5 2000
Max Order 19
20 Dste Time| 2500 Djte Time| o1 Tacho ®PM)| |
00:00:00 00:00:40 00:01:20 00:02:09.338 5/16/2022 2:54:58 PM 6/16/2022 2:56:55 PM 1330 3000 4000 5000 5350 |} =il 60|
peeTT = 4| Hign rem 79%9]
Order Peak Ampl{g)
7 0.389665973952841 Low RPM 10
3 0.361947633512216
4 0341456349690362 Tachameter
1 0.339822829950714 Pulse Edge Type Rising B
E] 0.257254730021541
155 0.255400851806542 Pulse Edge Value 025
65 0.237447420649427
2 0.215601231981087 Pulse Per Revolution 1
25 0.166766327582595
75 0.110754856700363 Pulse Detect Resolution 001
35 0,0992565986492915 .
& 0.0903414124631072
Parameters
85 0.0892850564400846
5 0.0880355840145098
16 0.0850353891236246

<o [ omets | cancel

Users can then select orders to filter out of the broadband as independent Sine tones.
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Extract PSD from Sine On Random Recording

@" Remove Orders

x

0.004

—— PA_Virthal_Block

0.002 n

i

0.002

5 o008

0.001

\
Y,

0.000

v

0.0003

0.0006 |- -

TogMagg® /Hz

—— Aftbr Liner Average
After Remove Order
CurentPSD

/

.

[

//
1‘->

|
SRRV | =
/
!

Lot
-

- l\
0.002

0.0002

S

0.003 \

0.0001

Lo

|
|
l
PAVAS
|
|
|

N\
[ VARRA\

\ v
0008
2005 Time 5} -0.0001 Frequengy tHa | |
129373 129.380 129.385 129.380 129.338 40 100 200 400 1000 2520 |}
Remove Orders

| Stop
Run Status
Processed poirts
Processed frames
Time elapsed
Filter Bandwidth
Filter type. Praportional it [ -]
Bandwidth (%) 25 E
FFT Farameters
Block size / line 1024 [-]
Overlap ratio 50% Overlap
Window Hanning E
Parameters
<Back | Finsn | Cancel

PA will then create 2 signals one with the filtered broadband signal and the other with the damage
from the sine tones.

| Add Recording || Add PsD || AddRecssine || EditpsD || Remowe | Time format: (5)

|Z| Time Stream Target life type: Passes

E

Select | FDS Source Type

7] TimeStream
r] TimeStream
w] TimeStream
7] PSD

| SineDamage

File name

white noise sample 2..,
FDS Sample 1_ch1

FDS SOR SAMPLE_TAC...
FDS SOR SAMPLE_TAC...
FDS SOR SAMPLE_TAC...

Control Panel
The Control Panel is located to the right of the main work display which contains parameters for
FDS analysis and controls the analysis process flow.

Target life Start Time:

1E] o000s
1] o0o00s
1] o0o00s

12940 ---

12940 0.00s

End time

120.00s
34.40s
120.40s

129405

Recording duration

120.00s
34.40s
120.40s

129.40s

RMS Sampling R...
0.102g 1.28 kHz
1.079g 2048 kHz
0.4386 g 5.12 kHz
0.4072g 5.12 kHz
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|Cantral Panel 2|
=

FDS Parameters
O value 10,0000
Damping ratio L0500
Fatigue exponent (b) 5.00
Min Freq (Hz) 5.00
Max Freq (Hz) 2000.00
Block size/Line 1024 E
Window Hanning E
Total lifetime duration 000:35:54.998
Profile RMS 0.37g
Mf(Hz) 5.00
Test duration OO 05+ 00

ProfileSettings | | ShakerLimits

Q Value — Q factor determines the sharpness of the filter used and is inversely correlated to the
damping factor of the system. These measurements are typically obtained at the primary resonance
of the DUT.

Damping Ratio — usually refers to the damping ratio of the primary resonance of a DUT. Users
will only need to the set Q or damping ratio, since these are interlinked quantities.

Q =1/ (2*damping ratio)

Fatigue Exponent - calculated from the slope of the high cycle SN curve in log-log format. The
mathematical definition for the fatigue exponent is %, where b is:

Where S; is the stress amplitude, low cycle fatigue becomes high cycle fatigue, Sg is the stress
amplitude, high cycle fatigue becomes the endurance limit, N;, is the number of cycles that it takes
to reach high cycle fatigue, and Ny is the number of cycles required to reach the endurance limit.
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The convention for the fatigue exponent varies from source to source. Careful attention must be
given to ensure that the value used for the fatigue exponent is derived using the provided
conventions (in preceding paragraph). If not, the proper recalculations must be made.

Min — Max Frequency — determines the max limits of the PSD generated after FDS analysis is
performed.

Block Size/Lines — defines the size of the time blocks as a number of samples and the number of
spectral lines used in the Fourier Transform frequency domain of a signal.

Window — allows users to select a window to apply during FFT operation. Windowing functions
can help reduce leakage and increase the precision of a frequency measurement.

Delta f — allows users to define the frequency resolution of a time accelerated profile that can be
exported.

Test Duration — allows users to select the test duration used to accelerate the PSD to run within a
specified time while matching the overall damage imparted to the DUT over an expected lifetime
operation.

Shaker Limits — displays shaker limits overlaid with the time accelerated PSD profile.

(PSD} ®
[87/Hz i [_J—PsD —— Shakerlimit_acc
10 I ;
0.1 -
0.01
0.001
1.00E-04 - //—/\\ ﬂ-‘ ;
1.00E-05 i lll i I
1.00E-06 i “:\-L
| {rreauencyin
50 10 100 1000 2000

puu:uu:uu g UUZUUgU LTVRTITREIT] LR TR RIT] LTVRTR BT ULIUIAU UUIUIDR Y | | EXT) w

Add Recording Add PSD | | Add Rec+Sire Edit PSD Remowe | Time format: (5] = | Time Stream Target life type: Passes -
Select | FDS Source Type | File name Target life Start Time End time Recording duration RMS Sampling R...
7 TimeStream white noise sample 2... 1 0.00s 120.00s 120.00s 0.102g 1.28 kHz

Add Recording — users can select already loaded signals (Time or PSD) to recall or browse to
load signals from the computer.
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Signal Recall ? X

Signal filter: Equidistant, Autopower Spectrum
1 Recent saved signalsJ

4 0]t SIGOOD2 (1)athc 8/13/2021 2:42:34 PM -

[0 A, APS(CHT)

[ J, APSCH2)

[ A, APS(CH3)

[ 4w, APS(Cha)

[0 Jow, APS(CHS)

[0 Jw, APS(CHE)

0 Jaw, APS(CHT)

[0 Jw, APSIChE)

(0] 41 FRF test white noise.ath 5/18/2022 23021 PM
E‘@ I“_f‘. Profile

4|0 M FDS SOR SAMPLE atf 5/16/2022 2:54:53 PM
$[E] |y TACHO Chi 3

l&emcweml] [ Browse from the disk ... ] [_] [—]

Post Analyzer Manual

Add PSD — users can import a PSD by manually entering a breakpoint table or importing it from

a .csv file.

Add PSD n

PSD Mame: |PSD1 |

Target Life: 3GD-OGE| 5 RIMS: - Calculate RMS
Output Resolution Hz  Slopeunit dsoct ||

Freq Type Log - [Insert row] lDelete rowl [App-end row]

|'| Frequency(Hz) Acceleration (g%/Hz) 3';,%;

» 1(20 0000273233

2 |8D 0.00108776

0
s coovors
3

4 | 2000 0.000191497

e || cancer |
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Add Rec +Sine — allows the user to add a time waveform with dominant sine tones and a
tachometer signal. Provides option to filter out and extract sine tones.

Select Tacho source and Sine x

488 FDS SOR SAMPLE atf
-l TACHO Ch1, Block size = 662528 Add sourcefile

Jrn TACHO Chi_1, Block size = 662528
Remove source file

Select tacho source
|FDS SOR SAMPLE_TACH E
Selectsing + random source

FD'5 SOR SAMPLE_TACH |z|

[ o [ o |

Edit PSD - select any existing PSD from the list and edit the profile of the signal.

Edit PSD ﬂ

PSD Mame: FD5 50R SAMPLE_TACHO Ch1_1PsD

Target Life: 17-9-405 5 RMS: --- | Calculate RMS |

OutputResolution | 4000F%] Hz  Slopeunit: ggoct  [=]

Freq Type Log - [Insert row} [Delete row} [.Append row}

Slope

Frequency(Hz) Acceleration [g*/Hz) dB/Oct

b 10 3.07721E-06

I |

2 40 3.47331E-05
0.893341

-5.58466

IN
é
=1
o

0.334084
5 [160 2.07337E-05

7.66517
& | 200 3.65965E-05

0.980442
7 240 3.88355E-05

-5.04509
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FDS Workflow

FDS of Random Broadband Profile
The process to perform FDS analysis of a raw time recording is as follows:

1. Import the recording into the FDS Analysis workspace:

Signel Recall
x |[PSD - | Export
Signalfilter:  Equidistant Autopower Spectrum E =
—[Recentsavedsignab] FDS Sample 1_ch1
4[] 800 FDS Sample 1.athc2/12/2021 3:04:25 B E (m/s%)? /Hz
@ e em 01
0.01
0001
1.00E-05 |
] Date Time , .
'00:10 00:00:15  00:00:20  00:00:25 00:00:34.400 50 10 100
— -
Remove Al | rowse fom theisk... | [0 Gl fsive || eaiteso || Remeie | Time format: (HHMMSS#) <] Time Stream Target life types Time -]
 Select | FDS Source Type Target life | start Time End time Recording duration | RMS Sampling ..
@ TimeStream FDS Sample 1_ch 305 007 34 000:00:00000 000:00:34.400 000:00:34.400 1059m/s®  20.48kHz
i

a. Multiple recordings can be imported. The RMS levels and sampling rates
of the imported recordings do not have to be identical.

2. Configure the Time Stream Target life of all imported time streams in terms of
either time or passes:

Time Stream Target life type: Time -
Passes b
Start Time End time Time 4

a. The target life type can be configured in terms of time if the duration of the
time waveform vibration needs to be adjusted.

b. The target life type can be configured in terms of passes if the time
waveform vibration is more cyclic or path dependent.

3. Set the target life of the time waveform recording in the FDS workspace:
a. This is based on what is selected in Step 2.
b. Time stream target life in seconds:
 addRecordig | [ Add PSD || addRecssire [ EaitpsD || Remow | Time format: m'ﬁme Stream Target fe type: [ime 2]

Select | FDS Source Type | File name Target life

=] start Time End time Recording duration | RMS Sampling R...
4 TimeStream FDS Sample 1_ch1 108034.0 (9|§0.00s

34.40s 34.40s 1059 m/s* 2048 kHz

c. Time stream target life in Hours:Minutes:Seconds:
Add Recording || Ada PsD || AdaRecesire || editpsD || Remowe ‘Time{m-msg:ltHH:MM:SS:Hﬂ E'T;mes"EamTama\Hetvpe:lTime E|I

Select | FDS Source Type | File name | Target life

~ Start Time End time Recerding duration | RMS Sampling R..
= TimeStream FDS Sample 1_ch1 30: 00: 34 000:00:00000

d. Time stream target life in passes:

Add Recording || Add psD || addRecesine || editesp || Remow | Time format: |(HHMM:SSSH) [+] Time sqreamTamet|iiatvpe;|‘Passes Bl

Select | FDS Source Type | File name [ Target life

000:00:34.400 000:00:34400 10.59 m/s* 20.48 kHz

< Start Time End time Recording duration | RMS Ssmpling R..

@ TimeStream FDS Sample 1_ch1 SDBE 000:00:00.000 000:00:34400 000:00:34.400 1059 m/s® 2048 kHz

e. Next to the imported file space is the Signal Properties pane. This pane
provides a comprehensive understanding of the mechanical, statistic, and

signal processing properties of any signal that is selected in the imported
file space:
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 Signal Properties
Signal name
Duration
Total points
Sampling rate

Acceleration (Positive)

Acceleration (Megative)

Acceleration (RMS)
Velocity (Positive)
Velocity (Megative]
Velocity (RMS)

Displacement (Positive)

Kurtosis

Skewness

Displacement (Megative)

Displacement (RMS)

4. Configure the FDS parameters.
a. Inthis step, the settings will be configured based on the S-N curve, desired

FDS parameters, and the desired testing duration:

chi

34400 s
704513
2.048E+04 Hz
62.18 m/s*
-60.07 m/s’
10,59 m/s*

0 (NGNS

.
LU Y s

-0.005348 m/s
0.000789 m,'s

i ANNIsS
0.0002558 m

-0.000353 m
T42E-05 m
4.404

AN
(0.0004023

FDS Parameters.
Qalue
Damping ratio

Fatigue expanent (b)

10.0000|

0.0500

5.00

Min Freq (Hz) 5.00

Max Freq (Hz) 200000

Block size/Line 1024 =

Window Hanning =]

Total lifetime duration  030:00:34.000

Profile RMS 1.56m/s*

AF(HZ) 5.00

Testduration o0z o05: 00
Profilesettings | | Shakerlimits

|Parameters |

b. Saving and various other settings can be set in Config.

5. Select Analyze.

a. The calculated FDS and PSD can be viewed and then exported via Export:
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FDS v | Export
[FDS) x
1.00E-19
1.00E-21
1.00E-23
1.00E 25
1.00E-27
1.00E-29
1.00E-31
1.00E-33 ) ) Frequency[Fn
5.0 10 100 2000
BSD - | Export
(PSD) x
(m/s")* /'Hz —— PSD
01 | i
0.01
0.001
1.00E-04
1.002-05 | |
) ) Frequency(Hz)
5.0 10 100 2000

b. These spectrums can be export

. Signal Export
v <« EDM » PA »
Organize « Mew folder
Marme
N | - -
N 't__l 2nd segment.atfx
- ) FDS_143857.atfx
N L] MergedSig.atfx

't__l Segment.atfx
) Test Nonzero Start Segment 02.atfx

) Test Nonzero Start Segment.atfx

Status

@ © @ @ ©®@ @

oo s L

j

Search PA

Date modified

ed as .atfx files or various universal file types:

ey Wl 2L

File name: | FDS_112736.atfx

% ¥
Type
ASAN
AsAN | &
AsaM | B
ASAN
ASAN
ASAN [
e
[_
|EE

W

Save as type: | ATFX Format (*.atfx)

TXT Format (*.tct)
CSY Format (*.csv)
MAT Foermat (*.mat)
UFF Farmat (*.uff)
UMV Format (*.unv)}
BUFF Format (*.buff)
BUMV Format (*.bunv)

# Hide Folders
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Extracting Sine tones from Sine-dominated broadband signals
Add Rec +Sine — allows the user to add a time waveform with dominant sine tones and a
tachometer signal. Provides an option to filter out and extract the sine tones.

Select Tacho source and Sine

488 FDS SOR SAMPLE atf
- TACHO Chi, Block size = 662528
“Jan TACHO Chi_1, Block size = 662528

X

| Add sourcefile
| Remove source file

Select tacho source
FDS SOR SAMPLE_TACH |Z|
Select sine + random source

FD'5 SOR SAMPLE_TACH |z|

| ook || cancel |

Select the Tach channel and then the Sine+Random signal.

Extract PSD from Sine On Random Recording

él‘* Order Tracking

I

Run Status.

Processed poiris

RPM

Time siapsza 00:00:00
o

02

Order Peak Ampl{g)

starttimes) 000
Endtimels} 12940
i statpoiee 0
End point. 662519
Order Farameters
Delta Order 05
Max Order 10
Delta RPM &0
High RPN 10000
now BOM
Parameters
& [herts 1 | cancar

Users can set the start and the end time for recording and the analysis controls.
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Run Status
Processed poins
Processed frames
RPM
Time elapsed

Data source sectian
W | Start timefs)

End time(s)

¥ | Start point

End point

00:00:00

0.00

12540

662519

Set the order and tachometer parameters for sine extraction.

Order Parameters

Delta Order 0.1
Max Crder
Delta RPM
High RPMM
Low RPM
Tachometer

Pulse Edge Type
Pulse Edge Value
Pulse Per Revolution

Pulse Detect Resolution

Parameters

&0
2000

1000

Falling -

.25

.01

Post Analyzer Manual
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@* Order Tracking

RPN ] T [— PA_Virtual RPM (0-peak] —_ PA_Virual_Drder Track?

5000
0.4 — R -
5500 /\
i // \ | 0.3 N\, A A [y Fa
5000 ; ! ; LT 'I 1% V\
4500 / \‘ 0.2
4000 / \
/ \\ 01
3500

0.0
1.5 3000
2.0 Date Jime, 2500 Dpte Time 0.1 I I I I Ta[hL wewy| |
00:00:00  00:00:40 00:01:20  00:02:09.338 51152022 2:54:59 PM 5/16/2022 2:56:55 P 2420 3500 4000 4500 5000 5980 |
Order Peak Ampl.g) 1
7 0.372587399692656
7 3 0.365284392965302
1 0.357203290262752
a4 0.350935325135171
EE 0.322797365142088
H 0.26764596981504
] 0.263638878582742
as 0.258622911173527
5 0.220528451352486
15 0.191262110065345
55 0.162687094019655
65 0.118081339123572
75 0.104054773417173
05 0.0955245715482872
25 0.0781613481534652

The top 15 orders are displayed for the user to select and filter.

Then set the parameters for the Sine filter and the broadband parameters.

Run Status

Processed points 662016
Processed frames 1293
Time elapsed 00:02:09.300

Filter Bandwidth

Filter type Propaortional Filter El

Bandwidth (35) 25 [-]
FFT Parameters

Block size/ line 1024 El

Overlap ratio 50% Overlap El

Window Hanning E|

PA will display the PSD of the filtered and unfiltered PSD for the user to review. The user can
then add or remove tones and rerun the analysis.
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é'.B Remove Orders

5 i T [— PA_Virual_Block LagMag o /Hz —— After Linér Average
After Remove Order
0.006 —_— —_—— 0.0012 |- —— 1 CureniPSD
0.004 I I I | 0.0010 |- —— h
| I A
i
0.002 | ] I vl l 0.0008
i
0.000 | ¥ i H 0.0006 I
-0.002 AR LR —HY— l 0.0004 [
A
-0.004 I I ' 1 ' 1 H ] 1 0.0002 \l
-0.005 —_——— —_—— 0.0000
»
-0.008 Time fs} -0.0002 requency (Hz) | |3
129.20 129.25 129.30 129.35 129.40 50 10 100 1000 2555

Remove Orders

Click Finish to import the PSD and Sine damage.

FDS Accelerated Profile

| Add Recording || Add PSD ||Aﬂd REC‘S”"EH EditPSD || Remowe | Time format: (s) |Z| Time Stream Target life type: Time E|
Select | FDS Source Type | File name Target life Start Time: End time Recording duration RMS Sampling R...
o TimeStream white noise sample 2... 120.0(9 0.00s 120.00s 120.00s 0.102g 1.28 kHz
TimeStream FDS Sample 1_ch1 34.4(5) 0.00s 34.40s 34.40s 1.079g 20.48 kHz
7 TimeStream FDS SOR SAMPLE_TAC... 10000.0(3) 0.00s 129.40s 129405 0.4366 g 5.12kHz
7 PSD FDS SOR SAMPLE_TAC... 129.4(3) --- 0.4072g 5.12kHz
o SineDamage FDS SOR SAMPLE_TAC... 129.4(9 0.00s 129.40s 129.40s
7 PSD FDS SOR SAMPLE_TAC... 1204(9)| --- 0.3284g 5.12kHz
7 SineDamage FDS SOR SAMPLE_TAC... 129.4(3 0.00s 129405 129.40:

The user can then add the Target Lifetime in either seconds or passes and based on the individual
target life. The cumulative damage is computed from each of the profiles and then accelerated to
reduce the testing time while maintaining the cumulative damage.
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PSD - | Export
(PSDY x
Eis T S —— PSD |
0.01 - e — i
i
i
0.001 - [ —_ | a
1.00E-04 | — ] L I
I i
1.00E-05 ] L [ L !N:
i i
| 1 Frequency(Hz)
5.0 10 100 1000 2000

PA will display the accelerated PSD. Users can export the profile to run on a shaker using VCS

software.
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Time Stamped Processing

Technology Background of Time Stamping

The Global Navigation Satellite System (GNSS) installed in the CI-GRS delivers high integrity,
precision timing in demanding applications worldwide. Support for BeiDou, GLONASS and
Galileo constellations in addition to GPS (Global Position System) enables compliance with
national requirements. Enhanced sensitivity and concurrent constellation reception extend
coverage and integrity to challenging signal environments. Survey-in and fixed-position
navigation reduce timing jitter, even at low signal levels, and enable synchronization to be
maintained with as few as one single satellite in view.

Due to popular use of GPS (Global Position System) in history, this document simply adopts the
usage of GPS instead of GNSS.

If the time accuracy of the sampling clock for a data acquisition system is not very demanding, say
no better than seconds, then the time base can be derived from the “computer time”, which can be
set manually through a time server on a network or through the internet. If the time accuracy of
the sampling clock demands millisecond resolution, the digital input paths of a data acquisition
system, especially its ADC, has to be designed with control from a more accurate time base, such
as GPS or IEEE 1588 PTP (precision time protocol). This is necessary to calculate the cross-
channel spectrum, or any signal property related to the time delays between all measurement
signals.

If the ADC sampling clocks cannot accurately synchronize between different hardware units, it is
possible to achieve the similar signal processing results if all recorded data is accurately time
stamped. Applying time stamps and synchronizing the ADC clocks are two different strategies. Cl
believes accurate time stamping allows users to achieve the same measurement goals, including
the calculation of cross-spectra between all measurement channels.

Multiple CI-GRS data acquisition systems can acquire data simultaneously while they are
physically spread out over hundreds of miles. These units do not share any direct hardware
connections except each will receive GPS signals. Accurate time stamping technology is
implemented with the GPS time base to line up acquired signals on the same time base for post
processing in PA software (from CI).
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GPS
Satellites
GPS
signals GPS
GPS signals
signals

Global Positioning System (GPS) consists of 24 satellites revolving around the earth every 12
hours. Each satellite has an extremely accurate atomic clock onboard. The GPS satellites
continuously transmit their coordinates in space along with a time message on a 1.575 GHz carrier
frequency. The accuracy of the time signals sent for civilian use is guaranteed to be within £170
ns of UTC. The GPS receiver used in the CI-GRS claims to provide +60 ns time accuracy at 99%
of time.

Clock signals, timing, and location signals are delivered from the GPS chip inside each GRS unit.
A real-time, zero latency hardware logic is used to time stamp the A/D sampling clock with the
measured GPS time base.

The following is a simplified diagram of how time stamping works in GRS.

clock to ADC
A/D >

ANENNA sy
Initial start Measurement data

Timer register A

FPGA and DSP

v

l Measurement data in buffer

Data buffer

The CI-GRS has a time register derived from the GPS receiver chip that is directly accessible by
the FPGA and the processor. The GPS timing accuracy is better than £60 ns with 99% probability
according to the GPS chipset specifications. The time stamping method described in the preceding
results features time stamping accuracy within the sub-microsecond range, typically less than 100
ns.
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Given such an accurate technique of applying time stamps, we are able to analyze the error of
actual sampling clocks vs. the GPS time base, which is described as follows.

An ADC requires a clock with a specific oscillator frequency to drive its sampling. The diagram
below shows the ADC clock drift in concept. Here the ADC clock has a period of more than 10 us
(102.4 kHz <> 10 ps sampling). The drift might be caused by the environment, especially changes
in temperature.

long period of time
more

UTC time stamp will
not drift away from
GPS time base

Besides the short term drift, the ADC sampling clock, which is driven by an internal oscillator in
the GRS, may have an inherit offset compared to the oscillators on the other GRS units, or
compared with the atomic clock of GPS. The combination of offset and drift constructs a bias of
the clock. For a recording time of a few minutes this bias may not be a major problem. However,
if the recording time is as long as hours or days, this sampling clock bias may cause sampled data
from different units to have mismatches when comparing time stamps.

10us ‘ ‘ A/D sampling clock may drift over

Bias error = short term drift + offset

Suppose the oscillator to drive the A/D sampling has a stability of 50 ppm (part per million). After
one hour the clock bias will be the following:

(0.000050 bias) * (3600 seconds per hour) = 180 ms bias error per hour
In the worst case scenario, the time clock of sampled data will vary by a factor of 180 ms per hour.
This is a situation when all oscillators on different GRS units are running without clock constraints,
such as periodic synchronization through a GPS signal.

In order to discuss the timing issues with clarity, a few terms used in this manual are introduced:

Nominal Sampling Rate is the sampling rate labeled by the product specifications, for example,
64 kHz, 102.4 kHz etc. These are not accurate because of the bias and drift from ADC clocks.
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Nominal Time is the time of acquired signal samples calculated based on a starting time, number
of samples, and nominal sampling rate.

Measured Time is a series of time stamps taken from the GPS clocks corresponding to the samples
of acquired signals. If GPS works properly, the Measured Time is a much better time base than
Nominal Time.

Corrected Sampling Rate is a single value for the sampling rate used in the entire duration of a
recording. It is calculated by removing the offset between local clocks against that of GPS based
on Nominal Sampling Rate, the duration, and time offset.

In other words, the Corrected Sampling Rate is calculated by removing the first order error
between the local clocks and GPS time base.

CI-GRS is able to record time stamps and show them in the following format:

Nominal Actual
Time(REC0078.ts) Time(REC0078.ts)
> 0 00:00:00.000.000.000  00:00:0
1 00:00:03.000.000.000  00:00:02.999.606.7...
2 00:00:06.000.000.000  00:00:05.999.213.5...
3 00:00:09.000.000.000  00:00:08.998.885.8...
- 00:00:12.000.000.000  00:00:11.998.492.6...
5 00:00:18.000.000.000  00:00:17.997.706.2...
6 00:00:24.000.000.000  00:00:23.996.985.3...
7 00:00:30.000.000.000  00:00:29.996.198.9...
8 00:00:48.000.000.000  00:00:47.993.905.1...
9 00:00:57.000.000.000  00:00:56.992.791.0...
10 00:01:03.000.000.000  00:01:02.992.004.6

When drawn in a plot using (Measured-Nominal) vs. Nominal, it looks like the following
screenshot:
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(No Signals) =

Time offset(measured-ndminal) T T T—— RECODOD051s”
{f

0.005

0.00&

0.003

0002

0.001

e
0.000 pd

0.001 ) ) ) ) Nominal timg
[\ 100 200 300 400 504

ey

In this example of roughly 500 seconds of measurement, the nominal time is off by 5 milliseconds
against the GPS time clock. In this particular case, the local clock is slightly slower.

The 5 milliseconds error of 500 seconds of measurement is within the range of expected error of
the oscillator, but too large to conduct signal processing when cross-channel computation is needed.
The time base difference between data samples of any two channels must be within a few
microseconds of each other for vibration and acoustic applications.

Since we know the error between nominal time and actual measured is mainly an offset instead of
random drift, this offset error can be corrected after the measurement. The technology developed
in CI-GRS first applies a correction to the sampling rate, then uses the signals with the corrected
sampling rate in post processing. The following describes the correction process in more detail:

1) Calculate the Time Offset as shown in the previous plot for the entire duration of the
measured signals, 504 seconds in this example.

2) Based on the duration of measurement and the time difference between that of nominal and
GPS time stamps, the actual measured sampling rate is calculated as:

Corrected Sampling Rate = Nominal sampling rate / (1.0 + Time Offset/Duration)

For example, if the Nominal Sampling Rate is 64 kHz, the Time Offset is 0.005 second
and Duration is 504 seconds,

Corrected Sampling Rate = 64kHz / (1.0 + 0.005/504.0) = 63.999365 kHz.
3) This Corrected Sampling Rate is computed by removing the first order error to the

nominal sampling rate. It did not take into consideration the sampling rate fluctuation
during this time period.
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4) Since the signals acquired on this unit are from a slower clock with 63.999365 kHz, we are
able to adjust it in the display and post processing algorithm.

The following is an example of how the corrected sampling rate can help in data processing.
The plot below shows that when an impulse event is recorded by two data acquisition systems with

slightly deviated sampling clocks, the signals will be off by a certain duration even with the same
starting time-base.

jlll.-.
lluu'-

But after a correction against the GPS time base, the sampled points can be lined up on the plot.

After the adjustment, all classical signal processing methods such as FFT, FRF (Frequency
Response Function), Coherence Function etc., can be applied in the post processing software. The
whole process is illustrated in the following diagram.
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Recorded waveforms with corrected sampling clock adjusted

<Spectral Analysis>

The next question addresses the accuracy of the Corrected Sampling Rate. The post processing
software is able to display the clock fluctuation after the first order correction. The following two

graphs display the “drift” of the time stamps after the correction is applied.

L L L
RECO001.ts ~ x| RECO096.ts

0.000000 B
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-0.000004
-0.000005

-0.000005 |

SLienw . . . | . . . . Hopminal time|

v x
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L
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Both vertical and horizontal are displayed in units of seconds. In these graphs, the quantity
displayed vertically is:

(Measured — Nominal) — Correction

The Correction is a straight line drawn between the two time stamps, the very first and last time
stamps of the entire recording. Both signals show that the fluctuation range is roughly 6 ps while
the recording time is roughly 1000 seconds. This fluctuation can be further corrected when a more
sophisticated clock correction algorithm is used, which is already implemented in the PA software.

Technology Background on Phase Correction

In most typical FFT analyzers, the following spectra are always computed: auto power spectra of
all measurement channels; cross-spectra of any pair of channels; transfer function (or FRF, the
Frequency Response Function) of any pair of channels; coherence functions of any pair of channels;
phase spectra of any pair of channels. Once the auto power spectra and cross-spectrum of a pair of
channels are computed, the other signals can be derived.

Spectral Analysis is performed on a block-by-block basis, meaning a fixed number of sample
points is used to calculate an FFT, APS, FRF, etc. Now, with data acquired using two different
GRS systems, a phase correction is required.

Up until this point, we have seen that the GPS timestamps are used to apply a first-order correction
to a nominal sampling rate, allowing us to ‘line-up’ data streams acquired by different GRS
systems with different ADC clock rates. However, since these ADC clock rates are ultimately
different, samples collected on two different systems will not be acquired at the exact same
instance in time, and consequently blocks from two different systems will not share the same
starting point in time.

Starting point of a block of X
channel

dT

dt

Starting point of a block of Y
channel
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The figure above depicts blocks of data acquired by two different DAQs, with starting points
separated by some time, denoted by dt. The following describes the process to perform an analysis
using these two blocks of data:

1. First, the starting point of each block is determined as follows:

a. The starting point of the block from the first channel (X channel) is arbitrarily
selected.

b. The starting point of the block from the second channel (Y channel) is selected
using GPS time stamps. It will be the data point sampled closest in time to the
starting point chosen for the block in the first channel.

2. A discrete Fourier Transform for each block is calculated, and an instantaneous Cross
Spectrum is derived from that calculation.

3. A phase change is applied to each element of the cross spectrum based on the following
formula:

dt n

Phase Change[n] = 21 - — * o

4. After the phase correction is made, the Averaged Cross Spectrum may be computed, and
the other Spectrums (FRF, Coherence, etc.) may be derived.

The spectral analysis portion of the flow diagram above can be described by the following flow
diagram.
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Yellow arrow: regular spectral processing
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applicable to the time stamped signals

Conduct average (linear, exponential, etc.)

t ,

If the average number has not
been reached, compute the next
block

With signals taken from separate CI-GRS units, a new algorithm was developed where the phase
mismatch between any pair of FFT spectra can be corrected based on certain calculations of time
stamps. Test results have indicated that the CI-GRS can achieve the following specification of
phase estimation to the cross-spectral calculation:

Phase match between two CI- 15°(degree) at 40 kHz
GRS units: +2.5°(degree) at 20 kHz,
+0.5°(degree) at 2 kHz.

This is an extraordinary result. While many companies claim to use the GPS time base for their
data acquisition, not many companies claim to achieve such an outstanding specification.
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Traditionally, in order to measure the transfer function between any two sensors, all ADC (Analog
to Digital Converters) have to be accurately synchronized through hardware connection. The GRS
technology presented by Crystal Instruments provides an alternative approach.

Quick Guide: View time stamps and signals in Post Analyzer

Merge recording files and apply correction to the Sampling Rate

To analyze time stamped signals, first use the GRS-Host software to download the recorded files
with the time stamped files to a computer. Then use the PA (Post Analyzer) software to analyze
the data. This section provides a quick guide to view time stamps together with their measurement
recording files.

The analysis function in PA is applied to a recording file that contains the time domain signals
from multiple channels. Therefore, to post process data recorded from different CI-GRS units, first
merge them into one data file. To view the recording data only without conducting spectral analysis,
do not merge the data into a single file.

The following describes how to merge the recording into one file and view it.

Open the PA software and select Signal Analysis with Time Stamps testing type, click Next and
create a New Project:

Mew Project \Wizard X

&
Select a project type for analysis

| Project type i
FFT Spectral Analysis Signal Analysis with Time Stamps is a unique function developed for analyzing the
recording signals together with accurate time stamps based on GPS time base.

' Octave and Acoustic Analysis

Order Tracking a
\ GPs
Orbit Plot %_’ Satellites

Sine Reduction

GPS
| Basic Signal Conditioning signals v P
. ars ‘\-;:.'L,-
2 signals o E
Sound Power Measurement

from Sound Pressure
Vibration Intensity v v v
Fatigue Damage Spectrum

Signal Analysis with Time
Stamps

To merge the signal file, select Analysis for Multiple Files as shown in the following
screenshot.
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Mew Project Wizard X
2. Enter project information and select data source file
| Project information |
Project name Spectral55 Enable data condtioning
Project description Create project by using a template
‘f Templates |
Select | Project name Description
| Select data source file|
—
Add source file o
Aralysis for Multiple Files
<gack | mets | P caneel ]

To add files with time stamps, use the GRS-Host software to download the recording files together
with their time stamp files and save them into a folder.

Check the [x] include time stamp signals box below, then add the files one by one into the list.
Click OK and wait for merging process to finish.

e X
1 4 88 ReCoOD1 atex 1
[ Add Files v —— REC0001:chi
-] e e
by RECO0D1S 10 i
4 RECDO96.ath HH:MM:SS 0.0
b I e 1.0
Include
“le Recooses e 20 R
# time stamp 30 . Time- ()
signals o 500 1000
v —— REC0096: ch1
1.0
0.0
1.0
20 |- =
20 . Time (s}
0 500 1000
—
Data Sources B
Signal Samplirg... | Sensitivity Block size Duration Xunits | Yunits | Offset time (s) | Offset point End time (s] End points
& RECO001... 2048 kHz  1000mV/(V) 20485120 10003 (s) s A
8 RECO096... 2048 kHz  1000mV/(V) 20485120 10003 (s) s s

I ‘Channel Mame Settings }

® Rename inorder (Chl~Chn )

The name is used as a prefix (Source_Ch1)

Custom setting

o [ o]
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When the progress bar completes, the software will ask the user to choose a path to save the file.
Please set the path and wait for completion. For long duration recordings, it will take some time to

create the Merged Signal, so a progress bar is displayed.

Multifile Merging %
4 88 RECO001.atf
AddFiles —— RECD001:ch1
b e cht
“ I RECO0OTS .
4 B8 RECO096.ath HH:MM:SS
- e et
Include
In_.'g RECOUZ6S | time stamp
signals
Merging files...
0% ] #
ignal Sampling... | Sensitivity Block size Offset point End time (s) End points
& RECODOT.. 2048 kHz  1000mV/(v) 20485120 10003 (s} s v
W RECOO96... 2048 kHz  1000mV/(V) 20485120 10003 (s) s v

{ Channel Name Settings |

® Rename inorder (Ch1~Chn )

The name is used as a prefix ( Source_Ch1 )

Custom setting

[ o || comce ‘

After merging is finished, the merged file is added to New Project Wizard as shown in the
following screenshot:

1 New Project Wizard X
1R
é Enter project information and select data source file
I Project information I
Project name Spectral55 Enahle data condtioning
Praject description Create project by using a template
} Templates I
Select Project name Description
} Select data source file I
488 MergedSig0196.atfx | Add source file  ~
# [nn chl, Block size = 20485120 —_—
L@ w ch, Block size = 20485120 | Remove souree file
<Back | MNet> || Camcel
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Click Next to open the final window in the New Project Wizard, which is the selection of signal
types. To view the phase shift between the recordings, select FRF: Frequency Response
Function.

New Project Wizard X

0%
@ Please check the signal types to be computed

FFT Analysis Options

| APS: Auto power spectra
FFT: Linear spectra
CPS:Cross power specta

! FRF: Frequency response function
SRS:Shock response spectra
AutoCorr: Autocorrelation (Cross-correlation)
Demod: Demodulationspednum

Cepstrum

Selectall

Selectreferencesource  MergedSig1_dl -

< Back Finish Cancel

The PA software can now operate on files that are merged with recording signals from multiple
GRS units.

The Signal Display will show at least one time waveform by default.
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W Post Analyzer

Project Setwp Control View Layout Took Report Help

e <« - [ [ °
Hew Project OpenProject File Comverter ~ Measan 5y Data Sources Project Configuration
testing -» Recent Projects *

signalProcss. [ -

5= Data Sowee N [="Mergedsig1_ o
8 MergedSigath

— = SigralProcs3 [TimeStampsAnalysis)

~ I recsS [TimeStampsanalyss]

~ i SignalProcsd [Timestampsanslys]
= iE SignalProcd. [TimeStampsAnalys

Live Sigrals Run Foloers Source Files.
Open File Open Folder
[ | ChlsersiUserT\Deskiop
4- <) Data Source
- B Mergeasigatk
b am
- b a2
8 Time Samp_chi 63 ast)
| b Messued.somina
| b=l Time oftetMeasured Nomind
| 1 (Measured-Hominai}-Cormecix

|+l sampPoints
b2 GPstracks
b Longitude

1 Latituce

b Anituce.

B Time Stamp _ch2 40 last)

F- b Measured. somies |

[ Time offsetiMeasured.Nomind | .10 [ M
b (Messured-Nominsi)-Correct

e stamp Points

b GPswacks

1= Longituge

b Latitude

-l Anitue

o 100 200 300 00 500 w0

50
e e

To view both waveforms, go to the Source Files tab on the left side, below Recent Projects. Click
and drag the other file into the Signal Display.

(MergedSig1_ch1,MergedSig1_ch2) x

v 1 [=— MergédsSig1_ch1 === MergedSig1_ch2

-
50 H i i } | Date Time
|b& 11/30/2021 9:01:31PM 9:03:11 PM 9:04:51 PM 9:06:31 PM 9:08:11 PM 9:09:51 PM 11/30/2021 9:11:29 PM

The lower portion of the plot shows intervals of time when no valid time stamps are available.
Additional information regarding time stamps and GPS data such as latitude and longitude is found
under the Source Files section.
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In the Live Signals tab, select the FRF to view the phase difference between the two recordings.
Set the Vertical Axis to Phase, configure the analysis parameters, then click Run to see the phase
difference.

[=—— MergedSig1_ch1 —— MergedSig1_ch2

Dats Ti
173 19:11:29FM
x
hase (Degree —— H(ch2,ch1)
os -
P ke
0.0 pomermaignnnns e PPt

.0 | | | | Frequensy tHe)
L o 10000 20000 30000 40000 46000

In this example, the phase shift at 46 kHz is just above 0.5 degrees. The value may vary throughout
the duration of the recording, but it is typically less than 1 degree at 46 kHz between two systems
that have their time bases synchronized to the GPS time base. If a section is chosen for analysis
that is marked with “GPS Lost”, the phase shift between the two signals will typically be larger.

Viewing Absolute or Relative Time

An option is available to set the time axis to either Absolute Time or Relative Time. The default
display includes the time from zero to the length of the recording. Selecting this option allows
users to toggle the time shown between UTC time and the relative recording time. This option is
revealed on the hidden top panel of a plot window. Place the mouse near the top and move down
to reveal the panel. Or click on the time format selection to display the horizontal axis as Absolute
Time or Relative Time.
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(MergedSig0196_chl MergedSig0196_ch2) =
&t 8 B8 A s = : - X
L CITZ_TTIgYET WIETUEUSIYU T90_U
Abzolute/Relative Time
20 - 4

0.0 i

1.0 |

20

= L L | Date Time
E| 00:00:00 00:05:00 00:10:00.001 00:15:40.250

.

The format of Absolute Time shows the calendar time signals are acquired while the Relative Time
sets the initial time to zero.

If the signals are starting at different times, the left boundary shows the earliest signal’s start time.
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1.0 |-

3.0 Date Time

— 3:55:24.852 4:01:00.000 4:06:00.000 4:12:05.110
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The Source Files tab on the left side provides additional SEEREEEEEEES N
signal files and details of time stamps and acquired GPS ‘s« e fessns Dekx
- _EE SignalProc86 [TimeStampsAnalysis]

signals. The following list describes what PA displays when
opening these signals as plots:

1) Measured-Nominal
This plot shows the difference between the measured and
nominal sampling rates. The measured sampling rate
corresponds to the GPS clock, the nominal sampling rate
corresponds to the product specification.

Actual time stamp (5 |[=—MergedSig1_ch1_Measuréd-Nominal

300
250 [ : §
200 |- | ]

150
100 | } I ]
50 |- | | §

0
50 1 | MNominal fime (Seconds)
™ 0 50 100 150 200 250 285

2) Time Offset
This plot is identical to Measured-Nominal except that
the units on the vertical axis are displayed in seconds,
excluding the time stamp interval of 5 seconds per time
stamp.

Time offset(Measurpd-Nominal) (s) —— MergedSig1_ch1_Time offset(Measured-Nominal)
0.0015 |- I ] /
/
0.0010 / —
/
0.0005 T —
0.0000 / t 1

-0.0005

| Nominal tjme (Seconds)

I

3) (Measured-Nominal)-Correction

4. %) DataSource
L Gl MergedsSig1.ati

[~ iZ SignalProc83 [TimeStampsAnalysis]
[~ iZ recsS [TimeStampsAnalysis]

[~ 3= SignalProc63 [TimeStampsAnalysis]
[~ = SignalProcé4 [TimeStampsAnalysis]

Live Signals | Run Folders | Source Files

Open File Open Folder

- |, CAUsers\User1\Desktop

4w Data Source
4. 44 MergedSig1.atk

b/_-: ch1
4-- %% Time Stamp _ch1 (63 lost)
- [\ Measured-Nomiral
- |01 Time offset(Measured-Nominal)
- Jaa (Measured-Nominal)-Correction
- |1 Stamp Points
- [ GPS tracks
Iﬁ/‘. Longitude
- 07 Latitude
----- I Altitude
4-- 5 Time Stamp _ch2 (40 lost)
- [ Measured-Nominal
- |01 Time offset(Measured-Nominal)
- [ (Measured-Nominal)-Correction
- [a7 Stamp Points
- [nn GPS tracks
- |1 Longitude
- [ Latitude
AAAAA I’XL Altitude

The corrected sample rate is a single value assigned as the sampling rate for the duration of the
recording. It is typical for this curve to be nonlinear because of the variation in the Measured-

Nominal curve relative to the single corrected value.
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(Measured-Nominal]-Correction ns) [ [==mm= MlergedSig1_ch1_(Measured-NominalF-Correction

700 e, B

500

400 | + |

300

200

4) Stamp Points

Displays the number of GPS timestamps received as a function of nominal time.

Foints T 1 | [==_MergedSig1_ch1_Stamp Points

900000 | | |
800000 + -
700000 |- ] i ; i
600000 — i <l P S—— —
500000 _/ ,,,,,,,,,,, _
400000

300000

200000

100000

o

-100000 | 1 Nominal tjme (Seconds)
0 50 100 150 200 250 285

=

GPS Tracks
Displays the GPS coordinates on a map with a car icon to represent the location. When PA
analysis is run, the car will move along the map with the GPS coordinates.

GPS tracks o

Auto-follow

-
n J w  Scor .

GPS coordinates can also be displayed as plots with Longitude, Latitude, and Altitude.
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Signal Map

The Signal Map allows the origin of the signal to be displayed. The path from the Unit Under Test
(UUT) to the Spider data acquisition unit, to the source file, to the signal is mapped out. This is a
powerful tool that greatly simplifies the troubleshooting process if data discrepancies are suspected
to be hardware issues.

Adding Multiple Signals to a Signal Map:

A single signal map is used to display multiple test files and signals. To add multiple signals, right
click on a signal and click Signal Map or drag and drop to add a signal. Depending on the test file,
another hierarchy of nodes may be added to the map.

Signal Map v x

GRS »| 4499520} REC_{20220419)(1).atfx
o { )} REC_{; 1) j
T

MergedSig7 atfx
GRS
SN: 4499520

uut

Block(ch1)

MergedSig7_PA1 atix

Block(ch1)

( R_#499520} (20211013} {21028} atfx )

GRS {4499520)_REC_{20220419)(1} - Copy.atix

o SN: 2498520

chl

( {4499520)_REC_{20220419}(1)- Copy.ts Measured-Nominal

Right clicking on any node reveals a menu with an option to Remove that removes the entire node
tree from the signal map.

Signal Map of a Live Signal:

Signal Map

Spider :
uuT A Varied Ch1.attx_}——{ APS(Ch1) )

Selecting the test file (.atfx) will open the Signal Details window. This window displays the
General Information, the Signal Information, and the Channel Table for a particular test or
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recording. All information in this window can be exported as a text (.txt) file or copied to the

clipboard.

The General Information tab displays data that pertains to the recording properties, such as the

acquisition system, test type, and creation time.

REC0342 RUNUP Signal Details — O X

General i Signal Channel Table =

m Property Value

3 [User  Admin
Instrument Unknown
Test note Default Test
Recording Mame REC0342 RUNUP
Recording Path ChUsers\Cl\NewDownloads\On...
Recording Type ASAM ODS Format - XML
Saved by EDM Version 9.01.3
Device SN 4191232
Time Zone UTC-05:00
Created Time [Local) 2/12/2021 3:04:25 PM
Created Time (UTC) 2/12/2021 8:04:25 PM

The Signal Information tab displays data that describes the signal properties for all signals:

REC0342 RUNUP Signal Details - [m] X

Channel Table

M m Property Value

chil » ‘Signal Name ~ tacho

chz Generated Time 2/12/2021 3:04:25 PM
Sampling Rate 20,48 kHz
Block Size 704512
Frame Count 1
Duration 34.4(s)
Unit X 5
Unit ¥ v
UnitZ H/A
Instrument Unknown
Device SN 4191232

| Gwot | CopytoCliobomd

The Channel Table displays the input channels settings that were configured on the data

acquisition system for the particular test and signal being viewed:
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O X

REC0342 RUNUP Signal Details
General Information  Signal Information | Channel Table -
Original Input Engineering Hi-Pass Current -
ch sensitivity mode Unit filter Range sensitivity
» 1 100.0 mv/(g) IEFE Acceleration 1Hz Auto 100.0 mv/(g)
2 100.0 mv/(g) |EPE Acceleration 1Hz Auto 100.0 mv/(g)
3 1000 mv/ V] DC-Single End  Voltage 1Hz Auto 1000 mv/ V)
4 1000 mv/ V) DC-Single End  Woltage 1Hz Auto 1000 mv/ V)
5 1000 mv/[V) DC-Single End  Voltage 1Hz Auto 1000 mv/[V)
1 1000 mv/[V) DC-Single End  Voltage 1Hz Auto 1000 mv/[V)
T 1000 mv/[V) DC-Single End  Voltage 1Hz Auto 1000 mv/[v)
3 1000 mv/[V) DC-Single End  Voltage 1Hz Auto 1000 mv/[v)
-
4] »
Export Copyto Clipboard Close

Selecting a particular live signal will open the Signal Details window for that signal. Information
pertaining to the FFT analysis parameters, acquisition settings, and the front-end details will be

displayed:

ORDSpec(ch1_1) Signal Details

Signal Information

Property
Signal Name
Block Size
Number of Lines
3 Duration
Unit ¥

Spectrum Average Mode
Damping Facter
Window Start Time
Window Duration Time
Window Type
Weighting Type
Generated Time
Sampling Rate

Frame Count

Unit X

UnitZ

Instrument

Device SN

value
ORDSpecichi_1)

20

17

1015

g

Linear

0

0

0

Hanning

Linear

5/26/2022 3:25:19 PM
2048 kHz

1

Order

RPM

Unknown

4191232

| Export Copyto Clipboard

Close

All information in this window can be exported as a text (.txt) file or copied to the clipboard.

Signal Map of a Recorded Signal:

The Signal Map of a Recorded Signal displays the path from the UUT to the front-end hardware,
the acquired data test file, the post-processed data test file, and the post-processed signal file.
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Signal Map v x

= ()
SN: 4191232 IR )

K REC0342 RUNUP_PA3 atfx ]

REC0342 RUNUP _atfx

The Signal Details window for the post-processed test file and the post-processed signal file is
practically identical to the Signal Map for live signals. Information for post-processed signals is
displayed in the following screenshot.

REC0342 RUNUP_PA3 Signal Details

General Information | Signal Information |Cnanne\'[ab\e

TACH1(tacho) Prope! Value
RPM1[tacho) [T Propery
ORDSpecichl 1) b |SignalName  TACHIftacho)
ORDSpec(ch2_1)
RMS{ch1_1) Generated Time 5/24/2022 3,:05:09 PM
RSO, 2.00K](ch1) — )
tRMS(ch1) Sampling Rate 20.48 kHz
RMS(ch2_1) Block Size 1024
ORDSpec RPM(ch1_1) ||

Frame Count 592

Duration 0.05 (s)

Unit X 5

Unit ¥ v

Unit Z 5

Instrument Unknown

s Feomyoeo|

Signal Map of a Merged Signal
The Signal Map of a Merged Signal displays the path from the UUT to the front-end hardware,
the acquired data test file, the merged test file, and a signal from one of the test files.

GRS
{4499520)_REC_{20220415)(1) attx )
>
MergedSig7.atfx chl
5= R_[4499520)]_{20211013]_{211028) atfx )

Clicking on any of the following test files or signals will open windows similar to Signal Map for
live signals with some differences.

Page 175 of 190



A CRYSTAL

INSTRUMENTS

The Signal Information tab clearly displays the signal properties and parent test file properties.

1'

General Infarmation

Signal Information

Channel Table  Merge Information

ch2
ch3
chd
chs

The new Merge Information tab displays the source test file, test file signals, and their new

channel label in the merged test file.

Property

Signal Name
Generated Time
Sampling Rate

Block Size

Frame Count
Duration

Unit X

Unit ¥

Unit 2

Instrument

Device SN

Parent File Information
User

Instrument

Test note

Recording Mame
Recording Path
Recording Type

Saved by EDM Version
Drevice SN

GP5 Enabled
Longitude

Latitude

Altitude
MNanoseconds Elapsed
Time Zone

Created Time [Local)
Created Time [UTC)

Value
chl
4/18/2022 &:47:10 PM
51.20 kHz
1793024
1
35,02 (5]

H

v

H/A

GR3
4459520

Unknown Owner

GRS

Untitled Test Note
{4489520}_REC_{20220415}(1)

C\Users\KevinCheng\Downloa...

ASAM ODS Format - XML
10.0.8.34

4459520

True

o

37.38046

1242

6299993328

uTtc

4/18/2022 &:47:10 PM
4/18/2022 &:47:10 PM

Post Analyzer Manual

Signal Display

Zoom in and out of the display using the mouse to drag a small rectangular area. A small red dot

indicates the exact trigger point.

MergedSig?7 Signal Details - [m]
General Information  Signal Information  Channel Table | Merge Information
Source File Channel Label Current File Channel Label
» 14499520)_REC_[20220419}{1).atfx chl MergedSigT chl
R_{4499520} {20211013} {211028}.atfx ch1 Mergedsig? ch2
R_{4459520}_{20211013}_{211028}.atfx th2 MergedSig? cth3
R_{4499520}_{20211013}_{211028}.atfx ch3 MergedSig? chd
R_{4499520} {20211013} {211028}.atfx cha MergedsigT chs
Export Copyto Clipboard Close
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(MergedSig0196_ch1,MergedSig0196_ch2)
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y T T

100 -
0.98 -
0.36 -

094 -

090 L

088 |
1

—— ch1_Trigger
—— ch2_Trigger

—— MergedSig0196_ch1
—— MergedSig0196_ch2

i Date Time|

I i i
3:55:24.859 3:55:24.861 3:55:24.863

L I
B 3:55:24 854 3:55:24.857

I
3:55:24.865

1
3:55:24.867 3:55:24.870

The software can display signal plots in the calibrated sampling rate, i.e., a sampling rate after the
correction is applied as described earlier. To view, right-click on the display window and click on

Calibrate sampling rate by time stamp.
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(MergedSig0196_ch1,MergedSig0196_ch2)

W
:
1
1
1
1
1
1
1
1

20

View as Text
View as Stack Plot
Zoom Back
Un-zoom All

Add Cursor/Marker

0.0

Remove Signal
Remaove Signals from Display
Save Bitmap
Signal Color
Display Settings
Legend

Report this Window
20 Export data to MS-Excel
Plot Properties

Calibrate sampling rate by time stamp

20|

After the correction is complete, choose Absolute Time and click on Auto Scale to obtain the
right display range.

Plotting Signals Example
The following example demonstrates how signals are plotted after a sampling rate correction is
applied using attached time stamp signals.

Original file name: REC0058, REC0131. These are recorded from two GRS units. When recorded,
a source signal is fed into the input ends of both units using a T-splitter port. Both GRS units have
installed GPS receivers to communicate with GPS satellites. The recording duration is about 40
minutes.

Nominal sampling rate:
REC0058: 20,480Hz
REC0131: 20,480Hz

Sampling rate after the correction:
REC0058: 20,480.026214158832 Hz
REC0131: 20,480.011221929413 Hz

The following plot shows these two signals in the time zone of the triggering point:
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[MergedSig_ch1,MergedSig_ch2) X

[v i i —— ch1_Trigger — MergedSig_ch1]
—— ch2_Trigger — MergedSig_ch2
105 | 4

F

']
100 | ’: f ]
0.35 | 4
0.30 4
0.85 |
L L L L Date Time)|
™ 3:39:45.845 3:39:45.845 3:39:45.847 3:39:45.848 3:39:45.849 3:39:45.851

The following plot shows the transient event at the end of a recording without a sampling rate
correction. It shows the time difference between two signals is about as large as 36 sampling
points:

(MergedSig_ch1,MergedSig_ch2) =
v T ' —— chi_Trigger —— MergedSig_ch1]
. —— ch2_Trigger — MergedSig_ch2
165 -
160 -
—d
155 - B
150 -
145 |
| 1 r I Date Time
™ 4:19:51.342 4:19:51.343 4:13:51.344 4:19:51.345 4:13:51.346

The time difference shown above is caused by using the nominal sampling rate which is inaccurate.

The following plot shows the same transient event at the end of recording while the first order
correction is applied to the sampling rate of both signals:
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[ S )

(MergedSig_ch1,MergedSig_ch2) x

v i ' ' —— ch1_Trigger —— "MergedSig_ch1

' —— ch2_Trigger —— MergedSig_ch2

165 - -

1.60 - _

1.55 - |

1.50 _ |

;. . ) ! ! I r Date Time

™ 4:19:51.340  4:19:51.341 4:19:51.342 4:19:51.342 4:19:51.343 4:19:51.343

The two signals are lined up beautifully in the horizontal axis.

Show Time Stamp Files
This section demonstrates how to display time stamp signals.

Click Data Files ->Open File, select TS Format, which is a special file format created to store a
sequence of time stamps.

eI LE R TS S erpranse

/5] MergedSigD196 chil.ts
5] MergedSigD196_ch2.ts
|B] RECODO1.1s
|B] REC0096.1s

[s I §

[ B % B S R L% I

b
o
A

v‘ TS Format (*.is)

The software uses the following format to store time stamps:

UTC time format for storing the time stamps

YYYY/MM/DD/HH:MM:SS:mmm.uuu.nnn

month Hour Seconds Micro-seconds

Year Day Minutes Milliseconds Nanoseconds

In the software, each time stamp piece is an instance of a structure:
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typedef struct tagSystemTime

{
unsigned short wYear;
unsigned short wMonth;
unsigned short wDay;
unsigned short wHour;
unsigned short wMinute;
unsigned short wSecond;
unsigned int  wNanoSec;

} SYSTEMTIME, *LPSYSTEMTIME;

Post Analyzer Manual

There will be four derived time stamp signals under the Time Stamp Signal node in tree view:

Live Signals || Run Folders || Data Files

View Open File Open Falder Close Delete

4 w7y Data Source
d.. o MergedSig.atec

b fon chi

.. it RECO00T Aug 31, 2021 10-41-37
4.8 Time Stamp Signals

i-Jon Measured-Nominal

----- Jn Stamp Points

ARAA DCAMAMNE A 34 3004 40 A4 2T

----- Jre Time offset{Measured-Nominal)
----- Jne (Measured-Mominal)-Correction

= — [ ——— ] E
MNominal X | [RECODO1_Time offset(Measured-Nominal x i
Actual time stamp &)1 T T T T — REC0007_Measured-Nominal fime offset(hessured-nonfinal) &) ——"REC0001 Time offse I
000 ] ‘
004
0.08
0.08
210
212
014
. . , . . Noginai Time () 16 X , , X , Noginai Time (2}
400 500 500 700 800 EZET 100 200 200 400 500 500 700 200 %00 e
x [ (RECODD1_Stamp Point: x
"[—— REC0001_Measured-Nominal)-Correction | | | [Foims T [—— REC0001_Stafp Points
nnnnnnnnnnnnnnnn ]
0.000000 | 500000 |
0000001 | 500000 |-
0000002 | 00000 |-
—0.000002 | 300000 -
0000004 | 200000 |-
ooooosf N 4 0000
0.0 y
~0.000007 , . A ! L . X | Nomipal Time (3 -1 . L . . . L Norginal Time is)
n 2 100 200 300 400 500 500 700 800 EE o 100 200 200 400 500 500 700 800 s00  sos
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Right-click on the display window to select a different time unit:

(Merged. ch2_Measured-Nominal) S
Actual time stamp () T T |—' MergedS\g_'ch2_Measureﬂ—NDmmal
14 L |
12 |
10 [ i
2 L View as Text 1|
Zoom Back
fr Un-zoom All T
-
4 | Add Cursar/Marker » 11
R g Marke 3 B
2 - s g
o Remove Signal 13 i
Remove Signals from Display
2 L Save Bitmap L Mominal Time ()
El o 2 10 12 13
Signal Color 13
Display Settings »
Legend »
Report this Window
Export data to MS-Excel
I ‘Change the time format » Show X axis in HH:mm:ss
Show Y axis ins
Show Y axis in ms
Show Y axis in us
Show Y axis in ns

Time stamp signals can also be viewed in text mode. The format of time stamps can be shown as
seconds or in the format as HH:mm:ss. Set these values in the right-click menu.

(RECQ001_Measured-Nominal) x (REC0001_Time offset{Measured-Nominal))
Actual time Samy T T T T T p— T RECO001_Time 1
P& REC000%_Measured-Nominal oftsetiMessured-1
0 View as Text ):(S)Nummalhme ¥‘me
1000 - Back offset(measured-r
ax 5
u All » 0 0.00000 0.0000
00 |- 4

Add Cursor/Marker 3 1 0.00000 0.0000
r 2 0.00000 0.0000
oy " ] 3 228281 00108
Remove Signal 3 4 5.28281 0.0111
a00 | Remove Signals from Display 4 5 8.28281 £0.0115
Save Bitmap 3 11.28281 -0.0118
200 | Signal Color 3 4 7 20.28281 -0.0130
Display Settings 3 8 29.28281 0.0141
. Legend » 9 4428281 -0.0160
Report this Window 10 53.28281 0.0171
=5 Export data to MS-Excel 11 56.28281 -0.0174
O o 100 | () Change the time format ¥ 12 62.26281 00182

|
(REC0001_{Measured-Nominal)-Correction, RECO096_(Measured

x

(RECO001_Stamp Points,REC0036_Stamp Points)

X Nominal Time | RECO001_(Measur| REC0036_(Measur| RECO036. {Measur, X NominalTime | RECO001_Stamp | RECO096_Stamp | RECO096_Stamp |
© Y b3 ¥ ] © Points ¥ Paints X Points Y [
(measured-nomin, Nominal Time (s) | (measured-nomin | Points Nominal Time s) | Paints
b0 228281 0.0000 229531 0.0000 b0 0.00000 ] 0.00000 0
1 5.26261 -1.5116E-007 5.29531 6.0173E-008 1 0.00000 ° 0.00000 U
2 828281 -3.04326-007 20.29531 3.6904E-007 2 0.00000 ° 0.00000 U
3 1128281 -4,5648E-007 23.29531 4.4021E-007 3 228281 1461 229531 1469
4 20.28281 -9.0896E-007 29.29531 5.6356E-007 4 5.28281 3381 5.29531 3389
H 29.26281 -1,.2944E-006 32.29531 6.3173E-007 5 828281 5301 20.29531 12969
6 4428281 -1.9282E-006 38.29531 7.3008E-007 5 11.28281 7221 23.29531 14909
7 5328281 -2,2857E-006 44,29531 8.6243E-007 7 20.28281 12981 29.29531 18749
) 5628281 -2.4369E-006 71.29531 1.3510E-006 8 29.28281 18721 3220531 20669
] 6228281 -2,6972E-006 77.29531 1.4443E-006 s 44.28281 28341 3820531 24508
10 7428281 ~3,1568E-006 83.29531 1.5367E-006 10 53.28281 34101 44,29531 28349
1 77.28281 ~3,2690E-006 89.29531 1.6500E-006 11 5626281 36021 71.29531 45629
12 83.28281 -3.4553E.006 9520531 1.7624E-006 12 62.26281 39861 77.29531 29469
13 9226281 -3.7036E-006 98.29531 1.8475E-006 13 74.28281 47541 83.29531 53308
14 95.28281 ~3,7T49E-006 101.29531 1.3927E-006 L 14 77.28281 49461 89.29531 57142 !
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More than one time stamp signal can be viewed together.

{REC0001_Measured-Nominal, RECO001_Time offset{Measured-Nominal), REC0001_Stamp Points)

II(S}NominaITime ‘Ij.ECODO‘.I_Measured-Nomlnc E;Emg;m:ﬂj_”ommm” E‘I;_?Crﬁ:?(v_ﬁamp
Actual time stamp (5} Time offset(measured-nominal) (s} | Points
| ] 0.0000 0.000000 0.000000 [+]
1 0.0000 0.000000 0.000000 [+]
2 0.0000 0.000000 0.000000 [+]
3 2.2828 2.272049 -0.010764 1461
4 5.2828 5271673 -0.011135 3381
5 8.2828 8.271306 -0.011506 5301
& 11.2828 11.270935 -0.011877 T2
7 20.2828 20269822 -0.012991 12981
8 29,2828 29.268709 -0.014104 18741
9 44,2828 44266853 -0.015960 28341
10 53.2828 53.265740 -0.017073 34101
11 56.2828 56.265369 -0.017444 36021
12 62.2828 62.264626 -0.018186 39861
13 74.2828 74.263142 -0.019671 47541
14 77.2828 77262771 -0.020042 45461
15 83.2828 83.262029 -0.020734 53301
16 92,2828 52.260915 -0.021897 59061
17 95,2828 95.260544 -0.022268 60981
18 98,2828 58.260173 -0.022639 62901
19 101.2828 101.259802 -0.023010 64521
20 110.2828 110.258689 -0.024123 70581
21 113.2828 113.258318 -0.024454 72501

What if you see the corrected time stamps have a parabola shape?

The single direction parabola curve of time stamps after the first order correction indicates that the
bias between the local clock of ADC sampling and GPS time base is still changing into one
direction, as seen in the following screenshot.

measarod naelost) Correciion ()

.
8

i
H

s
H

o
H

12000
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If the temperature of the CI-GRS is not settled, the frequency of the local clock may still change.
When the CI-GRS is in a stable temperature environment, this problem usually does not occur.
This problem will not affect the phase match calculation of cross-spectrum based on the algorithm
developed in post processing.
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Post Analyzer

§ =) —> . mm) | ATFX API

Block(Ch =
Hockich) X Data-Time (5 ¥ Data-m/s
Record Information  Signal Basic Information  Signal Advanced Info Block(drive) 0.000000E+000 2.666126E-001
APS[Ch1)
Property Value APS(ChZ) 1.953125€-004 -1.516642E+000
ApS{d
_ Admin mnﬁ,;“‘g] 3.906250E-004 5. 167476E <000
Record Information  Signal Basic Information  Signal Advanced Information  Signal Data  Chann Instruments spider i 5859375004 1.875062€+001
p prafile|
Property Value Testhlote Randoms5/Run10 HighAbortif) 7.812500E-004 1,815305€+001
Hame S160010 HighAlarmif)
UserAnnotation Randomss/Run1d LowAbort(f) 9.765625E-004 -1.832497€ 4001
RecordingPath C\Users\KevinCheng\Documen. LowAlarm(f}
Measurement tType VCs_Random Hif 1.171875€-003 -1.720908E+001
Type ODS_ATF_XML
Signai) T
\gnalfype \me RecordingTypeName ASAM ODS Format - XML Property Value

7 230 Black(Ch2)
GeneratedTime 3/7/2022 3:23:19 PM Version 100830 Hlockidriog m Randomss

SignaiName Block(Ch1) CreateTime 3/7/2022 3:23:19 PM :EEE:E testLastSavedTime 3/7/2022 3:23:19 PM

SamplingRate 5.12 kHz MastersN 2590976 APS(drive) testLastRunTime 3/7/2022 3:12:00 PM

BlockSize 1024 UserAnnotation Random55/Runi0
Measuremen tType VCS_Random

level 1

HighAbort(f} drivePK 0.395702865700027
HighAlarm(f}
LowAbort(f) controlRMS 9.74654483795166

LowAlarmf)

Signal / Recording Data

targetRMS 9.8128662109375

The Crystal Instruments (CI) ATFX ODS Signal Reader Application Programming Interface (API)
consists of 2 Windows Dynamic-Linked Libraries (DLL) providing third-party applications an
interface to access the signal data stored in the ASAM Transport Format XML (ATFX) files.

ATFX files are formatted according to the Association for Standardization of Automation and
Measuring Systems (ASAM) Open Data Services (ODS) standardization. This is a standard
dedicated for storing vibration data and its different forms. CI software natively stores its data
using the ATFX format, for both signals and recordings.

For details about the ATFX ODS format please refer to the official website:
https://www.asam.net/standards/detail/ods/wiki/

The .atfx files are xml-based files which store the signal data along with all the attributes of the
signal data including recording properties and time created, length of recording, number of
channels, channel parameters (e.g., input channel sensor and sensitivities), geographic coordinates,
sampling rate, high pass filter, etc. The .atfx files contain a reference to a .dat file that are well-
defined for storing both raw time data as well as processed spectral data, calculated from methods
including Fourier Transform, Frequency Response Functions, Cross-Power Spectrum, Octave
Spectrum, etc.

Two additional file types referenced by the .aftx file contains raw data: .ts and .gps. The .ts file is
a TimeStamp recording containing an accurate measure of when a recording was saved with
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accuracy down to nanoseconds. The .gps file is a GPS recording containing locational data of
where a recording was saved (e.g., latitude, longitude, altitude).

55 Open X
4 » This PC » Downloads » gps test ecample v O

Orgenize +  New folder - M @

Run10 Mar 07, 2022 15-11-38
Run17 Mar 28, 2022 16-14-20 Apr 12, 202..
Saved Files Apr 18, 2022 11-58-22
) (£499520)_ REC_{20220415K1) - Copy.atfx
) (44995200 REC_{20220418){1).athx
) MergedSig.atf

) MergedSig2.atfx

) RECDO41.atfx
) REC5838.atfx

85! ATFX Reader Demo

[c-isens Kevinchen g'\Downloads'gps test example\j4453530)_REC_[2022041%{1) - Copy.atfx

Record Information  Signal Data Information  Channel Table  Merge Info

Property Value
EDM.Recording TimeStampRecor

_Unkno.\.n Owner - ATFX file (™. athx) w
Instruments GRS Cancel
TestNote Untitled Test Note
Hame 144995201 _REC_{20220415001) - ..
RecordingPath C\Users\ KevinCheng\Downloa.
Type ODS_ATF_xhil
RecordingTypeName ASAM DS Format - XML
Wersign 10.0.841
DeaviceShs 4499520
MasterSH 4459520
MeasurementType Hone
GPS Enabled True
Longitude 0
Latitude 3738046
Atitude 12.42
MNanasesands Elapsed 629999338
Time Zone UTC-05:00
Created Time [Localy AF1E/2022 B:4THI0 PM
Created Time (UTE) AMB2022 104710 PM

The CI Data File Reader API provides end-users with a streamlined file reading and browsing
library to decode ATFX, TS and GPS files. Users can integrate the API with their own custom
developed application. CI currently supports Windows-based programs, ideally written in C#. The
same API also supports Python, MatLab and LabView.

The API offer direct calls to the ASAM ODS model classes and objects used to store data saved
in the ATFX file, such as calling the recording NVHMeasurement and NVHEnvironment to read
the DateTime with nano seconds elapsed. The API also provides a Utility class that has functions
to return data from the ATFX file without the user needing to understand the complexity of the
ASAM ODS model classes. Examples include the Utility GetListOfAllSignals which returns a list
of signals contained in an ATFX file or the Utility GetChannelTable function which returns a 2D
list of strings, where each list is an input channel row.

It is also possible to read any signal, time, or frequency, in other engineering units (EU) such as
Acceleration m/s?to g. Frequency domain signals can also be read in other spectrum types such as
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EUrms to EUpeak. The signal function GetFrame accomplishes these tasks and users can pass in
parameters to return a converted signal frame data saved in the ATFX file.

When the ATFX API reads the ATFX file, there may be some differences in the signal frame data
due to some display related parameters such as the spectrum type not being saved into the ATFX
file. The spectrum type is EUrms? by default. Engineering units are saved into the ATFX file and
should be the default EU when reading the signal frame.

For detailed information regarding the ATFX API, please refer the Cl Data File Reader API
Documentation available for download on the CI site:

https://www.crystalinstruments.com/basics-of-test-and-measurement
https://www.crystalinstruments.com/programming-corner
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Post Analyzer Standalone and License Management Website

Overview

Users are offered a new option to request, purchase, install and utilize post analysis functions. Post
Analyzer software starting from the 10.0 release will not be associated with a hardware serial
number. Its installation will be separate from EDM to operate as a standalone feature, offering
users the benefits of Crystal Instruments’ unique post data processing ability.

The new Online License Management website will further expedite and simplify the license key
process. Convenient features such as online payment options are planned for future releases. Each
OLM issued license will be proprietary to the computer on which the subscription was ordered,
and the CI server will keep track of the total activated licenses. This format provides one license
for each computer and is not sharable across multiple computers. New customers will need to
purchase one license for each machine intended to use the software. The same license can be used
on a different computer as long as it is deactivated from the previous one. Current customers and
licenses with existing Post Analyzer privileges will not be affected.

Online License Management — OLM
Starting with PA version 10.0, the license file is managed on Crystal Instruments’ Online License
Management website at the following address: http://license.go-ci.com/

1
/

- II i
"\ lo !

1]

Customer can begin by creating an account in OLM and submitting a request for Post Analysis
functions. A quotation response will be sent through email from CI Sales. Upon receiving a
payment, the sales team will create a license and send an email. The customer may then download
the Post Analysis software and use the newly issued license key.
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Post Analyzer 10.0 Configuration Update

— Post Analyzer - o 83
T e e U B o o [ aersnonswre) @
test1 > RecentProjects

I

“Hi\ [ Datasource - Data Conditioning 6 signal Display R ControlPand

=

Delete |Recogss_cht qpx

Next frame
|

[® REC0996 Ent

- RECD996.atfx 0.e10

i= spectral’s [General]
= spectral7+ [General]

iZ SpectralB_[General]

Spectral72 [General]

Live Signals|RunFolders [ DataFiles oot rimaie)
! | ime ()
4§ Time stream 4 E‘ o 10 20 30 4 50 &0 ™ &3

d b x [APS(ch1) 4b x

™ [ W BlodkichT Feg s (Wpel) T T8 APST
(AP S(ER] 0:0020 § {RAYS) (0.0H = 5 TEE¥07M

{ Block(mul1)
4 FET
+ léw, FFT(ch1)
|, FFT(ch2)
} s, FFT(ch3)
I, FFT(¢h4)
+ Jaw, FFT(mul1)
4 Auto-Povrer Spectra
il APS(ch1)
i, APS(ch2) 0.008 . . M . L fime() . L Frenuency (H)
!l APS(ch) - [ %0 002 005 004 005 006 008 | [ 18 00 000 5750

Analyzer running...

Spectral76-General Sampling Rate:No Re-Samplng

Three bundles of PA are offered for ordering convenience: PA Viewer allows the user to view
data and create reports; PA Basic has FFT spectral analysis, curve fitting, demodulation spectrum
and 3D signal display functions; PA Premium has more advanced functions including File
Converter, offline sine reduction, real-time filters, octave filters and order tracking.

Advanced functions can be ordered separately after the user has purchased PA Basic. This major
change in this release allows the user to spend less money and obtain the advanced processing
functions as necessary.

Activating a License

Similar to EDM, the customer begins by installing the PA software. Once installed, PA will not
function until the user inputs their individual license key code. Unlike EDM, this license will no
longer be in the format of a LIC file and instead will follow the typical software licensing format
of a long string of characters. The OLM website will provide users access to their individual code
once payment is received. Users can then copy and paste the license code within the Post Analyzer
LK Manager Tool.
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£ Backup and Restore Database
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Post Analyzer

Data Conditioning E signal Display

4

~# Convert recording to ASAMFile

“, Global Settings

| »

Next Steps

Ctrl=G

'™ REC0996 ¢

Enter your Post Analyzer License Key

License Key:

If this PC is connected to the Internet and you are ready to activate the license:

1.Use the Crystal Instrument Online License Management (OLM) to obtain the license.
Click on View or Activate LK button and the Copy button.Your license key will be
copied to the clipboard.

2.Press the Activate button in this dialog box,

3.Wait for a few seconds for this PC to communicate to the Cl server,your license
will be automatically enabled

Cl end user customers: If you believe your system is eligible for an upgrade, please go online to

license.go-ci.com, register an account, and submit a request to upgrade. When submitting the
request, please mention the hardware serial number associated with the PA software you wish to
upgrade. Cl will follow up with you shortly.

Distributors and CI business partners: please inform your end user about this change and

coordinate with Crystal Instruments to upgrade their software.
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