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General information

Software version
DEWESoft Tutorials corresponds with software version X

Printing notice
Specifications subject to change without notice.

Copyright notice

© 2013 DEWESOFT d.o.o. All rights reserved. May not beduplicated or disseminated in any fashion
without the express written permission of DEWESOFT d.o.o.

Trademark notice

All trademarks are acknowledged to be the property of their owners, with all rights and privileges
thereto. Noinfringement is intended.
Microsoft, Excel and Word are registered trademarks of Microsoft Corporation.

Disclaimer

DEWESOFT makes no claim about the efficacy or accuracy of the information contained herein.
Use ofthis manual is entirely at the user's own risk. Under no circumstances will DEWESOFT
assume any liabilitycaused by the use, proper or improper, of this manual or the information, textual,
graphical or otherwise,contained within it.
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DEWESoft X provides you with basic tutorials, which describe procedures for working with certain parts of the

program:

Basic tutorials
Measurement tutorials

Power tutorials

Dynamic signal analysis tutorials

Combustion analysis

Networked data acquisition tutorial

How to perform simple
measurements in DEWESoft?

Display settings
Post processing
Storage options

Voltage and current
Sensors with voltage output
Temperature

Vibration

Strain gage
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CAN bus measurement

GPS acquisition
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Sound level
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Basic tutorials

1 Basic tutorials

Basic tutorials are a "pre-requisite” of sorts for first time users. It gives an overview of how to perform basic

measurement tasks.

b

Offline math

Store

How to perform simple

et i measurement in DEWESoft?

Display settings

Post processing

Storage options

1.1  Simple measurement

This tutorial explains basic procedures for working
w ith DEWESoft: setup, acquisition and storage of
data, reviewing the results.

This tutorial explains how to design custom
screens.

This tutorial explains how to add the mathematic on
to already stored data files.

This tutorial explains how to store the data; w hen
and how to use different storage options.

This tutorial will first take a look at how to do a simple measurement with DEW ESoft. The hardware used is have a sound

cardand a web cam. To follow this tutorial, the user should select Audio card in the Analog section of the Settings —

Hardware setup..., plug in the web cam and choose DirectX camera in the Video section of the Hardware setup.

Even thought there is not much instrumentation used in this example, this gives the user a good basic picture of what can

be done with this software.

The following table displays the required hardware and software for completing this tutorial.

Required hardware

Sound card, web cam

Required software

Anylicense

Setup sample rate

Atleast 1 kHz (the setup sample rate is chosen in Settings -> Global setup - >
General -> Setup sample rate; some math modules require higher rates)

Two main icons found on the upper left side are Acquisition and Analysis. These are used to switch between

Acquisition modeto acquire the data, and Analysis mode to process the data.

2 DEWESoft - DEWESoft X Tutorials (RC)

© 2013 DEWESoft



Basic tutorials Simple measurement

o DEWES

STVTTT] N
Acquisition Analysis | Setup fi

When DEW ESoft is started, itis in the Acquisition mode already, so let's take a look how to setup the channels.

Also in this section:
¢ Video setup

¢ First measurement

Making a good screen

Analysis and

Reporting and exporting

Click the Ch. setup button. This opens the channel setup where we see the Analog section with two analog channels

(stereo), a Video section and Math section.

A oy -
\/) Acquisition Analysis Setup files |Ch.setup ‘ Measure e Help fg Settings
= o— F§ 00
B [ k - oy /
0 g 83 | & B el e v | o
Stare Save Saveas  File details Storing Analog Counter CAN GPS Analog out Math

Device preview Dynamic acquisition rate Channel actions

No A/D hardware 200000 - [ Selext al ][ Deselect al ” Balance sensars ” Balance amplifiers ” Shart on ” Shunt on “ Shunt cal check ” Zeroall ][ Reset zero all ] B
DEMO SIGNALS trertl =
1d S.rate Name Ampl.name  [[E|Measurement [ =] Range [E] units Min values Max | Zero [E| Setup
1 200000 | AIO DEMO-SIRIUS-MUL | Yoltags oy W -10 I 7S [ 10 Zero Setup
2 00000 | AIL DEMO-SIRIUS-MUL | Yoltage oy " -10 I B [ B 10 Zero Setup
3 Unused 200000 | ALz DEMO-SIRIUS-MUL | voltage 0w W -10 e 7. W S zero Setup
4 Unused 200000 | AI3 DEMO-SIRIUS-MUL | Bridge 10 mfy -10 I B I BFF 10 Zero Setup
S Unused 00000 | AL+ DEMO-SIRIUS-MUL | Bridge 10 My -10 I 7B I B 10 Zero Setup
6  Unused 200000 | AIS DEMO-SIRIUS-MUL | Current 200 mA -z00 " %86 L0LEE 200 Zero Setup
7 Unused 200000 | AI6 DEMO-SIRIUS-MUL | Current 200 M 200 I B [ 03 200 Zero Setup
6 Unused 00000 | ALF DEMO-SIRIUS-MUL | Current 200 iy 200 I B8 f ERER 200 Zero Setup

In the Storing section we can enter the file name and path where the files will be stored, in the Analog section is sample
rate @. Asample rate is the basic speed with which data will be acquired. This rate needs to be chosen wisely according
to the specific situation. If tem peratures are measured, we might need only 100 Hz (samples per second) or even less. If

the number chosen is too high, we will waste disk space, yet gain no additional information.

In this case that we will measure sound, so we have to choose atleasta sample rate of 10 kHz (10000 values per

second) to really acquire sound correctly. For a good audio performance we should choose 40 kHz or more.

Next, the appropriate channels need to be selected. Since only a simple microphone is used for this example, only one
channel is sufficient. The user can select it by clicking the on/ off button. Note there are Setup buttons on the right side of
the list.
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Channel setup
Simple measurement

Basic tutorials

Even though this is a simple microphone, the importance of correct measurement should be emphasized. First we need to

define the Units @ of measurements. The physical quantity measured by a microphone is a sound pressure measured

in Pascal. Pa should be entered as the unit.

&5 Channel setup for channel 1
Channel name Description Color Min walue Mazx walue Sample rate
aln I Ao Auto 20000 - <<
Measurement | IEPE - Used sensor <ho sensor > Qo
Range 10000 « | [#] Dual core ™ mv GHD: Physical quantity
Lowpass fiker | OFF - Uit
Coupling AC 1Hz -
e TEPE
IEPE
= G T
Scope: Sensikivity
10000 i 10000 Pa 1 i Pa .
@
Reference calibration value
a4 d8
E
5223 iy 5228 2 i .
e e s Calibrated st frequency:
EY THD+HM;
= Current value: 168,2 dB
= Block size: 0.5 sec
-10000 my 10000 Pa
-5l ms

Next we will try to perform a simple "calibration". Sound is calibrated with a sine wave. We can tryto make a nice sine

wave with a whistle. The RMS value of the signal grows to a certain level and we can use the Calibrate from RMS button

® to equalize the level to what might be approximately 1 Pa. Areal microphone is calibrated exactly with the same method

as used in this tutorial, but we can trust that the calibration value will be 1 Pa with the real microphone and calibrator.

The next step is setup the video channel Go to Video section. In the CAMERA OPTIONS section where the web cam

should be displayed ifitis installed correctly. Click the Unused @ button to switch on the camera and end setup with the

Setup button @.

- DEWESoft - Setup: test.xml

q.p
L9 i \
Acquisition Analysis

Setup fies |Ch‘ setup‘ Measure

@ g

Store Save

Save as

File details

; B

S
storing

o

Digital

= 0

(57

GPS

'
Counter

Ala

Analog

Stare options

Framg rate

‘ always fast

)

Defaut v

YALLES

1 Unused

‘vimioro USB P Camera LTI301F
Frame rate: 30,00 fps

SE
2
Setuj

U3 Video Device

Frame rate: 30,00 fps

Setup

Here, we can change the frame rate, resolution, compression and other properties @ of the camera. Details about

camera setup are explained in the Video acquisition tutorial, but let's stay with the simple setup atthe moment.
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Video setup
Basic tutorials Simple measurement

Camera 0 (Vimicro USB PC Camera LTI301P EJ
Basic settings
Compression | HAE24
PREVIEW - 15,2 fps Bl @
Frame ate 30
Picture setup
Exposure J
Erightriess Autn
Contrast Auto
Hue Auto
Saturation Auto
Sharpriess Auto
Gamma Auto
Color enable Auto
Backligh comp. Auto

We are now ready to take a first measurement.

Click the Recorder button @ in the upper section. The Settings will start to acquire the data. We can now test how the
microphone works by making some sounds. We can use the plus or minus button @ on the lower right side of the display

to zoom in or out of the time axis.

” 4 4 DEWESoft X |g Disk left: 80,3 GB |a b= 0,0333 ser |i CPUIS 5% - 0Ox
"‘/) A':qLus.m'm Analysis Setupfiles  Ch.setup | Messure | Design |£) Edt g Help | {gg Settings
=) 0O B = @ BB m Events
Store se Stop Freeze Overview Stope Recorder FFT .
| =1 2. |
Q
(=1+] caslt L

== AlD

[]ransparent ‘ ¥ (-] video

[¥] Unified properties = Camera 0

Single time axis

Real data

Show cursor
Interp. async channels
Draw sample points

Relative

4

[ single values axis

To see the data atthe faster rate, switch to the Scope screen . On the trigger tab, select the Norm trigger @ and drag
level L1 @ with mouse to about 10 % of the full range. One can now tap on the microphone to create trigger shots. It will

be nicely distinguishable how different sounds create different patterns.
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4h DEWESoft X E IMem left: 1027HE [
L . N\ )
Acquisition Analysis Setupfiles  Chosetup | Measure | Design
(n) H & m o\ .
Store Stop Freeze Overview Scope Recorder FFT .
=)= ==
L=
[ + | st v
[] transparent \ \

Seale History
Trigger @ Cursor

Free  Auto single

Pre
-90,70295

Past

90,70295 ms

<X>

ALD
Walue Real data
Mode Simple edge

Pasitive

) t=10,0333 sec

i ICDU:45;5% -0 x
|2) Edit | |igh Help ||y Settings
) (=]

Q

Nextthe FFT screen can be used to perform the frequency analysis. Anice line resolution and logarithmic ® scale is

helpful to better see the harmonics (in the screen shot below there are 4096 lines ® to have approximately 1 Hz between

each frequency line).

Here you can try to sing your best A tone (A3 has a frequency of 220 Hz, A2 has a frequency of 110 Hz) or, if you have a

piano or any other musical instrumentis available, one can see how well itis tuned. Itis also nice to see the difference

between a whistle, singing and a musical instrument. Actually, the higher harmonics give the color of the tones of music.

DEYYESoft X

m(‘ 153

r N A
L ki N
) Acquisition Analysis Design

O B = m m

Setupfiles  Ch. setup | Measure

Events

Store Stop Freeze Qverview Scope Recorder FFT -
=E) = ==
L=
-
[ transparent | )
Unified properties

Setup | History

Ling resolution {df= 1,35 He)
4096 5

window bype
Blackman

i scale bype
lLin

¥ scale bype

Log
ticks
2

urnbe]
4 ~
Amplitude display

Amplitude (Auto)

1
|
|
1
|
|
|
L
T
1
1

DC cutoff Weighting

i

: ,
|
g

i

I |[‘ ' |
|||ll “lll“. “I‘
‘ i

| \r l|\

Mone hd Lin

t = 0,0666 sec

u ""‘||||l‘ i
" :

H
Z

ilcpu:su;s% -0 x
|£) Edit | @ Help | (g Settings
=

Q

Now you can go back to the recorderand see that all the data is still there. You can zoom out and observe the full period of

time you someone have played with the microphone.

The next step is to store some data. Click the Store button @ and the red light on the "store" button should appear. The

upper right corner should display the size of stored analog data and the video file size.
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Making a good screen
Basic tutorials Simple measurement

The previous example was about how to use separate instruments. In DEW ESoft, itis possible to combine those

instruments to create greatlooking displays. Actually, any display can be changed according to the user’s wishes. Let's

change the Overview display, which is intended for combining instruments.

First, please note the Design button @, which is located right nextto Measure. When Design is clicked, the bar with
available instruments appears. We can add all the instruments that were used independently before. Let's add a recorder,

scopeand FFT. We can drag and resize the instruments to fit our needs.

Don't forgot - we have also a video. Click on the icon with the camera roll ("Video" icon)on :
this bar to add the video screen @. w

To zoom in/out or to change the trigger levels, the user needs to quit the design mode by clicking the Design button again.
This removes the instrument bar and enables the user to utilize full functionality of the displays. Now, one can practice

setting these basic instruments to have a nice overview of the measurements.

) :, _':, . a5 DEWESoft X |i 14,6 fps |@ l-= 10,0666 sec |D ﬂass% | -0 x

L

(T N ;
Acquisition Analysis Setup files Ch, setup Measure Design @ Edit i Help (s Settings

Store  Pause  Stop  Freeze | Overview  Scope Recorder FFT

0 @ m m m m .

Scale Histary

Trigger Cursor

Free  Auto single

Pre P

a0 s | 070z | e

& 000 30000 900,00
X3

M

AlD v

Remember that we are storing the data? Click Stop button @ to stop storing.

The next step is to look deeper how we can analyze the data being stored.

It's quite simple - just click Analysis button. Since we just stored a data file, DEW ESoft assumes this is the file that we
want to review. If the user click Analysis in other cases, (when launching DEW ESoft or from the setup screen), the file
explorer would open up @ and we can see the sub folders of the main data folder, the file list and detailed information
about the chosen file such as size, start store time, version, sample rate, number of channels, storage options

and video files (if there are any).
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Analysis
Simple measurement Basic tutorials

Double click on the file which was previously stored.

If there are sub folders, we can select them by double clicking on the sub folder ®.

The first level data folder can be changed by clicking on the folder list drop down E and selecting any upper level
folder. The default folder can be saved by clicking on folder drop down @ and selecting Set as default project folder.
When the user selects certain file, itis pre-scanned to display important information about channels, events and data

header. This information is shown in the General file information section ® and on the Channel info list @ below the

file explorer. Note that there is also a Min and Max available, and that if the channel is overloaded, this will be shown in red

- T\ DEWESoft X 07 fudio - ax
U cquisiion | Analysis Datafiles | Setup  Review & Help |y Settings
st H =) i
o slio v 3
Multifile export Use for measure AVIcompress Load Icon Rename  Delete Copy Cut Paste
=-lo- H- | al

) Data

File Mame Size Start stare time Version Sample rake  (Channels
324 kB 10.8.2009 ...

Store mode:

7.0 b0 11025 Hz AL 1, Video: 1

Sample rate Store date and time Mumber of channels
11025 s/sec © 10.8.2009 15:15:06 2

Reduced rate Duration Trigger conditions
- 00:00:07 always fast

h. no HMame Rate Settings Scale Offset Range Min Max
ALD 11025 Dageard direct (5 1) 1 10,1877 4,812 ., 5,188 0,827 0,8119
Channel 0 11,5 1 o 0.. 18000 - 24 110

@

Now we can open a file. The user can choose any display that was pre-builtin Acquisition mode.

There are many ways how to review the data file. On the upper right side there is a Play button @. When selecting this,
you will see that the yellow cursor @ moves through the data, FFT is calculated, scope shows the current data and the
video file is replayed. When the replay starts, "play" button changes to a Stop button. Clicking to this button stops the
replay. We can even hear the sounds we have just stored. By the play button, there is also a Sound button ®, but with the
red cross. Clicking on itdisplays the channel list. By selecting the only stored channel, the loudspeaker will not have a red
cross anymore. Now click the Play button again and whatever was have recorded will be heard from the loudspeakers.

Click Stop again to stop the replay, and select None on the loudspeaker icon to switch off the audio replay.

While playing the data, you have noticed that the yellow cursor moves through the data. You can also drag this cursor with

the mouse to move through the data file quickly.
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Basic tutorials Simple measurement

e DEWESoft - Datafile: Test.d7d -0 x
A N : 3 : -
@Acquisitinn Analysis Data Hes@etup Review | Print  Export  Design |2) Edit| g Help |23 Settings

SRR LI S X" = H = 7] [wi-| [l | Events

Play  Replay speed: Ln Mode  Sound Offl

Save Overview Scope Recorder FFT

[ + | st v

[JTransparent
Unified propetties
Single time axis

- AID
¥ (] video

— Camera 0

Real data

Show cursar
Interp. async channels
Draw sample points

Relative

4

[ single vslues axis

dt = 6,90233 s

1_nnna e nnaw

If the data file is really big, it can be very useful to zoom in on a specific section. Please note that, additionally, the recorder

has additional two silver cursors - named | and [Il. The user can drag these cursors to select a certain region.

Another way of selecting a specific area is to left-click and hold the mouse
button on an empty area of the recorder (where no red events or cursors are
present). This will position cursor [l in the specified area, so thatthe user can

then drag the mouse to the second location, which will position cursor Il .

When this is done, the mouse icon will change to a zoom icon within the
region of cursor || and [ll.. Clicking the left mouse button will zoom in on the

recorder. This can be done several times to come to the region of interest. The

user can also drag the x scale left and right to position the data exactly. Right

clicking on the recorder will zoom out to the full scale.

What can we do now with this data?

First of all we can print the current page. Just click the Print button @ and the same page (with white background, to be
"printer friendly") will appear. You can select different print options @ and click the Print button in this menu @ to print the

data.
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Reporting and ex porting

Simple measurement Basic tutorials
== DEWESoft - Datafile: Test.d7d -ax
NEA @ |
Lj Acquisition | Analysis Datafiles  Setup | Review || Print™ Export & Help || {3 Settings
= || note i3
= -
Portrait L;ndscapeJ ‘ Multi page Print @
@
[ .
e e [ ) N -7
! ! |
itk Bttt Sty A il et Sk etk -
N “‘htmimﬂhh.
| f FTI”’I'I”'TFTU
777777777777 B e T B e T e S e |
' | |
T —

The next step is to export the data to other applications. DEW ESoft is intended to be an acquisition application, thus
for advanced analysis we can use other post processing applications. This can be done by selecting the Export button @.
We can then choose to export the data ® to MS Excel or Flexpro. The user can even choose the script - which actually
means the measurement reports. We can also choose File export and have a vast choice of post processing

applications, but for this example, there is only the data file.

Itis important to note that in this example we will export only a zoomed region. If we have MS Excelinstalled on the
computer, itis not very wise to choose too much data for trying this feature, since Excel can't really handle much data. For

larger data files, itis recommended to use Flexproor Matlab.

\ e e DEWESoft - Datafile: Test.d7d - 8 x
8) = B @ |
\ Acquisition Analysis Datafiles  Setup Review Print Exzport & Help |y Settings
-\ ! Full speed data - 4
L4 1x: 3
4 K A % v | ] il
FIexpru@MS Excel DEWESoft  File export  Clipboard Relative time < Export Newtemplate Edit template Delete template

Exported Index Type Acq. rate Name U

E!

1 Channel 0 11,5 Camera 0

Another interesting option is to make a video of the screen as itis replayed. We can do this by selecting the menu item

Edit —» Export screen to AVI. This will actually produce the video file like it would be played on the DEWESoft screen.

This is a short overview of what can be done with very basic hardware. There are many possibilities about what can be

done with professional equipment. The measurement tutorials will demonstrate how to perform real measurements.
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Basic tutorials Display settings

1.2 Display settings

This tutorial explains how to design the screens and work with displays in DEW ESoft, there are four known types of
controls:

controls which typically show all the data (recorder, vertical recorder, xy recorder, GPS map)

controls which show a part of data directly or calculated data (scope, FFT, octave, vector scope, harmonic FFT,
tabular display)

controls which show only one value (digital meter, bar meter, analog meter, indicator lamp)

- additional controls like pictures, text or lines

All controls can be combined into one single screen or we can build several screens for a specific part of the measurement.

There are also predefined screens (like scope, recorder, FFT), but they can be altered to meet user's requirements.

Let's take a look how to use displays and how to set up an ideal display. An Overview displayis intended to be defined

bythe user, but predefined screens can also be altered to meet specific requirements.

DEWESoft X I Mem left: 105am8

§ rc- b= 0,0332 sec |i CPUI 45,5 % - 0Ox
\ A% A,
P9 | RN :
=/ mcouisition Analysis pfiles  Ch.setup | Measure Design Pre-defined displays | Edit i Help | {3 Settings

O DESIGN .
button

[ + | Cols

[]Transparent
Unified propetties
Single time: axis

Y
== ATD
- ALl
- Al Z
- A13

ONLINE DISPLAY SCREEN L

with different instruments - 415
Feal data

sho
o

- A1E
== Al7
¥ (2] videa

— Camera 0

Instrument
setting

il CHANNELS

4

[ single values axis

Aconflict of interest arises in that the subsequent chapters describe in greater detail how to incorporate different
measurements. This, however, is under the assumption that the user already knows how to create displays (this chapter).
For the sake of simplicity in this tutorial, one measurement's channels will be used to make a display set-up. The next

chapter will explain in greater detail how those channels can be acquired.

With DEW ESoft software, the user can also find the Example Drive01l data file. Let's open this file because ithas lots

of interesting channels for creating the display setup. Go to Overview. Since this displayis pretty crowded, let's make

another display. This can be achieved by clicking Display properties button |,se|ecting displaytemplate and clicking
on Add as main display.
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E=1 (=] E=l
a a
Display name Display name
Scope Scope
Icon Icon
[~ [~
Arrangement. Arrangement
Remave Remave
Remove display Remove display
a 8
Select template Select template
Custorn A Custom b
With selected kemplate
Add as main display

Add as sub display

=E) ==
L=
Display name
Scope
Icon
(W
- edisplay
&L 2
[ | -
B e
ry ain display
= ub display
v

There should now be a blank displayin the Design mode. The visual controls can only be added in Design mode, which

is selected by clicking the Design button O from main menu or on upper left side of display. Now let's see what we got

from the channels. We can add one recorderfor velocities. Note that there are 8 handles around the recorder. We can

adjust the size of the control with dragging those handles. The control can also be moved by dragging the control to the

appropriate position.

-
Analysis

Data files

Setup

Review

Print E@ Design

There are all four wheel speed measurements. When the recorder is

added, the first channel is automatically assigned to it. To deselect this

channel, go to the lasticon in channel selector to show channels on

current visual control and click on all channels to deselect them.

AL £
Q
Channels
= WSPEED_FL
= IE]
Q

Now we can select the channels to display. Go back to the group view
and note that the channels are organized into groups. In this case, there
are analog channels, counters, CAN, Math and GPS channels. Let's
click on the CAN group and select the Bremse3 message. All four wheel
speeds become visible. Clicking on them will add the channel to the
selected visual control. Clicking on the selected channel will remove the
channel from the visual control. Each visual control has a set maximum

amount of channels that can be displayed on them.

&g a1
== GPSvel
¥ -] Mathold
= Mathn

¥ [ CAMfPort 0

£33
|=+| Bremsel
- | Makarl

=l

| Matar

==l

| Maokor3

=l

- | Kaombiz

=l

»
>
»
»
»
»
¥

=l

| Bremsesd

-| STEERIMG_WwHEEL

— WSPEED_FL
— WSPEED_FR
— WSPEED_RL
— WSPEED_RR
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B e
speed Q
With many channels there is much easier wayto find the channels. Ifwe M ‘_—"VB;:;;IZ
know that we want to have "speed" channel, just enter the keyword speed ¥ [] Makor2
— V_SPEED
in the search caption. The channel selector will only show channels with O | B
&=
the keyword at any pointin the string, so itis much easier to find them. SaaNORFED CL
— WSPEED_FR
— WSPEED_RL
— WSPEED_RR
The "Recorder" can hold up to four channels at maximum. This is
basically limited by the number of y axis. Since there is only one measured
value (speed), we can select to have all the channels related to one single ET| =
axis by selecting the Single value axis option in the recorder. In this case weladity %]
v welacity

the recorder can hold up to 16 channels. Now we can add the Velocity
channel from GPS. We can browse through the folder structure, butitis

much easier to again type "Velocity" keyword.

Visual control actions like zooming or scaling cannot be done while in
design mode, so we need to click Design button again to be able to type in
the maximum scale orto autoscale the y axis. Since the speed at this
test didn't exceed 100 km/h, we can move the mouse over the maximum

value of the y axis until it shows a gray rectangle and click on it to enter the

value.
Now that this is set, we can click the Design button again to continue building up the display.

It would be nice to have some analog meters to displaythe vehicle RPM and the speed of the vehicle atthe current
moment. The recordershows the entire or the selected time period while the meters show only the current position. In
Acquisition mode this is always the current value, while in analyse mode this is related to the position of the yellow
cursor. Let's add two analog meters. Select first meter and choose the Eng_RPM from Motorl message of the CAN bus.
Select the other one and choose the GPS velocity. The scaling can changed to more appropriate values. For the
Engine RPM (since it was a diesel engine), the user could enter 5000 RPM for the maximum value. We can also choose to

use the upper limit (of the alarm) and enter 4000 RPM as the tolerance limit.
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O W e m@=] e

Copy  Paste Delete

5], =) [

| + | Cols

[ ransparent

[] Unified properties
Actual

Fast (0.15)

Upper limit
Use |4000
Lowver limit

Cuse

5000

We can also add two digital meters inside the analog meters to show the exact RPM and velocity as a number. The
user can add and move the meters and selectthe channels from the channel selector as was done for the analog meters.
Since itis already known that the shown value is velocity, the caption and frame can be switched off by deselecting the
Show caption option. To be able to see the analog meter in behind, we can make that the digital meters are fully
transparent. Since the RPM shows one decimal, which the user is notinterested in, decrease the resolution by one

can be selected by the Dec button.

Copy  Paste  Delete

EE
[ + | cokfs v
[]Transparent [
Unified properties
Actual
Channel -
Fast(0.15)
Upper limit
[Juse rpm
Lower limit
[(use rpm
[[]show caption
@ auto O Manual
[NESPEN -

Now comes to the fun part. Since video camera and GPS are already used, we have two additional visual controls
available, which are video camera and GPS map. Let's add both. When trying this independently, the user will not have
the GPS sky map behind the traveled path, but how to add this will be covered in the GPS tutorial how to add this. Let's
place the controls to make good display screen. Please note that the user can move the controls to the foreground or the
background. Since we added the video control later, it will be placed in front of the analog meter. With a right click on the
analog meter we can choose Bring to front to bring the control to the foreground. The user can, of course add a visual

effect of transparency to the analog meter, so as not to hide the video picture.
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A A DEWESoft - Datafile: Example_Drive01.d7d - 0ox
A [T Y ) )
=/ acquisition | Analysis Datafles  Setup  Review | Print  Export | Design |2 Edit || i Help | {y Settings

B m@= e  mw Frhol u ¢l wyp ®
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Copy  Paste Delete Undelete
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Copy group image ko clipboard
w Unified properties
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150

Let's add some more controls for the outside temperature, satellites used and gas pedal positions to finish it. The
display settings can be done in Acquisition and Analysis mode. In Acquisition mode, these settings will be stored to
the setup file. If we alter the display settings in the Analysis mode, those settings need to manually stored by those

settings with choosing Save icon. We can also use these settings for the next measurement with DEW ESoft round button

(4

“ — Use setup for measure.

To be able to really use it, deactivate the Design mode. Now we can zoom in on the recorder and move the yellow cursor to

update the digital meter or we can replay the file.

4 o DEWESoft - Datafile: Example_Drive01.d7d -ox
A o 5 : ; ;
=/ hcquisition | Analysis Datafiles  Setup | Review | Print  Export  Design |Z) Edit| &k Help | ¢y Settings
1 | =
b e X H B .32 @ = = Events

Play  Replay speed: 1x Mode  Sound Offline math  Auto Recale Save e Seope Recorder FFT Vert. rec.

1020832746 910200 - =3

| + | Cals |2 s

[ Transparent: |

Scaling 1tol

Frame number: b3

0.000 0 47.900
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1.3 Post processing

Agreat new feature of version X is post processing. All the mathematic which are available during

Acquisition (measurements) can now be added on also to already stored data files.

Let's acquire some analog data with the microphone and open the file.

N DEWESoft - Datafile: Test.d7d -8 x
L 1 N
-/ Acquisition | Analysis Datafiles  Setup Review Prink. Export Design |£] Edit & Help {3 Settings
« o b Y | B H E = @ | Events
i

Play ~ Replay speed:1x Mode  Sound Offline math  Auto Recalc Save Overview Scope Recorder FFT
| i 2 =)
\ + | okt = AL3
[ Transparent |

[]unified properties
[#]5ingle time axis

Feal data

Show events
Inkerp. asyne channels
Draw sample points

Fielative
4
[single values axis

dt = 26,49600 s

I 0,012 1:-0,013
d: -0,002

Now press the "Offline math" button @. This will open the "Setup" tab sheetin Math section. Here you are able to add

any math justlike being in Acquisition (measure) mode.

N DEWESoft - Datafile: Test.d7d - Ox
PRy T A Y
4 Acguisition Analysis Data files Setup Review Print Expirt @ Help e Settings
\ D - (+1+] g &
E.B 4 — Lm 00 L | L ¥ &
Channels Events  Dataheader  Video Math  Torsional vib. Power Brake Test
Basic Edit
(e W e Yoo £ o v |
2t & - E v % T FREQ T L M o o 8
ON/OFF C NAME YALUE SETUP

" IR Fiter Butterworth, low pass fiter, Order: 6, Fh: 100
Offine Setup
Al 3fFiter Wiating calculation

After going back to Review, the Offline math button changes to Recalculate. Let's add new recorder by pressing a
plus button. When adding Al3/Filter channel which we have just created, we can see ... nothing. Recorder is empty. The

reason for thatis because we need to issue the Recalculation manually. The big benefit f that is that we can define a

region where the data is recalculated.
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Y\ % DEWESoft - Datafile: Test.d7d

y. i
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Imagine you have a huge file. Add a filter to many channels, issue the recalculation, go for a coffee, come back and see that

it would be much better to choose different filter type.

offers you to zoom in the region and calculate only for that region. After pressing Recalculate button, filter is

calculated and the button turns back to Offline math. If the resultis not perfect, we can go back to Setup (either by

clicking Setup tab or clicking on Offline math) and change the math.

DEWESoft - Datafile: Test.d7d

“ r N
Acquistion | Analysis Datafles  Setup | Review | Print  Export  Design
. FWD I |
5 e X I @ .
Offline math Auto Recalc  Save Overview  Scope

Play  Replay speed: 1x Mode  Sound

[= 4] coslt

[ transparent: |
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Real data
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Inkerp, asyne channels
Draw sampls points

Felative
4
[ single values axis
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-0 x
Edit | @ Help (g Settings
& Help ® )
= il | Events
Recorder FFT
¥ & A
= AL 3
¥ 98 Math
[ AT 3/Filker

Let's change the cutoff frequency from 100 Hzto 2 kHz (in the Setup screen of lIR filter). After doing this, we can see that the

status of the math channel changed from Calculated to Offline and the online values says "Waiting calculation”.
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4 ™ DEWESoft - Datafile: Test.d7d
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Go back to review and press Recalculate. New calculation will be performed and will replace previous one. When we are

satisfied with the result on one section of the file, we can zoom out to the whole recording. We will see only a part of the

calculated channel and the rest will be empty. The Offline math changes again to Recalculate. After pressing

Recalculate we can go for a coffee with a good feeling that everything will be correct when we it will be recalculated.

4h N DEWESoft - Datafile: Test.d7d
~.3

z
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Fieal data
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Draw sample points
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-0 x

 Gettings

We can add all kind of math channels, notonly formulas, filters and statistics, butalso power, order tracking,

torsional vibrations, combustion, basically everything whatis possible online.

Let's look at another nice usage of offline math.

Go back to math setup and add another math block - this time Basic statistic. Go to the setup and select Single value

minimum and maximum.
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We have now two more channels: AI3/MIN and Al3/MAX.

Go back to Review and add those channels on the recorder. For practicing display settings we can also add some

meters. When zooming in and pressing Recalculate we getthe min and maxvalues for that zoomed region.

N “ DEWESoft - Datafile: Test.d7d -ox
PN ! N
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I Io:
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Another very nice option is the Auto recalc @. Instead of pressing Recalculate everytime a new section is chosen, Auto

Recalc will do that automatically.

The last step is then saving these channels to the data file. When we have zoomed out in full and Recalculated the

channels, we can press Save button to store math settings, visual controls as well as calculated channels.
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1.4  Storage options

DEWESoft offers many ways of how to store data. Al settings for this are done in the Acquisition setup screen.

First, let's take a look at how we can name the files to be stored. We can define the file name for each measurement
separately by entering it into the file name edit-field. The default folder where data is stored can be changed by clicking

on the File details button.

L) N\ =
Acquisiion | Analysis . Setup files ‘Ch.semn | Measure @ Heb |y Settings

= ol oo

=

e -Wd -Wd » oe
Store Save Saveas | File details Storing Analog Math

Data
Dats 0000 ¥ Create a multfle [V save multifie opt. in setup
Folder
C:\Dewesoft\SW programiPewesoft7\Data [V Make new file after  [2000 MB -
Comments | =]

For repetitive measurements, it can be helpful to use the multifile function. Multifile automatically assigns a new file name

for each cycle (start) of storage. File names can be either consecutive (such as 0001, 0002, 0003) or by the date and time

Additionally, we can create a new file after a certain file size is reached or after a predefined time. This is done by selecting
Make new file after check box. The criteria for switching to a new files are either the file size or time interval, which can
be defined in seconds, minutes or hours.

In this case we may wish to switch the file after reaching absolute time. This can be very useful when acquiring data for
longer time periods. If we choose to switch the file each hour with absolute time, then the switching will be done exactly on
the hour (01:00, 02:00, 03:00...). The time will be taken from absolute PC time (or other more exact timing source, if
available, as defined in the hardware setup). The file switching is done in such a way that no data pointis lostin the

process.

< I - © -
L) i \ 2
Acquistion | AnalySs | Setup fles ‘ Ch. setup | Measure @ el ||y Settings
3 3 | & , | oo
Big B | O BE o | 28
Store  Save  Savess  Filedetails| Storing | Analog Math
Folder selaction B storing
|_) Data
Pata 0000 W Create a mutifie [# Save multfile opt. in setup
Folder o
C:\Dewesoft\SW program\Dewesoft7\Data [¥ Make new file after 2000 VB -
Staring type Static acquisition rate
[always fast = Jaute =
I Start storing automatically =] (=)
Adjusted o 0,2 sec

We have four different storage options which relate to the basic sample rates:
- always fast: data will be always stored at high speed, as defined by the dynamic acquisition rate
- always slow: data will be always stored at reduced speed, as defined by the static/reduced rate

- fast on trigger: data will be stored with the dynamic rate, once the trigger point occurs
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- fast on trigger, slow otherwise: data will be stored with the dynamic rate at trigger points, and with the

reduced rate when there is no trigger.

Now let's look at each individual storage options. Before looking into that, itis worth explaining there are two types of
channels in DEWESoft: synchronous and asynchronous channels.

Synchronous channels (like analog, counteror digital) are channels which are acquired at an exact predefined speed,
defined by the dynamic acquisition rate. Asynchronous channels are channels where the rate is not known beforehand
(PAD, CAN, GPS...). These channels are always acquired at the speed with which they come from the device. The picture
below is a typical example of a red analog channel with a fixed rate and, a purple GPS channel. The user can see that the

rate of the channel is not fixed.

Only the synchronous channels are influenced by the dynamic acquisition rate, so raising the sample rate will increase
the amount of data stored. The asynchronous channels are notinfluenced by the sample rate, we need only ensure that the

dynamic rate is faster than the rate of data coming from the asynchronous device.

For example, for CAN bus itis usually enough to acquire the data with 100 Hz other sources like PAD or GPS are even

slower. If there are only asynchronous channels, the sample rate only defines the time stamp precision (resolution).

If we choose to store always fast, the data will be stored all the time. Let's do this. The

hardware used is the same as for the basic tutorial - onlya sound card and a microphone. 6
To start storing, click Store on the main menu. Now the data will be stored to the file with full Store
speed.

The Store button changes to € and if we click the Pause button | == | data will still be acquired, but storing will be
paused. At that point, the Pause button caption changes to Resume button [ (Store button also change his

appearance to - ®* ), and if we click it again, storing will be resumed. Due to this, there will be two sections of data.
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If the user clicks Analysis, they will see two sections with data and the space in between will be blank - no data is stored

there.

1.4.2

\ " DEWESoft - Datafile: Test.d7d
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Always slow

If we want to acquire the data with slow speed, we can choose the always slow storage option. The data will be stored at

intervals, which are set with static/reduced rate. In our case, this is setto 0,1 seconds. Thus much /ess disk space will

be used for storage.

Even though storage is setto slow,

maximum, average and RMS for this time interval and store only those values.

will still acquire the data at full speed, calculate the minimum,
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Let's store some data and take a look how the data appears in the recorder. This is what the data looks like at full rate in

Acquisition mode.

\ DEWESoft X IOT Audio - 0x
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And now let's switch to analyse mode. The data will be shown as the envelope of the original signal since the full rate rate
is no longer available, merely the 0,1 second values. We can also switch to average or RMS modes in the recorder setup to

see those two parameters.
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The recorder below shows the RMS of the signal. We can judge from the average, RMS and min/max values what the
original signal could be. For example if there is a big maximum and the average value did not grow, we can deduce that

there was a short spike in that channel.
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If our data consists of events which can be captured, we can choose to store it as fast on trigger. The trigger event can

be defined in the software and then DEW ESoft will wait for this event and store only the portion of interest.

This can be set by choosing the fast on trigger storing option. After doing this, the new tab Trigger will appear where we

are able to set up the trigger condition and strategy.

First we can choose to define the pre-time, post-time and holdoff-time.

Pre time is the time which will be stored before the trigger event occurs. We define the 100 ms before an event as the pre-
trigger. This means that DEW ESoft will keep the data in the buffer until the trigger event occurs and then store this data to
the file in addition to the regular data.

Post time is the time after trigger event which will be stored. If this is not defined, DEW ESoft will continue to store until we
stop it manually or a stop condition occurs. For this example, we want to capture trigger shots, so the post trigger should be

setto 200 ms, so a total of 300 ms of data will be captured per trigger event.

Now we need to define the trigger conditions for the beginning of storage. Let's add one trigger condition by clicking setup

to define it.
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In the trigger setup window, we can choose channels for triggering. We can select several channels for triggering, but
since this example deals only with one, there is only one choice. Then, define the trigger criteria needs to be defined. The
user can trigger on time data, time or FFT.

Time triggering includes edge, filtered edge, window, pulse-width... on real data, averageor RMS values. For this
simple application, only the simple edge with a trigger level of 0.5 will be selected. This means that when the value crosses

the 0,5 Vlimit, it will produce a trigger. One can already test the behavior of the trigger from the scope in the lower left side of
the setup window.

Condition setup @
Allchs | ar data 3
aro
walue Real data v
Mode Simple edge ~
Pasitive v
Trig level 0,5 W
wig -~
%
Trig

Now let's take some measurements. The user just needs to hit the microphone to produce the necessary trigger. We can
see from the recorder that the first shot was not high enough, therefore we hit it harder. That did it, and one we can see the

beginning of the storage event, the trigger event and the end the of storage event.
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Note that the Store button changed the name to Arm " *= | and there is an additional Trig button | ™ |, This is manual
trigger to issue a to trigger even without an event.
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Let's review the data being stored. We can see that only the trigger events are stored, yet for the rest of time the data is

blank. Note that there is a new button, called TRIGGER MODE, in the data preview. This gives us a chance to review the

trigger events without zooming in on the data. Ifitis clicked, the first trigger eventis automatically zoomed in.

4h DEWESoft - Datafile: Test.d7d -0 x
Py N
Acquistion | Analysis Datafiles  Setup | Review | Print  Export  Design |£) Edit | g Help | {5 Settings
" =
FWD ol
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Tonaan monicn

The trigger mode button changes to an "arrows" button, where we can browse between the events. If those two buttons

are clicked, the recorder shows the trigger events one by one. On the data preview we can see the currently selected trigger

event. Right click on the recorder to zoom outto the full region and to /eave trigger mode.
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Fast on trigger
Storage options
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Note that there was had one peak in the beginning of storage. It was not enough to be stored with the trigger, but

sometimes itis still nice to see what the values in the regions without the trigger event were.

1.4.4

Fast on trigger, slow otherwise

To be able to acquire data with two speeds, we need to use a different strategy: fast on trigger, slow otherwise. All the

settings for this mode are the same as for fast on trigger. It should be noted, however, that if the user acquires and

reloads similar data with this strategy, the data is also reduced for the regions without the trigger event. This can be seen

on the picture below.
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By zooming in on the data, one can see the reduced, stored data before the trigger, where only the maximum and

minimum of the signals is seen and then for a region with trigger the full speed data can be seen.
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p Measurement tutorials

Measurement tutorials give us an overview of some basic technical measurements. It will help to choose the right

sensorand am plifierfor a specific task.

Voltage and current measurements of grid
voltage and consumed/produced currents

Voltage and current

Sensors with voltage/current or digital output -

Sensors with voltage output w e need to measure the outputand convert it
to the appropriate units

Temperature measurements with different
Temperature sensors: thermocouple, thermistor, thermal
resistance...

Vibration measurement for the measurement
of surface vibration of certain elements

Strain gage measurement principles of
measurement strain and stress of the
materials

Counter channels are used to perform counting
and frequency measurements

Measuring the frequency with counters,

Frequency measurement analog and PAD with differences

. . Video acquisition provides important
Video acquisition information in addition to other acquired data for
data analysis

"Listening" and acquiring data on CAN bus in cars

CAN bus measurement and other vehicles

To determine the position on earth, precisely

GPS acquisition calculate the speed and synchronize remote
systems
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2.1 Voltage and current

Voltage and current measurements are very common.

Voltage measurements can be splitinto several sections: high voltage grid measurements (in kilovolts), where we
need voltage transducers, direct low voltage grid measurements (120/230 V) and low voltage measurements (up to
50 V). The high voltage converters convert kilovolts voltage signals to a measurable range - up to one kilovolt. If you have a

good amplifier (Dewsoft has SIRIUS HV), there is not much to be said about voltage measurements.

Currentis similar - we can measure high currents with a Rogowsky coil or current clamps; or low current measurements

which is often done with shunt resistors.

A Rogowsky coil can be used for AC current measurements. Directly it measures the derivative of current, therefore an
integrator circuit or software filter module must be used. Current clamps work on the Hall effect principle, and it outputs

the voltage proportional to the current. Both principles include a phase shift of the output.

The shunt resistors are very useful for the measurements of small currents. The theory behind their operation is simple -
with known resistance and the a constant current flowing through the whole measurement chain, the voltage is directly

proportional to the current. This will be explained a little bit later when calibrating the shunt resistor in the software.

In all cases, itis highlyrecommended to use isolated am plifiers. Even if the voltage itselfis not too high for the not
isolated card input, this voltage might have a high potential to ground, which might kill the card. Agood example is
measurement with shunt resistor, which is basicallyjust the high precision high current resistor, on which the voltage drop
is measured. Even though there might be only a few volts measured on the output, the potential might be as the high as

grid line voltage. This would - if connected directly to AD card - surelykills the card.
Dewesoft signal conditioning

Let's take a look at one typical example of "low" voltage and current measurement. We will measure the grid voltage and

the current consumed bya 40 W light bulb.
We will use three high voltage (HV) modules on isolated Sirius.

The currents will be measured using two principles. We will use a current clamp, which can be easily mounted since it
can be opened. The second principle is the shunt measurement, where we need to cut the wire to include the shuntin the
series. One should also be very careful not to exceed the maximum current of the shunt; otherwise we can measure a nice

fire. For the moment, let's focus on voltage and current.
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Required hardware

Sirius Isolated with HV modules

Required software

Anylicense, except LT

Setup sample rate

Atleast5 kHz

Let's take a look at how to make the DEW ESoft setup for the configuration shown on the previous picture. We will use first

three Dew esoft programmable channels - one for voltage measurement @ and two for current measurement: @ and ®:

] - | —_—
Acquistion Analysis  Setupfiles | Ch.setup | Measure {3 Setings
2 Ba | & B e 0 (M | 8
g g | & | 06
Store Save. Saveas  File details Storing Counter  Ctrl out Math
Dynamic acquisition rate
0 . Frea.span: | |External clock
e e [t
(kHzfch] 99
onyorFE C NAME AMPLIFIER (007) g PHYSICAL YALUES 8  ca 8 setwe
Wolkage SIRIUS-HY SN DOCE33F4 312.28 1 312,18 W -
1 ) I Zero | - Setch.1l
‘oltage: 1000 %: 60 kHz 1000 ] 1000 £
Curentl @ SIRIUS-HY Eiieresieeen A 2| setchz
Vaoltage: 50 50 kiHz =0 1 ] 0| &) >
Comeniz SIRIUS-HY BRI i B2 Gera || seehs
Voltage: 50'Y; 50 kHz 500 7 S| 0 ||

Since the input voltage can be £1000 V, the voltage can be measured directly without any of additional transducers. We

expect voltage 230 Vrms -sqrt(2) = 325 Vpeak.

We need to take special care for the settings ofthe Lowpass filter @. If this setting is lower than half of the sample rate, it

will cutthe signals alreadyin the range of the measurements. Sometimes this is needed, but more often this filter is setto

the low range by mistake, and then the measurement results will be invalid.
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A Channel setup for channel 1 @
| Channe] et ST
Channel name “woltage e
lU 1 Range 1000 (auto rangs) w7 ¥
colr I
Min value Auto Max value Auto
Sample rate divider 1 - Skip

Ve

Input value Scaled value
1000 ¥ 1000 ¥
[u] 1000 W
equals aquals 311,305¥ —— 311,305V
-0,015¥ —————— -0,015¥
o 1000 W 311,181  ———  -311,181%
Block
Calibrate Calibrate s
o 5 @01
[ from average | [ from average | 000V LO00Y ‘?‘ 15 :
[ from ACRMS | [ from ACRMS |
Average ] [ ACRMS ] [ Wi / Max ]
T

Now let's calibrate the current. Below is the picture from the current clamp sensor. Since we have only the light bulb,
10 A Range on the current clamp will be more than enough. With Sirius, since we have dual core ADC, measurement

range is not so important. We can choose highestrange and have no worries we will get an overload.

Atthis range, the sensitivity of the sensor will be TmV/mA, which means that 1 mAat input will output 1 mV at the output. In
the channel setup we enter that the measurement of currentIis in unit A, and leaving the scaling factoras 1. That's all

there is to this one. Let's take a look how to scale the shuntresistor.

There is an easier way to scale the shunt resistor - which will be covered later, but let's look at the theory of how to scale
the shuntresistor. This is a 0.1 Ohm shunt. Since itis connected in sequence, the current will be the same on all

elements. The voltage drop will be measured on the shunt resistor. From the Ohmic law, the current for the voltage drop is

calculated as follows:
U=R-I=0.11
So, there will be 0.1 Vat the output for 1 Acurrentor 1V for 10 A.

ltis time to enter the scaling factor. We enter the unit of measurementas A ®. Then we go to the second point scaling

and enters that 1 V measured equals 10 A ®. That's all.
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a Channel setup for channel 3
Channel settings SIRIUS-HY SNr:DOCS1EDE Rev:255.255.255.255

Channel narme .CurrentE Measurement  Voltage

v (B) » " LowpassFker

Colr I

Min value Auto Max value Auto

Sample rate divider 1 - Skip

Input value Scaled value
First point Second point
s0v 500 A
[u] 1 W
equals equals @ 0,044 ¥ 0,44 A
0,001 ¥ 0,01 &
o 10 A -0,041 ¥ -0,41 A
Calibrate Calibrate
50 ¥ 500 A
[ from average | [ from average |
from AC RMS from AC RMS =
[ ] [ ] [average ][ acrms | [ infMax

We also have an additional option to define the shunt type, for example on Sirius - multi module. For sensors with current
output, it might happen that the current is only the transfer mechanism and the real measurement value is different (like
pressure). There, we would need to combine scaling factors from real measurement (pressure)to current, and

then from currentto voltage.

Therefore, itis convenient to define the shunt resistor as the part of the amplifier. In the section of the amplifier, we can
define the shunt type. Standard Shuntl is a precise 50 Ohm resistor, used to measure 4+20 mA or 0+20 mA current

loops. The shunt 2is 0.1 Ohmresistor, used to measure currents up to 5 Amps.

We will learn how to use the shuntresistors in the next tutorial - Sensors with voltage/current/digital outputs

Now, let's do some measurements. We have three channels - one is high voltage and the other two are currents. The best
way to observe the waveform is in the scope. When we first start the scope, we can see almost nothing since the scope is
running in the Free run mode. We need to "hold" the measurements by using Trigger — Norm trigger @ and defining
the trigger source and trigger level. For now itis ok to leave the trigger as itis - trigger source is the Voltage channel and
the trigger level is 0. We can see the difference between the measurements of current from the shunt resistor and the
current clamps. The ohmic load from the light bulb should have the current which follows the voltage curve exactly. This
can be seen nicely as the red current measured from the shunt, while the blue currentis distorted by the phase angle

errors from the current clamps.

This will resultin wrong measurements of power. The following sections where the power module is described, the user

can see how to compensate for this error, by defining a sensor transfer curve.
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Let's look atthe recorder. If the power supplyis unplugged and plugged back in, we can see in the recorder (red curve)
that the current raises above the normal consumption @. This happens because at a lower temperature, the light bulb has

a lower resistance than at operation temperature.

Let's catch this eventin a better way by going back to scope and going back to the trigger setup. We can't really trigger on
voltage, because the voltage levels doesn't change from startup to normal operation. Instead, let's trigger on current. The
user should define the trigger source as Currentand define a levelwhich is normally not exceeded (for example 0.36 A
®in our case). When the scopeis not triggering, the bar @ on the right side shows the current levels of the signal so we
can optimize the trigger level according the normal values. We can also use the Auto trigger mode. When the trigger is lost

for several seconds, the data will be shown as non - triggered.

Returning to Norm mode - when we issue another trigger, the scope will show the current event, which will remain, until

the newevent occurs.
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But what if we want to trigger on a glitch? This might not be easily noticeable since the signal could drop by only few percent

and itis not possible to define a level where we would catch all the glitches.

For this purpose, itis verynice to use a derivative as the source of the trigger. The glitches will be seen much better on

a derived signal (dU/dt), since the derivative is very sensitive to differences in the sine wave.

With the pure 50 Hz sine wave and 220 V, the basic derivative is 3152 pi+50=100 kV/s maximum. This way, the

glitches are producing higher levels - from 300 kV/s on up. Thus, it becomes easier to set up the appropriate triggers.

Returning to the setup screen, select the Math tab and define the IIR filter. If the IIR icon D is not visible, it's either that

the filter last used was a FIR or FFT filter. Select IIR from the drop down menu.

! '\ DEWESoft - Setup: 21VoltageCurent.d7s DEWE-43 -Ox
- T A Y
/) Acquisition Analysis Setup files | Ch. setup | Measure @ Help || {3 Settings
eI L 8 = 0@ % | 29
iy REy =l . : oo
Store Save Saveas File details Storing Analog Digital Counter GPS Alarms  Analog out Mft"
Basic Edit
IR < [~ |
e - - - - - o
g luk - B ey il _
ON/JOFF C NAME WALUE SETUP

Setup

500 ®

dUidt [kVis]

Now let's click the Setup button @ to define the filter. We select Voltage @ as the input, then selects the d/dticon @ for
the calculation of the derivative. Then the user defines the units as kV /s and defines in Scale field the scaling factor.
Normally, if the input unitis V, the output will be in \V/s. Since the values will be simply too high, we set the unitto kV/s ®
and define the scaling factor as 0.001 ®.

The high frequency filter (Filter high frequencies) is not mandatory, but it helps to smooth out the signal. If this filter is

not used, the derivative will be calculated as a simple difference from currentto the previous sample. This often adds lots of
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noise, so we could add an additional low pass filter (Fhigh field) to smooth the signal out at the output.

IIR Filter setup

v Mﬂ_
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Current2
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Scale 0,001
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55
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Flowy

®
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RMS 87,81 kv/s —
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70 T 000056819
z% 1 00T

Min value |-400 kv/s
z? -1 0,00018953

[] Automatic min/max 73 3 ]

Fhigh 2000 He

If we now observe the resultin the scope, we can see what appeared to be a nice sine wave, butis notreally a pure sine

wave. The derivate of a pure sine wave is again a sine wave, with a phase shift of 90°. This, however, is far away from it.

-0 x
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Let's repeat the same scope practice with filtered data. Was it noticeable in the picture on the first page that there is a big

capacitor for electric motors? This is notincluded by sheer chance. We can use it for making voltage glitches. When the

capacitor is charged, it takes lots of power from the grid, so there should be a local voltage drop. In this example, there is

just the capacitor, which is connected to the normal line plug, where itis charged byinserting it BRIEFLY into the power

supply.

To try this, please remember the two mostimportant things: first, the user should insert the capacitor only for a short

36 DEWESoft - DEWESoft X Tutorials (RC)

© 2013 DEWESoft



Glitch triggering

Measurement tutorials Voltage and current

amount of time, else it could blow up. Secondly, ALWAYS DISCHARGE the capacitor on a piece of metal! Since these

capacitors can hold substantial amounts of power, itis not very wise (and potentially quite dangerous) to discharge iton
yourself.

If you try to do this, please remember two mostimportant things: first, you need to insert the capacitor only for a short
interval, otherwise it might blow up. Second, ALWAYS DISCHARGE the capacitor on a piece of metal. Since these

capacitors can hold substantial amount of power, itis not very wise to discharge it on yourself.

WARNING Touching both poles of such a capacitor when charged is equal to holding the line voltage, which can

be extremely dangerous!

To set up the scope-the trigger parameter is changed to the Voltage/Der @ channel and the Trig(ger) level is

changed to 240 kV/s ®. Now we create some glitches where we easily see how the scope catches these events.

DEWESoft - Setup: 21VoltageCurent.d7s Disk left: 15,6 GB 5y t=0,0332sec CPU: 30 % - 0O x
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75,

Trig

The next logical thing is to be able to zoom in to see a glitch with a better resolution. If we clicks "zoom", we will loose the

current event. There is, however, a mode which zooms in the scope without losing an event. On the upper right side of the
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scope there is a "zoom" button @ which enables an additional zoom window.

On the top, we can see the bar of the current position in the event and with the zoom in/out buttons; one can now zoom in

on the specific region. We can also move left or rightin the scope picture to see some part of the trigger shot.

ik DEWESoft - Setup: 21VoltageCurent.d7s B Disk left: 15,6 GB "' = 0,0332 sec i CPU: 30 % -0 x
Lo )) T N\
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&
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Mode Simple edge A
Positive -
Trig level 240 kv,
Lo
75,
Trig

Let's learn how to store this data.

2.1.4  Triggered storing

Itis necessaryto have high sampling rates (see previous chapter Channel setup) for the detection of glitches. These
high sampling rates are related to the total waste of disk space. If the data is always stored fast, the user might end up with
gigabytes of data, of which there might be only few seconds of useful data. Therefore, it makes sense to store the data only
when something is happening. To do this, we should select the Fast on trigger @ storage option. The user can define the
"start storing condition" @, which is the level trigger when the voltage derivate exceeds 150 kV/s, as well as
including Pre time and Post time ®. Pre time is the time that the data will be stored before the trigger occurred while the
posttime is the time after the event. If the posttime is not defined, data will be stored until a there is a manual Stop or the
Stop storing condition occurs (in this case, none was defined). For glitches, itis enough to have only some data before

and after the event happened.
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This is the manual way of setting the trigger. We can achieve the same by simply clicking the Lock trigger button

X% inthe Trigger section of the scope. This will use the current pre and post time, trigger source and trigger level.

Either way, we now have to set specific trigger criteria. Now it's time to store some data. When we click Store an

additional button Trig @ becomes visible, which tells us that triggered storing is being used.

We can also click this button to aissue manual trigger.

Now let's make some trigger shots. These will appear in the scope, and the Trig button flashes.
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When we open this file, the first triggeris immediately shown in the scope. However, the whole zoom area is selected (in

the recorder, for example). Now, the user has to click the TRIGGER MODE ® button to view the data trigger by trigger.
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Then this button changes fo a "left" and "right" button @. By clicking these buttons, the user can browse through trigger

events. One can also use the scope zoom to zoom in on specific regions of the trigger. The example below shows how a

trigger on derivate reveals a small distortion in voltage really nicely.

e DEWESoft - Datafile: Manual_0006.d7d -0 x
AN
A) i S .
cquisition | Analysis ata files  Setup eview rint por esign 7 Edi elp {4 Settings
—/ Acquisit analy: Data fil seup | R Print  Export D 2] Edit| @) Help (g Setti
L =) [storing started at 11.11.2009 15:07:25.411.2 ~
. | - ata trigger event al .11, :07:25.46 1, 2; Manual trigger
™ <« e PP | A = [~} [wi- | il | data tr tat 11,11,2008 15:07:25.46 1. 2; Manual tr
Play  Replay speed:1x Mode Sound  Offline math  Save Overview | Scope Recorder FFT 52;::3 52?&3‘1;‘1111‘1111‘23%?3911;60;‘25‘55111'72 2
[ E=5]
YE A
[ + | okt~ =
=+ Voltage
[ Transparent - G
=+ Current2
g ¥ 98 Math
Scale History
Voltage/Der
Trigger Cursor L oe]
Free  Auto Single
Pre Post
ms
Voltage /Der -
Value Real data -
Mode Simple edge b
Fositive v
Trig level 290 kv,
Lo
7£+
Trig
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2.2 Voltage/current/digital output sensors

In the previous tutorial we saw how to measure voltage and current. Often, there is a sensor which has voltage or
current outputand we need to measure that voltage and convertitback to real engineering units. Let's take a look at
one simple example - an air mass flow sensor. This sensor has a 4+20 mA current output, a 0+5 V voltage output and
also a RS232 interface.

AMLYT=MTT

All three interfaces are connected. The blue and black wire is voltage output, and it goes to the Sirius MULTI module. The
9 pin voltage modules have the added benefit of also providing voltage for charging the sensors. If the sensors don't
exceed current consumption specs, they can be charged directly from the module. The red and black wire is the current
outputand it goes to the same MULTI module, butin the front, we can see a shunt resistor. The thick gray cable is the

RS232 connector, which goes to the RS232 port. In DEW ESoft, the plug-in is written to read that data.
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Required hardware Sirius MULTI, ACC, STG, DEWE-43
Required software Anylicense, exceptLT
Setup sample rate Atleast 1 kHz

This example uses a simple channel setup with two channels - the first one is the voltage inputand the second one is

the current input.

N el ) DEWESoft X

A\ e ~
\/) Acquisition Analysis Setup files |Ch‘ setup‘ Measure

@ Help | {5 Settings

@ b b 2 B - w88

Store Save Save as. File details  Storing Counter Alarms

Dynamic acquisition rate
Freq, span: External clock
s bl =0 Start on external b
k] o art on exterml tigger
NAME AMPLIFIER {002) =] PHYSICAL YALUES =] caL & SETUP

SIRIUS-STG-M SM: DO0EEADCED - 021V Zero 2 S i
Voltage: 10'V: 50 kHz o [ 2 i
SIRIUS-STG-M SMy DO0BRADCEC - R PERY) Zero = setch. 2
Yoltage: 10'V; 50 kHz & T 10 2 :

First, let's scale the voltage input. From the specification we see thatthe maximum rangeis 10 SCCM (10 standard
cubic centimeters per minute). The voltage outputhas 0 Vfor 0 SCCMand 5 Vfor 10 SCCM. For the current output,

4 mAis 0 SCCMand 20 mAequals 10 SCCM.

Analyt-MTC

Calibration Data Sheet
Certification Number: 000808¢

: 107
=
e

0%

Ambient Humidity:
Calibration ProcedureiRev. #:
Calibrated By:

Cafbratien due 1 yr after receipt:

DOC-AUTOCAL-GASFLOW/Rev.12
David Lashbreok

05/08/2005

Calibration Date: 3

Calibrators Used :
Fiow Standard:  TOOL-MOLBOXT Flow Standard: ~ TOOL-MOLBLGCY
Tool Due Date:  07/13/2005 Tool Due Date:  07/13/2005
ManufactureriModel: DHI | Molbox1 Manulacturerodel: DHI # 1E1-VCR
NIST & 35685 NIST #: 35732

Al test equipment used for calioration is NIST traceable,

Calibration:
Required Accuracy:

+- 050% of Full Scale = +i- 0.05 SCCM
Callbration Pressure; NA PSIG

Actual Incigated Full Scale Error Primary Qutput
0.00 0.00 0 0.000
252 280 0.2 1.250
503 500 03 2500
T4 7.50 0.1 3,750
1000 1000 a 500

In the setup for the measurement of voltage, the user should define the units @ of measurementin SCCM and then sets

the Scaling: 5 V equals 10 SCCM @. That's all.
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Channel setup for channel 0

Channel settings SIRIUS-STG-M SNr:DOOS6ADCBD Rev:2.5.0.1
o= ot
Chamnel nams aLD Measurement
Units SCCH Common mode volkage 200 ¥ max
Color D owpassker 100k

Lowpass bype | Bessel

I

Minvalue | Auto | Wax value auto |

Coupling
Sample rate divider Skip Iputtype | EEER &
Input value Scaled value
5y 10 5CCM
b | 5 v
squals @ equals 0,0018 ¥ 0,0037 SCCM
0,0000 ¥ -0,0001 SCCM
[o ‘ [0 | sccm -0,0018 ¥ -0,0037 SCCM
Calibrate Calibrate Block size
[ From average | [ from average | v -10 50CM 83; s
[ fomerms | [ frompms |

[ average ][ acrws [ min/max

<< I[>-]

For current input, we first need to set the Shunt type. The shuntis not recognized automatically by the module, so we
need to enter the shunt resistance. In this case, a standard Shunt 1 with 50 Ohm ® is used, buta custom shunt could

also be used. We only need to know the exact shunt resistance. Note that the input of the module changes from V to mA @

Then we enter the units of measurement (SCCM) ® and the Scaling. Itis very convenient to use two point scaling,

where we enter the current limits: 4 mA equals 0 SCCM and 20 mA equals 10 SCCM ®.

Channel setup for channel 1

Channel settings SIRIUS-3TG-M SNe:DOOSEADCED Rev:2.5.0.1
En
Channel name ALl Measurement
o e
Units @ SCCM Common mode voltage 200 ¥ max
Colar 1 Lowpassfiter |30 kHe

HU

Lowpass bype | Bessel
Min value ‘Autu ‘ Max value |Aum Coupling DC

Sample rate divider Skip e e Bipolar b
Extarnal shu Imax = 70,71 mA
Resistor [ohm Pz [watt]

<

ts |[ by function

Input value scaled value
20ma 10 5CCM
I+ \ £ | ma
equals @ equals 0,0043 mA 0,0021 SCCM
0,0025 mA 0,0013 5CCM
o | 10 | scem 0,0006 mA 0,0003 SCCM
Calibrate Calibrate Bk size
(® ] (F ] -20 mA -10 5CCM 80-15
= = 1s
[ fromrms | [ fromrms |
[ awerage  J[_acems [ Min/Max
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Now we can do some measurements. When performing this test, simplya tube where air was blown into was used, and

the result was recorded. The green curve is the voltage input, the red curve is the current input and the blue curve is
RS232 input.

Since this measurementis quite slow, we just simply store the results with no triggers. Basically the recorder, some digital
meterand maybe a bar graph is enough to make a visualization of the results. Let's store some data and observe the

differences between the traces.

[\ e . DEWESoft - Setup: VCDO.d7s [E Mem left; 622MB |@ t=0,0332 sec hil CPUI 45 % |- (=1
fay ) T N :
- /) Acquisition Analysis Setupfles  Ch.setup | Measure | Design | Z] Edit | g Help || {3 Settings
(=) O B m m m -
Store  Pause Stop Freeze Overview Scope Recorder FFT
| [24]
[ + cois [8 v
[Jransparent [
[] Unified properties
Actual
Channel
Fast (0.15)
Upper limit
[use
Lower limit
[CJuse
[*] show caption
&) Auto O Manual

When loading a data file and zooming in a specific portion, we can see that the curves don't overlap completely. There
are three major differences. First we can observe the differences in amplitude. This comes from the fact that this sensor

is already quite old already, and the calibration has period expired, therefore the voltage outputmight not be exact.

Secondly, we can see thatthe RS232 data has a delay. This is quite normal, since the data has to be transmitted through
a slowdigital interface. Awell-written plug-in (a driver for the device inside DEW ESoft) can compensate for this delay. Also,

the rate of data flow is much slower with RS232 than with the analog.

Finally, we can see thatthe voltageand current outputdoesn't outputthe negative mass flow, even though the sensor

supports it.
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N DEWESoft - Datafile: VCDO.d7d
L ! ALY
"/ Acqusition | Analysis Datafles  Setup  Reviey Print  Export

. B S .

Play  Replay speed: 1x Mode  Sound Save Overview
| + | Cols
[]Transparent

[¥] Unified properties
[¥]single time axis

Real data

Show events
Interp. async channels
Draw sample points

Relative:

4

[ single values axis

dt=43716s
1-0141  I:0233
d: 0,375

W

- 0O X

) Edit & Help {3y Settings

| [storing started at 12.11.2008 11:41:22.2%"
il | storing stopped at 12.11.2009 11:41:26.7¢

So, what is better to use, voltage or digitalinterface? It would be incorrect to state thatitis ALWAYS better to use one

interface, because this depends a lot on the sensor itself. First, the user should look how the sensor is built. Ifitis an

analogsensorin the first place and the voltage outputis the main output, itis logical to use this output. The drawbacks for

using analog outputis that we can have noise, problems caused bylong cables and the voltage inputs needs to be

recalibrated over time.

If the sensors have a digital interface as the default and they have DA converters to make analog output, then it makes

no sense to use this analog interface since this results in nothing butlosses. Of course, the use a of digital interface

requires some extra work in writing the drivers, if the interface is not standard (like CAN bus, for example).
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2.3 Temperature

Atemperature measurementis one of the most common measurements. There are many different sensors available
for this. Some of the most common ones are thermocouple (K, J type), thermistor (PTC, NTC), thermal resistance (RTD

) and others. Let's look at the two most common types.
Thermocouple

Firstis the thermocouple, where we connect two wires together. Due to the difference in material properties, we can
measure a small voltage (in a region of milivolts) on the open ends of the wires. We need to connect two different
materials on the hot point as well as on the cold point, and then the voltage is almost proportional to the tem perature
difference between those two points. The cold point should have a known temperature. For this purpose itis necessaryto
measure the temperature at the cold point. This is called CIC or cold junction compensation. The voltageis also not
linear with temperature and therefore we need to perform a linearization, either in the hardware or in the software. The
accuracy of such measurement with "home built" sensors is usually not better than

1 deg C, but we can increase this by using thermocouple sensors.

WVifre A

Sensortip CJe
Wire B U

- Target surface

The temperature range of thermocouples is huge. Depending on the type we can measure up to 1800 deg C. There are
different types available, butthe most commonlyused one is K type, which has a range from -200 to 1200 deg C, while type
E is better suited for lowtemperatures. Type N has similar properties as K type, but better stability and better resistance to

high temperature oxidation.

B, R and S include platinum, and are therefore more expensive, but they offer better high temperature stability and are used

for these applications.

T type consists of copper and constantan. Since they are both non-magnetic, they are often used to take measurements for

generators with strong magnetic fields.
RTD

RTD stands for resistive temperature detectors. The theory behind this sensor is that the resistance of the sensor
changes with temperature. These sensors are more expensive than thermocouples, and can onlygo up to 600 deg C (800
in some versions), but they are more accurate. The best known RTD is the Pt100. The name tells us that the base material

is Platinum and nominal resistance is 100 Ohms at0 deg C. The accuracy is better than thermocouples - below 0.3 deg C

This tutorial will now demonstrate how temperature measurements can be performed in DEW ESoft. On the next page, we

will even be invited to a cup of tea!
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Required hardware Sirius MULTI, STG, STG-M, DEWE-43 with MSI-BR-THK, CPAD, PAD
Required software Anylicense except LT
Setup sample rate Atleast5 kHz

The picture below shows a typical configuration for temperature measurements. We can see two temperature sensors
coupled to Sirius via MSI BR THK.

For this example, there is also a cup of tea, just to make high temperature difference visible in the response of the
channels. The measurement of temperature in liguidis one area of measurements, but an even bigger area is the
measurement of surfacetemperatures. The mounting of the sensors is done with strapping, screwing, gluing or any
other method providing a good contact between the surface and the sensor. This could often be a problem if the surface

has some voltage potential, but since the Sirius is isolated, this is nota problem atall. Isolation of Sirius is 1 kV.

Go to the channel setup and click on Set ch. button of a temperature module you are using. Select appropriate range @
from the list. Since the linearization is done in the software on this choice, the user needs to set the module correctly;
otherwise the scalingwill be wrong. For the US market, we can select to set up the conversion from deg. Cto deg. F
under Settings — Global setup.... An additional button @ appears in Scaling by function. When clicking this button,

an automatic unit conversion is done (scaling factor 1,8 and offset 32).
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£ Channel setup for channel 7 =5 |
Channel settings -BR- SIRIUS-MUL) $Nr:374208 Rev:l-A
o EoE
channel name ‘m7  Measurement Temperature @

Range -200 .. 1370 |7 eC

Units S Lowpassfiter
colx I (<5
Min value Auto Max value Auto

Sample rate divider 1 -

[otecsn |
Input value Scaled value
@ Scale (kfactor)
() Sensitivity 1370 °C 2498 °F
1,8 °F [ =C

Offset (n factor)

32 * ® 20,59 °C 69,07 °F

20,50 °C 68,91 °F
o0 e s 0
Output = k * Input value + n [ awerage ] ACRMs [ Min/max |

Since there are two modules in the system, the user needs to set both and then the following channel setup appears.

5 a7 MSI-BR-TH-K (SIRIUS-MUL)  5M:37420s)- satE|
200 1370 °C: TR o
R II|A1 B MSI-BR-TH-K (SIRIUS-MUL) SM: 374149 - 24

2001370 °C: EI e I

Setch. 7

2
<
&
2

Setch. &

There are two sensors installed in the system, so the user needs to set both of them to Used.

Now let's do the measurement. Itis best to start, since the tea is already cooling down. There are two sensors - one has
quite a big volum e on the tip, and another one has onlytwo thin wires connected together @. One important note at this
point - the picture depicts an amateur made sensor. In reality, the two tips should not be soldered together, but rather
pressed. This is because the third added material changes the properties and only two original materials should be

connected together for highest precision.

But for this example, this is sufficient - we can see very nicely the difference between the sensor with the larger and smaller
volume of the tip. The small tip volume will increase the bandwidth and reduce the reaction time ofthe sensor. Let's see

how this works.

Bk, oA
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Let's put both sensors in the tea together and observe the results. We have already selected both channels in the channel

setup.

In the recorder, we should select both channels while using the same axis for both channels (single value axis). Then

we can change the values of y scalingto fitthe measurement range.

The blue line is the thin sensor while the green line is the thick one. The reaction of two the sensors differs quite a bit when
putin the tea. The temperature rises on the thin (blue) one almost instantaneously, while the green one fakes a few
seconds until the correct temperature is reached. On the other hand, the thin (blue) sensor is more sensitive to any ambient

changes.

DEWESoft X ‘[3 Disk left: 218,0 GB. |€" t = 0,029 sec |: CPU: 15 % - 0x

g N
/) Acquisition Analysis Setup files  Ch.setup | Measure Print Design |£) Edit | g Help {3 Settings

=) O B om m e

Overview Scope Recorder FFT

Store

[ + | cosl:

[ Transparent |
Unified properties
Single time axis

A

Real data

Show cursor
Interp. async channels
Draw sample points

Relative

4

[ single values axis

The temperature measurementis a slow process, and here we can use the sample rate divider. If there is a high
speed measurement, combined with low speed temperature measurements, itis very useful to use the sample rate divider
to reduce the amount of disk space used for storing. This is onlyimportant for measurements with MSI-TH, since the data

from the PAD modules are asynchronous channels, and already stored with the acquisition rate.
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2.4 Vibration

Vibration measurements are useful for the measurement of surface vibration. Many types of sensor can be used for
this purpose. The most commonlyused ones are piezoelectric sensors and IEPE sensors (with integrated signal
conditioning). There are other brands for low frequencies (like piezoresistive, capacitive or MEMS sensors) and non

contact probes (eddy current probes and laser sensors).

Piezoelectric sensors

Piezoelectric sensors work on the principle that a piezoelectric material is built between the bottom of the sensor housing
and the seismic mass. When a sensoris moved, this mass compresses the piezoelectric material which produces very
small voltages. To transfer those small electrical values through the cables require lots of knowledge and expensive

cabling, therefore lately these sensors have often been replaced with the IEPE sensors with integrated am plifiers.

However, there are still applications areas where these sensors are very useful. These fields are especially high
acceleration and high temperatures. The am plitude measurement range of such sensors can be thousands of g. One

can find single axis as well as triaxial sensors.

Sirius MULTI, STG or DEWE-43 with MSI-BR-CH can be used, but please look at speed that dynamic range is sufficient for

your application.

ring
base structure
piezoelectric material

seismic mass

IEPE (integrated electronic piezoelectric) sensors

IEPE sensors need a power supply of 4 or 8 mAand they typically give outa 5 volt signal, thus itis much easier to
transfer these signals over longer cables. Also, the am plifiers for those sensors are much easier to build, and therefore
cheaper. The amplitude measurement range is quite limited. We can hardly find a sensor which measures more than
100g. We can find single axis as well as friaxial sensors. Lately, really nice sizes have become available - one can find a

triaxial sensor as a cube measuring as little as 10 mm, and with the weight as lightas 5 grams.

Again we can use Dewesoft Sirius or DEWE-43 to measure with these sensors. Sirius ACC can directly connect IEPE
sensors. While STG, STG-M or DEWE-43 needs MSI-BR-ACC adapter to measure these sensors.
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Static acceleration sensors

Both sensor types have a common limitation: they can't measure static acceleration. They usually start to measure from
0.3 Hz to 10 Hz, depending on the sensor. For staticor very low frequency measurements, the user needs to use a
different kind of sensor. Lately, a very popular type is the MEMS sensor. This is actually a microchip which has a
mechanical structure (a cantilever beam or seismic mass) that changes its electrical property (usually capacitance) related
to the acceleration. Not far in the past, such sensors were very special, since they were used to measure earthquakes or
anyother slow movements. But with the development of airbag technology, there was a big need to make a low cost
sensor which measures the static acceleration. Therefore, the single chip solution emerged for this purpose. Lately these
sensors are used also in low cost gyro systems and we can find sensors which also have also quite good bandwidth up

to several kHz and quite low noise level (though still bigger than IEPE sensors with the same measurement range).

Choosing a correct sensor

So what are the key points to consider when choosing the correct sensor?

Low frequency range

Usually for vibration measurements the requirement is that the sensor has a lower high pass cutoff than for the more
interesting frequencies in devices currently being tested. With a rotating machine with 50 Hz, we can choose a sensor with
a 5 Hzcut off. ltis also better not to have too little bandwidth, the lower the bandwidth gets, the longer the recovery times
from shocks or overloads. Also, the amplifier should follow the bandwidth of the sensor. Itis nice if the amplifier has at
leasttwo ranges in order to be more flexible in measurements.

Atypical application for low frequency measurements are the paper mill rolls. They have a frequency of 1+5 Hz, where the
user would need a sensor with 0.3 Hzor less bandwidth. For those applications charge or IEPE are the best.

If we need to measure DC, then we need a different sensor technology, like MEMS sensors is needed.

Bandwidth (high frequency range)
Bandwidth also depends on the application. If we are notinterested in higher frequencies or we know there is not much
going on there, itis alright to choose sensors with lower bandwidth. However, some applications like bearing condition

monitoringrequire higher bandwidth up to 20 kHzor more. IEPE or charge sensors are needed for those kinds of
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applications. Also note that the sensor mounting affects the bandwidth. Read following section for more information on this

subject.

Amplitude range

Charge sensors have the biggest amplitude ranges (up to 100 000 g or more), but IEPE are also fairly high (up to 1000 g).
MEMS sensors usually have limited range (up to few hundred g). For general purposes, itis bestto use IEPE, whereas for
high levels piezoelectric sensors are better. Sometimes (for example for seismic applications) an accelerometer with high

sensitivity is required (2 g or lower range).

Maximum shock level
The charge sensors are the least sensitive to shock. They can sustain up to 100 000 g of shock, while IEPE can usually

take not more than 5000 to 10 000 g. MEMS sensors are even more sensitive to shock.

Noise level
The residual noise level defines the lowest amplitude levelof what the sensor will measure. This is also the reason why
we should take a sensor with the optimum measurement range, because sensors with higher a range will also have a

higher noise level.

Temperature range
All the sensors thatinclude electronics have a limited high temperature range, up to 130 deg C. The temperature range of

charge sensors is much higher - even up to 500 deg C. Please note, however, that this would also require high

temperature cable.

Weight

In some applications, like modal testing, weight can be a big factor due to the mass loading effect. The added mass to the
structure changes the dynamic behavior, so ideally a sensor should have no mass atall.

In other areas of predictive monitoring in harsh environments, a sensor needs to be robustenough to sustain possible

damage or, as mygood old friend would say, that you can still find it in the dirt.

Mounting consideration
There are sensors available with holes (usually threaded) or with a clip mounting.

Sometimes itis veryimportantto use the isolation. Since IEPE amplifiers are usually not galvanic isolated, we need the
isolation on the side of the measurement. There are also sensors readily available with a housing which is isolated to the
connector ground.

NOTE: The examples above are only for a basic understanding. There might be special sensors of specific types which exceeds those
limits.

Sensor mounting
The sensors can be mounted in different ways. Especially the bandwidth of the sensor is affected by the mounting.

Clearly, itis the best to drill a hole in the test specimen and affix the sensor to the surface with a screw. This should not
affect any sensor property. Obviously, in some cases a customer might not be particularly thrilled to do this, for example, to
his brand new prototype of an airplane wing. Another type of mounting, which doesn't affect the bandwidth that much, is thin

double sided adhesive tape or bees wax (this is, however, limited in its temperature range).

Averywidely used mounting technique for machine diagnostics is to mount the sensor on a magnet. This will still produce
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a good bandwidth, but of course, the surface must be ferromagnetic (no aluminum or plastic). On sensors where we can

use the mounting clip, we can glue the mounting clip up front and then just attach the sensor itself.

A"quick and dirty" solution is also to hold down the sensor with the a hand on a rod. This is useful for some places which

are hard to reach, but the bandwidth will be cutto 1+2 kHz

Required hardware Sirius ACC or MULTI, STG, DEWE-43 with MSI-BR-ACC or MSI-BR-CH
Required software PROF or DSAversion
Setup sample rate Atleast5 kHz

Let's do some vibration measurements in DEW ESoft. Since vibration is rather difficult to visualize and, since there were
lots of questions about the difference between acceleration, vibration velocity and displacement, itis helpful to actually

show the vibration.

This example has a shakerwith an attached light plastic structure that has a low natural frequency. Atthe same time, a
video of the movement of this beam was taken with a high speed camera. This helps to really see the vibrations, as they

were measured with the accelerometer.

Itis always advisable to use a measurement device with anti aliasing filter. Otherwise, we can never be sure that the
measuring is correct. Quite often acceleration in high frequency range (around 20 kHz) is very high. If a device without anti
aliasing filters is used, and samples with lower sampler rates are taken, those high frequencies will be mirrored in the

lower range. Especially for the measurements like modalanalysis this is the mostimportant criteria.

Below is the analog channel setup. There are two ACC modules we will use for the measurement of vibrations. Let's

look how to scale the measurements.
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Sensor setup

There are three ways to perform the setup of the sensor - first, the user can to enter it from the calibration sheet, second,

the user can calibrate it with the calibrator, and third the user can use TEDS technology to read out calibration values.

1. Entering the setup from the calibration sheet: Itis helpful to first take a look at the sensor calibration sheet. There is a

sensitivity of the sensor, expressed either in mV/ m/s2 or mV/g (or both) for IEPE sensors and in pC/g for piezoelectric

(charge) sensors. The picture below shows the calibration data sheet for triaxial sensor. The Reference sensitivityis

the key value to enter in the DEW ESoft setup.

Calibralion Chart for
Triaxial DeltaTran® Accelarometer
Type 4524

Serial No.: 30082

Brilel & Kjzor

X ¥ 2. Bxis

Feference Sensitivity' at 159.2 Hz
(m = 1000 57}, 30 ms™ AMS,
+mAaupply carentend | 23, °C:

2841 ™V

Frequency Range  Ampliude (210%);  T25.5k 0 Ok 0.26-3.0k Hz2
Phase (= 5%): 1530k 1530¢ 1530k He

Mounted Resonance Frequency; 18 ) a kHz

Transverse Sensiivily:
Mazimum (af 20 Hz, 100 ms?)

Calculated values for TEDS™ F

o
Amp. Garr:
i

Meaguring Range:

2300 ms? peak (50 g peak)

Polarity of the electiica signals ara posiva for an acealaration In tha disection of
e amowe on tha drawing.

First, as usual, we should enter the Units of measurement. In this case we use m/s2 @. Then itis the bestto go to the

Scaling by function section. We check the Sensitivity box @ and enter 9.863 mV/m/s2in the sensitivity field. Also

do not forget to set IEPE measurement ®.
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& Channel setup for channel 3 ==
P X3

Channel sellings

[coveca|
Channel name Wikl Measurement | IEPE - @
B * Range 10000 (auto range] = |7 m¥
Units @ 'm[s"z | Coupling AC 1Hz -

Miry value Auto Max vallue Auto

Sample rate divider 1 ~  Skip

by bwo points

Input value Scaled value
cale (kfactor)
ensitivity 1E04 m¥ 1014 m/s™2
9,863 my f mfse2
43,47 m¥ 4,408 m/s" 2
Offset (n factor) 19,29 m¥ 1,956 m/s"2
0 fs2 -8,43 mV -0,854 m/5"2

Black size.

B0 v

Output = k * Input value + n

-1014 m/s~2

[ Average H AC RMS ][ Min § Max

2. The second wayis to make a calibration. We can use a standard old Accelerometer calibratorwhich outputs 10 m/s?

peak level acceleration (7,07 m/s? RMS). The sensor is attached to the calibrator, and the acceleration level is adjusted to

the sensor mass.

Then we enterin Scaling by two points the acceleration level of 7,07 m/s2 and click calibrate "from RMS" @. The

current measured voltage level in mV is written to the second point scaling.
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A Channel setup for charinel 6 @
General General || Info
Channel name Wiz Measdrement | IEPE hd
, Range 500 (Fized range) |7 m¥
Min value Auto " Max value Auto
Sample rate divider 1 - Skip
by bwo points by Function
Input value Scaled value
500 m¥ 49,09 m/s"2
[u] 72,01 '
equals equals 2,43 m¥ 0,239 m/5"2
0,27 m¥ 0,026 m/s"2
1] 7,07 mis": -5,73mv -0,562 m/s"2
Black
Calibrate Calibrate =
. = 01
[ from average | [ from average | LI EBmEE o 15 :
[ from ACRMS | [ fram AC RVS ]@
Average ] { ACRMS J [ Wi / Max ]

Then, we can already see if the calibration was successful or not. In the data preview we can see that the peak level is

approximately 10 m/s2and the RMS is around 7,07 ®. Itis advisable to change the CALC TIME option to one second in

the data preview to have more stable data. We can also select the Scaling by function ® and compare measured

sensitivity to the calibration data sheet.

3. The third, quite new way of sensor setup, is the use of an electronic calibration sheet - TEDS.

by two points || by function

() Scale [k factor]
(%) Sensitivity
10.051 mv /mfs2

Offset (n factor)
0 mfs2

Output = k * Input value + n

Input value Scaled value

500 my'

49.75 m/s2
102.02 m¥ 10.150 m/s2

71.39 m¥ 7.103 m/s2
0.14 mY —.— 0.014 m/s2
-102.71 my -10.219 mis2

-49.75 mis? 8“’ 1
sec

Average AC RMS Min / Max

-500 my

With a TEDS sensor, itis quite easyto select settings. Plug in the sensors in Sirius ACC, run DEW ESoft and the

sensors should be recognized immediately. TEDS works only if the amplifier is in IEPE mode (it doesn't work in the

voltage mode). If this is set up later (after the first scan) or if we plug in the sensor when DEW ESoft is already running in

the setup screen, the TEDS sensors need to be rescaned. This can be done by clicking on the AMPLIFIER column

caption on the basic setup screen and selecting the Rescan modules option. Note that with MSI-BR-ACC, TEDS will

notwork.

When a sensor is correctly recognized, scaling factors, sensor serial number@ and Recalibration date ® will be read

from the sensor. In the setup screen, the user doesn’t we have to enter the sensitivity, since itis alreadyfilled in from the

sensor. This principle is easy and straightforward, and it prevents user errors.
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& Channel setup for charinel § E
Channel settings SIRIUS-ACC $Nr:DOBSF1B4 Rev:1.3.0.0
= e
Sensor qroups Sensors.
“(7) Renge (10000 (ot aney 77
Offset
0m/s™2

Diescription

Recallbration date

21.4.2011 Save amnplifier

Input value Scaled value
1E04 mY 999,6 m,'s"2
0,17 m¥ 0,017 m/s"2
0,00 m¥ 0,000 m/s"2
-0,15 m¥ -0,015 m/s"2
Black size
-1E04 m¥ -999,6 m/s"2
Average AC RMS Min f Max

The second step is to calculate the vibration velocity and the displacement. This can be achieved in the math section

with the filter, since the integrator is actually nothing more than a filter.

We enter two IIR filters in the setup - first will be the integrator (for calculation of vibration velocity) and the second one

will be the double integrator (for measurement of the displacement).

) o N - -
A Loy {
\j) Acquisition  Analysis Setup files | Ch. setup | Measure & Help (3 Settings
iy oy — 311 F& [+1+]
o g = ahogh = b ) /
@ i g 0 B - § [ e U 88
Stare Save Save as File details Storing Analog Counter Ctrl out CAN Analog out Math
Basic Edit
nrl I3 i =2 Yoo T ﬁ
-t &' o E " Refersnce = RO o B .o - I © @ i °
Formula Fikers Statistics Other Triggering Control —
curves anahsiz
ON/OFF C NAME YALUE SETUP
e
IR Fiter Integration, Butterwarth, high pass fiter, Crder: 2, FI 2

“H Setup
elacity 5 '

13 . ) -
Displacement -H Setup
B | 1000 1 1000 |

Let's go to the channel setup of the first filter. First, we need to choose the input channels. Since earlier the second

g

channel was the upper accelerometer, we mustdeselect Vib1 and select Vib2 @. Itis quite a common error to forget to

choose the correct input channel, so itis advisable to do this step first.

Then we should choose the integrator. Since the DC offsetis merely an error in measurement and calculation, we need to
setup the high pass filter (in Flow field) to cut off the DC offset. For single integration, the Order of the filter needs to

be atleasttwo @ (iffilter order is one, there will be static offset leftin the result, if there is no filter, it will drift away).

Next, we enter the units. If the integration is from acceleration to velocity and the acceleration unitis m/s?, the output unitis

normally m/s. Since this unit will be too large, itis helpful to enter the scaling factor of 1000 ® and then have mm/s @ as
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the units.

As can be see in the preview, the vibration on the shaker is quite large. On normal machinery (where the vibration is an

unwanted side effect), the vibration value of velocity should not exceed 10+15 mm/s.

IIR Filter setup
yib1 u & -
v M_ I § 55 & o B
[“IFilter low FrEquen@vd DC

Order 2 ~ | Flow 2 Hz Fhigh Hz

Seale 1000 @

Response | Coefficients || Zeros & Pales

Mame Yelocity

wis @omis | coor [

SR div Auto v
Max value 5mm,/s

Max 2,262 mmfs
RMS 1,505 mm/s B
Average -0,02605 mmfs ——_
Min -2,343 mm/s

Min value -5 mm/s

[¥] awtomatic minfmax

Since the movement of the structure will observe with the cam era, it would be interesting to know the vibration

displacement. For this, we should setup another channel by again selecting Vib2 ® and selecting double integration.

Since the double integrator is in fact a second order filter, we need to setthe high pass filter ® to the Order atleast three

or higher. Usually the displacement caused by the vibration is not visible by the eye, and is measured in micrometers, but

since this measurement has quite high values, the output unit was setto be in mm @. The scaling factor is therefore

again 1000 ®. We can already see in the preview that the peak-peak movementis around 15 mm @ and since this is a

value which can be confirmed with the eye, we can be sure that the scaling factors and the settings are correct.

IIR Filter setup

Vib1 4 & EE
v D_. i is ot dr et
velocity

Filter low ﬁequen@d DC

Order 4 v G 2 Hz Fhigh Hz

Scale 1000

Response | Zeros &Poles

~
Name Displacement
y
Units mm Color [N
SR div Auto -
Max value |50 mm
Max 7.345 mm
RMS @ 5215 mm
Average 0.05189 mm I
Min -7.76 mm
) L) ) ) =) Demar)

z° 1 1001 0.5 57 1 1008

21 |2 z 05 = z =
Min value -50 mm

72 1 059904 0.5 5= 1 09788

[] Automatic min/max

Now the video camera needs to be set up and then we can see what's going on.
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We have fast DS-CAM camera connected in this example. First we setitto Used on Video tab of the DEWESoft-Setup

screen, and then create a setup for this camera by clicking the Setup button.

o

éj) .T'Aﬁ-:q q { DEWESoft X -

Acquistion  Analysis Setup files

@ g by 0 B g 88
Save Video

x

Ch, setup | Measure Setup Errors | gy Help (' Settings

Store Save as File details Storing Analog Counter Alarms Math
CAMERA OPTIONS

Stare options Frame rate

[always fast v] 200 -
sLOT \ ON/OFF EI\ NAME | VALUES SET

05-CAM - Velociraptar
0 Used Frame rate: 200,00 ps =0

We set the Frame rate to 200 @ to have enough speed to see the vibration. The mostimportant setting after the frame
rate is the Shutter speed @, because this defines the time it takes for the camera to acquire the picture. If we acquire fast

movement, shutter speed needs to be faster, but then we need a stronger light.

Then, we can setthe Gain, Brightness and other advanced settings ® according to current light conditions.

Carmera 0 (DS-CAM - Velociraptor) E
Basic settings Camera settings
Camera name Camera 0 video made
Frame rate 200 -
PREVIEW - 200,0 fps Customseip [adveesoies | 5ot (3)

Shutter (4895 us) 5] set | ]Auko

Now let's acquire some data.

Let's set up the displayto have a recorder, scopeand camera picture ® in one display.

On the recorder® we see nicely how the acceleration, velocity and displacement are phase shifted by 90 deg one to

another. This is in accordance to the theory - if sine function is integrated, cosine results.

We use the scope @ to see the base acceleration of the shaker (green curve) and the top acceleration. Since the natural
frequencyis 90 deg phase shifted to the base movement, we can use this scope to set the correct frequency of the

function generatorto have maximum response.
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- : ik et 0t : - O0x
N DEWESoft - Setup: Vibr1Set.d7s ij Disk left: 15.4 GB o t=0,0332 sec i CPU: 5 %%
L N it| | & :
/' Acquisition Analysis Setup fles  Ch. setup = Measure Design ﬁ Edit | i Help g Settings
re pnei . . X = = }
U “ J o B » F pbolm e N N | @
» e alal, |~ (HGER
Copy  FPaste Delete Undelete o | 7 3 labul N e, | 5= KF Dther
5] = [=l = : ) =
|:|I‘ Cols |1 . \ﬂl I‘",‘. ‘,”,I ""I
—_— : I
[ Transparent | A
e velodty
Scale History
& Displacement
Trigger Cursor
Free  Auto single
Pre Post.
-500 500 ms
&
X5
Vib1 -
Value Real data ~
Mode Simple edge N
Positive v

For the vibration measurement one of the most useful displays is the FFTscreen @. FFT decomposes the waveform to the
series of sine waves and there we can clearly see the cause of the vibrations (on a rotating machine we can clearly see
unbalance, misalignment, bearing faults and other errors). With modaltesting, we can easily see natural frequencies in

FFT and it can be used in a special form (3D FFT) as order trackingfor run-up's and coast downs.

z > 15 Diskiei 7t 1 : = (=)
b DEWESoft - Setup: VibriSet.d7s Ij Disk e 15,4 GB & = 10,104 520 i CPU: 70 % x
Lt lnd] A .
Acquisition Analysis Setup fles  Ch. setup  Measure Design ﬁ Edit g Help 5 Settings
@ 0O @ m m om
Store Paus Stop Freeze Qverview Scope Recorder FFT
ez = ... [ R
= ' Q
|:I:+ | o E . 2 —_— . - i i 1
[] Transparent ‘
Unified proper ties

Setup | Hist
b v Displacement

Line resolution {df= 0,153 Hz)

16k et
Window type

Blackman v
X scale type ' scale type

Lin b Log

Number of ticks

4 - 2

Amplitude display

Amplitude (Auto)
DC cutoff Weighting

MNone e Lin

With this test, the only point of interest thing to see is the non linearity of the excitations (errors of the sine wave), since the

shaker output should be a pure sine wave.
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In the analysis mode we can look through the data. Here, one pictureis puton top of another to see the movement of the

beam. The first picture below is the upper point @ of displacement.

On the scope on the right, we can see nicely that the Vib1 and Vib2 are phase shifted for 90 deg @. Thus, the user is in the

clear region of the natural frequency of this structure.

On the recordergraph below, we can analyze the acceleration, the velocity and the displacement. The displacement
(green curve) is in the upper position @, which can be visually confirmed with the video @. The velocity (the red curve) is
zero @ - this is also clear because the upper pointis a turnaround and before reaching this point on the top, the velocity is
decreased and at the top point, the velocity is zero. The acceleration (blue curve) at the top is at maximum in the negative
direction ®. Acceleration is the rate of change of the velocity. We can see from the velocity curve that the rate of change is at

a maximum at the top; therefore the acceleration is as its maximum at the top dead point.

o DEWESoft - Datafile: VibrTest.d7d -ox
<=/ acquistion | Analysis Datafles Setp | Revew | Prnt  Export  Design | &) Edit | g Help | (g Settings
= |4/ [storing started at 17
<« A P ‘X o NE L—_‘ = 7] [ ] [l | storing stopped at 1
Play  Replay speed: 1 Mode Sound  Offinemath  Save Overview | Scope Recorder FFT
| - Cols [1 1w
[ ransparent [ % -]

Trigger | Cursor || Scale

Auto  Norm single

Pre Post
ms

Now let's go to the next significant point of the movement - the center point. We can see thatitis the center point because
the displacement is in the middle ®. The velocity in the center is ata maximum in the negative direction ®. This is
makes sense: the beam is reaching the middle point with maximum velocity, and it will slowly start to decelerate.
Acceleration at that pointis zero - when a body s standing still or moves with constant velocity, its acceleration is zero ®.

This can be confirmed by observing the blue acceleration curve.
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DEWESoft - Datafile: VibrTest1.d7d

Print  Export

Datafies Setup | Review

A\ ;
P o A Y
"/ cquisiion | Analysis

S U . ‘A.

Replay speed: 1x Mode  Sound

TRIGEER)
HODE

™)
Play

EE]

Offline math Save

/256 - 1425040

\ + | cost
[ transparent |
Unified properties
Single time axis

Real data

Show events
Interp. async channels
Draw sample points

Relative

4

[ single values axis
dt = 14,5367 s

1:-475 I: 12,8
d: 60,4

Displacement [mm]

1: 0.53 I: 0.35

Overview

Design

Scope

-0 X%

|£) Edit| & Help | {3 Settings

uz| [storing started at 1.

BB m toring stopped at

Recorder FFT

The third significant point is the bottom point. Here, a top pointis shown in background for reference @. The

displacement is at the lowest point ®), velocity is zero ® and will continue to increase, the acceleration is ata

maximum in the positive direction - the speed is changing ata maximum rate at this point.

DEWESoft - Datafile: VibrTest1.d7d

Data files  Setup Review Print.

A\ :
L s N
/' Acquisition | Analysis

<« o X

Replay speed: 1x Mode Sound

Offline math Save

Cols |1

\ |

[ transparent |
Unified properties

Single time axis

Real data

Show events
Interp. async channels
Draw sample points

Relative

4

[ single values axis
dt = 14,5367 s

1:-475 I: 12,8
d: 60,4

Displacement: [mm]

1: 0.53 I:0.35

-0 x

Export Design ﬁ Edit & Help {3 Settings
25| [storing started at 1©

ﬂ - - - storing stopped at 1

Overview

Recorder FFT

Scope

Here, we conducted a simple experiment to get a better feeling about the vibration measurement. In practice, the vibration

measurement would surely look different, but we would use the same basic principles as shown in this example.
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2.5 Strain measurement

The strain gage measurementis a very nice principle of
measurement strain, and with that also stress of the
materials. Strain gages are basically foil resistors which
are using the principle that the line resistance of the wire is
proportional to the length and inversely to the area of the cross
section. Atypical strain gage material is constantan (copper-
nickel alloy), which has a constant resistance over a big

temperature range.

The change, however, of resistance with strain is very small,
so we need a good am plifierand measurement principle to

measure such small differences.

Wheatstone bridge

The mostwidely used principle to measure strain gage is the
Wheatstone bridge. This bridge consists of four resistors. On
the inputs, we supply the so-called excitation voltage and
measures the voltage of the outputs. If the bridge is balanced, the

output voltage will be zero.

There are now several ways to mount the strain gages. This depends a lot on the specific application. For a better
understanding on how to use the software and what the values mean, let's take a look at the basic equation of the

bridge.

R1-R4—-R2-R3

Vout [Vin = (R1+ R2)-(R3 + R4)

One of the more common configurations of the bridge is a quarter-bridge. In this case, only one resistor is a strain gage

while the other three are fixed resistors with equal resistance, which use the nominal resistance of the strain gage (this
shows that the bridge is balanced). Therefore let's saythat R4=R+dR and all the rest are equal RI=R2=R3=R. Now
let's put this in the equation above.

R-(R+dR)-R-R R-dR dR dR/R

Vout | Vin = = = =
(R+R)-(R+R+dR) 2-R-(2-R+dR) 4-R+2-dR 4+2-dR/R

The 2*dR/R partis quite small (1% of elongation gives a 1% error), so this can simplify the equation to:

Vout/VinzdR/R
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The basic parameter of the strain gage is a so-called gage factor k. This gage factor tells us the amount of change of the

resistance in relationship to the strain.

_(@R/R) _dR/R
dL/L) e

— thereforethe dR/R=k- ¢

If we insert this in equation above, we get:

Vout /Vin=—-k-¢

1
4

If the user has a different bridge configuration, this factor needs to be entered in the DEW ESoft program. This is the so-

called bridge factor. The equation thus changes to:

Vout/Vin=%-BF k-¢g

The bridge factors are given in the table for all bridge configurations.

The measured value from the strain gage is therefore the strain:

g=dL/L

The strain is usually presented in um/m, so the ratio of elongation in micrometers comparing to the length of a specimen
in meters. So what does that really mean if we measured a value of 20007 First of all, we can also express this in percent.

Strain in um/m divided by 10000 is elongation in percent. In the case of 2000, the elongation will be 0.2%.

We can also judge from this value how close the material is from its limit of elasticity. For steel, this limitis app. 2% (this
depends heavily on the type of steel), so were exceed 20000 um/m, the specimen would be over its tolerance of elasticity
and would be permanently stretched. The full bridge example will demonstrate how to calculate stress and force from the

strain.

Bridge configurations

There are several configurations for basic measurements. First, we need to know the special effects of the materials - that

is when the material is stretched, the material (usually) gets thinner in the other (two) directions. The ratio of transverse

strain to extension strain is called Poisson's ratio v.

When strain gages are positioned 90 deg. towards each other, it becomes veryimportant to know the ratio of transverse

strain and to include this in the equation.
The Poisson's factoris 0.27 to 0.31 for steel (usually 0.3 is used) and 0.33 for aluminum.

The following table shows several basic configurations for the gages. Basically the configurations are divided in quarter,

halfand full bridge circuits.
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EQUATION BRIDGE
MEASURES TYPE BRIDGE Vout/Vin FACTOR LINEAR DESCRIPTION
£
k Single gage measuring tension
F quarter Vout Vin _ e 1 no and compression - basic
) 4+2-k-& configuration
tension,
compression
% kg (1 + V) One gage in principal direction
e S— and one in transv erse direction -
F . . . —
’ half 4+2-k-¢ (1 V) (1+v) no usually used for temperature
tension, compensation
compression
kg Two gages with opposite strain -
half T 2 yes usually used for measurement of
bendin
M g
bending
% k-¢ Two gages with same strain -
F half 2 no usually used for bending
X 2+k-¢ cancellation
tension,
compression
Two pairs of gages where one is
in the principal direction and the
k-g- (l + V) other one is in transverse
F full P Y 2-(1+v) no L )
’ 2+k-¢- (1 — v) direction used in temperature
tension, compensation and bending
compression cancellation
Two pairs of gages where one is
in the principal direction and the
ful k-g- (1 + V) (14 es other one is in transverse
- 2 ( V) y direction used in temperature
M compensation and tension
bending cancellation
\ Two pairs of gages in opposite
'] full k-¢ 4 yes strain - usually used for
M measurement of bending
bending, torsion

Sensor mounting

The mounting of the strain gage is a process where we need to clean the surface, glue the strain gage, connect lead
wires and protect the strain gage. The detailed process is beyond the scope of this manual; please refer to the web pages
or handbooks of strain gage manufacturers for specific information. Since the different configurations must be connected in
the correct way, as shown in the above picture, itis veryimportant to use special care when connecting the gages to the

amplifier.

Alittle story about the strain gage connections is veryfitting in this context. Most people are likely familiar with Murphy's Law.
It originally states that "Whatever can go wrong, will go wrong". This is very well known, but what is not as well known is that
it originates from the strain gage measurements. The "inventor" of this law, Capt. Ed Murphy, made a strain gage
measurement system for a g-force testing system at Edwards Air Force Base, where the maximum g force that the human

body could take was to be tested. As a side-note, a real human was used, and the maximum force was 40 g.
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The result of the first measurement was zero, simply because the strain gages were connected in such a way that they
gages canceled out each other. Capt. Ed Murphy blamed his assistant for the error, who had connected the gages in the
wrong way. The other, even more interesting part of the story for the process of measurement was that Murphy simply

declined a verification of the system, which was offered to him before performing the test.

The point of this storyis this: Connect - CALIBRATE - VERIFY - Measure. If Capt. Ed Murphy had followed this

procedure Murphy's Law would not have been invented (atleast not on that occasion).

Required hardware Sirius MULTI, STG
Required software SE, PROF or DSA version
Setup sample rate Atleast 1 kHz

| have prepared two common types of strain gage configuration. First we have a tuning fork with a single gage attached

and an off-the shelfload cell with a full bridge connection.

From the amplifier side, we use two 9 pin MULTI modules with isolated input.

N .
J Acquisition Analysis Setup files | Ch, setup | Measure ﬁ Help ¢ 3 Settings
‘ g Py a— T F§ 00
om = oy g E‘ ok “i ] P
cig g e S % it \/ 0 ~
Store Save  Saveas  Filedetails Storing | Analog | Counter Cidout Analogout — Math  Modal Test
Dynamic acquisition rate
[ioo0] Freq. span: External clock
M a1 Start on extermal tri
b ) art on external trigger
stor| onorrE C NAME AMPLIFIER {000} g PHYSICAL VALUES 8  ca 8 serwe
IR - SM: DOD77383 - 167 microstrain
1 | Used |2 SRR I . zero | Z| sstch.1
1-A-1 [TEDS) Shir123458) -2E6 266 £
4 arz SIRIUS-MUL ERIEIEEZEE S 0,000V -
z | Used 2 2| setch.z
se §r altage; 10, 50 kHz B v T I -
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Let's take a look at a quarter bridge setup in DEW ESoft using DAQP-BRIDGE-A. Asingle strain gage is attached to the

tuning fork. From the specification, we can see that the resistance of the strain gage is 120 Ohms and the gage factor
k is 2,07. When selecting strain gages, we can typically choose from 120 or 350 Ohms. 120 Ohms gages will have less
power consumption and less heating, while 350 Ohms will have large signals and therefore work better with longer

cables.

DehnungsmeBstreifen

Strain Gauges :
Jauges d’extensomeétrie

HB
Wdarsind + 035  [®%l
Rinee g2aBiti] S N0 35
k-Faktor 207 & %l
Gauge factar
Facieur k
lichkeit
Sonerast Sene
Senshilits transverse 01 (%)
= %]

Temperaturkompensation: Angepabt flr
Temperature Gompensation: Compansaled fu(mw
G

a= 108 (09T

! Stam | Alumi-  Sonstige
@m Ll bt

With this information, we can set the quarter bridge with 120 Ohms as the input type. This means that the single bridge

will be the real gage, while other three gages will be internal precision resistors. Now, the input scaling is in mV/V @.

We can freely select the Excitation voltage @. Ahigher excitation voltage will increase the signals, and therefore reduce
the noise. This will also cause more gage self-heating and will increase the power consumption. All strain gages has a
certain limit for excitation voltage, so check this prior to connecting the sensor not to burn it. Higher excitation voltages are
therefore recommended for longer lines. The next step is to enter the k factor and Bridge factor ® from the specification.

Since this is onlya quarter bridge, we can enter the bridge factor as 1.
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P‘ Channel setup for channel 4 ]
Channel name Description Color Min value Mazx valus Sample rate
Messurement Brcell) 7 Usedsersor <o sensar> ax
Sns+{!
Range 20 - [] Dual core ™ my &) 1 Physical quantity
: _ L Shunt cal target umfm
Eridge mode Quarter bridge 3 wire 120 Ohm = 190 ok T P — 1
Bridge shunt Internal 59,83 kohm - Q compensation
Excitation - Snse(3) [H 1
Amplifier sh Exc-(8) )
Serisor unbalance Balance | Reset | 0 o | Ini7)
| sepe [ FFT [[ Scaing |
L Scope Gagefactor (k) 2
20,0000 my Y 40000 um{m
g
10,0000 mé 0 2
21,9627 my Y 43925 um{m & Bridge Factor
k) 1
3
& Offset
g B
-20,0000 My [-40000 um/m <
-50 e 50
o
L

The scaling changes from uV/Vto um/m. We can now enter the range in units of relative deformation.

We have the tuning fork connected with three wire connection. The three wire connection allows us to cancel out the effect
of wire resistance. Especially with long cables, the wire can significantly reduce the sensitivity of the gage. The third wire

combined with the shunt calibration allows us to measure this resistance and correct this error.

The shunt calibration can be used to measure and correct the resistance in this case. We need to choose the Bridge
cal scaling and click the Compensate button. Shunt calibration takes a while since it has to set several configurations
and measure back the results. After that, the wire resistance measurement shows in the drawing, the Corr(ection). factor

is shown and, if possible, the Excitation voltage level is raised to still meet the required sensitivity of the gage.

As the last step, we setthe Low pass filter of the amplifierto 5 kHz to be able to see the tuning fork natural frequency
, which is 440 Hz (A4 tone).

Now let's do some more measurements. Let's take a look at recorder. If a static force is applied on the tuning fork, we can
see the changing offset of the signal. We might also try hitting the tuning fork so it makes a sound to reflect the natural
frequency of the tuning fork (the conventional way itis used). We can see this as a high frequency vibration with falling

amplitude because of air friction and friction in the fork.

68 DEWESoft - DEWESoft X Tutorials (RC) © 2013 DEWESoft



Quarter bridge measurement

Measurement tutorials Strain measurement
Py DEWESoft X [ Mem leftr 605MB \" t=0,033 sec i CPU: 25 % - 0x
< ‘} Acquisition Analysis Setup files Ch. setup Measure Design ﬁ Edit & Help | {y Settings
Store Stop Freeze Overview Scope Recorder FFT
[i5] == &= =R =
Q
| + | cos|t
[ Transparent |

Unified properties
Single time axis

Fieal data

Show cursar
Interp. async channels
Draw sample points

Fielative

4

[ single values axis

P
Wl
|“I

i)
Il
I|\‘I

When looking atthe FFT screen (let's change it to the logarithmic scale that can be used to see all the amplitudes in a nice

way, we can see that there is an obvious peak at approximately 440 Hz. We can also place a cursor at this point by simply

clicking on the peak in the FFT. The frequency shown is 438.8 Hz . Itis not exactly 440 because the tuning fork used here

is surelyisn’tis whatitshould be after many years of use, but also because the FFT has a certain line resolution.

This line resolution depends on the sampling rate and the number of lines chosen for the FFT. If we want to have a faster

response on the FFT, we would choose fewer lines, but we would have a lower frequency resolution. If the user wants to

see the exact frequency, itis necessaryto set a higher line resolution. This is well described in reference guide, buta

simple rule of thumb is: if it takes 1 second fo acquire the data from which the FFT is calculated, the resulting FFT will have

1 Hzline resolution. If we acquire data for 2 seconds, line resolution will be 0.5 Hz
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This is also a perfect example to take a look how to use the filters in DEW ESoft. Clearly, there is one part of the signal in

the form of the offset (static load) and one partin a form of dynamic ringing with a 440 Hz frequency.

If we want to extract those two components from the original waveform, we need to set two filters - one low pass and the

other high pass. So we add two filters in th

e Math section.

e DEWESoft X
‘\ i) N
_/' Acquisition  Analysis Setupfies | Ch.setup | Measure
W WL r e r = s oo
sy o B | e v @ oe
Store Save Saveas  File details Storing Analog Digital  Counter GPS Alarms  Analog out M_at”
Basic Edit
] IR =
Rl - B - . Ry - {/L f o-‘)
ONfOFF C NAME VALUE SETUP
IR Filter Butterworth, low pass fiter, Order: 8, Fh: 200
Used 0 Setup
-10
Used Setup
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1. First, we setthe input channel(AI 0)in this case. Then we setitto Low pass, 6th @ order filter and we set the cutoff

frequency Fhigh to 200 Hz ®. This is so that all the signals below 200 Hz frequency will pass and all the frequencies

above this will cut.

IIR Filter setup

Mame Al O/Filter

Units

SR div Auto

Max value

Max
RMS
Average
HMin

Min value

Automatic minfma

d o e

Ll 5 8§ & & Ed
Type Low pass v Prototype Butterworth g
Order 76 % | Flow Hz  Fhigh 1200 Hz
Seale |1
Responsei | Zeros & Poles

-
(o) ofrecr) k) ) ) )

0 1 &7.758 1 4RSS 1 a5
21 |2 EEE B = B I
72 1 858 1 2485 1 4838

2. The second filter is setto High pass, 6th order with the same cutoff Flow frequency @.

IIR Filter setup

ALl
Al 2
AI O/Filter

Name AI OfFilter
Units

SR div Auto

Max value

Max
RMS
Average
Min

Min value

[] Automatic min/maz

Qo |

Color

10 -

0,356 -
0,1651 -

-4,453E-005 -
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d o

D_ i) 35 dr ot
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Scale 1
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-
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FE B = -2 =11 K =)
FEl T 055057 1 =] T a7

If we show those two filters on the recorder, we can see that the signal is nicely decomposed to the static load and

dynamic ringing. The user can use this technology to cut off unwanted parts of the signal or to extract wanted frequency

components of the certain signal.
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At this pointit might be worth noting that IIR filters are used where we want higher calculation speeds and cutoff rates are

needed. We can also use FIR filters if we don't want to have any phase shifts. More details can be found in the Filter

comparison section of FIR filter in the user's manual.

For full bridge sensor we will use a "home made" force sensor. The
sensoris built from two xy strain gages, where one gage is oriented in the
principal direction and another one in fransverse direction. This sensor is

therefore temperature compensated and has bending cancellation.

F

Let's do a step by step calibration of such a configuration. First of all we change the Input type to Full bridge @ and

Balance sensor @ is performed. If the bridge zero is not successful, we should choose the highest possible Range,

perform zero, then switch to the wanted range and perform zero again. Then we setthe Lowpass filter ®. Since this

example will measure more or less static measurements in a low region of the probe, the results can be enhanced by

using a very low lowpass filter. In this case itis setto 10 Hz ®.
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A Channel setup for channel 4

hannel name Description Colar Min valug Max valug Sample rate
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Next we set the Strain scaling to used and set the k factor of the gages to 2 and the Bridge factorto 2.6. The value of 2

is read from the strain gages data sheet. The value of 2.6 is a bridge factor from the table of bridge configurations. Now the
input values are strain in um/m.

Now we need to do the final Scaling by function since the force should be measured in N. Now it's time to do some

calculations using following equations:

Stress = Force / Area and

Stress = E - Strain

Therefore the Force =Area - E « Strain. Given that the elastic modulus (Young's modulus) of steel is 210000 N/mm?

and the cross section of the sensoris 139 mm?we get:

Force =139 mm?-210000 N/mm? -strain/ 1E6 = 28 - strain

Factor 1E6 is there because the strain is measured in um/m and we need to have a scaling factorfor this unit.

Now we have the real data scaled in N. The last thing to do is to select the measurement Range based on the input. In this

case the lowest range will be more than enough for the measurement.

The Short and Shunt button is for checking the strain gage. The Short is used to short the pins on the input and
measure the bridge offset. The Shunt (which is also used in the shunt calibration routine) can be used to see if the

bridge is reacting - so to check if the connections are working.
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Since writing tutorials can be quite boring at times, the DEWESoft team decided to make things more interesting for this

example.

This load cellwas a perfect chance. We added one camera to see the measurement live and there was an in-house
competition trying to break apart the load cell to see who the strongest employee was. Since the measurement range of

load cell is 30 kN or approximately 3 tons, no one succeeded, of course.

But since we are measuring the force on the cell, the results could be easilyjudged.
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It turns out that the strongest man (as was expected) was the CAM/ICNC engineer, pulling 570 N @ or 57 kilograms.
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Of course the biggest question of all was: how did the management perform? As one can see from the picture, there was

lots of effort and many discussions, but not really a big effect...
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2.5.6 Load cell setup

The load cell setup is the easiest of all. The load cell used here was Full bridge, so we set the correct Input type and

Excitation voltages. Then a Bridge zero was performed with no attached load.

The next step is to enter the sensor's Scale factor. The load cell is calibrated in kilograms and we can see from the spec

sheet that it outputs 1 mV/V per 10 kg. We enter this value in the scale factor and this concludes the setup.

There is not really much to see from this load cell in the measurement. An in-house competition "who weighs the most"

could be held, butitwouldn’t make much sense - surelymanagement would win.
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2.6 Counter

Counter channels are used to perform counting and frequency measurements. Typical applications are:

- Simple
Event counting - Gated event

Counting modes: -Up/down

- X1, X2, X4 modes
- Zero pulse

Encoder counting

- Period measurement
Period and pulse-width - Pulse-width measurement

- Duty cycle

Timing modes:

Two pulse edge separation

Frequency/super-counter

Sensor modes

Different cards offer different counting possibilities. By far the most enhanced counters are those on Orion 1624 or Orion
1616. Aspecial mode, called super-counter, allows exact frequency measurement and direct support of the most

commonlyused sensors. All other counters offer only a specific subset of operation.

Basically the input to the counter should be a clean digital signal, where most of the cards support5 Vlevels as the
default (some cards offers higher input signals or even variable trigger levels). If the user has lower or higher signals,

some conditioning in front of the counters should be used.

One of the practical applications where the counters are often used will be more closely examined:

e Counters in automotive applications

Event counting is one of the simplest counter operations.

Required hardware DEWE-43, Sirius ACC+, MULTI
Required software Any version
Setup sample rate Atleast1 kHz
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There are two special modes of event counting available:

1. gated event counting, where events are counted only when a gate signal is high

2. up/down counting, where the events are counted up when the gate is high and down when the gate is low.

The following simple test configuration was made with push button, connected to the DEWE-43 counter.

2.6.1.1 Simple event counting

Simple event counting is the mode where we can count either falling or rising edges of the signal.

@ @ €] @ ®
Sample Clock J ! 1 i 1

_.'I@
I

I
1
]
[
[
[]
1
1
[l
Counter Source :
[]
1

=

- —

Counter Value
Synchronized Value 5

=
=

e

_..
i

In this case we justadd a switch between the counter input and the ground. Since all inputs have pull-ups, shorting the

switch will give a zero and when the inputis opened, it will be one.
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Then we go to the Counter tab and select CNTO.
?j} Wun Ana\;—‘sis / Setup files ‘ch. setup | Measure @ Help |y Settings
T TR

NAME
g Event counting mode

VALUE

Event counting mode

Events | BO_CNT1

Unused

To set up the counter click "Set ch." button. The Basic application - Event counting and Counting mode - Basic
event counting @ are already selected by default. Then we choose the Signal input. Usually the signal inputis Source0,
but since the signal is connected to Aux_B0_CNTO, that signal @ needs to be selected as the input. The normal state
(when the switch is not selected) is high, therefore itis nice to invert the signal by choosing the invcheck box @. This has
two effects: firstly, the levels will change, so if the button is not pressed, the level will be low and consequentially the

counter will count on falling edges. We can select the Count direction either to count up or count down ®.

Channel setup for channel BO_CNTO

Basic setlings Hardware settings Sensor settings

Basic application Fleset on start measure
|Event counting £V ‘ Irput filker off v
‘Bas\c event counking v | [[]Enable sigral 20

[]advanced counker mode

L rrrir

i

Signal input Aux_BO_CNTO Ll liny

Output channels

ONJOFF | C NAME | MEASUREMENT | RAW VALUE | *scate | orser | MiN | scacep vaue uwT| Max |
Unused | BOCRTO | ] Il ‘0 IO o[- |10000

The filter is also an one important setting to prevent double counts. We need to set the filter to react a bit faster than what

we expect the events are expected to be or, with a different logic; we need to setit a bit slower than expected frequency of
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the glitches. With a manual switch 80 MHz base clock, some glitches we can for sure be expected. Let's look at the

measurement.

The green curve shows the digital signal from the switch and the orange curve shows the counter value, while the
digital metershows numerical value of the switch. The counter value is increased by each transition from low to high (in
this case, since the values are inverted, itis a real voltage transition from high to low). We can see at some points that the
values are counted up twice @. This is because a counter can see every glitch (even below 20 nanoseconds) in the signal.
Therefore we need to use the a filter to filter out these glitches. For example we could use a highest possible filter of 5

microseconds, since the speed of switching is really low.

TN DEWESoft - Datafile: CountTest1.d7d -ax
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2.6.1.2 Gated event counting

Gated event counting is a mode where the counter counts only when the gate signalis high. This tutorial is a continuation

of the previous "Simple event counting" section.

@ @ ® ®

(O]
Sample Clock ]

Counter Seurce ’ ’ ‘

Ceunter Gate

E_____________ > @

[T Y I S — -

—
] |

Counter Value : I

Synchronized Valued 0

B e e

The counter signal is the same as with simple event counting, but we need to connect additionally a second signal - the

gate. We should connectthe second switch to GATE O as well as the DI_1 to see the values (of course itis not
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necessary to do this when measuring real signal, this itis just for demonstration purposes).

Then we perform the setup of the counter channel. We should choose Gated event counting mode @ and setthe
signal source, which is Aux_B0_CNTO, and the Signal gate (Gate_B0O_CNTO) @. The counter will count the transitions
from low to high only when the signal gateis high. Since the Signal gate is inverted ® (normallyitis high), itis necessary

to also invert the gate signal so it will count only when a button will be pressed.

Channel setup for channel BO_CNTO
Basic application T ————

Event counting . Input filter off iV
Counting mode @ Count direction | count up @ w

Gated event counting £ [ Enéee signal zero

[J advanced counter mode

— 1 L1 L] Signal inp Auy_BO_CNTO ~ | Flinv

[ Signalgate Gate_BO_CHTO w | [#]inv
ON/OFF C NAME MEASUREMENT RAW ¥ALUE *SCALE - DFFSET - MIN SCALED ¥ALUE UNIT Max
Unused BO_CNTO - 0 1 0 -10000 o- 10000

In the example below, we can see how this counter works. The orange signal (counter) counts up when the green signal

makes a transition from Jow to high and when the gate signal (blue)is high @®.

N DEWESoft - Datafile: CountTest1.d7d -ax
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2.6.1.3 Up/down counting

Up/down counting is a counter operation which counts up when the gateis high and counts down when a gate is low. The
encoder operation is similar to this one, in fact we can use this mode to make X1 encoder measurements, butsome

more electronics are needed.

Sample Clock T 1 T 1
1 1 1 ] 1 1]
| 1 | i | |
! (] ! [ Il [
| 1 | 1 I I
| i | i i i
i 1 £ £ T Y
Counter Source ! i ! i ! |
| 1 | I | I
| i | i i i
i i i [ i i
i i |
1 ]
| H | ' 1 H
| 1 1 | I
| i i i i
i i ] i []
| i i | i
i i H i i
| : : : :
Counter Aux ! i i = |
| i i i i
| i i i i
L L 1] L L
LI | E ! !
Counter Value i 4 213 443 |2 14 ! 12
Synchronized Valued -2 =3 -2 -1 -1

The connection is the same as in the previous example - gated event counting. We should choose Up/Down counting

®inthe Channel setup and selectthe Signal input and the Signal up/down signal @.

Channel setup for channel BO_CNTO gl
asic setlings ardurare settings Sensor seltings
Basic application Reset on start measurs
|Event counting v | Input filker
Countingmode (4 )
‘Upfdown counting v |

[] advanced counter mode

B )
Signal input wi_BO_CHTO w | [inv
;:74‘77 Signal up/da! ate_BO_CNTO v | []ine

0
ON/OFF  C NAME MEASUREMENT RAW ¥ALUE * SCALE - OFFSET {|  MIN SCALED ¥ALUE UNIT = MAX
Unused I BO_CNTO - o 1 ul -10000 . 0- 10000

On the measurement, we can see that when the gate (blue signal) is down, the counter counts in the negative direction ®.

When the value of the gate is high, the counter counts in the positive direction @.
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another - this is to determine the direction of movement, and a zero
ZERD

An encoder is a wheel(or linear bar) with marks on it. Usually there are A
encoders having two marks with a phase difference of 90 deg to one B

pulse-one pulse per revolution which can tell us the absolute position of

the encoder.

The two signals (Aand B) help to determine the direction of the rotation or movement. When input Aleads input B, the

valueis incremented and when the input B leads input A, the value is decremented.

S LR

There are several encoder modes: The first one is used to measure only the rising edges of input A - this is the so called

X1 mode. The second mode - X2 measures the rising and falling edges of input Awhile X4 mode measures rising and
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falling edges of both signals. X2 and X4 modes are extremely helpful if there is slow movement (for example with linear

encoders), because it will actually increase the resolution of measurement by a factor of two or four.

Required hardware Sirius ACC+, MULTI 15 pin, DEWE-43
Required software Any version
Setup sample rate Atleast1 kHz

If there is a fast dynamic measurement (like torsional vibration) it will sometimes introduce more errors if X2 and X4
mode is used. This is because those two modes assume that the gap ratio is exactly 0.5 and that the encoder electronics
switches with exactly the same speed between dark and light areas. We can evaluate this error with period and pulsewidth

measurements as described in the next section.

@

Sample Clock

1

Input A

Input B

Input £

Counter Value

B3

Synchronized Valueg2

We connect the Asignal to SOURCEDQ, the B signal of the encoder to AUX_CNTO and the zero pulse to GATEO.
Additionally, just for visual presentation, we can also connect those signals to DI_0, DI_1 and DI_2, but there is no need

to do this for the measurement.

26.21 X1,X2,X4 modes

The simple encoder mode can be selected by choosing the Event counting + Basic encoder counting. Firstlet's set
up the encoder. Signal Ais Source_B0_CNTO, Signal Bis Aux_CNTO and Signal Zis Gate_ CNTO ®. We set the
Encoder mode to X1 @ and the Input filter we setto match our highest frequency ®. Scaling is easy - simply select

counts, revs or degrees from the drop down or enter any other scale factor.
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Channel setup for channel BO_CNTO

Rleset on stait measure

Event counting - Input fiter{73Y| 5 ps v

Basic application

Encodermode |1 hd
Counting mode
Basic encoder counting 4
[] advanced counter mode

Encoderzera [ ]

A —— i Source_BO_CNTD v | Hinv
‘ " R — fur_BO_CNTO ~  [“linv
i == SignalZ EE CNTO w | [v]ime

/1

— B0_CNTO - 5 [revs |1 0 |-1nunn 5/Revs 10000

Now let's take some measurements. The output of this counter is the one that which counts up when signal A leads

signal B, and counts down when signal B leads signal A. The positive edges of signal Ais used to calculate the counts @.

\ " DEWESoft - Datafile: CountTest1.d7d - Ox

L : \

AEQUISIUDH‘ Analysis Data fles  Setup Review Print Export Design ﬁ Edit | i Help <y Settings
P T B OEm | | -
Play  Replay speed: 1x Mode  Sound Offline math Save Overview Scope Recarder FFT

| =]+ ] cisit

[] Transparent
Unified properties
Single time axis

Real data

Show events
Interp. async channels
Draw sample points

Relative

4

[ single values axis
dt = 16,6406 5

;0,224  I:0378
d: 0,154

I: 8540 11: 9343

If we choose X2 mode in the setup, the counter will count raising and falling edges of source A®, therefore the resolution

will be increased by a factor of 2. Everything else stays the same.
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4k %, DEWESoft - Datafile: CountTestl.d7d - O0x
L \
.chuisimn\ Analysis Data fles Setup | Review Print Export  Design \#) Edit | & Help| {3 Settings
s o X [ ] B OB Em | e
Play  Replay speed: 1x Mode  Sound Offline math Save Overview Scope Recorder FFT .
= (=] = g

[= [+ ] cost w

[ Transparent (")
Unified properties
Single time: axis
L=
Real data ~

[#]show events
[#]1nterp. async channels
[#] Draw sample points

Relative v

4 -
[single values axis

dt = 16,6406 5

1: 0,224  I1: 0,378
d: 0,154

I, 8540 II: 9343

X4 mode counts the rising and falling edges of signal Aas well as signal B ®. The resolution of the measurements is

therefore increased by a factor of 4.

N ’_\ DEWESoft - Datafile: CountTestl.d7d -ax
S AEQ;JISIUDH‘ Analy\sws Data fles  Setup Review Print Export Design g Edit & Help 3 Settings
<« X . = E ] [t [l | Events
Flay  Replay speed:1x Mode  Sound Offline math Save Overview Scope Recorder FFT .
‘Ql@ |@Iﬂ‘ 3 : 30.1 mﬁ-ms
[=]+] coslt »
[[] Transparent :
Unified properties
Single time axis
L=
Real data v

on events
terp. async channels
[] Draw sample points

L=l
Relative v

L=l
4 v

[single values axis

dt = 16,6406 5

1: 0,224  I1:0,378
d: 0,154

1: 8540 1I: 9343

Please refer to the section "Counter in automotive applications" to see other ways to choose the counter sensors.

2.6.2.2 Encoder with zero pulse

The zero pulse is used to reset a measurementwhen a Z pulse is recognized. The only change to the setup is to check
the Encoder zero check box @. This will reset the counter value to 0 when a zero pulseis passed. We also need to set

the number of Encoder pulses forinternal calculations (512 in this case).
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Channel setup for channel BO_CNTO

Basic application ——
Event counting v Input filter Sus -~
Encoder mode | %1 w
Counting mode Encader zerg,
Basic encoder counting Ld o
[Jadvanced counter mode
B EE—— Source_BO_CHTO v |Cinv
‘ by T Aur_BO_CNTO v | Cinw
i - = ignaiz Gate_BO_CNTO v |[Cinv
Unused B_CNTO 5 [reve + |1 |-1nnnn 5 /Reve | 10000

The picture below shows the operation. The red curve is the zero signal, and the orange curve is encoder outputthe .

When a pulse is detected on the zero pulse input, the counter value resets to 0 @.

4 " DEWESoft - Datafile: CountTestl1.d7d -ox
Y. v
AEQUISIUDH‘ Analysis Datafiles  Setup Print Export g Edit | & Help <y Settings
b < e o) BE = E m B
Play  Replay speed: 1x Mode  Sound Offline math Save Scope Recorder FFT ]
=) (=
1A
| =]+ ] a2
[ Transparent |
Unified proper ties
single time axis
Fieal dats

[] Draw sample paints

Relative

4

[single values axis

The picture below is of a zoomed region-in of the recorder. It shows thatthe encoderresets the value on the zero pulse

and continues to count up on the rising edges of the Asignal.
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Period and pulse-width measurements are similar in function. The period measurement measures the time between

two consecutive low to high transitions, while the pulse-width measurement measures the timethatthe signalis
high.

Required hardware Sirius ACC+, MULTI 15 pin, DEWE-43
Required software Any version
Setup sample rate Atleast1 kHz

We will use the same configuration with two buttons for this measurement. The hardware connection is simple - we only

connectone switch to the AUX-CNTO, and the same one for the monitor to the DI_0 line.

Then on the Channel setup screen we should selectone counterand go in the "channel setup" for that counter.

P DEWESoft - Setup: Counter_EvenCount.d7s

mg b2 | & B e oG] @

Store Save  Saveas Filedetails Storing analog  Digital | Counter GPS Alarms

Measure

ON/OFF = NAME VALUE SETUP

Unused 0,0016 msec Period | Setch.

BO_CNTO

We can also use the period and pulse-width measurement combined to do duty cycle measurement.

2.6.3.1 Period measurement

First we selectthe Basic application as Waveform timing and Timing mode as Period, frequency @. We set the
Signal input to Aux_CNTO and inv(ert) the signal, so itis normally low; we can also set the signal Input filter to prevent
glitches @.

Then there is one additional field to tell the software what to do when no new value is available. The new value is
calculated only when a signalchanges the valuefrom low to high. Therefore the value can't be calculated most of the time.
If we choose to repeat the last value, then the same value will be added until a new transition is made. Alternately, we
can selectto output zero value when no newvalue is available, so we will have only spikes at the points of newdata and

the rest of data the value will be zero ®.
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Channel setup for channel BO_CNTO

Basic application

waveform timing

Timing mode
Period, frequency

P=1/f

ON/OFF  |C NAME

Unused BO_CNTO{Psriod

Unused BO_CNTO{Frequency

9] Resel on start measure
v imputiter (2] 54

no new

@repeat last walue
- available

value

Signalinput | Aux_BO_CNTD - ‘mv
MEASUREMENT RAW ¥ALUE *SCALE -OFFSET ] MIN | SCALED YALUE UNIT =~ MAX
==l B 0 0 O|msec |1000
-
s B 0 0 Oz [1000
-

-

-

The example below shows how the measurement is performed. The two white cursors in the recordershow the time

difference of the two pulses (itis shown on the left on the recorder setup screen @). ltreads 1.529 seconds. The counter

valueis of course much more exact, as it shows 1524.002 ®. Since the counters are running with a 80 MHz clock, we

have below a microsecond resolution. Out of the period, the counter also calculates a frequency, which is simple 1/period.

We can set the units of period values and frequency in the channel list on the setup screen.

S DEWESoft - Datafile: CountTest1.d7d -0 x
PN ! \
/ Acquisition Analysis Data files Setup Review Print Export Design ﬁ Edit & Help (3 Settings

44 R0 pp

Play Replay speed: 1x

Cols |1

[RESpET

—i X

Mode  Sound

Offline math Save

[ ransparent \

[¥]Unified properties
[¥]single time axis

Real data

Show events
Interp. async channels
Draw sample points

Relative

4

[T Gincla waliae avie

B EE m|m Eve

Qverview Scor  Recorder FFT
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2.6.3.2 Pulse-width measurement

The pulse-width measurement setup is the same as what was previously described in the period measurement sample.

The only difference is to select the Pulsewidth option in the Timing mode section .

Channel setup for channel BO_CNTO

Reset on start measure

Input fiter [ ps v

na new
Tirning mods value
- available

Basic application

Waveform timing -

repeat last value -

ﬂ;EPW Signal input Aux_BO_CNTO | Cine
ON/OFF | C NAME MEASUREMENT RAW YALUE
Unused BO_CNTO{Pulsewidth - o ,—mSE( 5

* SCALE - OFFSET 4
1 a

MIN SCALED YALUE UNIT = MaAX

0 0|msec |1000
-

The readout is now updated on each high-to-low transition. The recorder cursor readout shows 1.588 seconds @ and

the counter value shows 1581.843 milliseconds ®.

We can use the super-counterto measure the low and high time of each counter or to combine the period and

pulsewidth to measure the duty cycle of the signal.

A DEWESoft - Datafile: CountTestl.d7d
Lo ! w
4 Acquisition Analysis Datafiles  Setup Review Print

<« o b )
Play  Replay speed: 1x Mode  Sound Offl

[=1+] co

[ Transparent
Unified properties
Single time axis

Real data

[¥]5how events
terp. async channels
raw sample points

FRelative

4

[single values asxis

dt = 1.5688 5®

-0 x

Export Design ﬁ Edit & Help {3 Settings

BE B E Bm -

Overview Scope Recorder FFT
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2.6.3.3 Duty cycle measurement

The duty cycle measurementis a procedure where the ratio between the high (or low) pulse of the signaland the periodis
measured. As was previously stated in the encoder tutorial, the decision to use X1, X2 or X4 mode depends on the
quality of the encoder and the encoder electronics. The same encoder as was used for the Encoder tutorial will be used to

measure its quality.

For this measurement we need to setthe Period, pulsewidth, duty cycle mode @. If this mode is not available, then the
counter does not supportit. Eitheritis a super-counter pair (only even counters of the Orion have this mode) oritis notan

Orion card.

Channel setup for channel BO_CNTO El
Basic application Reset on stait measure

‘Wavefarm timing i | Input filter
Timing mode ~ C;h;‘:w 1epeat last value -

|period, puisewidth, duty (ydE\!/’l v|  avaisbie

PW

™ Signalinput | Source_BO_CNTO + | Oinv
P=1/T
=]
D = PW/P

(== == === === (= == [N =T [ B

Unused I BO_CNTO/Period - 0,018525 [msec = |1 0 0 0,018525|msec | 1000
T— BO_CNTO/Pulseiidth - 0,0242 ==l 0 0 0,0242|msec [ 1000
T— IED,CN'm/Frequency - 53981 e B 0 0 53981 Hz  [1000
Unused I BO_CNTO/Duty cyde - 130,63 1 0 0 130,63|% 100

Then we can directly select the Period, pulsewidth, duty cycle and also the frequency output channels. The counters

are set automatically for this operation.

Now let's look at the duty cycle measurements. The upper graph shows the period and pulse-width of the signals. In the
lower graph, we can see the duty cycle for the few rotations of the encoder. We can observe nicely that there are some
points where the encoder has a slightly larger error than in the rest of the data. The value there is approximately 0.49, so

this means that the encoder mode X2 will have around a 1% of the error.
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4 \ e DEWESoft - Datafile: CountTest1.d7d -0 x
"_"/ A‘cq:_ﬂsit\on AnaI;;s Data files  Setup Review Print Export Design l@ Edit || & Help {3 Settings

<« X .

Play  Replay speed: 1x Mode Sound  OFf

HE = m m Events

)
math Save Qverview Scope Recorder FFT

|— +‘ Cals

[] Transparent
Unified properties
Single time axis

Real data

[#]Show events
[#]interp. async channels
[] Draw sample points

Relative

4

[single values axis
dt = 16,6406 s

| -'”’”"‘w‘“”'wM“Nwﬁ*‘“’*"‘*‘rM"*"’"*"ﬁ}"“ﬁ'!wwf'wv».wrm«iﬁwM.-m,m)w
|‘ " :

10,224 L0378
d: 0,154

Required hardware Sirius ACC+, MULTI 15 pin, DEWE-43
Required software Any version
Setup sample rate Atleast 1 kHz

Finally let's talk about the mode, as it has many advantages over traditional counter measurements.

The problem with traditional counters is that the value of the counter is lafched only ata sample rate interval. Therefore we
only have discrete values on each sample. Since the second counter of Orion can measure exactly where the position of
the pulseis between two samples, we can calculate two things out of this: the exact interpolated position of the counter

atthe sample point, as well as the exact frequency of the pulses.

So I suggestjustto a look at how it works to get a better impression about this mode. The hardware configuration is as
follows: we connecta signal(this could be from an encoder, as in example below) to SOURCEQ. This is have also

connected to the COUNTER4 input, just to be able to compare the results to the normal counter.

Now let's set up the channels. For the super-counter and the frequency measurement, we need to use two counters.
Another limitation is thatthe counter channelneeds to be an even counter (CNTO, CNT2 or CNT4) This is marked with

the icon near the counter name @. For example, the counter pairis CNTO and CNT1, which is used in this case.
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B - I DEWES0Tt X
L\ () N\
__J Acquisition Analysis Setup files | Ch. setup | Measure
= fon BN @b U | o

stare save  Saveas Filedetails Storing  Analog  Digital | Counter | GPS Alarm

OMN/OFF [ NAME VALUE SETUP
E!I_Cll'mo, « Event counting mode
Unused 0,05 Hz Frequency | Setch.
EQ

EO_CNT1 Used as pair counter

The counter 0 is setto simple Event counting + Basic encoder counting @, and then the only thing leftis to check the

Advanced counter mode ®. Then the counter pair is set automatically and we have an exact count and exact frequency

as the calculated output channels. The Raw_Count and Raw_EdgeSep are only for advanced purposes - they are raw

values coming from the counters.

Channel setup for channel BO_CNTO

Basic application Reset on start measure
[event countn o e
Counting mods @ i EELR

| esic event counting v
[“]iAdvanced counter mode!

i .
Signalinput | Aux_EN_CNTO w | inv

-

Unused I E0_CNTO 261
Unused E£0_CNTO/Frequency - 13,336 H  *
Unused I E0_CNTO/Raw_Count - 260

s e e e
o] o o o
5

Unused I E0_CNTO/Raw_EdgeSep - 837

261 -
13,336 Hz

ma-_-zm_‘mm (M= =il
- 1
1
1
i

10000
10000
10000

10000

We have the Source0, also shown as a digital line and in the second graph the blue curve is the normalcounter (raw

counter values), which increases the value of each sample. Meanwhile the red one is the super-counter@®, where the

values are interpolated between the counts, and even more importantly, also between the samples.

If you try this tutorial by yourself, tryto setthe signal frequency from half of the sampling rate up to 50% higher than the

sample rate. You will see normal counter staying the same for a the sample, then jumping, then staying the same again

or jumping for two values. In short, the result will be really poor. But if a super-counteris used, the values will be perfectly

aligned to the input as shown in the example below.

Also, the frequency measurement will be perfectin this case.
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The data file below shows the run-up and run-down of the test machine, where the super-counter and the frequency

are showing perfect measurement results. This is actually the recommended way of measuring all advanced DSA features

like order tracking, torsional vibration and rotational vibration.

. ’  DEWESoft - Datafile: CountTest1.d7d -0Ox
Acqu|s\t|on| Analysis Data files Setup Review Print Export Design ﬁ Edit i Help {3 Settings
= FWD I
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| = e | Cols (1 %
[ ransparent |

Unified properties

Single time axis

Real data v

Shaw events
Interp, async channels
Draw sample points

Relative v

Please take a look at the Frequency measurement tutorial for a comparison of the different methods.
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Required hardware Sirius ACC+, MULTI 15 pin, DEWE-43
Required software Any version
Setup sample rate Atleast1 kHz

The super counter mode is also used in a special counter mode, called "Sensor" mode (selected from the Basic
application drop down menu @). This mode allows the direct use of the digital speed/position sensors as defined in the
Counter sensor editor. You can choose rotary encoders, linear encoders, CDM sensors (angle sensors with zero

reference), geartooth with missing or double teeth and tacho probes.

The only thing needed is to select an appropriate sensor from the Sensor type drop down menu @. Ifthe sensor is not yet
defined, there is a three ellipsis button on the right side which opens the counter sensor editor. This is where sensors can

be defined. The sensors will always run in the supercounter mode, showing the exact frequency and angle.

The benefitof using sensors is that scaling will be done automatically, so we don't have to worry about that anymore. There
are still several options to choose from. For encoder, we can selectthe Encoder mode (X1,X2 or X4) ® and either use

the Encoder zero or not.

Channel setup for channel BO_CNTO |Z|
Basic application ( 4 1 Reset on stait measure Bt s
‘Sensur {encoder, COM, tacho ...} v | Input filter

Sensor 6
Encodsr zera
Encoder-360 : ] U

“r-‘-—— Signal & Source_BO_CNTO ~ | Oinv

‘ \" -\""— Signal B fu_BO_CNTO v | Oinw
| ‘ Signal Z

Gate BO_CNTO v | Oinv

Unused BO_CNTO/Angle - 1,9029 e | [ -10000 1,9029|Revs |10000
Unused |Bu,cw'm/v=requen(y - 1,93504 ] E 0 -10000 1,93504 |RPM | 10000
Unused |Bu,CNTu/Raw,::uunt - 684 1 0 -10000 684 - 10000
Unused |—BD_CNT0/REW_EdgESEp - 686 1 0 10000 686/ - 10000
——

If zero is used, then there is a message telling us how many pulses between two zero points are seen, just to inform the

user about possible setup or connection errors (as like shown in next picture).

For the CDM sensor, the only special setting is the direction of the count ®. The CDM sensor will count up only by default,

but we can reverse that with this option.
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Channel setup for channel BO_CNTO |z|

Basic application Reset
| sensor (encoder, DM, tacho ...) v|  Inputfiter
- Enabie signal 2210

Pulses

360

Measured pulses: 352

i Signalinput | Source_BO_CHTO ~ | Oinv
‘) e Signalzen Gate_BO_CNTO « | inv

Unused |1 B0_CNTO/Angle - 0,12811 el B 0 0,12811 10000
— |BD_CNTO,IFrequency' - 2,37477 ] B 0 0 2,37477 RFM | 10000
— |BILCNTIJ,IREW7Cnunt - 405 1 0 0 405 - 10000
— |Bu,cr»rmjﬂawjdgasw - 1542 1 0 0 1542 - 10000

The tacho and geartooth have no special settings, so they will depend solely on how the sensors are setup in the

sensor definition.

Required hardware Sirius ACC+, MULTI 15 pin, DEWE-43
Required software Any version
Setup sample rate Atleast 1 kHz

We will look for two typical applications in automotive: steering wheel measurements anda wheel speed sensor.

Steering wheel sensor

In this case a measuring steering wheel a with quadrature encoder sensoris used to measure the angle position and

the angular velocity of the steering wheel during test drives. The quadrature encoder used in our example has a

resolution of 1800 pulses per revolution.

96 DEWESoft - DEWESoft X Tutorials (RC)

Measurement tutorials




Counters in automotive applications
Measurement tutorials Counter

Channel Setup

Let's firstsetup the steering wheel sensor.

For the Counter mode, we should select the Sensor (encoder, CDM, tacho...) from the Basic application drop down
menu to decode the signals of the quadrature encoder sensor and select the appropriate sensor (Encoder nn) from the
Sensor type drop down menu ®. With Encoder mode the resolution of the angle measurement can be set. In this
example "X1" @ is used and the counter outputs 1800 pulses per revolution. “X2” would output 3600 pulses per revolution
and “X4” would output 7200 pulses per revolution. Itis recommended to use an Input filter to avoid measurement errors
caused byjitters or spikes on the signal (in this case 100ns). The quadrature encoder sensor normally has three signals.

Only Signal A and Signal B are used for this application ®.

Itis importantthat Encoder zerois not chosen if signal Zis connected to the counter input, else a jump in the frequency
channel can appear and the manual zero point definition can be lost. The preferred way s to simply choose the sensor
from the list, where all the scaling will be done automatically for us. The Encoder zero has to be de-selected and Reset

on start measure should be so as de-selected not to lose the initial zero point correction.

Channel setup for channel BO_CNTO

aTgicappuaﬁm | [ Fleet on stait measure Encoderpubies [150 |
Sensor {encoder, CDM, tacho ...) - nput fiter
1 Encoder mode 9
Sensor ype (1)
Encader zerg,
‘Encoder-lﬂDD v ‘E @fl

W —— gl Source_BO_CNTO v | Cinv

“’* =_-'-:. Signam@ Ay BO_CNTD v |Oinv
‘ Signal Z Gale_BO_CNTQ v |Cinv
| ovor o  we | ssmer | s | csous [omser-l| | scwmowwie [uwr | wx
- 642 @ Jeqrees +| -

Unused I BO_CNTO/Angle 1 10000 642 |Degree 10000
———

0

Unused | ||BO_CNTO/Frequency - 1,35512 = B 0 -10000 1,35512 RFM | 10000
—_—2

Unused IBD_CNTﬂfRaw_Cnunt - 3211 1 o ~10000 3211- 10000
—_—

Unused I B0_CNTOfRaw_Edgesep |- 4340 1 o ~10000 4340|- 10000
—_—

The first output is the angle, where we can select degrees as units (this could also be revs or counts) and the second

outputis the frequency, which is alreadyscaled in RPMor Hz

Zero Point Definition

After all the settings in the channel setup are made, the steering wheel has to be set to zero for a specific steering angle.
In most cases the steering angle is set to zero while the car drives straight ahead. Zero definition can be done by pushing
Reset @ in the channel setup. This way, the steering angle is set to zero in that steering wheel position. A horizontal test
track is recommended for the zero point definition to avoid a steer angle offset error. Itis veryimportant that Reset on start
measure ® is not selected, else the counter value is setto zero at every measurement, and thus the zero point definition

will be lost. The figure below shows the measurement results of the steering wheel.
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Steer Angle; - [deg]

11,224 19388 2

Wheel speed sensor

The wheel sensoris used for high precision wheel speeds and rotations at test drives. We can also measure
traveled distance and speed, but for this we need to know the dynamic wheel radius. The wheel radius, however,
depends on the operating state of the wheel, e.g. road condition, driving conditions, cornering ability, tire pressure and
other factors. Therefore a precise distance measurement with dynamic wheel radius scaling is not recommended.

Instead, we could use either a GPS solution like VGPS or radar/optical sensors.

Again, we need to setthe channel setup for the wheel sensor. This sensoris not defined as standard in DEWESoft,

therefore we need to create it with the Counter sensor editor.
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Counter sensors editor
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[ 1000 | x1 v|
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After the sensor is created, itjust has to be selected in the sensor editor.

The angle output can be setto revs, degrees, or count. The unit for frequency can be setin Hzor RPM @.

Channel setup for channel BO_CNTO

]

"J}

Basic application [] Reset on stait measure Bt s |:|
|sensor (encoder, COM, tacho ...) v Input fiter
3ensor type
Encadsr zer0
|wpT-1000 v o
' -'——- Signal & Source_BO_CNTO v | [Cinw
‘ Signal B Aux_BO_CNTD ~|Oinv
Signal Z Gat=_BO_CNTO v | [Cinw

Unused BO_CNTO/Angle

Unused BO_CNTO/Frequency

vnused I E0_CNTORaw Count

T — IBU_CNTU/REIW_EdgESEp

2,233 [revs =1

2,23957@ R

2232

(== =R m‘nmmm
—

o o o o

2497

10000 2,233 |Revs (10000

10000 2,28957|RPM  |10000

10000 2232 - 10000

10000 2497 - 10000

After the counter setup is finished, the math channel setup for traveled distance and velocity can be set. The first math

channel is used to calculate the displacement. This is done with the dynamic wheel radius.

The equation for displacementreads:

"BO_ CNTO/Angle"-2-pi+0.25 [m]

"BO_CNTO/Angle" is the angle channel output from the counter. The
dynamic wheel radius in our case is 0.25 m.

© 2013 DEWESoft

DEWESoft - DEWESoft X Tutorials (RC)



Counters in automotive applications
Counter

Measurement tutorials

Formula setup
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tin 7043 m + x / Displacement
Revolution
RPM
( ) ~  dv | mod veloaty
‘ Fi || Trigon || Logic |
Automat
Dautomatic miinax Signals | Measure H Events |
sqr sart abs sgn
trunc | round | rnd
log2 | log10 In exp
if nan max min

The second math channel is used to measure the velocity of the car. The same dynamic wheel radius is used for this

calculation.

The equation for velocity reads:

"BO CNTO/Frequency'-2-pi-0.25/60 [m/s] ..

the counter, ifitis setto RPM.

Formula setup

Name Velocity
s Colr [N W

Max value _ mfs

HI

'RFM'#2%pi*0 25-60

Max 0,07432 m/s
RMS 0,004014 m/s
o i o M [achs a1 Jont [math |
Min 0,05492 m/s o - / Displacement
Revolution
RPM
C| )~ dv| mod Velocity
T R—
‘ Functions || Trigon. || Logic |
[ Automatic minmax signais | Measure || Evems |

sqr sqrt abs sgn

trunc | round | rnd

"BO_CNTO/Frequency" is the frequency channel output from

All - measured and calculated — channels are available in real time without any hardware or additional wiring. The figure

below shows the measurement results from the wheel sensor.
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500
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RPM; - [1/min]
Revolutions; - [-]
100

elacity; - [m/s]
7s
Digplacement; - [m]
150

75
5
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2517 10,551 18,586 2661 34 55 z

2.7 Video acquisition

We have four basic types of cameras which are supported in DEWESoft:

low speed (up to 30 FPS) web cameras or camcorders supported by DirectX

medium speed (up to 600 FPS in VGAresolution) cameras (DS-CAM)

high speed cameras (up to 20.000 frames per second), where we combine data and video in post processing or

directly use the Photron driver inside DEW ESoft (please consult the user's manual for details)

NEC thermovision cameras

So which camera to choose for a certain application? Itis clear that the thermovision cameras have their special
applications while the high speed cameras are used to acquire short triggered snapshots where we need extreme video

rates to capture crashes, explosions and other fast events.

The decision between a good camcorder and a medium speed camera is not that easy. The main difference between
these types of cameras and the high speed ones is that with the medium and low speed cameras we can continuously
store video stream to the disk until we run out of disk space. We can also use software triggering on the video to reduce the

amount of data or perform the online compression.

However, the system needs to have a good performance to stream video. We will need high performance hard disks and
a very well built system, as we might still run to the limit of performance. We have to know that the typical VGA size image

takes 300 kB. If we have 100 frames per second, we need to store 30 MB/s for one camera.
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Clearly, if we need high speed video, we need to use either a DS-CAM. DS-CAM 120 has a slightly higher speed (120 FPS
in VGA). DS-CAM 600 compresses the picture in camera and we can achieve 600 FPS in VGAmode. Abig advantage of

both camera types is that they can be friggered from the analog card and therefore the data and video are perfectly aligned.

If 25 or 30 pictures per second are enough, we might consider using a camcorder. | would suggest progressive scan

cameras, so as notto have interlaced pictures.

Web cameras are usually low price/low speed/low quality, but are an extremely helpful tool fo document the experiment. We
had lots of feedback from customers telling us that a simple, even poor picture helped them to understand the recorded

data much better.

In the following test we will see a basic difference between a web cam and a medium speed camera.

Required hardware Sirius, DEWE-43, Web cam, DS-GIGE
Required software PROF (for DS-GIGE support)
Setup sample rate Atleast 1 kHz

For this test we opened one 0.5 A fuse, measured the voltage and the current at the output of the fuse and used a hair

dryerto switch the fuse. The Basler and web cam were recording the video.

Even though itis against the practice of this tutorial, | would still like to show

the hardware settings of DEW ESoft. There are three camera types

selected: Basler, DirectX (which recognizes web cams and camera

phones)and GigE. We will measure this experiment with medium speed

GigE cameras.

In the setup screen of DEW ESoft we see all connected cameras. We select needed cameras.
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| @ b Y
_//'f Acquisition Analysis Setup files Ch. setup Measure & Help {3 Settings
o :
T . = assl o = oo
‘ g | G & | e ‘= oe
Store Save Save as File details Storing Analog Counter Video Math
Stare options Frame rate
alwaps fast vI 100 -
SLOT | ON/OFFE] NAME VALUES SET

Setup

Setup

Setup

Setup

First we set up the cam. We setthe Frame rate to 50 fps @ and resolution to 656x488. The next step is to set the
Shutter speed @, which can't be longer than 20 ms to be able to acquire 50 fps. Lower shutter speeds will reduce the
smearing of picture with fast movements, but will also reduce the brightness of the picture. Therefore we will need either a
strong light or we will need to increase the Gain. On the other hand, this will increase the noise in the picture and will

reduce the picture quality.

Camera 0 (DS-CAM - GCE51M) ]
Basic settinas Camera settings
Camera name Camera 0 Video mode R 656x438 -
Frame rate 50| -
PREVIEW - 49.5 fps

Shutter (20000 us) U ® set [ |Auto

Gain (13 dB) 0 Set Auto

The settings of the cam depend on the capabilities of the camera. There are a huge differences between one web cam
and the nextin terms of speed, picture quality and available functions. Some cameras have automatic shutter and

automatic gain, there are even a few with automatic focus. This changes so often that it doesn't make sense to mention any
camera brand in particular in the manual. Dewesoft is testing new cameras on the market all the time, so itis worth

asking them what the latest and greatestis.

Some cameras have different compression types like YUV or 1420. This means that the each pixel will not have 24 bits of
data (8 bits of data per color), but /ess. In short, using such modes will resultin smaller picture sizes and will reduce the
data file size in the end, but the colors might not be as perfect as with RGB (uncompressed). However, the human eye is
much more sensitive to scales of gray than to shades of colors. These compression algorithms use exactly this fact,

therefore we might not even see any difference.

Usually, the cameras also offer Custom settings ®), which will show all the special functions of the specific cameras,

such as flipping, rotating picture and more.

For acquiring analog data, we setone voltage and one current channelthe same as itis in the Voltage and current
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sioT | on/orFEl © NAME AMPLIFIER (007) & PHYSICAL YALUES E ca & serwe
% [ voltage SIRIUS-HY Sh: DOCE3EF4 U 312,28 31218
1| Used 2 I @ Voltage; 1000 V: 50 kHz i , | B ZHEm
9| [Currentt SIRIUSHY SN: DOCBIEDD 1 0002 A
z | Used 3 ® Yaltage, 50, 50 kHz = . i 2ero set ch. 2

So let's acquire the data and see the results. The high speed camera is synchronized exactly to the analog data therefore
we can compare the switching times with analog voltage and current. The currentis flowing through the fuse for
approximately 20 msec before it really switches off D and we can see nicely the when spark switches the fuse off. Itis also

very nice to see the position of the switch (on the left side of the fuse) as it goes to the off position @.

\ e DEWESoft - Datafile: Test.d7d o B &
‘ ) oy ik

= // Acquisition | Analysis Datafiles  Setup | Review Print Export  Design | Edit @ Help || {3 Settings
W o e W) B =E | Events

Play  Replay speed:1x Mode  Sound Offine math ~ Save Owerview Scope Recorder .

= Current

[~ Tramsparent =+ Yoltage

¥ (o] wideo

= Camera 0

[¥ Unified properties

[¥ Single time azis
~ Camera 1

Real data -

[V Show events
[V Interp. async channels
[¥ Draw sample paints

L=l
Relative i

CO—

[~ Single values axis

The picture from the web cam is nice, but doesn't show this at all. Because the web cam is neither clocked nor
synchronized with analog data, itis time stamped as the picture comes in to the computer. Thus, we can see the switch off

with a delay of approximately 60 ms ®. In conclusion, web cams have two limitations: speed and time accuracy.
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4 DEWESoft - Datafile: Test.d7d
L)) N .
~/ Acquisition Analysis Datafiles  Setup Review Print Export

A~ S I S — ‘n‘\v

Flay  Replay spesd: 1n Mods

Design

E - - Ewents

Overview Scope

"
Saund OFfling math Save

Laaatal
[~ Transparent
[¥ Unified properties

[V Single time: axis

=2
Real data =

¥ Show events

[¥ Interp. async channels

[¥ Draw sample points
=

Relative =

Recorder

- 0O X

|£) Edit gy Help {3 Settings

Search
¥ & A
= Current
« Yoltage
¥ [ Yideo
= Camera 0
= Camera 1

However, there is a way to reduce the time inaccuracy by entering a camera delay. Usually this delayis quite constant and

can be compensated. We can do this in the Hardware setup by entering this value in the Delay field in the table. We will

still have a time jitter of each frame, which can be in the range of 30 ms or even more, when the system is at the limit its

performance, but here we can't compensate it. If time accuracy is needed, we should look for clocked cameras like DS-

CAM.

Hardware setup

| Math || Timing || Alarms & Events H Analog out || HET || Plugins ‘
I

| Registration

Hame Enabled | Delay
+a LTIS01P e

File types for storing

AVI file type for compression

AL <208

Registration status

TRIAL (9/3/2009)

Now if we look at the repeated measurement, both cameras show approximately the same time of the event, however, the

web cam shows only one frame when the fuse switched off while the DS-CAM camera shows quite several frames to be

able to also see the spark, the movement of the coil and the switch.
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) N\
~/ Acquisition | Analysis Datafiles  Setup | Review Print Export  Design | Edit @ Help || {3 Settings
T H B = | e
i) -
Play  Replay speed:1x Mode  Sound Offline math Save Owerview Scope Recorder

TR B G ER;
HODE

o - 13761

oz uikia)

[ Transparent

= Current
«- Yoltage

[¥ Unified properties W -] wideo
[V single time axis = Camera 0
[-] — Camera 1

[V Show events
[V Interp. async channels
[¥ Draw sample paints

g
Relative i

CETINGS

This solution, however, is limited to 600 frames per second. Some events require much faster cameras. These cameras

store the picture in internal memory and after that to the video file, so we need to combine the picture and video in post
processing.
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To include the high speed video in DEW ESoft, only few steps are necessary.

1. After acquisition of the video file and the DEW ESoft data, please copythe *. avi camera file to the directory where

DEW ESoft data file is located.

2. Please rename the video file to this specification: xxxxx. cam0. avi

where xxxxx is the name of the DEW ESoft file to be synchronized. If we have more video files, we can name them

xxxx. cam0. avi,xxxx. caml. avi and soon.

Fle Edit  Wisw

eaack < 'Q

adiress [ cia

£ J0bd -

Name =

EFeba T35 C

Favortes  Tools  Help i
l._% /ID Search [E" Folders ‘.;S 3 x q =
Qe
Falder Size Type Date Modified
1.388KB  DEWESOft7 Data File 7.12,2009 11:51
02 - AYLcam0, avi § 9.877 KB Wideo Clip 4.12,2009 13:56

The picture above shows an example of what this looks like.

3. After this, open DEW ESoft and enter the Analysis mode.

¥ My Computer
W =) My Dacuments

» ) Shared

¥ e Tilen_C(C:)
I T—
» |5 ASPIZ =
» ) CANdblib 2.3
» ) CANdbLib 2.1
W ) CanDBLibStuff
» () CAN_BACKUPS
¥ [5) Concertod,s0
W |5) D2007Projects
¥ ) DFProjects

ks
Settings | Events

=

| File namme:

|
Q, Acquisition | Analysis Datafiles | Setup  Review @ Help | {3 Settings
¥ 1r =) - Fx| il
H A 5
Multifile export Use for measure AVIcompress Load Icon Rename  Delete Copy Cut Paste

Size | Start shore Fime

Version Sample rate | Channsls Store mode

Documents

v

| Data header | preview]|

Job4 - 31,5 - COZ - AMLd7d

183kE  11.11.2009 11:47:56

T.ORCZZ 1000 Hz AT 1, CNT: 1 always Fast

Sample rate
1000 s/sec

Stare date and time

11.11.2009 11:47:56

General file information

Number of channels
2

Reduced rate Duration Trigger conditions

- 00:00:04 always fast

Ch. na | Name ‘ Rate | Settings | Scale ‘ Offset ‘ Range | Min | Max |
AlD ALD 1000 Daqgeard direct (5 W) 5. 5Y -5 5

CHTO CNTO 1000 Ewent counting mode 1 a 0.. 10000 - 824873 1,2E6

Double click on file to open it and DEW ESoft will recognize that this file has no synchronization information included and

will ask to synchronize it manually.

© 2013 DEWESoft

DEWESoft - DEWESoft X Tutorials (RC) |107



Video post synchronization

Video acquisition Measurement tutorials

Video post synchronization

Widea file nar Job4 - 21,5 - COZ - AVI.cami.avi
Frames found: 3001
Frame rate Eood] Framessec

Widea size 6 000333 sec @_
Pre trigger O 0 frarnes e
Trigger tirne @fwm trigger v

It will automatically recognize how manyframes are stored @ in the file. Please enter the correct Frame rate of the

camera @ (sometimes the . avi files hold the correct values, but most of the times not). In the info field Video size, you
will enter the video length in seconds ®.

Also enter how many pictures were taken before the video trigger - Pre trigger - occurred @. You can enter itin frames,
seconds or milliseconds ®.

Trigger time can initially be selected from trigger (so long as the storing of analog data has been triggered from

the same trigger source) or in the relative ime from start of measurementin seconds ®.

When finished, DEW ESoft will go to the video screen to see the result of the synchronization and the recorder will show the

video frame ticks aligned with the analog data.

You can go back and forth with the yellow cursor to observe the quality of the synchronization.

4 DEWESoft - Datafile: ab.d7d -8 x
Py ! N -

__/ Acquisition Analysis Datafiles  Setup Review Print Export Design 4 Edit & Help {3 Settings

b o b X 4 B = m B\ e

Play  Replay speed:1x Mode  Sound Offline math Save. Overview Scope Recorder Video

| =5

\ + | ki
[ITransparent |

[]unified properties
[#]Singls time axis

Fieal data

Show events
Inkerp. async channels
Draw sample poirts

Fielative

4

[ single values axis

dt = 206,50 ms
f=4,84 Hz

If you need to realign the video, please select menu item Post sync. Here you can

etup Revigw Prink Expark De

change the parameters. Also, there is the option to select start of video from the current =

: I [
Post sync | Auto Recalc Save

position. In this case, the yellow cursor will be taken as the origin of synchronization.

In order to store the synchronization info for future post processing once you are done and satisfied don't forget to choose

Save. Be careful, this can be done only once and since itis written into the original video file, itis recommended to keep a

copy of the video.
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2.8 CAN bus acquisition

Did you know that the average car today has several kilometers of wires inside it?
This figure is astounding and therefore car manufacturers have been looking for ways &
to reduce it. With the emerging technology of today's vehicles there are more and more

devices with a need to communicate with each other and to share their data.

As a result, in 1980s the company Bosch invented the serial bus where data can be

sentwith up to 1Mbit/second via a single twisted pair wire. This reduced the amount of |

wiring by a lot (and still there are kilometers of wires). Still, we can easily say that

without it, today's cars would not be the same.

The CAN bus is not onlyrelated to cars. They appear in other forms of transportation like trucks, rail cars, tanks,
tractors and other vehicles as well as for common measurements. There are /ofs of sensors readily available with

CAN bus technology. They are very robust, fault tolerant and have a nice collision detection algorithm.

So, now we know what the CAN bus is. What do we need to measure the CAN bus? First, we need some hardware
supported by DEWESoft.

Required hardware Sirius, DEWE-43 or DS-CAN2
Required software LT or higher + CAN option or EE
Setup sample rate Atleast 1 kHz

Then, if we measure in a car, we need to know where to connect this in the car. For "official users", this task is trivial since
the wiring is known. We need be careful that the not-ferminated wires are not too long since the vehicle bus can be
interrupted with the connecting of the measurement instrument. If we have a sensor, or an array of sensors, there are
connectors with labeled wiring. In this case, we need to make a bus, which is not that hard as it sounds, since itis only a

twisted wire with 120 Ohms resistors at both ends and virtually any number of connections in between.

Only by correctly connecting to the bus can we scan all the messages sent through the CAN bus, but we will only see a

message ID and raw data.

The third thing is that we have to knowhow to decode the messages from the CAN. For this we either need a description
or a library. These libraries are defined bya Vector and are called DBC files. Ithas a full description of the messages
with output channels. These libraries are a well hidden secret among car manufacturers and are propriety. For trucks, the

messages are standardized and described in the 11939 standard.

Let's take the same steps as defined in the previous chapter. First of all, let's make general setup. There are two types of
devices or to putit better two types of operation.

- When connected to vehicle bus, for example, we only need fo listen to whatever is happening on the line.
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- For dedicated sensors, itis often necessaryto send an acknowledgement that the data was received
We need to set up the hardware to meet the application we have. This is done in the Hardware setup.

| can || eps || video || wath || Timing || Alarms & Events || anslag out || MET || Plugins || Registration |

CAN device Bit order For display

DEWESoft USE v 7.0 v
Card FOURND

Firmware version: 2.0.2.16

Port no Transceiver type Operation mods

SHESH

2 DO1FEDBC USE SHESHYDZ35 . Llstenonly @

port AN davics
CAND o ot
CAMNL ‘Cornmman CAR port

Registration status

TRIAL (3.9.2009)

Clicking on Operation mode button changes it between Listen only mode and Acknowledge mode @. We need to set

this up first, before connecting to the bus so as not to interfere with the bus operation.

The baud rate setting @ is veryimportant. In fact, some vehicle operations can be interrupted if we connect to the bus with
the wrong baud rate set. Under the baud rate edit box, we also have a notification of how many messages came through
the bus and how many of them were corrupted (red). This information shows if the baud rate is correct and also if the bus

has anyproblems due to bad connections or bus overload.

B [ = p n":- 6] LH L]
By B 2 W[ il g8
Store Save Save a5 File details Staring Analog Counter CAN Video Math
(G s |
500 @ v | kBaud Message Wiew DEC library 0 messages; 0 channels
[+]—] WMessages| Channels | Impart [scan [agas

Err.msg: 0 /0
EXP. |¥ arB. @ onforFE C HAME YALUE g sewr

Next we can scan for the messages. As soon as we check the Scan option, the messages that are coming from the bus
will be displayed. So now we can see message /Ds, speed of the messages and the raw binary values coming from the

bus.

500 v | kBaud Message Wiewy DEC library ges; 17 channels

T |+ ‘ - | Messages Channe\s] [ Import ] i 939
EXP. | % ARE. &l omjorFE C MAME WALLE =] SETUP
+ Lok Unused Setup
+ 20h Unused Uﬂﬂﬂ.ﬂﬂﬂ.ﬂﬂﬂﬂﬂﬂ|:||:||:|UUUUUUUUUUUUDUUDUUUUUUUUUUUUUUUUDUUDUUUUUUUUUUUU Setup
M 30h I 0000000000000001000000000000000 Setup
+ 40h Unused 0000000000000000000000000000000000000000000000000000000000000000) Setup
+ 50h Unused 0000000000000000000000000000000000000000000000000000000000000000) Setup

If we know them, we can define the channels from the specification. We choose the Setup button and the empty

message setup screen will appear.
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Can channel setup

Name  |Message

arb, ID # (0

i

b p )
P ¥
P
p e
P

Type CAN Skandard v
DLC L]

Delay  Time |0 ms

o500

And now... we have to know... or guess. We know that the first 15 bits of this message is the steering wheel angle. We
need to add a channel by clicking the Add button. We enter the Name of the channel, the Unit @, and the Data format
Intel. We setthe Data type as Unsigned, change the Length of the channel to 15 bits @ and enter a scaling Factor ®

Can channel setup

Name | Message

Arb, ID # |10

Type | CAM Standard -
DiC &
Delay | Time |0 ms
Name  |Steering whesl Data format  |Intel v| @scae(k Fattn@m
K Datatype _|Unsigned | Osenstiviey

@I Offset 0
tnt g Start bit 0 Maximum | 655,32001 AUTO
ol Length [bits] |15 Mirimur |0 AUTO

Signal type Regular signal v Current unscaled value 0

Current scaled value 0

Let's add another channel - Steering wheel sign ® which is just one bitlong and starts at bit 16. So far, we have defined

two channels that can be used in our measurement.

If we close the message setup, the two added channels will appear under the message (if we expand the message to

also show the channels).

can || can
500 | kBaud Message View DEC library O 1 messages; 2 channels
Eromsg 040 [+ [ =] [Wessages] channels | [ 1mport | Wl [atesa
Exp. [V amB. B onprrElc NAVE WALUE = s
10h Used gl 100000000000000G000000000000000000000000000000000000000000000000 RN
0 deg.
0.15 used E R g
13.1’04531
eg.
0. 14 used E ORI g

655,32

The second wayto add messages is to simply load the description file. The data format of description file is *. dbc.

We select the file by clicking on the Import button @. For our test, the description file loads all the channels for the

messages.

The data appears on the bus with different rates - we can see that more importantinformation has higher data rates. The
steering wheelin this case has a speed of 100 Hz, the engineinfo has a speed of 50 Hzwhile the temperaturehas a
speed of only 5 Hz. The message ID priority of the CAN bus forces the manufacturers to make it so that the most

importantinformation has the lowest arbitration ID and therefore the highest priority. Now let's select a few channels and

see how theyappear in a real measurement.
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N DEWESoft - Setup: can.d?s DEWE-43 =0 x
La . N
Acquisition Analysis Setupfiles | Ch. setup | Measure & Help 5 Settings
P .
. . = p Oy e ¥ o0
O eig ig —a o <« Lm e
Store Save Saveas  Filedetails Storing Znalog  Counter  CAN video Math
500 | kBaud Message View DEC library S messages; 17 channels
e T | =+ | -_ ‘ [ Messags‘ Channels ] [ Import ] [scan [agz9
EXP. |V ARE, E onfoFF HAME VALLE g sEwe (A
10h

Unused

0a00000a0nannannannannannannonan Setup

0 [deq.]

0. 14 Unused Setup
lo 14735,
1] 0

15..15 Unused Setup
lo 1
o 0

16.. 30 Unused Setup
la 143356
deg/s;

3 o G Unused = I L=y 1] Setup

4250:;1 Unused IJEIDI].EIDI].EIDI]EIIJI]EIIJI]EIIJI]EIIJI]EIIJI]EIIJI]DIJEIDIJEIDIJEIIJIJEII]DEIIJI]EIIJI]EIIJI]EIIJI]EIIJI]EIIJI]EIIJI]EI Setup

) 0

0.0 Unused | b [1] S

a3 Unused [1] Setup
[™MDI]

&..15 Unused Setup
3,45

16,31 Unused LG | R
16256
[MDI]

56 .. 63 Unused Setup
lo 93,45

+ 3'3“' Unused noonaonaonoonaNO0nnaCnonnaonno0g Setwp |

2.8.2 Measurement

Let's justlook to the recorderto see the data. Look atthe steering wheel angleand the steering wheel sign. The data
is coming from the bus atregular intervals. We see that when we move the steering wheel from left to right, the sign

changes from 0 to 1 and the angle shows the absolute deflection angle.

= 3 Iem left: 382MB. S t=0,0022 CPLI; 25, 5 %, - 0O x
4h DEWESoft - Setup: can.d?s E o [ [ sec i K
L ) S ; =
Acquisition Analysis Setup files Ch. setup | Measure Design é] Edit & Help | (g Settings
OO BB m m | -
Store Stop Freeze Overview Scope Recorder FFT .
= = : A = B =l
\ + | ks Sl
— ENG_RPM
[ ransparent — STWH_ANGLE
[#] Unified properties = STWH_SIGN
5Iru;|E time axis = U7 deslz
= TEMP_OIL
= TEMP_QUTSIDE
Real data
[#] shaw cursor

Interp. async channels
Draw sample poinks

Relative

4

[ single walues axis

This is a good example to show how the mathematic channel could help. Let's create a new formula channeland
think about how to create an absolute channeloutof sign and angle. First of all, we need a real sign, like -1 for negative
and +1 for positive values. Since we have only 0 and 1, we need to scale it. An algebraic way of doing itis to multiply it with 2
(we get0 and 2) and subtract 1 (we get-1 and 1 for the input value of 0 and 1). Next we multiply this with the angle. Thus,

the equation looks as follows:

"STWH _ANGLE"-("STWH_SIGN'"-2 - 1)
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Formula setup

Mame STWH_ABS

Units

SR div Auto

Max value

Max
Average
Min

Min value

Automatic minfmax

Calor : . - .
STWH_ANGLE'- (STWH_SIGN'-2 - 1)
T = =
1434 -
'STWH_ANGLE'=( 'STWH_SIGN'#2 - 1)}
67,37 -
-69,79- —— Allchis | a1 CaN | Math
71,92 - . ; al0
%
ENG_RPM
= Engine
¢ ) Sl Steeringwhezl
STwH_ABS
1434 - STWH_AMGLE
| Functions || Trigon || Losic STWH_SIGH
‘ Signals | Meazure || Everts | TEMP_COOLz
TEMP_OIL
TEMP_OUTSIDE
saqr sk abs sgn Temps
trunc | round | rnd
logz | logio In Bxp
if nan ma min

Now let's add the resulting channelin the recorder. We see thatthe angle is negative when the blue curve (sign)is low

and positive when the blue curve is high. The formula in

has a useful feature in that it checks the input rate of

the signals. If a signal is asynchronous (that means if it gets samples atirregular intervals), the output channelis also

asynchronous. Since the two combined channels are coming from the same CAN message, they will have the same time

stamp and we can combine them in a formula. This way, we can be sure thatthe outputwill have exactly the same

speedand time stamps as the input channels.
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2.9 GPS acquisition

GPS stands for global positioning system. Actually, the abbreviation comes from the US system, also known as Navstar,
which was the first positioning system ever. There is another system from Russia called GLONASS. In Europe, the system

is called Galileo.

The system consists of several (24 for GPS systems) satellites in an earth orbit transmitting the time information and
satellite location. From this information the user can determine the position on earth. This is calculated based on the

triangulation method, so we need at least three satellites to determine the position.

This is very well known and the most commonly used application, but there is more to it. Better receivers can use the
Doppler effect method to precisely calculate the speed. The accuracy of speed measurement can be better than
0.1 km/h. Therefore we can also use receivers like VGPS as speed sensors. Alow cost market GPS doesn't have this

option. The output update rate for speed can varyfrom 10-100 Hz.

The third possible application comes from the way how the GPS system is functions. Since the satellites are transmitting
exact absolute time and better receivers usually output this pulse with a high precision (below one microsecond), we can
use this technology to synchronize remote systems. Actually there is no distance limit - we can accurately synchronize
two systems with one placed in California and the second one in India. With that, we can clearly see if there is a correlation
from butterflies flapping their wings in San Francisco to the earthquakes in India (just kidding, but this actually very useful to
recognize the source of faults on power lines, for example). This technology is available with GPS-HS, GPS-HSC,
Minitaur or S-BOX hardware.

The quality of the signals coming from the GPS depends a lot on the number of satellites recognized by the receiver. The

signal can't really go around a corner or though walls, so a clear line of sightis veryimportant. High buildings and trees will
obstruct or block the signal. High buildings can also produce reflections, which are a major cause of measurement errors,
even though the number of available satellites is high.

In general, we can get a good signal if we have sixor more satellites; otherwise we getjitters in speed and position.

We can use different antennas for the GPS. Usually there very tiny ones all the way to quite huge ones. The difference
between them is that the small ones need a ground plate to deflect from the earth. The ground plate should be at least

30x30 cm big. The car roof, ifitis metal, is a perfect ground plate for the antenna. For other applications, we need to be sure
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to make a ground plate or we should use an antenna with an integrated ground plate.

Required hardware DS-VGPS-HSC, DS-VGPS-HS, Minitaur, S-BOX, Novatel, Javad, or any NMEA
compatible GPS

Required software Any version

Setup sample rate Atleast 1 kHz

When GPSis selected in the Hardware setup, we get another tab in the setup screen. We have several channels to
choose from - position in x, y and z axis, velocity, vertical velocity and direction, used satellites, mark input (the
external event) and the current second of the day. The acceleration and distance are calculated from the velocity

channel.

On the bottom, we have a sky map that, shows the current satellite constellations in the sky. The satellites that which are
being currently used at that moment are drawn in green (if the receiver supports GLONASS, then the satellites are shown
in red) and the color shows the strength of the signal. Pale green signifies a weak signal and dark green is a strong
signal. Then we have information about whether PPS syncis available. This is information about the receipt of the pulse
per second signal over the GPS interface (RS232 or USB), which can, if available, enhance a synchronization to other data
source a lot. If the PPS sync is not available, we need to switch it off in the DEW ESoft Tuner utility under the GPS section
in order to receive the data from such GPS. Usually this signal is available, but some recent low cost receivers don't have
this.

Further, if the receiver supports differential mode from SBAS or W AAS and these signals are used, this will be shown in

the Differential mode indicator.

PLY) | i S
J Acquisition Analysis Setup files | Ch, setup | Measure & Help <5 Settings
14—
2 G | & T @ | & 0O
wg g 0 B B @ s | g8
Store Save Save as File details Storing Analog Counter CAN GPS Video Math
SLOT | OWjoFFE] C HAME VALUE SETUP

Differential mode

15°3,316'E Setup

] Unused I

1 Unused

46°10,300'N Setup

0,01852 kmh Setup

z Unused
3 Unused
4 Unused 0mis Setup
5 Unused 0 deg. Setup

& Unused 0,0m Setup

7 | Unused 4 Setup

Show NMES log

g Unused 408434 Setup

‘

10 Unused 0mis2 Setup

11 | Unused No Setup

When we choose the channels, we can take some measurements. A part of setting up the GPS is to assign a map to
the GPS display. Now let's take a look how to add a map behind traveled path of the GPS. If we have a map of the area in
either bmp or jpg format, we can adjustitto the GPS.
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If we don't knowthe coordinates of the map, we can take a short tour in the area storing the measurement. Then we go to
the GPS screen, go to Calibration and Load map. The map is shown in the background, and the traveled path gets four

handles around it. Now we can drag and adjustthose handles to match the position and the map.

If we knowthe exact coordinates on the map, we can also enter them by switching to the Calibrate from points mode.
Once this is adjusted, we can Save calibration file. From that point on, this map will always be shown behind each
measurement. We can also have multiple files for different zoom levels. We can have an overview file like this, and when

we zoom in, it will swifch to the picture. Now is a good time to go for a drive and see what this looks like.

? ‘--..__ ™\ DEWESoft - Datafile: Test.d7d - 0Ox

\J Acquisition | Analysis Datafiles  Setup Review Frint Expart Design |£) Edit i Help 43¢ Fettings

R TR S — *x . B - ! Events

I Replay speed: 1x Mode  Sound Offline math Save Overview Scope Recorder

[deg ] ACT

+ o [T =] i
[ Transparent |:| =

I Unified preperties

View  Calibration |

Design zoom

—

|

Load map

Calibrate from

[ |
Add calibration paint
Save calibration file

We used fwo GPS receivers in our measurement. One is a low cost 1 Hzreceiver, and the second one is a high speed
100 Hz GPS. lused two GPS visual controls - the left one has a high speed VGPS and the right one has a low speed GPS.
I have also connected the CAN bus to show the wheel speeds (bottom left recorder). The recorder on the right has an
orange line, displaying the high speed GPS velocity and the pink line shows the low speed GPS velocity. The web cam

is just for reference.
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Let's zoom in on a certain part of the trip. We tried braking on a dirt road to observe the blocking of the wheels. Notice on
the GPS maps that when we zoomed in, the map changed to the satellite picture. When we zoom in on the recorder, part of

track is shown with a thick line while the other partis shown in thin red.

The braking reveals the difference between the high and low speed GPS. The lower right side recorderclearly shows half

second delay from the real speed. This renders it useless for any evaluation purposes.

The orange curve is also shown on the left recorder, displaying that there is virtually no delay between the measured wheel
speedand GPS velocity. However, since the wheels are locking up, the speed is dropping. But here we see the action of
the ABS system. Without the ABS, the wheels would totally lock up leaving us without the control of the vehicle. At 50 km/h
and on a wide road this wouldn't be a problem, but we can think of many different situations where this is not desirable.

However, that graph also shows that we can't frust the measurements from the wheels, especially under such conditions.

The third thing worth noticing here is the end of braking when the vehicle stops. Since the car body moves on its
suspension, we see a small jump atthe end. This is where the vehicle moves slightly back and then settles down. Ifwe

measure brake distance, this is not wanted and needs to be removed from the calculation.
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The next screenshot clearly shows the effect of high surrounding b uildings where the high speed GPS velocity has
dropouts which are surely wrong. The low speed GPS shows a better behavior in this case since it has much more

smoothing in the calculations. The path also shows that the signal was disturbed.

So what would be the conclusion?

The lowspeed GPS is very useful when we have slow changes, like with trains, or if we just want a reference of where the

vehicle was driving.
The high speed GPS is needed when we require high precision speed measurements, but we need a clear sky viewto

have enough satellites to be able to trustthe measurements.
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3 Power module tutorials

The power module is one of the most complex mathematic modules in DEW ESoft. It allows measurements of

different frequency power grids in different configurations and even variable frequency sources. This section will

demonstrate how to use it.

. measures voltage, current and phase relations
Slngle phase power betw een them; calculates harm onic components,
apparent, active and reactive power

3.1 Single phase power measurement

We have seen already example how to measure, store and trigger on voltage and current inputs in the "Voltage and
current" examples. When measuring those two parameters, itis always interesting to also measure the power

consumed or produced by the device being tested.

If we look to the DEW ESoft power module, there are lots of
parameters which can be calculated. Actuallyitis amazing
howmany channels can be produced from of just two input
channels. First of all, let's take a look at the common picture
from the power measurement. This view is called a vector
scope. The name comes from the fact that not only ab solute
values of the voltage and current are important, itis the also
very important to knowthe phase relations between them.

Thus, the vector scope shows the am plitude of voltage (red

arrow with black pointer) and current (red arrow with red pointer)

as well as the phasein between them.

Why is the phase information so important? This is essential because the machine can use only the part of the current
that is in phase with the voltage for producing the work. Therefore we measure the phase angle between the voltage and
current as angle phi (in our case -30 deg), and from that also the cos phi (which is justa cosine of that angle, butitis very

nice because itis directly the ratio of work againstthe total consumed current).
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Thus we define the power:

S=U-1 this is so called apparent or consumed power; in short, this is a power for which we

pay the power distributor

P=U:1I-cos phi active power, which is the power used for doing the active energy or work

Qi=U"-1-sin phi so called reactive powers; this is wasted energy, so we need to keep it low

Next, we can calculate the harmonic components. In theory, a line voltage is a perfect 50 (or 60) Hzsine wave. Since
nothing in the world is perfect, the line voltage can have distortions, which are nicely shown as harmonics in the frequency

spectrum.

The next picture shows the typical line voltage signal in the scope. We can already see in the scope that the voltage is nota
pure sine wave. The special display called harmonic FFT nicely shows that the fifth harmonic is quite high - it has 7 volts

amplitude on 220 wolts of grid voltage. What is the effect of the harmonics? Imagine we have an AC electro motor. The first
harmonic (line frequency) is driving the motor. The rest of the harmonics are producing vibrations and noise, but the ironic

truth is that there are bad and even worse harmonics.

The 2nd, 5th, 8th... harmonics are really bad ones, since they are breaking the motor. The 3rd, 6th, 9th... harmonics are
either driving or braking, while 4th, 7th, 10th... harmonic are driving the motor, but they are still producing higher noise
and vibrations. Harmonics on the grid are produced either on the generator side or on the consumer side from for example

switching power supplies or nonlinear devices like a transformer on or off.

T

T
38 7 9 11131517 19

Actually we can calculate the apparent, active and reactive power for each individual harmonic. We can also calculate
the interharmonics. Those are sine waves or other signals appearing in between the harmonic lines, which are not

covered by the harmonic calculations.

There are also a few other parameters which that can be calculated. Further, we can calculate THD (total harmonic
distortion or a sum of all harmonic values), period values (values for voltage, current and power for each period - this is
very helpful for triggering) and the flicker (this is actually a power quality parameter measuring low frequency distortions of

the voltage which tells us how much the lights are blinking).
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Required hardware Sirius HVisolated
Required software SE or higher + POWER option or EE
Setup sample rate Atleast5 kHz

So let's measure the line voltage and the current with a current clam p, calculate the power and connect some loads like

our old hair dryer, a classic light bulb and an energy saving light bulb.

We will use the same setup for analog channels like in the "Voltage and current" example. So the first channel is the

voltage while the second channel is the current.

‘ AMPLIFIER {(002) =l PHYSICAL ¥ALUES g  ca @ seroe
SIRIUS-HY SH: DOCBIELS - oy

Yoltage; 1000 %: 50 kHz 1000 i T Zero -
SIRIUS-HY SH: DOCE1D4C - 0,02 o
Voltage; 1000%; 50 kHz 1000 il om 2ol

S Seteht

Setch, 2

Note that we need to have the correct unit for voltage and current. Voltage units could be V, kVand MV while the current

units could be either A or kKA.

Now we go to the Power module tab and create one power module by clicking on the '+ button. First, we click on the
Power system configuration drop down list, selecting the Single phase configuration and defining the voltage and
current channels. We select U for voltage and | channel for current. Then we select the Line frequency. In Europe, the
common line frequencyis 50 Hz, in the US 60 Hzand in large vehicles like ships, itis common to have 400 or 800 Hz. We

can also measure the frequency inverters when selecting variable Frequency source.

Next, we need to check the vector scopeto see if everything is connected correctly. Itis right there on the setup screen.
First thing to notice is that the voltage and current are opposite. Since we don't have a generator, but a hair dryer connected,

we can assume that we are measuring the currentin the wrong direction.
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We can solve this by reversing the voltage plugs or turning around the current clamps, but there are cases where this is not

as easy. If we have used current transformers which can't be opened, itis the best to change the polarity in the software.

Let's go back to the setup for current. To reverse the polarity is easy - just enter a negative "scaling factor"instead of a

positive one. So10 V measured actuallymeans -10 Aon the input (and -10 V means +10 A).

Channel setup for channel 1 @
Channel name Current Measurement | oltage v
1 Range 10 v|v
Units A Lowpass fiter | 50 kHz -
Color
Min value [auto Max value Auto
Sample rate divider 1 -
Input value Scaled value
10V -10A
0 10 vV
equals equals 1,6943V -1,6943 A
01176y —E==— -0,1176A
0 -10 A -1,4551V 1,4551A
Calibrate Calibrate S
[ from average | [ from average | -1ov 104 31
[ fromrms | [ fromRrms | zec
Average AC RMS Min / Max

Let's go back to make sure everything is ok. Now the phase angle is approximately 10 degrees, which seems reasonable.

Now let's see which channels are available. Basic parameters like frequency or power channels (P, Q, S, phi, cos phi)

will be added automatically. So if we only want to measure basic power parameters, we don't have to select anything.

If we want to have additional parameters, we can choose to calculate the Harmonics, but even if we don't choose them,

the values will be still available in the harmonic FFTand the vector scope. The onlydifference is that we can't, for

example, show the 3rd harmonic of voltage in the recorder display. | have also chosen to selectthe THD, Period values

and the Flicker.
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Now let's make a measurement.

Let's go to the overview screen and create a display for power parameters. Additionally, there are two visual controls
available in the control tool box, if we have at least one power module in the setup which includes vector scope and

harmonic FFT.

Copy  Paste

da W meg=)lel »¥Frluouw@L =

So let's place a vector scope at the top, which shows the phase relations between voltage and current. We can see there
is a phase angle between voltage and current, since there is an electro motor inside the hair dryer. The recorderon the top

right shows the period value of the current, showing how the hair dryer was switched on or off.

The bottom right scope shows the voltage and current and we can see nicely how the hair dryeris only operating at half
power. The current on the lower partis cut because of regulations. We can see this behaviour even better with speed

variable tools like a drill.

On the bottom left there are two harmonic FFTs, where the upper one shows the voltage and the lower one shows the
current harmonic. We can observe nicely that the 5th harmonic of the voltage has approximately 7% of the line voltage

value, while the currenthas many harmonics, due to the regulation circuit.
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Now let's observe these characteristics at full power. The currentis taken from the full cycle and the phase angle between

voltage and currentis much lower. Also, the current harmonics have dropped significantly are following the voltage

harmonics.
N DEWESoft - Datafile: Test.d7d - Ox
PPN . \
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=
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I |
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L

Trigger | cursor | Scale |

Free  Auto  Morm  Single
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Now let's do make another test - observing the difference between a normaland an energy saving light bulb.
Firstlet's connect the energy saving light bulb. | have used a 11 W light bulb, which should be similar to a 60 W normal light

bulb. The total power is indeed very low, but the shape of the current is not really a sine wave. Therefore we have /ots of

harmonics of the current, which "pollutes" the power grid.
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Now let's take a look at the classic 40 W light bulb. The first thing to notice is thatthe load on the grid is linear to the voltage

. The measured power is exactly

load, the voltage and current sho

40 W, butthe vector scope looks strange. In fact, since the light bulb is a purely ohmic

uld be perfectly aligned, but as we can see, they are not. What is the reason for this?

Remember the voltage and current tutorial where we have seen the difference between the current clamps and the shunt

resistor? Since we are using the

current clamps, we have amplitude and phase errors. As a result, the current clamp is

main source of the calculation errorin this case.
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we have a chance fo compensate for these errors. Let's take a look how.
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Obviously we need to tell DEW ESoft that we have a sensor which is not perfect and somehow enter the transfer curve

of our sensor. Atransfer curve gives information about am plitude and phase for sensors at certain frequencies, and from

this information DEW ESoft can compensate for these errors.

Let's choose the Settings — Sensor editor... menu item. We get the list of all possible sensors. Now let's Add one
sensor and enter the Sensor type and Serial number. Choose the GENERAL tab, enter the Physical (input) unit,

which is A (amperes) in our case and the Electrical (Output) unit, which is V (volts).

Sensors editor (= ) |._HE”Z|
+ = + = =
L L E & B E &
Grou
Add sensor  FAemove sensor  Add aroup Remave group Rename Save file Exit

Wiew groups Sensar

TestScieen v Impiort Export

4 Giowp  #|sensortype |Seril mmber [scakeype | Transfer curve [Recal. date
1 TEDS 111612 12245 Linear No 107.2010
2 oltage L2 262393 2 Table es 7.2.2007

3 oltage L3 262393 V3 Table s 732007

4 oltage FE-M 262393 V4 Table s 9.3.2007

1 oltage LinTest Lintest Linear Mo 30.6.2007
B “oltage TYPE K k2 Table Noo 5.4.2007

)

| GEMERAL | SCALING | TRAMSFER CURWE | AMPLIFIER

Property \Value

Electrical (Output) unit

e

Channel name

Channel description

Wanted range min -5
Wanted range max 5

Wanted filter [Hz] ]

GEMERAL SCALING TR&NSFER CURVE AMPLIFIER
Linear scaling
Next let's enter the SCALING factor. Since the sensoris linear pr
with amplitude, we only need to enter the scaling factor, which E"Sf‘[[j] ?
Cale
is 1in our case (1A=1V). We also select that we can define
Additional scale factor can be defined in channel setup
to be able to reverse sensor polarity, [ Oifset will be defined in the channel sstup
Additional scale factar can be defined in channel setup

Now we came to the mostimportant part - the definition of the transfer curve. In the table under the TRANSFER CURVE
column we select Yes to signify that the transfer curve will be defined. Now we need to enter the points of the curve. We
need to enter the a[dB] - amplitude deviation in dB and the fi[deg] - phase angle in degrees. The next question is:
where do we to get this transfer curve? There are lots of transfer curves for the most common sensors, already measured,
so it's worth asking if it already exists. Asecond option is to copy it from the calibration sheet of the sensor, if the cal sheet
includes the transfer curve. The third option is to measure it with FRF option, but this requires some equipment. When we
get this transfer, we need to enter itin the table. We see that at 50 Hz, the angle was around 10 deg, which could explain

phase shift we saw in the measurement.
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GEMERAL | SCALING | | TRAMSFER CURVE | AMPLIFIER
Transfer curve 14 a
f [Hz] f [Hz] | [d8] [phildes] | &
3 400 21361 48718

i 00 2213 30578

g 200 23319 2.3043

El 1000 237 19

10 1200 2342 1.532

1l 1400 233 1.2

12 1600 23228 ne

13 1800 2.3056 0.4 W

Save the sensors with the Save file button and close the sensor editor with Exit. Now let's go back to the analog setup

and choose the sensorfor the current channel. Open the Sensors tab and select the serial num berof the sensor

previously entered in the Sensor field of the editor. Nothing much happens, but note that we can't enter the normal scaling

or sensitivity anymore. We only have a choice to enter a Transducer scale, which we can use for reversing the polarity of

the sensor by entering a value of -1.

Sensor groups Sensors

Current v 126354 v
Scake Transducer scale
1A/V 1

Offset

oA

Description

Recalibration date

Input value

General || Info

Measurement | Voltage v
Range 50 v |V

Lowpass filter |50 kHz

Scaled value
-50 A

-0.249 A
0.013 A
0.274 A

508 (Q':?"

Tsec

Average AC RMS Min { Max

EIx)

Channel setup for channel 0

That's it. For the next setup we don't have to define a sensor anymore, instead we can just select it from the sensors list.

Now let's see what the effect on our measurementis. The results are much better. The phase angle is virtually eliminated

and the power is calculated correctly.
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7 10 13 18 19 22

From this example we can clearly see how big the errors could be if the sensor characteristics are not taken into account

for power measurements.
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4 Dynamic signal analysis tutorials

Dynamic signal analysis covers a wide range of measurements in the field of structural dynamics, industrial

acoustics and machine diagnostics.

The frequency response function measurementis a part of a different manual - the FRF user's guide.

explains procedures for w orking with Sound level module,
& % Sound level w hich is used to calculate levels of sound with time and
= frequency w eighting

. . . explains procedures for w orking w ith Torsional vibration
Torsional vibration module used to measure dynamic and static bending
and vibration of the shafts

. . explains procedures for w orking with Human vibration
Human vibration module, used to evaluate effects of vibration on the
human body

. explains procedures for w orking with Order tracking
Order tracklng module used to extract the harmonics during machine
run ups and run downs

4.1 Sound level

The sound level Math section allows calculating the typical parameters for sound level measurements from a single
microphone. ltallows DEW ESoft to be used as the typical sound level meter. With appropriate hardware (Sirius ACC) it

can easily fulfill all the requirements for a Class | sound level meter.

Required hardware Sirius ACC, MULTI, STG, DEWE-43 with MSI-BR-ACC
Required software SE or higher + SNDLVL option, DSAor EE
Setup sample rate Atleast 10 kHz

Sound level measurements are available selecting the Sound level meter checkbox (Settings - Hardware setup... —»

Math tab). After selecting this option, a tab labeled Sound levels appears in the DEW ESoft Setup screen.
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Basic procedures of Sound level measurement are:
e Channel setup for applied hardware
¢ Microphone calibration

¢ Measurement

To use sound level module, please first select one or more analog channels in the Analog tab to measure the sound.

Then switch to the Sound levels tab and click the # button to add a new Sound levels module. Several modules can

be used within a session.

Ascreen like the one shown below will appear. First of all, selectthe input channels @ that should be measured at the
upper left side of the display. In our case, only Al 0 is selected. We can select multiple channels and then have several

output channels with the same settings.

We have several options to select from in Calculation type section @. Any combination of Frequency and Time weighting

can be selected. We can also select the weighting specifically for Lpk weighting from linear, Aand C.

We have three types of Output time channels @®. Firstis the L.p - time and frequency weighted sound pressure level
already scaled to dB. Then we have thel pk value, which shows the current maximum value of the sound levels, the .

weighted raw value shows the frequency weighted time curve of sound in Pascal.

Then we need to select Output calculated channels (parameters) @. These parameters can be Overall values, which
means that we have only one value at the end of the measurementand/or interval logged. If we have an interval logged
value, the time interval for logging is defined. For example, if we select to have Interval logging for Leq with 5 seconds
intervals, we will get a new value of Leq affer each 5 second period. After that, the value is reset and the calculation is

restarted.
The values that can be calculated are:
- frequency-weighted L.eq value, which is equivalent to sound level

- Lim tells the impulsivity of sound and is the impulse-weighted equivalent; the difference between those two values

is calculated as L im-L eq
- L pkmaxis either C or a linear weighted maximum peak value of sound
- L Eis the frequency-weighted sound energy
- Lgmaxand L min are the time- and frequency-weighted minimum and maximum levels of sound pressure

- the next section of sound is classified sound levels. Each calculated value is putin these classes and then we can
choose to see LAF1,5,10, 50,90, 95 and 99 % classes of values.
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Channel setup
Sound level
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Now let's see how to calibrate a microphone.

Microphones can be calibrated in two ways. First, we have to know that the direct value of measurement from the

microphone is the sound levelin Pa. Therefore, we need to scale it to the physical quantity.

Scaling with calibration certificate

If we don't use the calibrator, but have the sensitivity of microphones, we can define it directly in the channel setup.
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First, Pa is defined as the physical Unit D of measurement. Next, we go to Scaling by function, check the Sensitivity

and enter the value in VV/Pa @, which can be found on the calibration certificate of the microphone.
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P‘ Channel setup for channel 4

Channel name Description Color Min value Mazx valus Sample rate
Measurement  1EPE Used sensor <No sensor > Q~
- o T Fouwelcore D Py
IEPE
IEPE
Scope || FFT || Scalng L] Microphone sealing |
Scope Sensitivity
10000, 0 my 10000,0 Pa 1l i { Pa Calibrate
@
Reference calibration value
94 d&
&
H
g:g m gjg Pa H Calibrated at fraquency:
5 THD+H:
= Current value: 83,73 dB
8 Block size: 0.5 sec
-10000,0 my -10000,0 Pa
E0,0 ms 0,0

Calibrating the microphone with calibrator

Another way s to calibrate the microphone with the calibrator. In this case, the known parameter is the sound level
emitted by the calibrator.

In our case itis 94 dB.

L@? Sound Calibrator

Type 4231

Briiel & Kjar

Levels for Briiel & Kjmr " Microphones:
Equivalent Free Field: 93.85d8 or 113.85dB
Equivalent Diffuse Fielg 940048 or 114,00 dB
Prassura Field 94.00dB ar 114.00 dB

Frequency: 1000 Hz =

Conforms to:
ANSI §1.40-1984 and |EC 60942 (2003) Class 1 & LS

Ambient Conditions:
Temperature: —10° 16 50°C, Class LS +167 to 30°C
Pressura: 65 kPa to 108kPa

Humidity 25% 1o 0% AH

For further information refer to the User Manual

BCO0-12

This value is entered directly in the Reference value @ field of the sound level module channel setup. Then we connect
the calibrator to the microphone, and turn iton. We can see the signal directlyin the small overview. In our case, it should

be a sine wave with a frequency of 1000 Hz. Since all the frequency weighted curves are referenced to 1000 Hz, this is a
very usual frequency for calibrating microphones.

After we see that the sound is correctly recognized as the sine wave at 1000 Hz, we can click the Calibrate button to

perform a calibration. The sound module will calculate the sensitivity of microphone from the highest FFT am plitude and
reference value.
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Measured value

Reference value

122,14dB -

The sensitivity will already be directly corrected in the source channeland therefore no additional analog scaling is

Max. input range: 171 dB

necessary. We can directly check the calibrated sensitivity with the information found on the calibration certificate.

The sound module does not automatically create a display. The users has to create the setups to show the sound level

channels. The display below shows typical screen for sound measurement.

We use the typical A weighting to calculate Leq and Lp, which are shown in the multimeter, bar display and recorder.

Additionally, the octave or narrow band FFT is calculated. This can be achieved by adding an FFT screen and in this

screen where we can define frequency weighting, such as A weighting and dB scaling.
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4.2 Torsional vibration

Itis important to know that we actually have two different parameters that can be measured with the torsional vibration

module: rotational vibration and torsional vibration. What is the difference between them?

Rotational vibrationis simplythe dynamic deviation ofthe rotation speed. If we measure the rotation speed of the
shaft with high precision, we will notice that we get a high deviation of rotation speed in some regions of the run up . This is
caused by the angular vibration crossing the angular natural frequency of the shaft. Itis calculated by cutting off the DC
component of the rotation speed or rotation angle. We can see an enlarged section of the run up in the graphs below. The
high deviation of this frequency can be seen, while the yellow curve shows the deviation in degrees, which is actually the

rotation angle vibration.

o

11.060

Torsional vibrationis an oscillation of angular motions (twist) which occur along rotating parts, such as gear trains,
crank shafts or clutches. We need two encoders to measure the torsional vibration, so the torsional vibration is actually a
difference between angles of the two encoders. The torsional vibration also measures the static twist of the shaft with
higher RPMs. The graph below shows the run up and coast down where we can nicely see the static twist of the shaft, and

when passing natural frequency, two high angular vibration of the shaft.
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Required hardware Sirius ACC+, MULTI or DEWE-43

Required software SE or higher + TORVIB option (if order extraction is required, also ORDTR option
q is needed), DSAor EE

Setup sample rate Atleast 10 kHz

Torsional and rotational vibration can be measured with either an encoder (up to 3600 pulses per revolution) or a special

sensor that has less resolution (up to 720 pulses per revolution) butis much less sensitive to vibrations that could

damage standard encoders.

For our test, we will take our test electro motor where two encoders are mounted on each side with a spring to produce

high torsional vibration. Both encoders are connected to the counter input. First let's do the rotational vibration.

We don't need to set anything in the analogor counter channels. Let's just go to the Torsional vibration tab where we
can add the new module by clicking the | * button. Next we select the First sensor input @. Since we have connected

the first sensorto CNTO, we need to select it from the list.

Then we define the Sensor. In our case we have 512 pulses per revolution, so we choose Encoder-512. If the sensor

used is not defined so far, we need to create itin the Counter sensor editor by clicking the three ellipsis button the right to
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the sensor drop down menu. Next we need to set the Input filter for the counters. The input filter is needed to prevent
glitches and spikes in the signal. The Rotational DC filter needs to be set to cut the DC component out of the RPMs. We

need to set the filter to include all wanted frequencies, but not too low, else we will have static DC deviations on the output

signal @.

A i N -

Acquisition Analysis ~ Sefup files |Ch.setup | Measure @ Help {SSettings

- P

P doh ﬁ; ls ) 9 [+1+] 4 tan
e ﬂ"d .'W‘d ' — s, ' g e = @
Store Save  Saveas Filedetails Storing Analog  Counter GPS Video Math | Torsional vib.| Human vib.
Torsianal vibratian 0 v - [ sed ][ vien channelist |
First sensor input |

Sensor 1
Second sensor input
: j ]

== SENSOR_1_ANGLE B

Input fitter 2 Ratational DC fiter

o

Mame Sensuriliangle
Units e | [ Retational velocity @

|

¥ axis reference angle

Max value 360 de:
© Frequency [RPEM]
Maxn 359,8 deg —
RMS 114 deg
Average 158,6 deg
Min 0,2319 deg —
Min value 0deg

Automatic minfmax

The output channels are Rotational angle (filtered angle value of vibration), Rotational velocity (filtered velocity
vibration value), X axis reference angle (the reference angle, which is always from 0 to 360 and can be used as a

reference in angle based xy diagrams) and Frequency [RPM] in unit of RPM ®.

The torsional vibration module doesn't have any pre-set displays, so we need to add them on our own. | have added
analog and digital meter for frequency as well as recorderfor frequency and rotational angle. On the upper right
side, we can see the xy recorderrunning in a special mode called Angle based x-y. For the xaxis, we need to select the
Sensor 1 Angle (a reference angle from 0 to 360 degree indicating the current shaft angle) and the rotational angle for
the yaxis. This xy recordernow displays the rotational angle of the currentrevolution. ltis like a scope, but with an angle

reference instead of a time reference.
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Rotational vibration measurement
Torsional vibration
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[single values axis

Reset view

L=

[rogx

[rog ¥

[[Ishow only current value
[Conly when x increases

[Conly when x decreases

JY 1=0,0332 s

[ icpu:u% -0 x

|£) Edit | & Help {3y Settings

On the lower recorder we can see the natural frequency region around 1800 RPMs. It would be nice to also see the

extracted orders of this data. To do this, we need to use the order extraction module.

4.2.3 Rotational order extraction

To extract orders from a rotational vibration, we need to add the order tracking module. For the frequency source,

we need to define the Torsional vibration module. For this, you select the module and Frequency channel (within the

module if torsional vibration is used).

For this, you select the module and Frequency channel (within the module if torsional vibration is used). Next we need to

define the Upper RPM limit and Lower RPM limit. This is used to reserve the memory for waterfall FFT. The waterfall

will be drawn from the lower to the upper limitin the Delta RPM step @. In this case, we will have (3000-0)/ 50=60 steps

of waterfall.

We choose to extract first three orders.
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Bath v 3000 Always o
Delta RPM @ Lower REM linic e
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Units. Color
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Average
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FFT window

Example: 1:1.5:23:5:8
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Now let's do some measurements. We have frequency and harmonic channels, therefore we can add the x-y display for

displaying the orders. The OT_Frequency should be used as x reference (first chosen channel of x-y),andthe H_1,H_2

and H__3 orders should be used as the y axis. Then we make a run down to observe the orders, where we can clearly see

the peak at 1800 RPMs that we previously observed in the recorder being the first order of vibrations.

4 DEWESoft - Setup: VibriSet.d7s ‘L} Disk left: 15,9 GB t= 0,033 sec i CPU: 10 % -0 x
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Acquisitian Analysis Setup files  Ch.setup | Measure Design _4 Edit | & Help g Settings
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4 Rl === < 0 | v 0 %l et 7 -1

[single values axis

Reset view

[Jog¥ [Jrogx

[Ishow only current value

[Conly when x increases

[Jonly when x decreases

=)

To see it even better, we can add the 3D graph. This graph can only show matrix channels. Order tracking has two of them

- OrderFFT and TimeFFT, which can be used as the data sources. Now we can start our run up or run down. Since the

color shows the amplitude at a certain frequency and RPMs, we need to carefully choose the amplitude scale to show the

graph in a nice way. To see also the small amplitude values, the logarithmic y scale is recommended.
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Rotational order ex traction
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4.2.4
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The next step is to measure the torsional vibration. To do this, we need to selectboth input channels in the Torsional

vibration setup. We select CNTO as the first channel and CNT2 @ as the second channel. Then we need to define

Sensor 1 and Sensor 2. If we have a gearboxin between, we need to enter the Gearbox ratio @.

N DEWESoft - Setup: TV.d7s
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The Input filter can be setin a range between 100ns and 5us. The optimal settings are derived from the following

equation:
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10 RPM,, , ... max. revolutions per minute [s™"]

InputFilter r[s] <
RPM . - PPR PPR

......... pulses per revolution [-]

Angle offset / Reference curve configuration

Aclick on the Zero button removes the angular difference (offset)
Average offzet: 124 06"

between the two sensors (set angle offset to 0).

Aclick on the Set button records the current torsion angle over one

revolution as reference. When Use reference curve is checked, the afare

recorded reference is subtracted in the angle domain from the current E* Set [ use reference curve
Resolurtion: not set

torsion angle! Thus, torsion errors caused by the sensors or their

fixing can be overcome!

There are two additional channels available:
- Torsional angle, which is the dynamic torsional angle that is the angle difference from sensor 1 to sensor 2

- Torsional velocity is the difference in angular velocity from sensor 1 to sensor 2.

Now let's do the measurement. | have added the analogand digital meterfor frequency, recorderfor frequency, torsional

angle and forsional velocity and have also added angle based xy for those parameters.

The run up and run down clearly shows the static torsion angle and region of natural frequency with high torsional

vibration values.
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Torsional vibration measurement
Torsional vibration
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Here we can get better results by using order tracking.

4.2.6 Torsional order extraction

Basically we do the same setup as for rotational vibration, except this time we choose the Torsion angle @ or Torsion
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4.3 Human vibration

Human vibration is a measurement of effect of vibrations to human body. Especially at work places exposed to
vibrations there is a big likelihood of permanent damage to some parts of the human body. One effectis known as
Raynaud's disease or the effect of white fingers where the fingers change color to white and become painful. Another typical
effect of working with heavy machinery or vehicles (a typical example is the helicopter)is the problems with the lumbar

region.

The human vibration module provides measurements to be able to judge the risk of such damage. Itis based on
an ISO 2631-1 (dated in 1997) standard which defines basic procedures, ISO 8041 (dated 2005), which defines exact
procedures for measurements and ISO 2631-5 (dated 2005) which defines calculations of lumbar spine response to the

vibrations.

There are two main types of measurements: whole body and hand arm. Both measurements are performed with
triaxial accelerometers (itis verycommon to use 50 g sensors) and using special adapters. For work places with high
vibrations (for example impact hammers) itis necessaryto use high g sensors (500 g or more). This sensor should also

survive high shock.

For the measurement we need several ICP channels witha 24 bit sigma-delta AD card (Sirius or Dewe-43, for

example).

Whole body measurements

Whole body vibrations are measured with the help of the so
called seat sensor, where we need to install the triaxial sensor
in the rubber adapter on which we sit. Itis important that the z
axis is in a vertical direction, since itis weighted differently than

xandy.
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Hand arm measurements

The second application is the measurement of hand-arm where the sensors are installed on special adapters for holding

them on a handle or between fingers. The orientation of the sensoris notimportantin this case since all three axes have

the same weighting.

In theory, we would need to measure a full working day with all the significant loads. Often the measurementinterval is

shorter, but we need to ensure that all the significant vibration patterns are covered correctly in the obtained

measurements.
Required hardware Sirius ACC, MULTI, DEWE-43
Required software SE or higher + HBV option, DSAor EE
Setup sample rate Atleast5 kHz

To use the human vibration module, please first select atleast three vibration analog channelsin the Analog tab. Then
switch to the Human vibration tab and click the ® button to add a new Human vibration module. Several modules

can be used within a setup, and we will need three channels for each module.
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If we have a calibration sheet for the sensors, enter the Sensitivity in the analog input setup screen (see the Vibration

measurement tutorial for details on how to do sensor calibration in the analog Channel setup).

The next step is to assign them in the Input section @ of the Human vibration module. We should then already see

our live values in the calibration part of the screen.

Calibration

If we want to perform a calibration with the calibrator, we can perform it here - in the Human vibration module itself.
First enter the Reference value @ of the vibration. This can be read from the calibrator. Usually (let's take this as an
example), the calibration levels are 10 m/s? peak, which is 7,07 m/s2 RMS or 0,72 g. We need to enter this value in the

Reference value field.

As soon as we mount the sensoron the calibrator, we should see the amplitude and the frequency of the signals. In
this case we see that we applied the sensor in the Z direction. The frequency of the calibration is below 200 Hz (80 or 160

is typical, in our case itis 80 Hz). This is a simple to make sure that everything is working correctly.

Reference valug Measured valug

0,72| ® QRMS 0
’ % D Callbrate | 1000 g

0g
No data

0,0495 9
S TeTEOIEE Calibrate 1000 mig

Calibrate: 1 mitfmt

The next simple step is to click the Calibrate button @ near the axis thatis currently calibrated. As soon as we do this, we
will see sensor sensitivity in mV/g, which can be checked against the sensor calibration certificate. Asmall percentage of

difference is acceptable.

144| DEWESoft - DEWESoft X Tutorials (RC) © 2013 DEWESoft



Input channel setup
Dy namic signal analysis tutorials Human v ibration

Reference value Measured value

aRMs 09
* i 1000 Y,
TS Calibrate mifg
0
¥ . g Calibrate L mifm
Ho data
. =
Sine 60 Hz

A, 68,746 mig

Now we can see the calibrated live RMS value of the vibration (0,72 g) @®.

Measurement modes

The next step is to define the measurement. There are two basic modes of operation. Firstis the Whole body mode and the

second one is Hand arm mode.

Different modes define different Basic filters O used to simulate human response to the vibrations. Those filters are

defined from numerous measurements of natural frequencies of certain parts of the human body.

We can also use the Linear filter to check the measurement chain or the Custom filters.
If we use custom filters, the individual Filter @ can be chosen from the list on the right side to do special measurements

(for example building vibrations or sea sickness).

I would like to point out that we need to keep in mind the high pass frequency limit of the sensorand the am plifierused.
For hand arm mode, the high pass frequencyis 6.4 Hz, which is easyfor any sensor. For the whole body the frequency
limitis 0,4 Hz, where we need to choose the sensor carefully. We can also use higherfilters (like 3 Hz), if we know there is
no frequency content below this limit. This will help to perform a measurement faster and with less error (lower frequency

filters means longer settling times).

The recommended sampling rate of the measurement also depends on the application. For hand arm, the minimum

sampling rate is 5 kHz, while for all the others 1 kHzis enough.

Special attention must be paid to the W filter for motion sickness (for example on ships) where the frequency limitis
only

0,08 Hz. We need a very special sensor to measure this.

With a custom filter, we also need to define a weighting K factor ®. This is a multiplication factor for each axis when

calculating the vibration sum.

Easic filters ay ® kS ¥ Z
\:!/' Filker

| whole body |

P
s K factor,
Hand arm 3

Custom

Calculated parameters

Next we need to select the calculated parameters on Calculate type section. These parameters can be either Overall
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values, which mean that we have only one value at the end of the a measurement, and/or interval logged values. If we
have interval logged values, the time intervalfor logging in a contiguous field is defined in sec. For example, if we select
to have Interval logging for RMS with 5 second intervals, we will get a new value of RMS after each 5 second interval. After

that, the value is resetand the calculation is started again over.

We have several parameters to calculate. In short, the "root means square" (abbreviated RMS) value is a statistical
measure of the magnitude of a weighted signal, Peak is the maximum deviation of the signal from the zero line, Crest is
the ratio between the peak and rms, VDV is the fourth power vibration dose value, MSDV is the motion sickness dose

value while the MTVV is the maximum transient vibration value, calculated in one second intervals.

RMS YDy [Jweighted raw
Feak ME0Y [ ali1s0 z631-5)
Crest MTY o150 26315

Each value is calculated for each axis individually while the RMS, MSDV, VDV and MTW are also calculated for the sum of

all three axes. These values are enough to evaluate the human vibration exposure according to ISO 2631 and ISO 8041.

The nextoutputis the weighted raw channel. This is the full speed time signal weighted with a chosen filter. We can use

those channels for the calculation of the FFT or CPB spectrums.

al and D are the values based on ISO 2631-5 which describe the calculations and the limits for lumbar spine response to
vibrations. The base for this standard is that the professional drivers of buses or trucks are exposed to vibrations when
driving on rough roads or over bumps. Multiple shocks cause transient pressure changes at the lumbar vertebral endplates

which can causes damage after years of driving.

The al is the lumbar spine response from excitation measured in all three directions. The D value is the acceleration dose,
measured from the lumbar spine response. These values are enough to evaluate the human vibration exposure according
to

ISO 2631-5.

The human vibration module does not automatically create any display. Basically we only need to display the measured
statistical values of interest. For long term measurement, it might be a good idea to turn offthe storing of input channels

and to just store the output statistical quantities. This will reduce the file size in the end.
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Some applications require the user to measure the CPB or narrow band FFT. For this we need to enable the weighted
raw channels and selectthem in the FFT or CPB display. This will give us the weighted frequency spectrum of the

signal. The CPB spectrum will be slow since the bands with low frequencies needs a longer time to recalculate.

4.4  Order tracking

The order tracking method is used to extract the harmonic components related to rotational frequency of the
machine. The machine vibration pattern is a mixture of excitation frequencies, usually related to rotational speed, such as
unbalance, eccentricity, bearing faults and others and machine response function, which relates to machine natural

frequencies based on the structure and mounting of that machine.

With order extraction, we can see a specific harmonic component which relates to a certain machine fault. Thatis - the first
order (harmonic) usually relates to unbalance of the machine, the second harmonic often relates to eccentricity, such as if
we have for example 9 rotor blades, the 9th harmonic relates to errors on the blades. Or, if we have for example 31 teeth on

a gear, then the 31st harmonic will show the gear mesh frequency.
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These are excitations forces which produce vibration accelerations. The ratio between excitation and system response
is defined by the system transfer curve. Thus, the final measured vibration of the system is a product of the excitation
force and the system transfer curve. Since the transfer curve is fixed, we get different responses for excitations at different

rotation speeds.

When the excitation passes natural frequency, we get so-called resonance with increased vibration amplitudes, which
could be fatal to the machine.

Required hardware Sirius ACC, MULTI, DEWE-43
Required software SE or higher + ORDTR option, DSAor EE
Setup sample rate Atleast 10 kHz

For order tracking, we need analog channels to measure vibration, noise, pressure or other parameters from which we
would like to extract the orders. Additionally, we need the sensor for measuring rotation speed of the machine, either an
encoderora tacho probe. Itis recommended that we use Orion counters for calculating the RPMor, for tacho, to simply
acquire an analog signal. Then we need to make sure that the sample rate is high enough to see the triggers, even at the

maximum speed. Please note that we also need to use internal sampling for the correct calculation of the order tracking.

In this case we have one accelerometerfor measuring the vibration and one encoderfor measuring RPM. First we set
up the vibration channel We enter the Unit of measurementin g @ and the Sensitivity @ of the sensoras 96 mV/g

from the calibration paper of the sensor. Next, we select the measurement Range @.

&b Channel setup for channel 1
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The following step is adding one Order tracking math module and selecting the source of the frequency

measurement. We can select any counter sensor. If we choose the encoder, we need to connect the encoder to the counter
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input. If we have a tacho sensor (or any other analog sensor for that matter), then we need to connectthe sensor to the
analog input and define the trigger levels by clicking the Setup button, which appears to the right of the Frequency

channel settings.

Next we define the Lower RPM limit, Upper RPM limit and Delta RPM. These three parameters are important for
reserving memory of waterfall FFTbased on the order tracking. In this example we expect the RPMto be in the limits ofa 0
to 3000 RPMrange and we want to have an FFT each 50 RPM. This will give us the (3000-0) / 50=60 frequency spectrums
over defined RPMrange. We can also define the Direction of triggering either to capture only run-up, coast-down or
both. Additionally we can define Delta time interval. If the RPMs are not changing, we can define the Maximum time
limit for calculating the harmonic point. It will calculate a new pointin the run up diagram after this time interval to be
able to see the deviation of amplitudes atthe same speed. In this section we also define the time Update criteria for
calculation. Always means that the data will be acquired any time the frequencyrange is passed, while Only first time

means that the data will be acquired only the first time that the frequency range is entered and not subsequently @.

Then we define the Order setup. For the calculation of the frequency history spectrum we define the order resolution,
maximum order and FFT window. FFT window is the window used for the calculation of the FFT spectrum. Since the data
captured is angle based, we can also use "soft" windows like Hanning if onlya harmonic componentis seen in the
signal. If we have many non-harmonic components, then itis recommended to use a window like Blackman. The
maximum order defines the order span of the frequency spectrums. When the data is recalculated, itis filtered to this
maximum order. Also the result of the frequency spectrum will be limited to this orderin Order OT mode. This number
depends on the maximum excitation frequency we expect. The order resolution defines what the steps will be in the

frequency spectrum. If we want to see the natural frequencies nicely, itis recommended to use a 0.125 order.

Next we need to define the Extracted harmonics ®. We can enter a list (like 1;3:8;12) or define to extract All orders. This
will create the channel for each order defined in the order setup, so with our setup we would have 512 channels
(8*64=512), which is hard to handle. Thus, itis recommended to extract only the orders that are actually interesting. We can

extractthe amplitudes, the realand imaginary parts and the phase of each harmonic.
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Now we can make some measurements. The order tracking math doesn't create any display on its own, so we need to

define the display manually. | have added the analogand digital meterfor rotation speed and recorder for rotation
speed and vibration value just to be able to see the run up. Next we can use the xy recorder, where the x axis should be
OT_Frequency and y axis can be used for the harmonic components (in our case Vib H_1, Vib H_2 and so on). We
need to select the "Single X axis" mode of the recorder and itis recommended to use the "Real data" display type to show

every point of the run up on the xy graph.

Next, | have added the frequency plot for Vib signal to be able to see the current frequency speed, and below, | have added
the 3D graph. Then select either TimeFFT, if we want to display the x axis in frequencyor OrderFFT channel, if we want to
display the xaxis in order. Itis recommended to select logarithmic scaling and two to three decades of am plitude
resolution (if we have 1g maximum, we choose 0.001g as minimum) to show the amplitude in nice colors. Less dynamic
(two decades on the picture below) will emphasize the peaks more, while more dynamic will reveal smaller components of

the run up.
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We can use the xy plot to display the amplitude of certain orders compared to the frequency (rotation speed) of the
machine. In the same manner we can also display the phase to create the Bode plots. If we plot real vs. imaginary, which

are used in the x-y graph, we can create a Nyquist plot as seen on the picture below.

There is also a nice wayto see the current time data in the x-y plot. We can selectthe Order tracking Graph type in
the x-y section, then we select any channelthatis defined in the order tracking and we can see the periods aligned with the
zero pulse of the encoder or the tacho signal in time. We can select any number of periods and choose to display current

period, averaged number of periods or show the data with persistence @.
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If we have two displacement measurements on the shaft axis, we can display the shaft movementin the orbit plot. We can
select the Order tracking mode and Display Current or Averaged data, or show orbits with persistence. We can also
display the harmonics, like shown on the picture below. The yellow dot shows the position of the zero pulse of the angle

Sensor.
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5 Combustion analysis

The DEWESoft Combustion analysis math module enables the Analysis of internal combustion engines. If we

measure the pressure inside the cylinder and the angle of the shaft, we can calculate the main indication values for
engine developmentand testing, like maximum pressure, position of maximum pressure, heat release, knocking

and other important parameters.

The combustion analyzer is fully integrated inside the DEW ESoft software, which means that we can use any

functionality of DEW ESoft including CAN bus, video, other analog signal acquisition and more...

For combustion analysis measurements we need:

Required hardware Sirius MULTI, STG, ACC or DEWE-43

Required software DEW ESoft PROF with CA option

5.1  Channel setup

Analog setup

First please select all necessary analog channels and scale the parameters according to the sensor calibration data.
The pressure sensors are usually charge pressure transducers and we need external am plifier which can correctly

acquire these signals, since it can also acquire very low frequencies (or even DC pressure).

There are two basic choices - eithera DC or AC input coupling. A DC coupling will also measure static pressure, which is
useful when a calibration is performed. A DC coupling also features a Reset button which resets the charge to zero ®.

Now we can apply a static pressure and calibrate the sensor.

Please note that for normal (especiallylong term) measurements, the AC coupling should be used. The AC coupling has a

time constant from 2 to 1000 second, so the pressure signal from the engine will also be measured correctly.

Another possibility is using the calibration certificate. When we have factory calibrated sensor, we will get the certificate with
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stated sensitivity. Pictured below is an example of such certificate.
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We enter the Unit of measurementas bar D and then go to the Scaling by function tab and selectthe Sensitivity @.
We enter the sensitivity from the certificate (-17,4 in our case). Once we have entered the correct scaling, we can
immediately see the scaled range and current pressures. The range can be adjusted by selecting the amplifier
measurement Range. Sometimes these sensors produce high frequencies spikes which can be removed with the

Lowpass filter (10 or 30 kHz) @. If the signal is clean, itis recommended to set the highestfilter (100 kHz) in order to
see the entire dynamic range, even at high RPMs.

Channel setup for channel 2

Channel settings

Channel name ALz Measurement Charge
Rangs 2000 ~ | pC
Units bar Lowpass filker |30 kHz - @
ey [—=======] (lowpasstype |Besscl -
Coupling 3 DC v
Min value |Auto | Maxvalue |Autu | {  messt |
Sample rake divider
by tweo points || by function
Input value Scaled value
(O Scale [k factar)
(%) Sensitivity e 2000 pC -114,9 bar
o
0,1 pC -0,01 bar
Offset (n Factor) 6,0ppt 0,00 bar
oy 0,1 pC 0,01 bar
Block size
-7000 pC 114,9 bar %“-1 s
1s
Output = k * Input value +n Average ] [ AC RMS ] [ Min | Max
-< < -> = -Ok -Cance\

Angle sensor setup

There are two main sensors thatare used with a combustion analyzer: angle sensors with 360 or more teeth per
revolution and with a zero pulse for each revolution, or the in-car angle sensors which are basically a geartooth with some

missing teeth or some double teeth (a typical example is 60-2 which would have 60 teeth except two of them are physically

missing to mark the beginning of the revolution).
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Sensors are usually connected to CA-CPU, which is the device that creates any number of pulses and the zero mark from
the input signals. In some cases sensors are connected to the analog input, but let's continue with the instructions to

see how to wire the inputs for each case.

You shouldn't set anything on the first two counter inputs, because the combustion analyzer will in most cases need those
counters for internal operations. If you have any additional counters (CNT — Expansion), you can setthem however you

like.

5.2 Combustion setup

Select the Combustion button and click a blue plus button to add a combustion analysis module. We can set the
combustion analyzer in any way we want, but usually the easiest way would be to follow the five steps that are shown in the

following image:
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1. Engine setup

Here we setall engine parameters (geometry, engine type,..). We define the type of engine (gasoline or diesel [2],
four stroke, two stroke [1]), cylinder count [3] and engine geometry [6+10]), which has to be identified for volume
calculations. For each cylinder we can also define the piston and crankshaft offset [14, 15], but for most engines these
values are zero. We need to define the polytropic coefficient [5], which is a factor for compression (without ignition). This is
important for the calculation of thermodynamic zero and for heat release. If you don’t know the polytropic exponent for

your engine, take the suggested value for each engine type. We will see more details about how to find this value below.

Next, we define the channels that correspond to the cylinder pressure [12]. Note that we can leave some cylinders without
assigned channels (like Cyi. 4 in picture below) and those channels will not be calculated. We also need to define the
ignition misalignment. This defines the firing order of the engine. For example, if we take a 6 cylinder engine, the firing

orderis 1-4-3-6-2-5, so if the whole cycle is 720 deg, the ignition misalignment will be: 0-360-240-600-120-480.
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We can also define the start/end of injection channel, trigger levels and number of injections here. We will get the angles

of injection as additional channels during the measurement.
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2. Angle sensor setup

The angle sensor setup is a veryimportant part of setting up the combustion analyzer. It defines the performance and
abilities of the combustion analyzer module. We have two basic ways of acquiring this data: the internal and the external

clock. These two modes totally redefine the acquisition process. Let's take a more detailed look at these two modes.

External clock

External clock means that the data will be acquired in the Angle domain. In other words, if we choose 360 pulses per
revolution, it will always acquire 360 points regardless of the current speed of the engine. This procedure is useful for high
speed and/or high number of cylinders since it acquires the data directly, which is suitable for the calculation of
combustion parameters. However we can't use any additional time domain calculations, for example combustion noise.

We also can't acquire a cold start from 60-2 or similar sensors.

In the case of an external clock we need the CA CPU hardware to create the needed number of pulses from any sensor. In
the next step we choose the angle sensorfrom the list (in our case a 60-2). If the sensor doesn't exist, we can add it by
clicking the three ellipsis button on the right side of the sensor. CA-CPU supports encoder, CDM sensor as well as the
geartooth with missingand double teeth. We define where the input connection of the sensor is on the CA-CPU and
the output resolution. This resolution defines the maximum speed (limited by the AD card maximum rate) and the
calculation load. If we choose 0.1 degree resolution and we have 500 ks/s AD card, our maximum RPM will be
500000/3600*60=8300 RPM. The output resolution directly defines the number of points per revolutions for all calculations
as well as for CAdisplays.
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As soon as we define the engine setup and the angle sensor correctly (and the engine is running), we should see the CA-

CPU tracking message and already see the number of pulses, speed and cycle count in the right side of the display.
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L= L] et Q ar g§ ~d ° ligd d
Store save saveas  Filsdetails Storing Analog GPS Video Math  Torsional vib. Humanvib. Ordertracking Combustion
Combustion analysis . - [ Used l [VIEW Channel List

]o Engine 1: Angle sensar Ié‘ Calculations IJ‘ Thermodynamics ‘-_3 Knock dekection

Resolution  (Upper speed limit is 16667 RFM)

Sampling Angle sensor Lype (Miss teeth-58-2) Gnnected to

angle domain v 602 v 1 deg.; 360 plrev -
Trigger offset Mo. of cycles Thermo. loss angle TOC detection Cylinder must not be fired for TOC detection!
a0 rca] | (10 0,7 TDE willhe performed on reference cylinder 1

<>

Internal clock
Internal clock uses a totally different method. It acquires the data in the Time domain and recalculates by software the
angle domain for CA calculations. Since the data is low-pass filtered according to the speed of the engine, the calculation
is more demanding than with external clocking, but on the other side itis easily possible to correlate time domain data

(like CAN bus, video and so on) and calculate time domain parameters like combustion noise.

We don'thave to use the CA-CPU in this case, but we connectthe CDM or encoder sensors directly to counters of the

Sirius or DEWE-43.

Sampling Angle sensar bype {Miss teeth-58-2) Connected ta Resolution  {Upper speed limit is 16667 RPM)

Time domain A 60-2 w ALl v 1 deg.; 360 pfrev v

If we have a geartooth sensorwith missing or double teeth we connectit directly to analog channels and select it (like in
the picture below). Additional benefit of the internal clock is that we can measure a cold start. If we use an external clock,

the CA-CPU will miss the first few cycles, which are the mostimportant for cold start.
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Combustion setup

Since the angle sensor math is used the back, it waits until first gap is detected and also calculates the cycle before. To

use this, we need to setthe trigger levels and direction by clicking the Setup button.

DEWESoft - Setup: CA.d7s

Ak 4
LN '
) Acquisition Analysis

T 2| - © ud

setupfiles | Ch.sstup | Measure

Store Save Save a5 File details  Storing Analog GPS Video
Combustion analysis v -—
o Engine o Angle sensor & Calculations / Thetmadynamics

Sampling Angle sensor type (Miss teeth-58-2) Connected to
- = E] =

Trigger offset Mo. of cycles Thermo, loss angle TOC detection

50 [eca] 120 0,7
< >

-
1
1
I
1
1
1
|
-
1
1
1
1
1
I

- 1 deg.; 360 pfrev -

File replay = 8 &

@ Help |y Settings

d 115 ]
o8 ‘Y . ‘

Math Torsional vib. Human vib. Order tracking Combustion

el

[ sed ][ vien channelise

£y Knock detection
Resolution

(Upper speed limit is 16657 RPIM)

Cylinder must not be fired for TDC detection!

TOC wil be performed on reference cylinder 1

I R |

The easiestwayis to click E] - the Find button which should set the frigger edge, trigger and retrigger level. On the graph

below, we can already see the live data.

Angle sensor setup
Trger
Sensor type
60-2

Name Trigger Pulses count: 60

uts |- Color |
Max value 2-

Max 1-

RMS 0,1255 -

Average 0,016 -

Min 5

Min ¥alue l=
Automatic minfmax

Trigget edge Trigger level
v (] Megetive v 05

Retrigger time [“IRetrigger lsvel

Bypass v 1

[CFrequency

The output resolution and the sample rate define the maximum speed of the engine where the CA still works correctly.

We can easily see this from the message shown to the right side of the resolution.
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Top dead center detection

Regardless if using internal or external clock, we will see some data alreadyin the CA cycle graph when we finish with the
settings. To see the p-v diagram correctly, we need to define the trigger offset. Trigger offsetis the angle between the

trigger and the top dead center of the reference cylinder (noted as ref. cyl. in the engine setup).

This angle can be physically measured or it can be also defined with TDC
(top dead center) detection. The engine must not be fired for this procedure.
In the test bed this is easily achieved since we have an option to switch off
the ignition. We can use the combustion analyzer inside the vehicle by driving
to a certain speed, leaving the car in gear and releasing the gas pedal so that

the engine brakes the vehicle. Then the engine will also run in the so-called

—0
o
=
=

®

w

L

-
o~

motored cycle, meaning only compression and expansion with no work. The
right picture shows a typical motored cycle, where we clearly see that the

compression fits the expansion exactly, therefore no work is done inside the

cylinder.

We enterthe number of cycles for averaging and the thermodynamic loss angle. This is the delay between the top dead
center and the pressure peak. The pressure peak happens a bit after top dead center and we can compensate for this by
entering the loss angle. Then we select the Start TDC detection procedure. The pre-defined number of cycles will be

acquired and the trigger offset will automatically be calculated and set.

3. Calculation setup

Here we define the output channels and the pressure correction method. The last thing to setis the Zero point
correction. As was already mentioned, the charge sensors will drift over a longer time, so we need to calculate the ab solute
pressure. This can be done in three ways: with Thermodynamic zero, which looks at the compression and assumes that

if we were to expand the volume to infinite, the ab solute pressure should be zero.

DEWESoft - Setup: CA.d7s o 3 5%

File replay

A
L i N
“// Acqusition  Analysis setupfiles | Ch.setup | Measure @ Help | | {3 Settings

ng B oo Q R 33 ~ @ W 1

- Zmm’
Store Save Save as File details  Storing Analog GPS Video Math Torsional vib. Human vib. Order tracking Combustion

Combustion analysis - = [ et ][ vien channei st

IDT Engine "ﬁ” Anglesensor | [%  calculations /” Thermodyramics gy Knock detaction

Der [ statistics [ perivation [] Statistics
MEP [Imep [Heat release Average b

Correction principle First ref. point second ref. point

Thermodynamic zero ~ -100 [=cA] 65 [°ca]
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At this point we need to take a closer look atthe p-v diagram.In a
logarithmic p-vdiagram the polytropic compression and expansion is a
straightline and the steepness of that line is defined by the polytropic
coefficient. We can easily see this during the measurement, as shown in the
picture below. If the polytropic coefficient doesn't fit, the zero correction and

heat release will be calculated in the wrong way.

To come back to the zero point correction, we need to define fwo angles in
the compression part of the cycle where the compression fits with the

polytropic exponent. If we define the points where the ignition already starts or

W
=
1=
=1

where the intake valves are not closed, then we will have a wrong 0.115 0.240 0.501 1.04%185

calculation.
Other options are to enter the known or measured pressure at a certain angle (usually at intake).

Now we are finished with setting up the system and we only need to choose which parameters we would like to see
during measurement. The statistic values like maximum pressure and position of maximum pressure will always be
calculated. We can choose the derivation of the pressure signal as an option and we get the value and the position of
maximum pressure rise. The MEP option will calculate IMEPnN (for the entire cycle), IMEPg (for the working part of the cycle)
and PMEP (for the pumping part of the cycle). The MEP value is the mean effective pressure and is actuallythe area

inside the p-v diagram (energy of the engine), normalized to the displaced volume of the cylinder.

Additionally we can get the total average values (for the entire run) for each cylinder by selecting Statistics, MEP, Derivation

and Heatrelease. This will allow us to see averaged data in CA-scope, as well as adding the total statistical values.

4. Thermodynamics setup

In this section we turn on the calculation of the heat release. Heatrelease is quite intensive mathematically, so we need
to setit up with care. We setthe Staring point and the Ending point of the calculation, because heat release only
makes sense around the top dead center of the working part of the cycle. The result from this calculation is the start of

combustion, end of comb ustion and the degrees at a certain percentage of the curve.
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N DEWESoft - Setup: CA.d7s File replay =0 x
La) ) T N\
Acquisition Analysis Setup files Ch. setup | Measure & Help 5 Settings
and he [+ 1+ =y ()] m

O] L= =] 5 © W g8 r~d o /] ‘

Store Save  Saveas  Filedetails Storing Analog GPS Video Math  Torsional vib. Humanvib. Ordertracking Combustion

Combustion analysis - = [ et ][ view Channei st

EQ‘; Engine '\E; Angls sensor L& Calculations 1 Thermedynamics % Knock detection

[] Temperature

Gas mass (efficient) Intake pressure Intake temp. val, efficiency

o lbar] 2 ra (08

Calculated [ Measured

[“|Heat reiease!

Start anale End angle User paint: TQunit TLunit

-30 90 7 ] Kim~3jdes v KJjm~3 -
-10.8
21.4
-10.8
-2.0
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Firstlet's take a look what heat release is. Heat release is indicated as the
pressure rise above the polytropic compression and expansion part of the
cycle. We have already shown a difference from the motored cycle to the
working cycle in p-vdiagram, but now let' repeat this in a CA graph. In the
picture below the motored cycle is drawn below the working cycle and the

area between those is the work produced by the engine. The part of the cycle

where those two curves don'tfitis the part where the heatis released from

the fuel.

In this section we can also choose a temperature calculation. By selecting gas mass or defining intake pressure,

intake temperature and volumetric efficiency, the temperature in the cylinder can be calculated.

5. Knock detection setup

Knock detection is the procedure that filters the data with a high and low pass filter and compares the expansion to the

compression stroke. The resultis the knocking factor, which shows the amount of knocking inside the engine.

[CJxnock detection (Method Mannesmann ¥DO AG):

Lowpass filter: 40 [taps]

Shift reference window:
Highpass filter: 3 [taps] Speed Correction
Moise threshold: 0,05 [bar] 1000 [RFM] 1] [=Cal
Reference signal window width: 30 [*CA] 5000 [RPM] ] [=Ca]
Knock signal window width: 30 [#Ca]
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5.3 Measurement

Now that we have set up all the parameters, we can acquire some measurements. The combustion analyzer doesn't create

anydisplay, so we need to build our own.

We can see typical a CA setup in the picture below which shows:
e Maximum pressure values for all cylinders @
e Pressure versus volume (pV)— white dots present startand end of combustion @
e Cylinder volumes and pressures (CA Scope) for the /ast cycle @
e MEP values (IMEPn, IMEPg, PMEP), frequency of rotation, captured cycle count... ® ®
* Knocking factors ®
e Heat release (TI, TQ, burn angles)

¢ Time, as well as angle based data in the recorder @

deu]

1 7185y

JIJ.LJ.A'J..AJIJ“LJlnh'J. uL LLJL;“L;LLI.;JLMI, AJHJ.JU.J.J.JLLL]LJ.J.J“J.J.'J.LLJH ulu A.IJ.H.
5374 4

When we use CA math, we have two more displays: p-v and CA scope. For more information how to use them, please
consultthe user's manual. If we use external clock, we can use the x-y recorder to show the time domain data. CAmath

creates one additional channel called Time, which can be used for xreference of the x-y.
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5.4 Analysis

To review the CAdata, we can use all standard procedures for the analysis. When moving through data, the current cycle

will be shown in either p-v or CA scope.

One important option is the abilityto export the angle based data in different formats. We can select this by choosing the
Combustion data option in the Export section. We can choose standard formats supporting the real time data, like
Flexpro or Diadem, but can also export the data in a standard combustion IFile, which can be imported by most

combustion analysis post processing applications.

F N onle 7 Q DEWESoft - Datafile: Test.d7d _- o x
EA - - .
Acquisition | Analysis Datafiles  Setup ‘ Review Prink ‘ Expork @ Help <y Tettings
- . F Combustiondata - A
S E A LEl e v/
Flexpro MSExcel  DEWESoft | Fileexport  Cliphoard Full speed data Export

Reduced data

Cambustion dats 1

[Test

Flexpro (*,Fpd)

Excel (*.xls)

Dladem (*.dat})

Matlab (*.mat)

FAMOS (*,dat)

M3oft time series (*.dac)

Text ’“.txt;

s Exparted Index Type Acq. rate Mame
[ Derivative Cm ——
[Temperature [I5peed _ = 2l i i
[Cvolume [C1ime L _ P3 AL3 1ES P3
[IMax pressure [rower
[ perivative [1Torque
T 120en covnckion T ldook voloaen __

We can choose several export options:

ltems listed under Cycle data are the angle based values or pressure and other parameters. Itis actually data displayed in

the p-v scope.

Iltems under Once per cycle data are the statistical quantities (MEP, Max pressure ...) calculated once per each valid cycle.

They are the result of combustion calculation.

Items under Cycle average will export only one single cycle which contains an average pressure, heat release,

temperature curve. Data is calculated as angle based average of all acquired cycles.
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6  Networked data acquisition tutorial

Required hardware Anysystem
Required software SE or higher + NET option, EE
Setup sample rate Depends on math module used

The DEWESoft NET application module allows one or more measurement units (named MU’s) to be under the
control of other computers, named CLIENTS. The MU(s) and CLIENT(S) must be connected via TCP/IP. The best
choice is a high-speed and direct Ethernet network topology, although wireless Ethernet can also work well. Mixed hard

wired and wireless systems are feasible.
Working with DEW ESoft-NET is comprised by three basic steps:

NET Setup Network configurations, appropriate hardware and DEW ESoft-NET setup:
e Setting up Client And Measuring Units
¢ Remotely Controlling a Slave MU

Measurement Creating a display, measuring and acquiring data and storing this data on a network

Analysis Analyze acquired and stored data on network, export measured data

Principle of DEWESoft NET application module

Itis important to note which channels can be viewed on the CLIENT(s), and the actual data which is stored on the MU
’s. This is critical to safeguard against data loss which might occur by the network going down or transmission being
interrupted. Even if this happens, the data is safely stored on the MU(s). When the network connection is reestablished, itis

possible to reconnect automatically.

Data client

Measurement unit

Ethernet data transfer

—> B —>

Itis often not possible to transfer all possible channels in real time to the client for storage, even using a gigabit Ethernet

interface.

Imagine even one Dew esoft system w ith 32 channels, being sampled at 200 kB/s each at 24-bit mode. This is already 25.6 MB/sec,
w hich is more than 200 Mb per second (w here each Byte = 8 bits). It does not take long for the netw ork to be completely overloaded
w ith data and be overw helmed w ith packet /oss.

Immediately after the acquisition is stopped, a button appears on the controlling client allowing the data file(s)to be
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uploaded immediately from the MU’s for viewing on the client computer.

6.1 Setup Measurement Units and Client

Client and Measuring Unit Configurations

There are several possible configurations and thus Setups, including:

Standalone unit - not networked to anything (the default setting of DEW ESoft upon installation)
e Slave measuring unit-can measure data under either local controlor under the controlof a master client

e Master measuring unit— can both measuredata and control other measurement units (optional)

View client - can view data being recorded on the measurement units, but cannot contro/them

Master client - can controlthe measurement unit(s) and view their data

Each MU must be configured as a slave measuring unit in order to utilize the DEW ESoft NET software — however if
you are going to use one of your MU’s as the controller for the others, then you should configure that one unitas a
master measuring unit. Itis not possible to have more than one "master" within a single DEWESoft NET system, in

order to avoid confusion and conflicts.

Hardware setup

To activate the appropriate mode for each system within the DEW ESoft NET, first run DEW ESoft. Now click on the

Settings menu and select Hardware setup....

When the dialog box appears, click on the NET button on the top, and you will see this screen:

Hardware setup g‘
| can || GPS || video || Math || Timing H alarms & Events || Analog out \
Computer role in NETwork
Registration status
TRIAL (3.9.2009)
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Computer role in NETwork

Standalone unit w

I lector list lect iat f it Slave measurement unit
n selector listyou can selectappropriate type or your unit. Master measurement unit

Auto detect dient

Setting up a Slave Measurement Unit

Assign the role of this system using the selector list (which in the picture above calls Standalone unit). Assuming that

this is our first measuring unit, setitto Slave Measurement Unit as shown below:

A Hardwiare setup @
| Math || Timing || Alarms & Events | [ Analog aut || NET_|[ Plugins || Registration

Computer role in NETwork

Slave measurement unit -

)

Configuration

ST
Ry

Firewall is OFF
9

Reqgistration status

TRIAL (7.10.2013)

Note that a graphic named Configuration appears which indicates the topology type, where this system is the darker
picture ... some kind of acquisition system (the picture is only a reference — itis not meant to look exactly like your particular
model). The white lines representthe TCP/IP network, which mustbe connected among all MU’s and the client
(represented here as a notebook computer, again only as a reference). The red lines representthe SY NC which mustbe
presentif there is more than one MU and you want to show channels from more than one MU on the client at the same
time. It also ensures thatthe data files recorded on each MU are, in fact, really synchronized. Unless you have a hard

sync, as mentioned in the paragraph DEWESoft Manual — Data Synchronization, itis not possible to achieve
accurately synchronized data files.

Setting up a Master Measurement Unit (optional)

As mentioned, if you are going to use one MU to both record data and control one or more other Dewsoft MU’s, then you
must assign this one to be a Master Measurement Unit:

& Hardwiare setup =
| Math || Timing || Alarms & Events | [ Analog aut | NET_][ Plugins || Registration
Computer rale in NETwork
p - tre data on measurement Urits ok mouse and keyhnard on measurement units
Master measurement unit [V]stors dat tunit Lock d keyboard & uni
Hard syriced msssoremerit Uriks [Clstore data on save clents
Canfiguration Measurement unit Remote setup Status
D Edit
e
Delsts
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When you assign this system to be a Master MU, the screen will change to show a graphic where a MU is a darkerimage.
By default it will show one MU, as shown above.

Assuming that you have already configured one or more other systems to be slave MU'’s, you can click Add here and

detect any systems already available on the network:

Available measurement units &‘

Measurement unit name

|WEBSTER |

MAC Address for "wake Up On LAN' fxoc e o)
|o16:76:71:7E-CD J

RunExe wersion: 3.1 IP address:  192.168,10,93; subnet: 255,255.255.0

Measurement unit
JURDELL

QUAD

WEBSTER

In the example above, the system sees one MU on the network, called WEBSTER. Selectitand click OK at the bottom of
the dialog box:

A Hardiare setup @
| CAN || [c5) || Wideo || Math || Timing || Alarms & Events H Analog out || NET || Plugins H Registration
Computer role in NETwork
Master measurement unit - [/]5tore data on measurement units [ | Lock mouse and keyboard on measurement units
Hard synced measurement units [Cstore data on slave dients
Canfiguration Measurement unit Remote setup Status
WEBSTER
ot remote desktop
192.168. 10.206
Firewall is OFF
@ OFF Fix network problems
Registration status
TRIAL (7.10.2013)
e

Now this unitis shown as your first MU. If there are other ones, click Add to add them, and they will appear here on the list.

Note — this information is saved automatically by DEW ESoft, so you won't need to enter it nexttime unless it has
changed.

Note the check boxes above:

e Store data on measurement units (checked by default, and highly recommended!)
e Lock mouse and keyboard on measurement units

Use the "lock mouse and keyboard" checkbox if you want to prevent a local operator from changing any settings on the MU,

or interfering with the test. With this checked, the MU cannot be operated locally — you will have complete control over the
client.

IMPORTANT Do not does assign this computer to be a MASTER MEASURING UNIT if you will use a separate
computer as the MASTER CLIENT. In that case, all MU’s should be setto SLAVE MEASUREMENT
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UNITS.

Setting up a Master client

In the case where your Dewesoft systems are all slave measurement units, you will need one Master client to

control them. Let's assume that we are now sitting at this computer and have DEW ESoft properly installed and ready.
Click on the Settings menu and select Hardware setup..., then click on the NET button.

Now use the selector to assign this computer to be the Master client, as shown below:

& Hardware setup
| Math || Timing || alarms & Events H analog out || HET || Plugins H Registration
Computer role in NETwork
Master dient. = [/]store data on measurement units [ | Lock mouse and keyboard on measurement units
[V]Hard synced measurement units [ stare data on slave cients
Configuration Measurement unit Remote setup Status
WEBSTER
Ty
e remote desktop
192.168. 10,206
Firewall is OFF
@ OFF Fix netwark problems
Reqistration status
PROF
e

Note that the slave MU called WEBSTER was already found in our example. But if you have not already configured and

connected to an MU, just click the Add button and select one or more MU(s) in order to add them to the system.

Now click OK to close this dialog and you will notice that the basic DEW ESoft screen has a new addition to the top bar—a
NET icon:

- 0 =

|£] Edik <55 MET Help 3y Settings

You must click this button and then connect to the MU(s):

MNET

Configuration

<

Measurement unit Remote setup Status

Show
remate deskbap

R
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Click the Connect button and DEW ESoft will connectto the MU. This box will close automatically.

The NET icon will change slightly. The green bar indicate the transmission speed:

|#] Edit  FMET @ Help  {qy Settings

Click on NET icon to show the connection screen. Clicking the Measure bandwidth button in the system will check
network performance. With a 100 MBit network the transfer speed is about 10 MB/second while Gigabit LAN offers speeds

close to 100 MB/second. Please note that this real bandwidth is also limited by system performance.

MET

Configuration MeasLrement unit Remote setup Status

remate deskbop

Measure bandwidth Reconnect Close

Notice from the menu - NET option that you have several other useful capabiliies — see NET Measurement.

6.2 Remotely Controlling a Slave MU

In this section we are using only the master client computer to remotely configure and control a slave MU from
this master client. The measurement unitis setto Slave MU mode, and we have already connected to it using the steps

from the preceding section. All steps are done on the CLIENT!

We are not touching the MU at all. It could be a few feet away, on the other side of the building, or miles away. As long as it

has a reliable network connection to the client, we can control it from this client!

"Local" setup

Now click the Ch. setup button. If you know what the DEW ESoft Setup screen normallylooks like, you will notice a subtle

butimportant difference:
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] -~ -
=/ acquisition  Analysis Setup fles | Ch. sstup | Measure 7 MET | i Help || (g0 Settings
o= = 33 00
e e = m o | U |
g B3 | I B B - | o [ e 29
Store Save Save as File details  Storing Local Webster Analog Counter Ctrl out CAN Analog out Math

H v P et al H Deselect al H zeraal H Reset 221 al ] ™
B kzicn)
| Used | C Marme pmpl. name [=] Measwrement (5]  Rangs  [1Z] Units Min values Mas zer0 [[E Sehup
1 Used Al SIRIUSHHY Voltage 1000 v v -1000,00 ET 100000 zero Setup
2 Unused a2 SIRIUSHHY Voltage 1000y [ -1000,00 0% 1000,00 zero Setup
3 Unused . Al3 SIRIUSHHY Voltage 1000y ¥ -1000,00 o0 1000,00 Zero Setup
4, Unused . a4 SIRIUS-ACC+ | Voltage 10v ¥ -10,00 L.000 10,00 Zero Setup
S Unused . AlS SIRIUSI-ACC Voltage 10v ¥ -10,00 0.000 10,00 Zero Setup

Note the buttons for LOCAL and WEBSTER. If you have more than one MU, their names will be shown on this bar as
well. The local computeris our master client, so it does not have anyreal measurement channels of its own.
However, it still has a Math buttons. Itis interesting to note that you can perform math functions in real time on this
client using any channels that are transferred from the MU’s! You can even combine channels from more than one MU

here in math channels — as long as the MU’s are synchronized !

WEBSTER setup

Click on the WEBSTER button so that we can proceed to set this MU up.

P ] ~
=/ Acquistion  Analysis Setupfiles | Ch, setup | Measure 5 MET || i Help | gy Settings
@ g i =2 m & . B =
i sEg &, &3 L e oy
Store Save Save as File details Storing Local ‘Webster Channels Display = Transfer
Channel prefix  WEBSTER
5
H, TRANSFERE] © HAME DESCRIPTION wALLES
alo Yes WEBSTER:ALQ MSI-BR-ACC (10000 m) SN 393013 -[mv]
1E4 1 1E4
ALl Yes [WEBSTER:ALL D43 (voltage; 10 ¥;) S: DO3EICFL o 2 [“'] T
al2 Yes WEBSTER:AL 2 D43 (Woltage; 10V3) SN: DOSESCFL o - [‘v] 0
al3 Yes I‘WEHETER’M 3 W43 (Voltags; 10 V;) SN: DO3ESCFL T = [l"] =
a4 Yes IWEESTER’”" D43 (voltage; 10 V;) Sh: DO3EGCF1 T [“'] 0

You can see that WEBSTER has four channels set up to be transferred in real time to the client. Of course they will

also be stored on the local MU, because this has been selected by default on the hardware setup screen, NET page.

Note the three buttons on NET toolbar beside selected WEBSTER:

Be=
it e Channels setup, activation, and scaling of the actual channels that will be stored

=k
Channels

E ¢ Display to have a display screen on the MU for local observers
Display

F
— ¢ Transfer to set up the transfer from the MU

Transfer
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This is perhaps the most critical step of the three, because itis the setup, activation, and scaling of the actual

channels that will be stored on WEBSTER. So let's start there. Click the Channels button on NET toolbar beside selected

WEBSTER.

s vy »
\_/) Acquisition  Analysis Setup files

Ch. setup

Measure {3 Settings

® iy g B W B [l B =
. - ™ 3 - = = -
Store Save Saveas  File details Storing Local Channels | Display  Transfer

= ) 00
B e i e
2 ¥ = 9e
File details Storing Counter CAN Video Math %
[L Ep—— Dynamic acquisition rate Channel actions
: [sol | B selectsl || Deselectal || zersal || Resetzercal (]
TkHz/ch] =
Name Ampl. name  [[=] Messurement [[Z] Range [=] Physicalqua. | Units Min Values Max z.. [E setwn
ALl MSIBR-ACC | IEPE 10000 my v -10000.00 | il 1000000  Zem | Sewp
AL DW43 Voltage w0y v 1000 | *"?’ 10.00 Zero Setup

On this screen you are doing exactly what you would be doing if WEBSTER was a stand-alone MU activating channels

with the Used / Unused buttons, scaling them using the Set ch. # buttons, and so on. You can also setthe dynamic and

reduced sample rates, choose a filename, and more. In this example, WEBSTER is a computer with 2 analog input

channels. In addition, two Math channels have been created:

P ferreny -~
\_/}' Acquisition  Analysis Setup files

Ch, setup

Measure T NET || i) Help | gy Settings

@ b n 2 B

Store Save Save as File details  Storing Local
Y

B

. B =
lIJ E
Channels | Display  Transfer

G B e § TN
y d 3 "

W ] . K i~ U g
File detoils Storing | Anslog  Counter  CAN  Video | | Math |

%

Basic Edit
=] IR o % Yo T
2 h. = E = - FREQ . EF . TR . F ° @ i m’
Formula Filters. Statistics e Other Triggering pectra Control 2
curves analysis
ONJOFF | C HAME VALUE SETUP
| 1R Fiter Integration, Sutterwortn, high pass fiter, Order: 2, FI. 00
“h Setup
Velocity = 1 4

Displacement == 1 1E4 |

Therefore it will be possible to transferup to 4 channels to the master client.

This is onlyimportant if you want to have a display screen on the MU for local observers to see. If there is no one looking

atthe local display on the MU (perhaps itis in a remote location without any people near it), then you can skip this step.

Butif you wanta local display on the MU, click the Display button on NET toolbar beside selected WEBSTER and then

set up the screen as you desire, using the normal DEW ESoft methods and conventions for screen design.
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?‘j A‘cq:.:\sl\tn‘m Ana\;.s_ Setup files | Ch. setup | Measure i HET || i Help | {3y Settings
ng b | O B W B b B S5
Store Save Saveas  File details Storing Local Webster = Channels | Display | Transfer

mO =) o8 M Fhhl W ol waw Do

BT Tk=1

Display name:

Crverview

Remove

Remove display

Itis reallyimportant that the CLIENT computer have a display which has MORE RESOLUTION than the MU’s! If your MU’s
have 1024x768 screens, your client should have the next size up or greater, else you mayrun into trouble seeing some of

the screen objects near the bottom when remotely controlling MU’s from the client.

The display above is the one that will appear on the screen of the remote MU called WEBSTER! Itis not the display that

you will see here on the client.

Finally we will set up the transfer from the MU. What does this mean? Transfer "which channels will be sent across the

network during recording, for display on the client".

Thatis the entire scope of what transfer means. It has no effect on the actual Storage of data on the client (assuming

thatlocal storage is enabled — the default and highly recommended setting).

Therefore, you can have multiple MU’s, each with dozens or even hundreds of channels, and transfer only a few channels
— or even no channels — to the client. It will have no effect on the storage of all channels on the MU’s! This is important to

understand.

Due to bandwidth /imitations of any netw ork, we recommend being prudent about transferring channels — keep the
bandwidth in mind and select only those channels that you really need to see on the client in order to monitor and control

the test.

In this case we will transfer all four channels. Note that all four channels are setas Yes in the Transfer setup screen:

) Ny
=/ Acquistion  Analysis setupfiles | Ch. setup | Measure T MET | i Heln | (g Seftings
e [ = m & = B =
iy  sEg e  E=d L — -
Store  Sae  Savess  Filadetsils  Storing Locsl | Webster | Channsls  Display | Transfer
Charrel prefic  WEBSTER Channel view -
E
H, TRANSFERE] € HAME DESCRIFTION WALUES
a0 Yes [#EBSTER:ALD MSI-BR-ACC (10000 m¥) SN: 398013 - [m¥]
1E4 1 1E4
AL Yes ‘WEESTER’” ! D43 (woltage; 10 ;) SH: DOSESCFL o - ["] o
alz Yes I‘WEESTER’M 2 D43 (Voltage: 10 V:) SN: DOESCFL = = [‘v] =
a13 Yes ‘WEEETER’M 3 W43 (Voltage; 10 V;) SN: DO3ESCFL T = [r] 0
A4 Yes IWEESTER’M" D43 (woltage; 10 ;) SH: DOSESCFL = [“"] =
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6.3 Measurement

In this section we can see procedures to control the Acquisition from the Client:
¢ Creating a Display on the CLIENT
e Storing Data on the MU(s)
¢ Transfer Stored Data to the Client

e NET menu option

Creating a Display on Client

Before you begin storing, you maywant to set up the local display. In previous steps you may have configured the display

of one or more MU'’s, but you probably want to see data here, too!

You certainly know how to do this. Use the Overview, Scope, Recorder (et al) buttons at the top of your own screen here on

the Client to create displays with any combination of channels from any and all MU’s!

As mentioned previously, all MU’s must have a SYNC method in place in order to ensure these three things:
e truly synchronized data files from multiple MU’s
e abilityto display channels from more than one MU on the client

e abilityto create math channels on the client with channels from more than one MU

Note thatthe CHANNELS listis now showing channels with the "name" of the MU

¥ o5 Localfal
that they come from automatically. This is so that you know the source of every - ALD

¥ [-2] WEBSTER/Local/Al
YEBSTER:AI O
WEBSTER:AI 1
WEBSTER: AT 2
WEBSTER:AL 3
WEBSTER: AT 4
WEBSTER: AT 5
WEBSTER:AI 6
WEBSTER:AI 7
— WFRSTFR-AT R

channelin an easyand convenient way.

In our example, the name of the MU, "WEBSTER" is added in front of the transfer

channels from that MU by default, as you can see on the right picture.

The channels from each MU will be shown this way automatically. This is the only

O || e de B | e g [

thing that differs from setting up a screen in the standalone mode of DEW ESoft.

Consult the complete Display settings tutorial if you need further help in setting up a display.

Storing Data on the MU(s)

With the client and MU properly configured, we can now store data. Just click Store in the toolbar in the normal way.
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Measurement

AFFT N

Store | Pause  Stop

—_—
[ ransparent -

Unified properties

Single kime axis

Feal data -
Show cursor

terp. async channels
Draw sample poirts

B

[l

[ single values axis

DEWESoft - Datafile: Test.d7d

Setup Files Ch. setup Measure

Freeze | Overview Scope Recorder

|E Mem left: 1228ME |@ 3,72 MB |m CPUI30; 10 % | - 0x
— —

|4 Edit |75 MET gy Help | g Settings

557

¥ [ Localial
== A10

¥ (-] WEBSTERjLocal/Al
= WEBSTER:AID
= WEBSTER:AT 1
= WEBSTER:AT 2
= WEBSTER:AL 3
= WEBSTER:AT 4
= WEBSTER:AIS
— WEBSTER:ALG
= WEBSTER:AL7
= WEBSTER:ALS
~ WEBSTER:AI9
= WEBSTER:AI 10
= WEBSTER:AT 11
= WEBSTER:AT 12
= WEBSTER:AT 13
= WEBSTER:AT 14
= WEBSTER:AT 15

You can see from the "event log" above that we started storing, added a notice event by clicking the spacebar during the

recording and that we stopped it.
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Transfer Stored Data to the Client

As soon as storing is stopped, an important button appears automatically, called Transfer:

Store Pause Stop Transfer | Freeze Overview Scope Recorder FFT

Please click it, and the data file(s) from all MU(s) that we just used, will be downloaded to the client for you. A"transfer

box" appears to show the progress, and eventual completion of the download:

3

Download files from measurement units

Measuremeant unit Status
WEBSTER Download complete (4537,5 kE)

Close

In this case we only had one MU, so only one file needed to be downloaded.

NET menu option

Click the NET menu option to see the list of options:

2 Edt CHHED | @ Help | Ly Settings

Disconnect from measurement units

S0

Close Dewesoft on measurement units

Show status

Reboot It urit:
Reboot measurement units "

shut down measurement units a
Wake Up measursment units EBSTER [LocaliAl
= WEBSTER:AL D

©ee

— WEBSTER:AL L

Notice from the menu that you have several useful capabilities:

Connect / Disconnect from measurement units - connectto all MU’s / releases the connection

Close DEWESoft on measurement units - closes the DEW ESoft application on all MU’s

Measure transfer speed - measuring the bandwidth (transfer speed) between the MU(s) and this client
Show status - (displays window with current status of all measurement units)

Reboot measurement units - reboots the MU computers (useful if they have crashed or hung up)

Shut down measurement units - shuts them MUs (requires ACPI power system on the MU’s)

Wakeup measurement units - starts MUs (requires 'Wake-up on LAN' option enabled on the MU's)
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6.4 Analysis

Replaying Captured Data

Once the captured data files are downloaded to the client, you can replay them there.

Click the Analysis button and /ocate any transferred files that you have. Notice that we also put the name of the MU into

the filename by default, so that you can see that this file came from a MU called WEBSTER:

L\ e l—\ DEWESoft X -Ox
—

LA | A Y =
Acquisition | Analysis Datafiles | Setup  Review T MET || i Help {3y Settings
s # enz x4
eie i g
Multifile export  Batchcalc  Use for measure Revertto orig  AVIcompress Load Icon Rename  Delete Copy Cut Paste
= == Data Files (*.d7d; *.d7z) - h Q
¥ B Desktop File name Size | Start stare time Yersion Sample ... | Channels Store mode
» 8 Computer Drucks AL 2, Math: 5 irnrer schinel
= 2 Support
W - Libraries

€l Netwark
@3 Homegroup
» DS support

Settings | Events | Data header | File locking | Preview |
Sample rate Store date and time: Number of channels
50000 s/sec 22.5.2012 14:21:09 16
Reduced rate Duration Trigget conditions
0,02 sec 00:00:02 always fast
Ch. no Mame Rate Settings Scale Offset Range Min Max -
ALD ALD 50000 Daqeard divect (5 V) 1 a 5.5 -0,6302 0,6302 |:|
ALl 50000 Daqcard direct (5 V) 1 a 5..5% -1,414 1,414
Az arz 50000 Danqcard direct (5 ¥ 1 ] 5. 5% 2,112 2,112
AL AL s0000 Daqeard direct (5 ¥ 1 ] 5. 5% -1,51 1,51
a4 AT 4 50000 Dancard dirsct (5 ¥ 1 ] S5.5Y -0,6786  0,6786
A5 AlS 50000 Daqeard direct (5 ¥ 1 ] 5.5Y -1,656 1,656
ALG ALG s0000 Daqeard dirsct (5 Y] 1 il 5..5¢ -0,2156 0,2158
a1z ALT 50000 Daqcard direct (5 V) 1 ] 5. 5Y -1,048 1,048
alg ALG s0000 Dageard direct (5 ¥ 1 il E-T -0,1392 0,1392 i

The filename was setto the test. So the name shown here is: Test. WEBSTER. d7d (*. d7d = DEWESoft7 datafile).

Double-click it to open and use the normal tools for analyzing, reviewing, printing, and more.

\ e pr DEWESoft - Datafile: Test.WEBSTER .d7d = 3 =
‘ ! L

___/ Acquisition | Analysis Datafles  Setup | Review | Print  Export  Design | Edit | |5 NET | g Help | {3 Settings
W o e W) HE EH | vents

Play  Replay speed: 1n Mode  Sound Offline math Save Overview Scope Recorder .
| = mleE
===

+ Cols |1 S ALO

- A1

[Jransparent - - QL2
Unified propetties - AL3
Single kime axis = G
- ALS

- ALG

e
Show cursor - AT
terp. async channels AL
raw sample poinks e AT 10

Ll -+ AT11
-
- AL13

Ll - AT14

—ais

[ single vslues axis

dt = 153,83 ms
f= 6,5 Hz
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