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DEWESoft 7.0 provides you with basic tutorials, which describe procedures for working with certain parts of the

program:

. . e How to perform simple
Basic tutorials measurements in DEWESoft?

e Display settings
e Post processing
e Storage options

Voltage and current
Sensors with voltage output

Measurement tutorials

e Temperature

e Vibration

e Strain gage

e Counter

¢ Frequency measurement
¢ Video acquisition

e CAN bus measurement

e GPS acquisition

Power tutorials * Single phase power

Dynamic signal analysis tutorials * Sound level
¢ Torsional vibration

e Human vibration
e Order tracking

Combustion analysis

Networked data acquisition tutorial
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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.

H This tutorial explains basic procedures for working
(T How to perform Slmple with DEWESoft: setup, acquisition and storage of

Arquisition measurement in DEWESoft? data, reviewing the results.

Displqy seﬂ'ings This tutorial explains how to design custom screens.

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

Post processing

Offline math
o This tutorial explains how to store the data; when and
? StOl'Oge optlons how to use different storage options.
are

1.1 Simple measurement

This tutorial will first take a look at how to do a simple measurement with DEWESoft. 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 Any license

At least 1 kHz (the setup sample rate is chosen in Settings -> Global setup - >

Setup sample rate 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 mode to acquire the data, and Analysis mode to process the data.
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Basic tutorials Simple measurement

P DEWES

v

Acquisition analysis

&

Us

Setup fi

When DEWESoft is started, it is in the Acquisition mode already, so let's take a look how to setup the channels.
Also in this section:
e Video setup

¢ First measurement

Making a good screen

Analysis and

e 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.

ARTE 3 .
\J Acquisition Analysis  Setupfilss ‘ Ch. setup | Measure & Help {3 Settings

By BE | O B el 33

.‘-; imm?
Store Save Save as File details Storing Analog Math

Dynarnic acquisition rate

11025 " External clock

[Hech] =) Start on external trigger

SLoT | oMjoFFEl ¢ MAME AMPLIFIER (000} = PHYSICAL WALLES caL B sETUR

a1 0 Dagcard direct E 0,150 %
1] Zera setch. 0
| 5V -l5 [ | 5|
! -E A : =

By = 3 Zero Setch 1

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 @. A sample rate is the basic speed with which data will be acquired. This rate needs to be chosen wisely according to
the specific situation. If temperatures 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 at least a 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.

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.
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Channel setup
Simple measurement

Basic tutorials

Channel setup for channel 0 |£|
Channel settings Daqeard direct
Lerr | srsrs | =
Channel name AI0 Measurement  Voltage
LUnits Pa
cote I
Minvalue | Auto | tax vale auto |
sample rate divider 1 e
Input value Scaled value
5¥ 4,873 Pa
o | 1026 Kl
equals equals 06738 Y 0,6568 Pa
0,0640¥ ———— 0,0623Pa
o | [t | pa -0,5571 ¥ ~0,5430 Pa
Calibrate Calibrate @ Block iz
[ Fromaverage_] (From average ] ¥ ~4873Pa oA
[ fromrws | [ fromems |
[ awerage | acrws [ minimax |
=

Next we will try to perform a simple "calibration". Sound is calibrated with a sine wave. We can try to 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. A real 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 if it is installed correctly. Click the Unused @ button to switch on the camera and end setup with the

Setup button @.

DEWESoft - Setup: test.xml

ch. setup | Measure

_, —
@ b 2| B

Store Save Save as File details Storing

o g @

ag | v
Anclog  Digital  Counter  GPS Video | Ala

Store options

Frame rate

v

| ahways fast

|Delau\t v

WALLES

Frame rate: 30,00 fps

“imicro USB FC Camera LTIS01F

SE
2
Sehyl

LS8 Video Device

1 Unused 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 at the moment.
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Video setup

Basic tutorials Simple measurement

Camera 0 (Vimicro USB PC Camera LTI301P) EI
Basic settings Camera settings
Compression | R824 b
PREVIEW - 15,2 fps Ep— @
Frame rale £l L
Picture setup
Exposure | )
T— Brightness [ Auta
Contrast [¥] Auto
Hue [¥] Auto
- Saturation [¥] Auto
Sharpress [¥] Auta
Gamma [] Auto
Color enable [+] Auta
Backligh comp. [+] Auta

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.

DEWESoft 7.0 |E Disk lef: 80,3 GB -0 x

|i CPU:35:5 %
v

| ) Edit | g Heln (g Settings

|€ﬁ' t=0,0333 sec

Setupfilss  Ch.sstup  Messurs | Design

B = @ B m Events

® Lo

Stop  Freeze Overview Scope Recorder FFT .
(=) \ 5] (=]
[ + | okt ¥ s A
= AIO
[ Transparent | ¥ (] video
[] Unified properties = Camera 0
Single tme axis
Real data

Show cursor
Interp. async channels
Draw sample poinks

Relative

4

[ single values axis

To see the data at the 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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First measurement
Simple measurement

Basic tutorials

DEWESoft 7.0

Y
PN ! N\
) Acquisition  Analysis

)

Store Stop  Freeze
] = [S=0
L=
| + | st v
[ Transparent |
Scale History
Tngger@ Cursor
Fres  Auto single
Pre Post
-90,70295 | |90,70295 | ms
&
X5
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Setup files

Overview

ch. setup

Scope

Measure

Design

Recorder

FFT

t = 0,0333 sec

\T‘ =0 i CPU: 455 %
'
\#) Edit

E Mern left: 102718
& Help

Events

= AL O

-0 x

3 Settings

Next the FFT screen can be used to perform the frequency analysis. A nice 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 instrument is available, one can see how well it is tuned. It is 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.

DEWESoft 7.0

£\
L bl N
) fcquisiion  Analysis

o

Store Stop  Freeze
[E] | | ==
=
[ + | st v

[1ransparent | |
[]Unified properties

Setup | History

Line resolution (df= 1,35 Hz)
4096 5 -

window bype

Elackman hd

i scale bype *f scale type

lLin Log v
Numberof ticks

4 b b hd

Amplitude display

Amplitude: (Auta) v
DC cutoff “Weighting
Mone v Lin v

Setup files

Overview FFT

Ch. setup

Measure

Scope

Recorder

Design

S r=10,0666 sec
AY']

m“ 153 i CPL:B0; 5 %
v

4] Edt g Help

Events

!
I
1
1
I
I
1
J.'
T
I
|

_u I. u\\
'||| ||
I

1, [|

- 0O x

{ag Settings

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.

6 DEWESoft v7.0 -

DEWESoft7 Tutorials v2.0.0

© 2009 DEWESoft



Making a good screen
Basic tutorials Simple measurement

The previous example was about how to use separate instruments. In DEWESoft, it is possible to combine those

instruments to create great looking 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 next to 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.

- DEWESoft 7.0 |_14,s fos = 0,685 sec CPUI35;5 % N
AT <X % G =]
s
J Acquisition Analysis Setupfiles  Ch.sebup | Measurs | Design |2 Edt g Help {5 Settings

PO @ B m =m m -

Store  Pause  Stop  Freeze Overview Scope Recorder FFT

[]Transparent.

Scale
Trigger

Free  Auto

P Po:
s |

s J,00 300,00

ALD

I(
<

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, DEWESoft assumes this is the file that we
want to review. If the user click Analysis in other cases, (when launching DEWESoft 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 ‘Ej and selecting Set as default project folder.

When the user selects certain file, it is 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.

===/ hcquisition | Analysis Datafles | Setup  Review @ Help | {3 Settings
| i ] ) !
Multifile export Use for measure AVIcompress Load Icon Rename  Delete Capy Cut

File: Name: Size Start store fime Wersion Sample rate Channels
324 kB 10.8.2000... 7.0b40 11025 Hz ALt 1, Yideo: 1

Sample rate Store date and ime Humber of channels
11025 s/sec @ 10.8.2009 15:15:06 2

Reduced rake Duration Trigger conditions

& 00:00:07 always fast

ch. no Mame Rate Settings Scale Offset Range Min Max
Aln ALn 11025 Daqcard diract (5 %) 1 00,1677 -4,812 .. 5,186 ¥ 0,627 0,8119
Channel 0 Camera 0 11,5 1 a 0.. 18000 - 24 110

@

Now we can open a file. The user can choose any display that was pre-built in 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 it displays 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.

8 DEWESoft v7.0 - DEWESoft7 Tutorials v2.0.0 © 2009 DEWESoft



Analysis
Basic tutorials Simple measurement

-~ DEWESoft - Datafile: Test.d7d -0 x
L\ N _ ; : .
@Acqmsimn Analysis Data ﬁ\es@etup Review | Print  Expork  Design |2 Edit || i Help {3y Settings

s WP ‘A, H = /] [l | [l | Events

Play  Replay speed: 1x Mode  Sound Offline math ~ Save Overview Scope Recorder FFT

¥ &5 ar
- AT O

| + | s

[ Transparent |

¥ -] Video
[ Urified propertiss — Camera 0

Single kime axis

Real data

Show cursor
Interp. async channels
Draw sample paints

Relative

4

[ single walues axis

dt =6,90233 s

T nnd mandT

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 || in the specified area, so that the 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 (Il . 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.

© 2009 DEWESoft DEWESoft v7.0 - DEWESoft7 Tutorials v2.0.0 9



Reporting and exporting
Simple measurement Basic tutorials

il |
Acquisition | Analysis Datafiles  Setup | Review | Print

A e g :,, \ DEWESoft - Datafile: Test.d7d @ -0 x

Expart & Help (5 Settings

Moke

| = —r @
Portrait |Landscape Multi page Print

@

The next step is to export the data to other applications. DEWESoft 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.

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

larger data files, it is recommended to use Flexproor Matlab.

\ el o DEWESoft - Datafile: Test.d7d 10T Audio - ox
&) = NP @
- Acquisition | Analysis Datafiles  Setup | Review Print Export @ Help {4 Settings
i d Full speed data - f
- =
o [x: A = v 7] 2 i
FIexpru@MS Excel ~ DEWESoft Fileexport Clipboard Relative time = Export Mew template  Edit template Delete template

Exported Index Type Acq rate Mame

EH
=

_ 1 Channel 0 11,5 Camera 0

Another interesting option is to make a video of the screen as it is 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 DEWESoft, 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 display is intended to be defined by

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

DEWESoft 7.0 [T Mem left: 105amB |Eﬁ t = 0,0332 ser |i CPU: 455 % -0 x
= ,

AN i N\
/) Acqu\sit\‘nn Analysis Pfles  Ch.setup | Measure Design Pre-defined displays |£) Edit

@ Y 9o B = m m| -

button

& Help (5 Settings

Store %p  Freeze | Overview | Scope | Recorder FFT . -
g — 0 T ACT - =
=l = =] \ﬂ'"_ﬁ* | = s | =
' o (94 van :
(=[+]) e[ v £ijm &
- ALO
[ Transparent | - ALL
Unified properties = AL 2
Single time axis = AL3
ONLINE DISPLAY SCREEN g i
with different instruments = ALS
Real data - B
sho - A7
[ Instrument ¥ [ Video

setting = Camera 0

Relative v CHANNELS

4 -

[ single walues axis

A conflict 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 DEWESoft software, the user can also find the Example Drive01 data file. Let's open this file because it has lots of
interesting channels for creating the display setup. Go to Overview. Since this display is pretty crowded, let's make another

display. This can be achieved by clicking Display properties button |,selecting display template and clicking on Add as
main display.

© 2009 DEWESoft DEWESoft v7.0 - DEWESoft7 Tutorials v2.0.0 | 11



Display settings

Basic tutorials
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There should now be a blank display in the Design mode. The visual controls can only be added in Design mode, which is

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

the channels. We can add one recorder for 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 Datafiles  Setup Revien Print. E@ Design

ADDITIONAL instruments

(contraols)

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 last icon in channel selector to show channels on current visual
control and click on all channels to deselect them.

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, Mathand 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.

i

1 }

g
ol

= =]
Q
¥ (25 Al
= GPSvel
¥ -] Mathold
= Math 0

¥ || CAN/PortD

|==| STEERING_‘WHEEL
|==| Bremsel
-+| Motorl

==l

>
»
»>
[ Motor2
»
»>
¥

L=l
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With many channels there is much easier way to find the channels. If we
know that we want to have "speed" channel, just enter the keyword speed in
the search caption. The channel selector will only show channels with the

keyword at any point in the string, so it is much easier to find them.

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
axis by selecting the Single value axis option in the recorder. In this case
the recorder can hold up to 16 channels. Now we can add the Velocity
channel from GPS. We can browse through the folder structure, but it is
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 or to 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.

B=]

speed

¥ || Bremsel
= Y_SPEEDZ

¥ ] Motor2
~ Y _SPEED

¥ [--] Bremse3
— WSPEED_FL
= WSPEED_FR
— WSPEED_RL
— WSPEED_RR

i~ RN

ol

velocity

v welacity

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

olil

It would be nice to have some analog meters to display the vehicle RPM and the speed of the vehicle at the 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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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 select the channels from the channel selector as was done for the analog meters.
Since it is 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 not interested in, decrease the resolution by one can be selected by

the Dec button.
O W e m@g=1] o

Paste Delete U

[ + | cosfp v

[]Transparent |
Unified properties

Actual
Channel
Fast(0.1s)

Upper limit
[use
Lower limit

[Juse

[] Show caption

@ Auto (O Manual

N o

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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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

Al

(b
with choosing Save icon. We can also use these settings for the next measurement with DEWESoft round button ™ -

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.
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Frame numbet: 603
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1.3 Post processing

A great new feature of DEWESoft version 7 is post processing. All the mathematic which are available during

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

Let's acquire some analog data with the microphone and open the file.
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Now press the "Offline math" button @. This will open the "Setup" tab sheet in Math section. Here you are able to add

any math just like being in Acquisition (measure) mode.

DEWESoft - Datafile: Test.d7d
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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 that is 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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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 result is not perfect, we can go back to Setup (either by clicking

Setup tab or clicking on Offline math) and change the math.
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Let's change the cutoff frequency from 100 Hz to 2 kHz (in the Setup screen of |IR filter). After doing this, we can see that the

Scope

Recarder

- gx
|£) Edit & Help 3 Settings
0 (=]

Q
¥ & A
= AL
¥ 58 Math

e AT 3fFilter

status of the math channel changed from Calculated to Offline and the online values says "Waiting calculation".
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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.
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3 Settings

We can add all kind of math channels, not only formulas, filters and statistics, but also power, order tracking,

torsional vibrations, combustion, basically everything what is 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 get the min and max values for that zoomed region.
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Another very nice option is the Auto recalc @. Instead of pressing Recalculate every time 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. All 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 nhame 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.

N i 5 =
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C:\Dewesoft\SW program\Dewesoft7\Data [¥ Make new file after  [2000 VB -
Comments | 5

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 point is lost in the process.

L)) \ .
Acquiton _fraiyss | setpfies | Ch.setp ‘ Measure @ Heb ||y Settings
e F2 | S (2] e | 09
(] g By |t L) %t | ge
Store | Save  Savess  Filedetails Storing | Analog Math
Folder sslection B storing
) Data
pata 0000 ¥ Create a mulifile [V save multifile opt. in setup
Folder
C:\DewesoftiSW program \Dewesoft7\Data ¥ Make new file after  |2000 MB -
Storing type Static acquisition rate
[always fast =] [auto =l
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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

- 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.
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Now let's look at each individual storage options. Before looking into that, it is worth explaining there are two types of
channels in DEWESoft: synchronousand 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 not influenced 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 it is 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 - only a sound card and a microphone. To G
start storing, click Store on the main menu. Now the data will be stored to the file with full Stare
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.
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1.4.2 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 set to 0,1 seconds. Thus much less disk space will be

used for storage.

Even though storage is set to slow, will still acquire the data at full speed, calculate the minimum,

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

set to 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, average or 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 V limit, 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 | a1
ALD

data -

Walue Real data A4

Mode Simple edge v
Pasitive v
Trig level 0,5 Y

wig
3

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 I ™ |, 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. If it is clicked, the first trigger event is automatically zoomed in.
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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 out to 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

it is 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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2 Measurement tutorials

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

sensorand amplifierfor a specific task.

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

Voltage and current

Sensors with voltage/current or digital output - we

Sensors Wi‘l’h volfage ou‘l'pu‘l' need to measure the output and convert it to the

appropriate units

Temperature measurements with different

Tem pel'a‘l'u re sensors: thermocouple, thermistor, thermal
resistance...

Vibration measurement for the measurement of
surface vibration of certain elements

Vibration

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

Counter channels are used to perform counting
and frequency measurements

Measuring the frequency with counters, analog
Frequency measurement and PAD with differences

Video acquisition provides important

Video Clcquisiﬁon 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

. e To determine the position on earth, precisely
GPS ClCQUISlflOI’\ 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 split into 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 (Dewetron has a vast array of them), there is not much to be said about voltage measurements.

Current is 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, it is highly recommended to use isolated amplifiers. Even if the voltage itself is not too high for the not isolated
card input, this voltage might have a high potential to ground, which might kill the card. A good example is measurement with
shunt resistor, which is basically just 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 - surely kills the card.

Dewetron 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 by a 40 W light bulb.

In this case it is more than enough to measure the voltage directly with a Dewetron amplifier. We will use a DAQP-DMM
with 2kV isolation. We could also use a DAPQ-HV module with much higher bandwidth (for high frequency or transient

measurements) or a PQL print (4 x voltage and 4 x current) to make the measurement.

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 shunt in 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.

The current converters have the voltage output, so this is measured with a DAQP-V, a DAQP-V-A or a MDAQ-V module.
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Required hardware Any AD card, DAQP-DMM or DAQP-HV, DAQP-V or MDAQ-V
Required software Any license, except LT
Setup sample rate At least 1 kHz

Let's take a look at how to make the DEWESoft setup for the configuration shown on the previous picture. There are three

Dewetron programmable modules - one for high voltage DAQP-DMM (could also be a new DAQP-HV) and two voltage

modules DAQP-V @.

a e om
\cquisi |on| Analysis) Setup files ‘Ch. setup I Measure @ Help | {3 Settings
£l El e =" “ a— n ) A2 0o
s By G DD skl U O () oo
Store  Save  Saveas  Filedetals Storing | Analog | Digital Counter  GPS Video  Alarms  Analog out Math
Dynamic acquisition rate
External dock
S = Start on external trigger
AMPLIFIER (003) =] PHYSICAL VALUES | caL B sETUR
DAQP-DMM u 217,01 27,5V .
Zero | =| Setch.0
400 .. 20 kHz 400 400 -
Currentl DAQP-Y I AL 7,384 A
10%.. 5l kHe G0 S 10 -
ent2 DAQPY 1 3,872/ 4,177 A
1% .. B0 kHz -10 10 -

Since the input voltage of DAQP-DMM is 1000 V, the voltage can be measured directly without any of additional
transducers. We set the voltage range to 400 V, since 230 Vrms -sqrt(2) = 325 V peak.

We need to take special care for the settings of the Lowpass filter @. If this setting is lower than half of the sample rate, it
will cut the signals already in the range of the measurements. Sometimes this is needed, but more often this filter is set to the

low range by mistake, and then the measurement results will be invalid.

© 2009 DEWESoft DEWESoft v7.0 - DEWESoft7 Tutorials v2.0.0 | 31



Channel setup
Voltage and current

Measurement tutorials

Channel setup for channel 0

Gereral || Sensors

DAQP-D
General

Channel name voltage Measurement  Yoltage
u Range 400 vV
cole — @
Min value |Auto ‘ Max value |Autu |
Sample rate divider
by twin points by function
Input value Scaled value
400 ¥ 400 ¥
o | |400 K
equals squals 0,12 ¥ 0,12 ¥
-0,18% 0,18 ¥
[o | [son v 0,24 ¥ 0249
Calibrate Calibrate lack sze
[ from average ] [ Fromaverage ] 400¥ ~400¥ of
[ fromrms | [ fromams ]
Average ] [ ACRM3 ] [ Min § Max ]

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 will be more than enough. It is very important that the measurement range
is chosen according to the expected signal. If we choose too high of a range, the inaccuracy of the current clamps will be too
high to produce correct readings. At this range, the sensitivity of the sensor will be 1mV/mA, which means that 1 mA at input
will output 1 mV at the output. In the channel setup we enter that the measurement of current I is 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 shunt resistor.

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 shunt resistor. This is a 0.1 Ohm shunt. Since it is 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-1=011

So, there will be 0.1 V at the output for 1 A current or 1\ for 10 A.

It is time to enter the scaling factor. We enter the unit of measurement as A ®. Then we go to the second point scaling

and enters that 1 \/ measured equals 10 A @. That's all.
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Channel setup for channel 2

Channel settings DAQP-¥ SNr:230121 Rev:100

Eie=a o |
Channel name ALZ Measurement | Voltage v
I Range 1 Y
Units. @ A Lowipass filker |50 kHz v

Min valus |Autn ‘ Max value |Autu ‘

Sample rate divider Skip

Input value Scaled value
1y — 104
o | It | v 0,79797¥ 7,9797 A
e ws (@)
0,01191¥ — — 011914
E \ 1o |
; . Block size
Calibrate Calibrate _0,77530¥ 27,7530 A
[ from average ] [ From average ] -1¥ -104 OH
[ fromems ] [ fromrms |
[ Average ] [ ACRMS ] [ Min § Max

We also have an additional option to define the shunt type. 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, it is 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 Shunt1 is a precise 50 Ohm resistor, used to measure 4+20 mA or 0+20 mA current

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

We will learn how to use the shunt resistors 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 it is ok to leave the trigger as it is - 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 current is distorted by the phase angle errors
from the current clamps.

This will result in 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 at the recorder. If the power supply is 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 event in 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 Current and define a /evel which is normally not exceeded (for example

0.36 A @ in our case). When the scope is 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

new event 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 it is not possible to define a level where we would catch all the glitches.

For this purpose, it is very nice 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 @ 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 -0x
PLY) i \
=/ mcquisition Analysis Setup files | Ch. setup | Measure & Help | | {5 Settings
.p .y Ej ek Ar ,“-‘\- . Y L [+1+]
ol o > £=3 Iy Q0
Store Save  Savess  Filedetals Storing  Analog  Digital  Countsr GRS Alarms  Analog out Math
Basic Edit
IR - -
T - B - hRy - u o
onforF | © NAME VALUE SETUP
IR Filter Derivation, Butterworth, low pass fiter, Order: 2, Fh: 2000
=
L |IE Voltage/Der dUidt [ktv/s] Setup
400 ! 500

Now let's click the Setup button @ to define the filter. We select Voltage @ as the input, then selects the d/dt icon @ 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 unit is V/, the output will be in V//s. Since the values will be simply too high, we set the unit to 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 current to the previous sample. This often adds lots of

noise, so we could add an additional low passfilter (Fhigh field) to smooth the signal out at the output.
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IIR Filter setup
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If we now observe the result in the scope, we can see what appeared to be a nice sine wave, but is not really 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.

4 DEWESoft - Setup: 21VoltageCurent.d7s ‘3 Disk lefi 15,6 GB \" t=0,0332 sec i CPU: 35 9% -0 x
L ! N\
Acquisition Analysis Setup fles  Ch.setup | Measure | Design |2 Edit || i) Help | { Settings
=) O B m m m -
Store Stop Freeze Qverview Scope Recorder FFT -
\ (==
L=
¥ & A
| + | cost o~ =]
- Voltage
[ e [ | - Currenti
=& Current2
¥ 58 Math
Scale History
- - Voltage/Der
Trigger Cursor —
Free  Auto Single
Pre Post
-500 500 ms
&
<X>
Voltage v
Walue Real data »
Mode Simple edge hd
Positive -
Trig level 0 v
Ll 0
74,
Trig

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 not included 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 it is charged by inserting it BRIEFLY into the power supply.

To try this, please remember the two most important things: first, the user should insert the capacitor only for a short 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, it is not very wise (and potentially quite dangerous) to discharge it on yourself.

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

hold substantial amount of power, it is 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.
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Trigger cursor Mo Yolzae/
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pre Post
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X3

oo D
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Lvl D ?C 0
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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

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 right in the scope picture to see some part of the trigger shot.
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Let's learn how to store this data.

2.1.4 Triggered storing

It is necessary to 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 k\//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
post time is the time after the event. If the post time 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, it is 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>

in the 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 a issue 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 to 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.

A 4 DEWESoft - Datafile: Manual_0006.d7d
A\ e \
./ Acquisition | Analysis Data files

Setup Review Print
« ™ Y.
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[ == - Currenti
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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 convert it back 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.

ANMYI=-MTT

o) | o
NALYT-MTC

C€

All three interfaces are connected. The blue and black wire is voltage output, and it goes to the DAQP-V-A module. The 9
pin voltage modules have 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 second DAQP-V, but in the front, we can see a shunt resistor. The thick gray cable is the RS232

connector, which goes to the RS232 port. In DEWESoft, the plug-in is written to read that data.
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Measurement tutorials

Required hardware

Any AD card, DAQP-V and any sensor which outputs current

Required software Any license, except LT

Setup sample rate At least 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.

L) i N
Acquisition  Analysis  Sebup files |Ch‘ setup ‘ IMeasure & Help @Sett\ngs
Py - : F5 e
] 4 o ﬁ ¥ -
6 Bag sy |y &3 e uv T &8 @ w = 0o
Store Save Saveas  File details Storing Analog Digital Counter CAN GPS Video Alarms  Analog out Mvm
Diynamic acquisition rate
1000 E [ClExternal clock
THekh =l [ start on external trigger
SLoT NAME AMPLIFIER {012) =) PHYSICAL YALUES = caL & setwp |
ALD DAQP-¥-A SN; 223787 - 0001 Y B . E]
2 < Setch.D
5. 100kHz 5 T e
AL DAQP-V-A SM; 228787 - -0,004 A = N
Zero | - Sekch.l
20mé.. 50 kHz 2 [ £

First, let's scale the voltage input. From the specification we see that the maximum range is 10 SCCM (10 standard

cubic centimeters per minute). The voltage outputhas 0V for 0 SCCM and 5 V for 10 SCCM. For the current output,

4 mAis 0 SCCM and 20 mA equals 10 SCCM.

Analyt-MTC

Calibration Data Sheet
Certification Number: 0008080

Sales Order #: 50107933

Serfal #: 24448

Catalog #: 36804

Software Version: GPOTR4S

Process Gas: Selectable

Calibration Gas: Air

R:ng:: : 10 8CCM

Gas Temperature: 24.0°C

Ambient Humidity: 0 sy

Calibration Procedure/Rev. #: DOC-AUTOCAL-GASFLOW/Rev.12
Calibrated By: David Lashbrook

Cafiration due 1 yr. after receipt

Calibration Date: 5 05/06/2005

Calibrators Used :
Flow Standard: TOOL-MOLBOXT Flow Standard:  TOOL-MOLBLOCT
Teol Due Date: Q7132005 Tool Due Date: Q7132095
Manufacturer’Nodel: DHI | Motbox1 ManufacturenMadel: DHI / JET-VER
NIST # 35685 NIST # 35732
Alltest equipment used for calioration is NIST traceatle.

Calibration:

Required Accuracy:

+/-0,50% of Full Scale = +/- 0.05 SGOM
Calibration Pressure: MA PSIG

Actual Ingigatad Fuil Scale Error Primary Qutput
000 0.00 [ o000
252 250 0.2 1250
503 500 02 2500
7.48 7.50 0.1 3.730
1000 10.00 0 5.00

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

the Scaling: 5 V equals 10 SCCM @. That's all.

42 DEWESoft v7.0 - DEWESoft7 Tutorials v2.0.0

© 2009 DEWESoft



Channel setup
Measurement tutorials Voltage/current/digital output sensors

Channel setup for channel 0.

Channel sattings DAQP-Y-A SNi:228787 Rev:100

[ | s | o
Channel nanme ALD Measurement | Voltage -

@ MFlov Range

@
I
=

Units SCCM Common mode voltage 200 ¥ max

ol I i o 9
Lowpass type | Bessel w

IMlir value ‘Autu | Ma value‘Auto | Coupling D

Sample rate divider skip g

<

Input value Scaled value
5¥ 10 5CCM
o \ s v
squals ® quals 0,0018 ¥ 0,0037 5CCM
0,0000 ¥ -0,0001 SCCM
|U | |1E| \ SCCM -0,0018 ¥ -0,0037 SCCM
Calibrate Calibrate Blicklsiiy
[ Fromaverage ] [ from average ] 5¥ -0 sceM o
[ fromems ] [ fromems ]
[ Average ] [ ACRM3 ] [ Min j Max ]

<< J[>>]

For current input, we first need to set the Shunt type. The shunt is 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, but a 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. It is 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 DAQP-Y-A SNr:228787 Revi100

Channel name A1 Measurement @
mA

MFlow Range 20 A

Units @ SCCM Common mode volkage 200 ¥ max

Color Lowpass fiter |30 kHz
Lowpass kype Bessel

Min value |Auto | Maxvalue auto Coupling oC

Sample rate divider Skip Inpuk bype Bipolar v
External shue Imax = 70,71 mé
Resistor [ohm Prnax [watt]

<

<

<

Input value Scaled value
20 mA 105CCM
|+ | [ =
equals © equals 0,0043 ma 0,0021 SCCM
0,0025 mA 0,0013 5CCM
o | [10 | scem 0,0006 mA 0,0003 5CCM
Calibrate Calibrate Bl ize
[From average | [(From average | -20ma -10 50EM 8‘;; g
[ fromrms | [ fromerms |
[ awerase | acews ][ minimax |
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Now we can do some measurements. When performing this test, simply a 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 measurement is quite slow, we just simply store the results with no triggers. Basically the recorder, some digital

meterand maybe a bar graphis enough to make a visualization of the results. Let's store some data and observe the

differences between the traces.

— » DEWESoft - Setup: VCDO.d7s [E Mu_nHt: s22ME |@ oot D CPUs 45 % | -ox
) A‘cq:.l.\s\ti‘on Analysis

=~ Sctup fles  Ch.setup | Mcasure | Design Z) Edit| @ Help | (5 Settings

@ P

H = @ m Bverts

Store Pause Stop Freeze Qverview Scope Recorder FFT

| + cols [8 v

[] Transparent |
Unified properties

Actual

Channel

Fast (0.15)

Upper limit
[Juse
Lower limit

[Juse

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 that the RS232 data has a delay. This is quite normal, since the data has to be transmitted through a

slow digital interface. A well-written plug-in (a driver for the device inside DEWESoft) can compensate for this delay. Also,

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

Finally, we can see that the voltage and current outputdoesn't output the negative mass flow, even though the sensor

supports it.
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o e b
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Unified properties
Single time axis

Real data

[ show events
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[#] Draw sample points
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4
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dt=4,2716 s
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— =
£ Acquisition Analysis

DEWESoft - Datafile: vCDO.d7d

Review | Print  Export

Overview Scope Recarder
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- gx
|£) Edit | & Help {3 Settings
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So, what is better to use, voltage or digitalinterface? It would be incorrect to state that it is 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. If it is an

analog sensor in the first place and the voltage output is the main output, it is logical to use this output. The drawbacks for

using analog output is that we can have noise, problems caused by long 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 but losses. 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

A temperature measurement is 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

First is 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 temperature
difference between those two points. The cold point should have a known temperature. For this purpose it is necessary to
measure the temperature at the cold point (as all Dewetron modules do). 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.

Wire A

Sensortip EliS
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, but the most commonly used one is K type, which has a range from -200 to 1200 deg C, while type
E is better suited for low temperatures. 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 only go 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 at 0 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 DEWESoft. On the next page, we

will even be invited to a cup of tea!
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Required hardware Any AD card, DAQN-THERM or/and PAD-TH8-P
Required software Any license except LT
Setup sample rate At least 1 kHz

The picture below shows a typical configuration for temperature measurements. We can see two DAQN-THERM modules as

well as one PAD-TH8-P module. There is also an EPAD version available.

The DAQN-THERM is a module for measurements of thermocouple sensors. There are two K types connected.
The PAD-TH8-P can handle (depending on the connector block) thermocouples and RTDs. For RTDs one can also use a
DAQN-RTD module.

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 liquid is one area of measurements, but an even bigger area is the measurement of
surface temperatures. 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 DAQN-THERM as well as PAD-TH8-P are isolated, this is not a problem at all. Isolation of DAQN-THERM is
1 kV while PAD-TH8-P has an isolation voltage of 350 V.

To be able to use DAQN-THERM, go to Settings — Hardware setup... and enable DAQN modules in the Analog
section. Then go to the channel setup and go to the Channel setup screen where the module is inserted. In this case
(see picture below) the module is at address 0 and 1. Select the 0 to 1000 deg C measurement range O from the list. Since
the linearization is done in the software based on this choice, the user needs to set the module correctly; otherwise the
scaling will be wrong. For the US market, we can select to set up the conversion from deg. C to 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 0

Channel settings DAQN amplifier
[ ] s ool v |
Channel name: AL0 Amplfier type | DAGN-THERM -
T Measureme: Temperature
Units oF Range 0 .. 1000 (Type K v |
<ot I
Min value ‘Autu | Maz valug ‘Auto |

Sample rate divider Skip

vt | vt |
Input value Scaled value
(®) Scale [k factor)
) Sensitivity 1000 °C 1832 °F
e
501,39 °C 934,50 °F
Offset {n factar) 499,73 °C 931,52 °F
oF 497,94 °C 978,29 °F
Block size
[ seteers | [ scetodear | 0°C 32 oF 8&1 s
1z
Output =k * Input value + n [ average [ acrws  J[ mingmax |
<<

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

NAME ‘ AMPLIFIER {002) = PHYSICAL YALUES g ca & setwe
DARN-THERM T 9315 °F =
0..1000 °C [Type K] 32 T iR Zero E Setch, 0
DARN-THERM E 499,8 "G =
0. 1000°C [Type K] I | Jom Zero E Setch, 1

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

Another way to measure temperature is with the PAD-TH8-P module. This module sends the data through a serial interface,
and is therefore slower, but we can have eight channels per slot. There are different connectors blocks available for the
measurement of thermocouple J, K and T types and RTD sensors. The connector blocks are automatically recognized

by the module, so the range is already set correctly. The only thing left to do is to set the channels the user would like to use

to Used. We can also define averaging, which will make curve smoother, but it will also reduce the response time.

The number of averages decreases the noise, but also decreases the speed. With 1 average @, the user will have a
6 Hz update rate, and with 4 averages there will be a 1.5 Hz update rate. On the other hand, if there are more modules, the

readout speed will not be more than 1 Hz, so it makes sense to switch to 4 averages if acquiring more PAD modules.

If we connect the thermocouple block, then the type of connector block is automatically recognized and the

measurement range is adjusted to the real range.
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PAD channel setup
Temperature

If we connect the RTD connector
sensors are Pt100, Pt200, Pt500,

4 \ \ DEWESoft 7.0
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block, types of sensors @ connected to the module need to be specified. Supported
Pt1000, Pt2000 and Ni120. Sensor types cannot be mixed on the module.

DEWESoft 7.0

AN\ |
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Also note that measuring temperature with a Pt100 or similar sensor is based on simple resistor measurements. Keep in

mind that the resistance of the lead wires will influence the measurement result. The resistance changes with the

temperature, the length and the diameter of the lead.

The 4-wire connection will completely remove all measurement errors caused by lead resistance.

Using 2-wire connection, the lead resistance will not be eliminated at all. Especially when using long and thin wires from

the PAD-CB8-RTD to the temperature sensors, the measurement result will be distorted.

The 3-wire connection will also compensate the lead resistance completely if all three wires have the same diameter and
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length. In that case, it is safe to assume that the lead resistance of all three wires is the same. Therefore, the resistance of
only one wire has to be measured for eliminating the lead resistance influence.

2-wire connection 3-wire connection 4.wire connection
‘S-pn 58D 'ATD semsor agnal&o AT senmor S-pin BUED ﬂ RTD s=nsor

| =] =
v =
| =1 ol

40—

Now let's do the measurement. It is 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 only two 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 of the sensor. Let's see

how this works.

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

setup so and just go to recorder.
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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 scaling to fit the 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
put in the tea. The temperature rises on the thin (blue) one almost instantaneously, while the green one takes a few seconds

until the correct temperature is reached. On the other hand, the thin (blue) sensor is more sensitive to any ambient changes.

A " DEWESoft - Setup: test.xml ORION-DAGT -8
AN | \
=/ Acquisition Analysis Setup fles  Ch.setup | Measure | Print  Design &) Edit |G Help | (3 Settings
Store Pause Stop Fresze Qverview Scope Recorder FFT
(=E=) |
L=
| + | st v

[ ] Transparent | "
Unified properties
Single time axis

Real data L

Show cursor
Interp. async channels
Draw sample paints

Relative ~

4 -

[ single values axis

The temperature measurement is 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, it is very useful to use the sample rate divider to reduce
the amount of disk space used for storing. This is only important for measurements with DAQN-THERM, since the data from

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

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 commonly used 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 sensor is 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 amplifiers.

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

axis as well as triaxial sensors.
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The Dewetron DAQP-CHARGE-A module needs to be used to measure with these sensors.

ring

base structure
piezoelectric material

seismic mass

IEPE (integrated electronic piezoelectric) sensors

IEPE sensors need a power supply of 4 or 8 mA and they typically give out a 5 volt signal, thus it is much easier to transfer
these signals over longer cables. Also, the amplifiers 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 triaxial 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 light as 5 grams.

The MDAQ-ACC, DAQP-ACC, DAPQ-ACC-A and also DAQP-CHARGE-A can be used to measure with these sensors.

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 any
other 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).
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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 Hz cut off. It is 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. It is nice if the amplifier has at least two
ranges in order to be more flexible in measurements.

A typical 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 Hz or 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 not interested in higher frequencies or we know there is not much going

on there, it is alright to choose sensors with lower bandwidth. However, some applications like bearing condition
monitoring require higher bandwidth up to 20 kHz or more. IEPE or charge sensors are needed for those kinds of
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, it is best to 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 that include 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.
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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 at all.

In other areas of predictive monitoring in harsh environments, a sensor needs to be robust enough to sustain possible
damage or, as my good 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 it is very important to 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, it is 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).

A very widely used mounting technique for machine diagnostics is to mount the sensor on a magnet. This will still produce 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 cut to 1+2 kHz.

Required hardware 24 bit AD card recommended (Orion 1624), MDAQ-ACC, DAQP-ACC-A or
q DAQP-CHARGE

Required software PROF or DSA version

Setup sample rate At least 5 kHz

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

show the vibration.

This example has a shakerwith an attached light plastic structure that has a low natural frequency. At the 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.
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Channel setup
Vibration

It is always advisable to use a card with anti aliasing, such an Orion 1624 for the measurement. 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 card
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 most important criteria.

Below is the analog channel setup. There are two DAQP-ACC-A modules for the measurement of vibrations. Let's look

how to scale the measurements.

Acquisition
[
ol
Store Save

Drynamic acquisition rate
1000 d

[Helch] =

sioT | on/oFFEl ©

[1 Used 5 I

1 Used E

ALZ
2 Unused I

Sensor setup

DEWESoft 7.0

Analysis ~ Setup files Ch. setup

5

Save as File details Storing

[JExternal clack
[ start on external trigger

NAME

DAQP-ACC-A

5000 i .. 10 kHz; Exc 4 md

DAQP-ACC-A

5000 my .. 10 kHz; Exc 4 mé

Direct
5y

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 It is helpful to first take a look at the sensor calibration sheet. There is a

sensitivity of the sensor, expressed either in mV / m/s? 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 sensitivity is the

key value to enter in the DEWESoft setup.
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Calibration Chart for
Triaxial DeltaTran® Acceleromater

Type 4524
SafiiMoilooaz Briel & Kjzer

x- {0z 2- Bxis

Feference Senlltllr}l!‘}at 159.2 Hz
(m=10035"}, 20 ms™ AMS,

AmA supply camentend 23 °C: 10,14 mVims?
9541 miyg
025-30k 0330k Hez
15-30¢ 1530k He

Mounted Resonance Frequency: 18 2 9 kHz

Transverse Sensitivity:
Maximum (af 50 Hz, 100 ws%)

Frequency Range  Ampliude (=10%]):
Phase {+ 5%):

Calculated values for TEDS™-F
o

Amp.Camr

Ci

>
Measuring Hange: 500 ms® peak ($50 g peak)
Pelarity of the electvica signals ars positiva lor an secalaraton In tha diraction of

the arowe on th il
2 drawing. i

First, as usual, we should enter the Units of measurement. In this case we use m/s? @. Then it is the best to go to the

Scaling by function section. We check the Sensitivity box and then enter 9.863 mV/m/s? @ in the sensitivity field.

Then we need to change the amplifier Range to best fit the current acceleration values and the filter to fit the sampling

rate. If the Orion 1624 is used, the filter can be set to the highest values (because the card itself provides sharp anti

aliasing filters) unless we intentionally want to have a lower frequency range ®.

Channel setup for channel 1

Channel settings DAQP-ACC-A SNr:235027 Rev:100
Channel name: vibz Measurement  IEPE
wie (1) = st owe__ w(3)
Exccitation v [ma
Minvalue | Auto | tax vale auto |

Sample rate divider

Input value Scaled value
©) Seale [k factor]
(=) Sensitivity ® 5000 mY 500 m/s2
Wi
0,5 m¥ 0,05 m/s2
Offset (n fackar) -0,3m¥ 0,03 m/s2
mfs2 -1,1m¥y -0,11 m/s2
Block size
—

1z

-500 m/s2 80‘1 =

Output = k * Input value + n

aversge [ acews ][ mingmac |
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2. The second way is 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 enter in Scaling by two points the acceleration level of 7,07 m/s? and click calibrate "from RMS" @. The

current measured voltage level in mV is written to the second point scaling.

Channel setup for channel 0

Channel settings DAQP-ACC-A SNr:235027 Rev:1 D0
e =
Channel name: ALO Measurement  IEPE
- Range 500 o my
Units mfsZ Lowpass filker | 10 kHz A
Color Coupling AC SHz v
Excitation 8 wmd
Min value | Auto | Maz valug ‘Auto |

Sample rate divider Skip

Lrieopant || o e
Input value Scaled value
500 m¥ 49.09 m/s2
o | |72.01 | miv
equals equals 101.82 mv 9,997 m/s2
AV —E=— 0114 mis2
o | |7.07 | mis2 -102.07 m¥ -10.021 m/s2
Calibrate Calibrate Elockze
500 m¥ -49.09 m/s2 0z
[ from average ] From average Is
From RMS from RMS @
[ Average ] [ ACRM3 ] [ Min j 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/s2 and the RMS is around 7,07 ®. It is 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.
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) Scale [k factor]
(%) Sensitivity

wimi2

Offset (n factor)
mje2

Set zero

Output = k * Input value + n

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

Input value Scaled value

500 m¥

19.75 m/s2 @
102,02 mv 10150 m/s2

-500 my

-49.75 m#s2 8‘: 1
sec

Average AC RMS Min / Max

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

(MDAQ-ACC for IEPE sensors) support the TEDS interface. Additionally, the TEDS support must be also switched on

in the analog tab in the Hardware setup screen.

With a TEDS sensor, it is quite easy to select settings. Plug in the sensors, run DEWESoft and the sensors should be

recognized immediately. For MDAQ-ACC, the TEDS, the interface 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 DEWESoft 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.

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 it is already filled in from the
sensor. This principle is easy and straightforward, and it prevents user errors.

Channel setup for channel 3 E|
g 2 I
-
Measurement  IEPE
Sensor groups Sensors
=3 v @ = v/ Range s000 v | my
Scale Lowpass fiter | 10 kHz 2
0,09874 m/s~2/mV
Coupling AC SHz v
Offset
0m/s"2 Excitation g v ma
Descripkion
10856
Recalibration date
I Save amplifier
Wrree—
Input value Scaled value
5000 m¥ 493,7 mjs"2
0,5mY 0,05 m/5"2
0,3 m¥ -0,03 m/s"2
1,1 m¥ -0,11 m/s"2
Block size
-5000 m¥ -493,7 m/s"Z 80‘1 s
1z
[ awerase | acews ][ minimax |
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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).

€ EET -
) i \ 2
Acquisition Analysis  Setup files | Ch.setup | Measure & Hebp {3 Settings
] ] §e2 i @ ] s [+~
O |_:5é |=§é o \j!_') e nnr b g - tht!
Store Save  Saveas  Filedetails Storing  Analeg  Digital  Counter &Ps Alarms  Analog out '3

Basic Edit

WOR- -2 fowe § & 9

ONJOFF

Let's go to the channel setup of the first filter. First, we need to choose the input channels. Since earlier the second
channel was the upper accelerometer, we must deselect Vib1 and select Vib2 @. It is quite a common error to forget to

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

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

be at least two @ (if filter order is one, there will be static offset left in 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 unit is m/s?, the output unit is
normally m/s. Since this unit will be too large, it is helpful to enter the scaling factor of 1000 ® and then have mm/s @ as
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.
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IIR Filter setup

d o

Vb1
< 1 Y Los 8 & @
Filter low FrEquEn@d DC

Order |2 | Flow|z He  Fhigh

©)

Response | Coefficients | Zeros & Poles

Scale 1000

Fitter freguen

Mame Yelocity

wts @omss | coo [N
SR, div Auto v

Max value 5mm/s

Max 2,262 mmy/'s -
RMS 1,505 mm/s

Average -0,02605mm/s ——
Min -2,343 mmy/'s

Min value -Smm/s

Automatic min/max

He

Since the movement of the structure will observe with the camera, 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 set the high pass filter ® to the Order at least 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 set to be in mm @. The scaling factor is therefore again

1000 ®. We can already see in the preview that the peak-peak movement is 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.

Now the video camera needs to be set up and then we can see what's going on.

IIR Filter setup

Vibi d o
v TR I R
Velocity
Filter low ﬁequen@d DC
Order 4 b G 2 Hz Fhigh Hz
Scale 1000
Response Zeros &Poles
v
Name  |Displacement
5
unte\ S Coor [
SR div Auto v
Max value |50 mm
Max 7.345 mm
RMS @ 5,715 mm
Average 0.05189 mm —-—
Min 7.76 mm
(et br=ar) (s bif=ar) e bpeor)
70 T 1001 035 2587 T 1005
P -2 -2 5 557 -2 -2
Min value |-50 mm
2 1 039904 025 25z 1 099768
[] Automatic min/masx
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There is one Basler camera connected in this example. First we set it to Used on Video tab of the DEWESoft-Setup

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

q. DEWESoft - Setup: Yideo.d7s -0 x

\
Yy N - woT
\_/ Acqu\swtlnr\l Analysis / Setup files ‘ h. setup | Measure o Help fg Settings
- R ) oo
e g o = b
6 g b | G 2 - L8 58
Stars Save Saveas  Filsdetals  Storing Analog Videa Math

Stare options Frame rate
Ia\ways fast j |ZDD j
SLOT|  OMjoFF & MAME ‘ WALUES SET

PEDZfo
® Frame rate: 100.00 fps Setup

We set the Frame rate to 120 @ to have enough speed to see the vibration. The most important 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 set the Gain and Brightness ® according to current light conditions.

Camera 0 (A602fc) ] x|
lBAstcsETTINGS  cAMERASETTINGS ]
Camera name Speed Cam TR
Frame rate 200

Tl fps
Adjusted to 100.00

[~ Frame cut

i+ Horizontal s [5a0
" Propartional
" Custom ¥ i

[~ Picture setup

Gain ———
Enghtnes@l_]—
Shutter [ EB3%ms

& AutoWE

Now let's acquire some data.

Let's set up the display to 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
frequency is 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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4 DEWESoft - Setup: Vibr1Set.d7s ;3 Disk lefts 15,4 GB O t=0,0332 sec i CPU: 5 % -0 x
PR LY =
) Aequisition Analysis Setup fles  Ch.setup | Measwe | Design |2) Edit | igh Help ||y Settings
UwW e m@=7)eH w Fihll u ¢ h | 8
Copy Paste Delete Undelete o | ; 1 el " i, | (N C¥ Other

5 B [15]
| + | st
[ ransparent | ‘ - Vib2
[ B o
0 1S ¥ 55 Math
; LAY I Velocty
Scale Histary LN LR
- i L 2 Displacement
Trigger Cursor ]
Free  Auto single
Pre Post
-500 500 ms
&
X5
Vib1 v
Value Real data b
Mode Simple edge v
Paositive -

For the vibration measurement one of the most useful displays is the FFT screen @. 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 tracking for run-up's and coast downs.

= . 3 Dk G r=0, : Siim) 2
b DEWESoft - Setup: VibriSet.d7s I} Disk ef: 15.4 GE G T=0,104 sec i CPU: 70 %
L | » :
Acquisition Anakysis Setup fles  Ch. setup | Measure Design g] Edit g Help 3 Settings
O e = m
Store Stop Freeze Overview Scope Recarder FFT
[355]) (= == = =)
] Q
¥
[ + | cost v i AT
== Viibl
[ Transparent | | + Vib2
[¥] Unified properties ¥ 88 Math
L Velocity

Setup | Hist
=), [ Displacement

Line resolution (df= 0,153 Hz)

16k v
Window type
Blackman he
X scale type ¥ scale type
Lin v Log -
Number of ticks
4 w2 ha

Amplitude display

Amplitude (Auto) R
DC cutoff Weighting
Nome % | |Lin v

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 put on 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 point is 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 fop; therefore the acceleration is as its maximum at the top dead point.

. DEWESoft - Datafile: VibrTest.d7d -0ax
= hcquisiion | Analysis Datafles Setup | Review | Print  Export  Design 4] Edit | igh Help || {3y Settngs
/ = |z2| [storing started at 17]
4 FWD PP |— A == = [~ [=i-] [l | storing stapped at 1
=8 —_—
Play  Replay speed: 1x Mode  Sound Offline math Save Overview Scope Recorder FFT »
| (za) [ | |
5] = EINNES gy |
= 1onamn - 1izman)] |
[ - cois [1 v
[ Transparent | o]

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 that it is the center point because
the displacement is in the middle ®. The velocity in the center is at a 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 point is zero - when a body is 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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T o DEWESoft - Datafile: VibrTest1.d7d -8 x
AN h N
__,/ Acquisition Analysis Data flles Setup Review Print Export Design ﬁ Edit | g Help 43 Settings
A L " 1| [storing started at 1
« VO B | ‘ X . = [~} =3 il storing stopped at 1
Flay  Replay speed:1x Mode  Sound Offline math Save Overview Stope Recorder FFT

[:5] - =)
[ + | cosl:

[ Transparent
[]unified properties

ST - 1432804

[¥]single time axis

Fieal data

haw events
terp. async channels
Draw sample points

Relative

4

[ single values axis

dt=145367 s

1:-47,5 I: 12,8
d: 60,4

Displacement [mm]

I: 0.53 I: 0.35

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

is at the lowest point ®, velocity is zero ® and will continue to increase, the acceleration is at a maximum in the positive

direction - the speed is changing at a maximum rate at this point.

- DEWESoft - Datafile: VibrTest1.d7d -0x
AN
L) N
=/ acquisition | Analysis Datafles  Setup | Review | Print  Export  Design |£] Edit| @ Help | {y Settings
RO P 22| [storing started at 1
™ « ' =+ ‘ ! n - - - storing stopped at 1
Play  Replay speed: 1x Mode  Sound Offline math Save Qverview Scope Recorder FFT

| + | cost

[ Transparent |

[¥] Unified properties
[¥]single time axis

=
Real data v
how events
terp. async channels
Draw sample points
a
Rielative ~
a
4 v

[ single values axis
dt=145367 s

1:-47,5 I:12,8
d: 60,4

Displacement [mm]

I 0.53 I: 0.35

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 measurement is 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. A typical 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 most widely 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
(R1+ R2)-(R3 + R4)

Vout /Vin =

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 say that 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 part is quite small (1% of elongation gives a 1% error), so this can simplify the equation to:

dR/R

Vout | Vin =

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.
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. _dRIR) _dR/R

= = — thereforethe dR/R=k- ¢
@L/L) &

If we insert this in equation above, we get:

Vout |Vin=—-k-¢

|-

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

called bridge factor. The equation thus changes to:

1
Vout/VinzZ-BF-k-e

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

The measured value from the strain gage is therefore the strain:
e=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 limit is 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 very important 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, half

and full bridge circuits.
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EQUATION BRIDGE
MEASURES TYPE BRIDGE Vout/Vin FACTOR LINEAR DESCRIPTION
£
vV i k-¢ Single gage measuring tension and
F quarter out in no A . ) .
I E— 1 compression - basic configuration
) 442-k-¢
tension,
compression
% One gage in principal direction and
one in transverse direction - usually
’ F half (1+v) no used for temperature
tension compensation
compression
Two gages with opposite strain -
half 2 yes usually used for measurement of
bending
M
bending
Two gages with same strain -
F half 2 no usually used for bending
cancellation
tension,
compression
Two pairs of gages where one is in
the principal direction and the other
’ F full 2-(1+vy) no one is in transverse direction used
; in temperature compensation and
tension, bending cancellation
compression
Two pairs of gages where one is in
the principal direction and the other
full 2-(1+vy) yes one is in transverse direction used
- in temperature compensation and
M tension cancellation
bending
& Two pairs of gages in opposite
'1 full 4 yes strain - usually used for
0 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, it is very important to use special care when connecting the gages to the

amplifier.

A little story about the strain gage connections is very fitting 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.

The result of the first measurement was zero, simply because the strain gages were connected in such a way that they gages
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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 story is this: Connect - CALIBRATE - VERIFY - Measure. If Capt. Ed Murphy had followed this procedure
Murphy's Law would not have been invented (at least not on that occasion).

Required hardware At least a 16 bit card, DAQP-BRIDGE or MDAQ-STRAIN
Required software SE, PROF or DSA version
Setup sample rate At least 1 kHz

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

then a home made force sensor with full bridge connection and finally also an off-the shelf load cell with a full bridge
connection.

From the amplifier side, there are three DAQP-BRIDGE-A modules with isolated input. We could also use MDAQ-STRAIN

modules with similar performance. The DAQP-BRIDGE-B has a higher bandwidth and more ranges (it goes down to
0.1 mV/V), but has no isolation.

8 | i N =
\j Acquisition Analysis  Setup filss ‘ Ch. setup | Measure @ Help | | {3y Settings
85y —_ - - FG§
By g & B e wv T e @ ; VoIS M

Store Save  Saveas Filedetails Storing | Analog | Digital  Counter  CAN aps Video  Alarms  Analogout  Math  Combustion

Dynarnic acquisition rate

1000 3 [JEscternal clack

k] = [ start on external trigger

stot| onyorFE C NAME ‘ AMPLIFIER (013) g PHYSICAL ¥ALUES B ca & setwe
DAQP-BRIDGE-A Shi: 234673 - (LT8R
2000 um/m .. 5 kHz -z000 ! 2000 £ :
DAQP-BRIDGE-A SH: 234579 - ovL| . 2| setch 1
2000 um/m 5 kHz 20 ' T
DAOP-BRIDGE-A SH: 224573 - o 2| cxen o
2000 um/m 5 kHz 20 ' T
Nirart - SNNAP A -
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Let's take a look at a quarter bridge setup in DEWESoft using DAQP-BRIDGE-A. A single 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 o
Jauges d’extensometrie

HB!
Widerstand + 0.35 (%t
REsnce f20RL S nis5 il
k-Fakior 207 £ 1 1%l
Gauge factor
Facteurk
indlichkeit
et Sonsiy
Sensibilné transverse 01 [%}
= %}

Temperaturkompensation: Angepat flr
“Temperature oaﬁmparmﬂm: 3."'_ pensaled for
Ce ho %

o= 108 (08T

«f St Aluni- Sonstige
Dige L ee ] 13

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 @. A higher 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 only a quarter bridge, we can enter the bridge factor as 1.

Channel setup for channel 2

Channel settings

Channel name

DAQP-BRIDGE-A

50 | iy

100 Hz v

A2

Range

Units mify Lowpass filter

Color

Min valug | auto

| Max value ‘Auto ‘

Sample rate divider

Lowpass type

Bridge mode

Bridge shul
Exdtation \&/ | GG ¢

Eessel -

Quarter bridge 3 wire 120 ohm %

Inkernal 53,88 kohm v

Balance sensor |[Balance amplifier| | Set short on ||Set shunt an

by tveo points by function w

Input value Scaled value

P
P 59,88 kOhm 50 m¥/¥ 50 mv/¥
120 Ohm
o 0,006 m¥/¥ 0,006 m¥,¥
0,002 m¥,/¥ 0,002 m¥,/¥
-0,003 m¥,¥ -0,003 m¥,¥
Block size
Set Default Corrfactor 1 * ———
Compaar ] . o s G
Gage kFactor @ Bridge factor is
e Coveee ) cre ]y ]

The scaling changes from uV/V to um/m. We can now enter the range in units of relative deformation.
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Channel setup for channel 0

Channel settings

General || Sensors

DANP-BRIDGE-A k]

General

Channel nanme ALD Measurement | Bridge -

Range 2000 | umfm
Units i Lowpass fiker v
Calor [ owpasstype | Bessel v

Bridge made Quarter bridge 3 wire 120 ohm
Min value | Auto | Maz valug ‘F\uto | Bridge shunt Inkernal 59,58 kohm v
S e Batatin s v

[Balance sensor |[Balance amplifier] et short on](sst shunt on

by twen points by function Bridge cal

Input value

Scaled value

59,88 kOhm 2000 um/m 2000 um/m
20 Ohm
He 3um/m 3um/m
1 umfm L um/m
-1 um/m 1 um/m
Block size
" Corr factol1 .
w -2000 um/m -2000 um/m 80‘1 s
Gage k fackor Bridge factor is
e - e

)

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 set the Lowpass filter of the amplifier to 5 kHz ® to be able to see the tuning fork natural
frequency, which is 440 Hz (A4 tone).

Channel setup for channel 0.

Channel settings

DANP-BRIDGE-A SNr:286626 Rev:203

General || Sensors General

Set Default U-

U+
59,88 kOhm
120 Ohm
'

Gage k factor Eridge Factor
<<

Corr.factol

Scaling
by twen points by function Bridge cal 0

Channel nanme ALD Measurement | Bridge -

Range 2000 A | umfm
Units umnfm Lovpassfiter St (@) v
Color L Lowpasstype | Bessel ~

Bridge made Quarter bridge 3 wire 120 ohm
Min value | Auto | Maz valug ‘F\uto | Bridge shunt Inkernal 59,58 kohm v
Sampl rake diider eratation (7)'s vy

[Balance sensor |[Balance amplifier] et short on](sst shunt on

Sensor unbalance 3,8 %

&

Input value Scaled value

2000 um/m 2000 um/m
1999,9 um/m - 1999,9 um/m
1999,9 um;/m 1999,9 um/m

Block size
-2000 um/m -2000 um/m 831 =
s
[ Average ] [ ACRM3 ] [ Min j Max ]

70 DEWESoft v7.0 - DEWESoft7 Tutorials v2.0.0

© 2009 DEWESoft



Quarter bridge measurement
Measurement tutorials Strain measurement

2.5.3 Quarter bridge measurement

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 it is used). We can see this as a high frequency vibration with falling
amplitude because of air friction and friction in the fork.

0 + o = ; -0 x
N DEWESoft 7.0 Mem lefti 605ME ™ o i CPUI 25 %
La /) UL N
Acquistion  Analysis Setupfles  Ch.setup | Measure | Design |Z) Edit| g Help ||y Settings

Store Stop Freeze Qvervi

Scope Recorder FFT

| + ‘ Cols
[] Transparent

Unified properties
Single time axis

Real data

[]Show cursor
[ interp, async channels
[¥]Draw sample points

Relative

4

[single values axis

When looking at the 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 (. It is not exactly 440 because the tuning fork used here

is surely isn’t is what it should 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, it is necessary to set a higher line resolution. This is well described in reference guide, but a 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 Hz line
resolution. If we acquire data for 2 seconds, line resolution will be 0.5 Hz.
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Ny | " DEWESoft 7.0 [Fosmsie [ omn= [ ous% -ox

Setup files  Ch.setup | Measure | Design

7] Edit g Help || {3 Settings

Store  Pause Stop  Freeze Overview Scope Recorder FFT
| = [E=) =

=]
| + | st v

[Transparent |tz

Trigger | Cursar || Scale

Auto Norm  Single

Pre Post.
-500 500 ms
This is also a perfect example to take a look how to use the filters in . Clearly, there is one part of the signal in

the form of the offset (static load) and one part in 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 the Math section.

4h DEWESoft 7.0
Py L AS
7/ hcquistion Analysis Setup fles | Ch.setup | Measure
. .p ﬁ? L P % Y anad (+1+]
g Sng ) o @ , ¢t oo
Store Ssve  Saveas Filedetails Storing  Analog  Digital  Counter  GPS Alarms Analog out Math
Basic Edit
o IR L~
Jaig & - IllllIL - _‘% e - R - ﬁ o
onjoFF | ¢ NAME VALUE SETUP
used |E Set
i Al OfFiter -0 up
ET) v )
IR Fiter utterworth, high pass fiter, Order- 8, Fl. 200
o
Used |2 Al O/Filter -t Setup
=T ' 0
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1. First, we set the input channel (Al 0) in this case. Then we set it to 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

Ao | d o B
ALl 5 5 & = BE
AlZ
Type Low pass v Pratotype Butterworth v
Order & ~ | Flow Hz  Fhigh |200 Hz
Scale |1
Response | Zeros &Poles
v
Mame Al 0/Filter
Units Color
SRdv | Auto v
Max value 10-
Max 1,266
RMS 0,7685
Average 0,1255- _——
Min 1,002 =
afioput) birecue) afirput) bijrecue ) gt bijrecue )
70 3 . 3 TS 3 T
T |2 ErEr] B mm B Er]
Min value -10 -
= It B T B T e
Automatic min/masx

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

IIR Filter setup

o ] d o
ALL bhof i & & B
Al2
Al OjFilter
Type High pass v Prototype  |Butterworth v
Order |6 ¥ Flow 200@) Hz  Fhigh Hz
Scale 1
Response | Zeros &Poles
“
Name AI O/Filter
Units Color
SR div Auto ~
Max value 10- —
Max 0,356 -
RMS 0,1651 -
Average -4, A53E-005 -  — s——
Min -0,4198 -
) Br=ar) k) b= ) b
20 T f) T 1% T 1%
71 |2 BE=1 & Er=11 Z EE=
Min value -10 -
77 1 [ 1 [ 1 (R
Automatic minjmax

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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’,\ e z DEWESoft 7.0 I: Mem lef: 05MB |E“(:0.|1335ﬁ |: CPU: 25 % -0 x
"‘/) Acquws\t@n Analysis Setup fles  Ch.setup | Measure | Design \£] Edit| @ Help || (i Settings
O B = m m
Store Pause Stop Freeze Overview Scope Recorder FFT
= =g

o ! !
) L v Al BOR ol
i NI
[ + | cosf[t v - 3 H . . ‘ |'|\‘IHI\”| M
/ [ AT = A0
[ Transparent | % - \ R I - AT1
Unified properties - AT 2
Single time axis ¥ 88 math
[ AT OfFilter
[, AT 0/Filter
Real data v —

[+ show cursor
[]interp. async channels
[] raw sample points

Relative i

4 v

[Isingle values axis

At this point it 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 sensor
is built from two xy strain gages, where one gage is oriented in the principal

direction and another one in transverse direction. This sensor is therefore ’ F
temperature compensated and has bending cancellation.

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 set the 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 it is set to 10 Hz ®.
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Channel setup for, channel 1

Channel

General || Sensors

Channel name BE

Units. mfY

Colar

Min wale [Auto | e vale ko

Sample rate divider

oy two poits || by function || Bridge cal

Set Clefault

Corrfactol1 | *
Gage k factor Eridge Factor
T

[[Juse

DAQP-BRIDGE-A

v
Bridge shunt | Internal 59,88 kohm w

Excitation 5 v

EBalance sensor |[Balance amplifier| | Set shork on |[Set shunt on)

Tnput value Scaled value

1 mv/¥ 1 m¥/¥

0,00015 m¥/¥
0,00004 m¥,/¥
0,00006 m¥/¥

0,00015 m¥/¥
0,00004 m¥,¥
-0,00006 m¥,/¥

Block size
-1 mV¥/Y -1 m¥/Y 80‘1 H
1s
[ Average ][ AC RMS ][ Min | Max ]

Next we set the Strain scaling to used and set the k factor of the gages to 2 and the Bridge factor to 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 ®.

Channel setup for, channel 1

Channel settings

General || Sensors

Channel name ALL

Units Y

Color

Min value | Auto | Max value‘Auto |

Sample rate divider

by twen points by function Bridge cal

Set Default

Corfactolt | *

Gage k Factor 6 Bridge factor

Use 2 2,6

DANP-BRIDGE-A SNr:286626 Rev:203

General

Measurement | Bridge v

Range 1538,462 | umfm
Lowpass filker 20 kHz v
Lowpass type | Bessel v

Bridge mode Full bridge A

Bridge shunt Inkernal 59,55 kohm v
Excitation 5 v

(Balance

sensor |[alance amplifier] [Set short on][Set shurk on|

Sensor unbalance

1,9%

Input value Scaled value

1538,46 um/m 1538,46 m¥/¥
3,3um/m 33 m¥/Y
3,1 um/m 3,1 m¥,¥
2,9 um/m 29mv¥/¥

Block size

-1538,46 m¥,/¥ 80‘“
1s
J I

-1538,46 um/m

[ Average ACRMS Min § Max ]

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 sensor is 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 factor for this unit.
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Channel setup for channel 1

Channel settings

ey [l
Channel name ALl Measuramer Brldge -
N Range 7o,za08 v umim
Units N Lowpass fiter | 10He v
Colar Lowpass bype | Bessel w
Bridge maode Full bridge: |j
Min value | Auto | Max value |ato | ridge shunt | nternal 59,8 kohm v
Sample rate divider Skip Exatation 5 gl
[ Balance sensor |[Balance amplifier] [Set short on[Set shunt on|
by two pornts ||/l function || eridgs cai
toput vake S
(%) Seale [k factor]
() Sensitivity 769,231 um/m 21538,5N
® = |
0,1 um/m 3N
Offset (n Factar) 0,0 u“f,,-m N
M 0,0 um/m 1N
Block size
-769,231 um/m -21538,5N 80‘1 s
ls
Output =k * Input value + n [ average | achws ][ minimax |

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.

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 easily judged.
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It turns out that the strongest man (as was expected) was the CAM/CNC engineer, pulling 570 N @ or 57 kilograms.

\ DEWESoft - Datafile: StrainTest2.d7d - Ox
PR T Y
Acquisition | Analysis Data files  Setup Review Print Export Design (4] Edit | gy Help Ty Settings
T =z| |storing started at 19, 11,2009 11:40:23,399.2
~ 44 WD pp |=— ‘A - i 0 E - - - storing stopped at 19.11.2009 11:40:36.017.3
Play  Replay speediix Mode  Sound Offine math  Save Overview Scope Recorder FFT

k=) = =
| + | cosle

[]Transparent |
Unified properties

12T - 84T 4

Max

Channel

Fast (0.15)

Upper limit
use
Lowver limit

[Juse

Show caption

@ Auto O Manual

[=14 [+

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...

A DEWESoft - Datafile: StrainTest2.d7d -0 x
LN L Y
acquisition | Analysis Datafles Setup | Review | Print  Export  Desan ) Edit| @ Help | (g Settings

| |storing started at 19.11,2009 11:40:23,399.2

E - - - = storing stopped at 19, 11,2009 11:40:36.017.8

e D B ‘A.

=
Play  Replay speed: 1x Mode  Sound Offline math Save Qverview Scope Recarder FFT

= E= s |
= ALD

| + | cos:
= ATl

[] Transparent - AL 2

Unified properties

Single time axis

Real data

[#]show events
nterp, async channsls
Draw sample points

Relative

4

[Isingle values axis

dt=12,1139s

I 21737 11:-14390
d: -36127
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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.

* Channel setup for channel 2 d

General || Sensors

Channel name Al2

Units: kg

Color

Min walug |Auto Mai walug | Auto

Sample rate divider | v

by two points H by function H Bridge cal ‘

(3) Seale [k factor)

() Sensitivity
10 ke | iy
Offset (n factor) @
0 ka

Output =k * Input value + n

L2 ]

Measurement | Bridge v
Range 2 | iy
Lowpass Filter v
Lowpass type | Bessel -
Bridge mode Full bridge v
Bridge shunt lInterrval 59,58 kohm v
Excitation @rs w [y

Ba\anfffnsnr [Balarce amplifier] (St short on](Set shurk or)

Input value Scaled value
Zmv/Y 20kg
0,0002 m¥/¥ 0,002 kg
0,0001 m¥/¥ 0,001 kg
-0,0001 m¥/¥ -0,001 kg
Block size
-Z MY -20 kg
[ average  |[ acems [ pingmax

]

Cancel

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, but it wouldn’t make much sense - surely management would win.
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J A
L bl N
) Acquistion  Analysis

Setupfles  Ch.setp | Meseure | Design
Store Stop  Freeze Overview Scope Recorder FFT

5] = =) =
=

[ + ] cosft v

[ Transparent | |

Unified properties

Single time axis
=

Real data v

Show cursar
Interp. async channels
Draw sample points

=
Relative v

=
4 w

[ single values axis

@ Disk left: 15,7 GB

5 t=10,0332 sec
AV

i CPU:35%
£ Edit

@ Help

- 0O x

{4 Settings
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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. A special mode, called super-counter, allows exact frequency measurement and direct support of the most

commonly used 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 support 5 V levels 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 Orion, NI (cards with counters), NI-MX, DAP, Data translation
Required software Any version
Setup sample rate At least 1 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 (only available on Orion counters)

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

Orion, NI MX, NI E series and DT cards).

The following simple test configuration was made with two push buttons, connected to the Orion expansion counters.

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. Please note, that this

manual describes Orion counters and therefore some of the functions might not be available on the other cards.

@ @ @ ®

. 3 3 .

@

Sample Clock

-—ole

Counter Source

=

_,_
[ —
-
=
1
[}
o —

Counter Value
Synchronized Valuel

T o e s i

LA —

=

In this case we just add 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 input is opened, it will be one. Just for reference we attach the same signal to the DI_0O.
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Digital Counter Counter Digital
Input Input Input Input
= GEHD — i 5y
- GHND — == 2 SOURCED
- Reserved D37 —f 37 == 3 GATED
- Reserved D38 —] 38== 4 Reserved_D4 -
= GHD —f 39== 5§ ouTo =
- AUX U DO A== G}— aUux U D1 -
- E‘ND; dle= 7 SOURCE1
- GHND —342=e § GATE1
- GND —] 432 o}— ouTt O=—GND
oi_i - — Hoail = START
D2 - —f dG=—=11 GMD
Then we go to the Counter tab and select CNTO.
| cx [omowosat |- 9%
@ Aﬁun Analgs /  setupfies | Ch setup | Measure @ Help |y Settings
oy - 2 ) T
g by ) B e w i@ © % | e
Store Save Save as File details  Storing Analog Digital Counter GPS Alarms  Analog out Mfth
ON/OFF C NAME VALUE SETUP
BB Events| E0.CTD
BO_CNT1 Event counting mode -
== ._ 171 Events| EO_CNT1

To set up the counter click "Setup" 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 input is Source0, but
since the signal is connected to Aux_BO0_CNTO, that signal @ needs to be selected as the input. The normal state (when the
switch is not selected) is high, therefore it is nice to invert the signal by choosing the inv check 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 settings Hardware settings Sensor settings

Basic application Rieset on stark messure
|Event counting v | Iriput filter

Counting mode Q) Eliccc
‘Baswc event counting w | [ Enable sigralzen

[ advanced counter mode

N

i

Output channels
ONJOFF  C NAME MEASUREMENT RAW YALUE
Unused I BO_CNTO - o

Signalinput | Aux BO_CMTO ~e Ll

* SCALE - OFFSET -
1 a

MIN SCALED YALUE UNIT MAX

a 0- 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 set it a bit slower than expected frequency of
the glitches. With a manual switch 80 MHz base clock, some glitches we can for sure be expected. Let's look at the
measurement.
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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, it is 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.

Y\ DEWESoft - Datafile: CountTest1.d7d -0ox
L : Y
~/ dequisition | Analysis Datafles Setup | Review | Print  Export  Design |£) Edit| g Help | |y Settings
i =
) 4 WD P | ‘I\ . = Hl E Events
Play  Replay speed: 1x Mode  Sound Offlinemath  Save Disolavs
[l == &= =l
[ + | cosls v
[ ransparent |

[] Unified properties
Actual
Channel ~
Fast (0.15)

Upper limit
[use
Lower limit

[use

2.6.1.2 Gated event counting

Gated event counting is a mode where the counter counts only when the gate signalis high. It is available only with Orion

counters. This tutorial is a continuation of the previous "Simple event counting" section.

@

@
Sample Clock ]

Counter Source ’ ’ |

Counter Gate

]
Counter Value :
Synchronized Valued

['Y YR RN SF—— . -

[ p—

The counter signal is the same as with simple event counting, but we need to connect additionally a second signal - the
gate. We should connect the second switchto GATE 0 as well as the DI_1 to see the values (of course it is not necessary

to do this when measuring real signal, this it is just for demonstration purposes).
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Event counting
Counter

Counter
Input

Digital
Input
- GHD —
GND —f
Reserved D37 —
Resorved_D38 —
GHD —
AUX_U_DO —3
GND
GMOY—
GHO —
1 -

Bl

— +5 Y
— SOURCED

f— Rosorved_D4 -
— OUTO

— AUX_U_D1
— SOURCE1
— GATE1

— OuUT1

Counter
Input

Digital
Input

GATED
e—GND

SToe

ﬂ”éﬁun

oi_o

Then we perform the setup of the counter channel. We should choose Gated event counting mode @ and set the

signal source, which is Aux_BO_CNTO, and the Signal gate (Gate_B0_CNTO0) ®. The counter will count the transitions

from low to high only when the signal gateis high. Since the Signal gate is inverted @ (normally it is high), it is necessary

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

Channel setup for channel BO_CNTOD
Basic application Reset on start measure
Event counting v Irput filker off £V
i @ Count direction | count up @ v
Gated event counting ' [ Enéen! signal zera
[[] advanced counter mode
e Signal inp Aus_BO_CHTO v | [iny
I Signal gate—/ Gate B0 CNTO v | [Hinw
ON/OFF | C NAME MEASUREMENT RAW VALUE * SCALE - OFFSET | MIN | SCALED YALUE UNIT | MAX
Unused BO_CHTO o 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 low to high and when the gate signal (blue) is high @.

4A DEWESoft - Datafile: CountTestl.d7d
a i N
"/ Acquisition | Analysis Datafles Setup | Review | Print
e WP ‘,\ . ;
Play  Replay speed: 1x Mode  Sound Offline math Save
\ ==
| =1+ ] coslt

[Transparent [
[¥unified properties
[]single time axis

Fieal data

Show events
Interp. async channels
Draw sample points

FRelative

4

[ single values axis

dt = 16,6406 s
L0224  I:0378
d: 0,154

Overview

a

x

Export  Design \2) Edit | Help

Scope FFT

{3 Settings

Events

Recorder
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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, but some more

electronics are needed.

(0] @ @ @ ®
s Clock - 3 -
1 1 1] 1
| ! ! |
1 [ i 1
1 1 1 1
1 i i I
i ) £ £ T -
Caunter Source ! i ! i !
I 1 1 1 I
I 1 1 ) I
I 1 1 ] I
] i |
1 ]
1 1 1 1] 1 ]
I 1 1 ) I 1
I 1 1 ) I 1
I 1 1 ] I 1
I 1 1 ‘ [} I 1
I 1 1 L ] 1
' | ! : : :
Counter Aux ! : I : I I
1 1 I i 1 I
1 i I i I I
L L 1 1] L L
T | | | |
Counter Value i A 213 43 12 1 A ! 1
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 @

in the Channel setup and select the Signal input and the Signal up/down signal @.

Channel setup for channel BO_CNTO

Basic settings Hardware settings

[ advanced counter mode

ON/OFF  |C NAME MEASUREMENT
Unused IED_CNTD - 0

Basic application Feset on start measure
| Event counting v Inputfilter 55

Counting mode m
|upjdown counting v

Signal input ux_BO_CNTO w | [
_ Signal up/dd ate_BO_CNTO v [ [#inw

RAW YALUE

v

* SCALE - OFFSET 4

1

o

Sensor settings

MIN
-10000

SCALED ¥ALUE UNIT | MAX

0- 10000
1

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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A\ 7 DEWESoft - Datafile: CountTest1.d7d -Bx
) yrpey) ~
f_‘_'/ Acquistion | Analysis Datafles Setup | Review = Print  Export  Design |Z) Edit| @) Help |{y Settings
<« b X, HE = |m m Events
Play  Replay speed: 1x Mode  Sound Offline math Save Overview Scope Recorder FFT
EEC= e
=
= cols [1
[Jransparent |
Unified properties

[¥]single time axis

Real data

Show events
Interp. async channels
Draw sample points

Relative:

4

[ single values axis

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
another - this is to determine the direction of movement, and a zero pulse

ZERD

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

The two signals (A and B) help to determine the direction of the rotation or movement. When input A leads input B, the

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

)

<
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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 A while X4 mode measures rising and 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 fully available only on Orion cards, NI-MX supports some modes
Required software Any version
Setup sample rate At least 1 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
Input A& ‘|||||||“||"

measurements as described in the next section.

@
Samplo Clock I

Input B
Input Z
! |
Counter Value B3 oo LA L 2
Synchronized Values2 ] 17

We connect the A signal to SOURCEQ, the B signal of the encoder to AUX_CNTO and the zero pulse to GATEOQ. 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.

Digital Counter Counter Digital
Input Input Input Input

. GMD —] 1 *5Y i
- GND — 2}— SOURCED &— ——
- Reserved D37 —| a}— GATED -— —
- Reserved_D38 — 4 Rezamnved D4 - rd
B . GND — si— outo :
-——a AUX_U_DO — 6 — Aaux U D1 -
= GMD — 7— sourcE:r -
= GMD — a}— GATE: =
: GND — ab— ol =
oi_1 —] 44==10 - ol o
DI_2 —3 %5—-=11}— GND -
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2.6.2.1 X1, X2, X4 modes

The simple encoder mode can be selected by choosing the Event counting + Basic encoder counting. First let's set up

the encoder. Signal A is Source_B0_CNTO, Signal B is Aux_CNTO and Signal Z is Gate_ CNTO . We set the Encoder
mode to X1 @ and the Input filter we set to match our highest frequency ®. We can also enter the scaling factor - if the

user has an encoder with 512 pulses, the units could be entered as revs for example, so we would enter that 512 counts

equal 1 rev.

Channel setup for channel BO_CNTO
Basic application Reset on start measure P——
ncoder pulses
Event counting v Input filter, = v

Encoder mode | %1 v
Zounting mode
Basic encoder counting v
[ Advanced counter mode

Encoderzero [

ﬁ A — Saurce_BO_CNTO v | [inw
‘ u =.'--:- Signal B Aus_BO_CNTO | [Hinv

* Signal Z Ga CNTO v | [Finv

L1

Unused BO_CNTD - 5 revs v |1 a |—IDUUD 5|Revs |10000

Now let's take some measurements. The outputof 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 A is used to calculate the counts @.

ik DEWESoft - Datafile: CountTest1.d7d - B x
PPy L A Y
Aerisition | Analysls Datafiles  Setup | Review | Print  Export  Design |4 Edit | & Help | {3 Settings
Al 1 " —=
“ o X . H B = m | .
Play  Replay speed: 1x Mode  Sound Offline math Save Overview Scope Recorder FFT
-13:22:14
[= [+ ] cast
[] Transparent
Unified properties
Single time axis

Real data

Show events
Interp. async channels
Draw sample paints

Relative

4

[ single values axis

dt = 16,6406 5
0224 I 0378
d: 0,154

I: 8540 I1: 9343 001 3 0.002.791

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. Also, the scaling should be changed accordingly. Instead of 512 counts per revolution, we

need to enter 1024 counts per revolution.
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N " DEWESoft - Datafile: CountTest1.d7d -0 x
P ! w
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== E=
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X4 mode counts the rising and falling edges of signal A as well as signal B ®. The resolution of the measurements is

therefore increased by a factor of 4, so in this case, the user should enter 2048 counts per revolution as the scaling factor.

N " DEWESoft - Datafile: CountTest1.d7d -0 x
PN ! w
Aerisition | Analysls Datafiles  Setup | Review Print  Export  Design | Edit || i Help {3y Settings
T ] EH = | | e
Play  Replay speed: 1x Mode  Sound Offline math Save Overview Scope Recorder FFT
== E=
30.42 20.1.2007 -1
(=] ’ ,
[= |+ ] cas[t ~
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Single time axis
L=
Real data v
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Draw sample paints

=]
Fielalive v

a
4 -

[ single values axis

dt = 16,6406 5

0224 I 0378
d: 0,154

1: 8540 II: 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 measurement when 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 for internal calculations (512 in this case).
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‘Channel setup for channel BO_CNTO
Encoder pulses _

Basic application
Event counting v Input filter Bps ~
Encoder mode |1 -
CoEI e Encoder zero,
Basic encoder counting v o
[] advanced counter mode
v | Oinv

b

B EE—— Saurce_BO_CNTO
‘ i — Aux_BO_CNTO v | Oinw
o — SignalZ Gate_BO_CNTO v | Oinv

. -

|-1EIIJEIEI 5|Revs 10000

S|

Unused BO_CNTO

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 @.

PN DEWESoft - Datafile: CountTest1.d7d -ox
Data fles  Setup | Revien Print  Export  Design |£) Edit | g Help | {4 Settings
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g
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The picture below is of a zoomed region-in of the recorder. It shows that the encoderresets the value on the zero pulse

and continues to count up on the rising edges of the A signal.
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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 time that the signalis
high.

Required hardware Orion cards
Required software Any version
Setup sample rate At least 1 kHz

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

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

Digital Counter Counter Digital
Input Input Input Input

- GND — 5V -

- GND — SOURCED -

- Reserved_D37 — 37 == GATED

- Reserved_D38 —{ 38=o Raserved_D4 -

- GHND —] 39== 5 QuTo -

- AUX_U_DO see Gl— AU U D1 -

* ENDE dl== 7 SOURCE1 -

- GMHD =4 GATE1 =

! GND — ouT1 - i

(v I | - = = START

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

g DEWESoft - Setup: Counter_EvenCount.d7s
AN S \
Acquisition  Analysis ~ Setup files ‘ Ch. setup

@ g g O B - nnr(D

Measure

Store Save  Saveas  Filedetails Storing Analog  Digital GPS Alarms

ON/OFF C NAME VALUE SETUP
BO_CNTO o Waveform timing mode
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 select the 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 it is 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 signal changes the value from 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
select to output zero value when no new value is available, so we will have only spikes at the points of new data and the

rest of data the value will be zero ®.
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Channel setup for channel BO_CNTO
Basic application [ Reset | Fieset on start measure
Waveform timing « | Input filter 9 Bps -
o new
e e value @repeat last walue v
Period, frequency v available
Signal input | Aux_BO_CNTO v s inv
P=1/
ON/OFF  |C NAME MEASUREMENT RAW YALUE * GCALE - OFFSET {| MIN SCALED WALUE UNIT MAX
BO_CNTO/Period ] 1 0 0 O|msec 1000
Unused =
Unused | BO_HTOFrequency - 0 | B 0 0 B 0fHz (1000

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

difference of the two pulses (it is shown on the left on the recorder setup screen @®). It reads 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.
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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

Easic application

‘Waweform timing v

Timing mode
=

PW

ON/OFF | C NAME

Unused E0_CMTOfPulsetwidth

ﬂ;E Signal input Aux BO_CMTO

Reset on start measure
Input fiker Sus

o new repeat last value v
value

available

T
MEASUREMENT RAW YALUE * SCALE - OFFSET 3| MIN SCALED YALUE UNIT MAX
0 msec + /|1 o Q 0 msec 1000
-l

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.
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2.6.3.3 Duty cycle measurement

The duty cycle measurement is 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 set the Period, pulsewidth, duty cycle mode @. If this mode is not available, then the

counter does not support it. Either it is a super-counter pair (only even counters of the Orion have this mode) or it is not an

Orion card.

Channel setup for channel BO_CNTO &

Basic application

Reset on start measure

‘Waveform timing

o new repeat last value v
wvalue

Timing mode KF
|Period, puisewidth, duty cyde N2t

- | available

Pw

t

A

D = PW/P

Unused I B0_CNTO/Period

Unused B0_CNTO/PulseWidth
Unused I BO_CNTO/Frequency
Unused I BO_CNTO/Duty cyce

Sigrialinput | Siource BO_CNTD v | Oinv
P=1/T

[ | TR o =) = = el [l R

0,018525  [ms= - |t 0 0 0,018525 msec |1000
0,0242 [msec = |1 0 0 0,0242|msec 1000
53981 sl B 0 0 53981(Hz 1000
130,63 1 [ [ 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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2.6.4 Two pulse edge separation

Required hardware only on Orion cards

Required software Any version

At least 1 kHz

Setup sample rate

Two pulse edge separation is a special mode with Orion counters. It measures the time between the raising edges of

two signals. This is useful for the measurement of the time between two events with very high precision. A typical application

for example, is measuring the velocity of an object passing by two sensors.
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Two pulse edge separation
Counter

We need to connect two signals - one as a startand the second one as a stop signal. The start signal in this example is

connected to AUX_CNTO and the stop signal is connected to GATEO. The start signal is also wired to DIO and the stop signal

is wired to DI1 just to see how it works clearly.

Digital
Input

=& 4 & ¥ ¥ ¥ A4 & W W

o]
o2

Counter
Input

GHD
GND

Reserved D37 —
Reserved D38 —

GHD
AUX_U_DO
GHND

Counter Digital
Input Input
—] oV
— SOURCED -
GATED
Reserved_Dd - I ﬁ"iﬂ—l.?.l'dD

—

ouTo
AL¥_U_DA
SOURCE1
GATE1
auT1

STOP

To setup this mode in DEWESoft, switch on one counterand go to the Channel setup screen. We select Two pulse

edge separation as the Timing mode, as well as Aux_BO_CNTO as the Signal input (start) and Gate_BO_CNTO as the

Signal stop @. Both of the signals are inv(erted) since the values are normally high when the buttons are not pressed with

this wiring. In this case the real trigger condition will be the falling edge of the input signal. We should select to repeat

the last value when no new value is available (like with a period measurement) @.

Channel setup for channel BO_CNTO

Basic seltings

Basic application

Reset on start measure

| wiaveform timing

<

Timing mode (1)

no new
value

| Two pulse edge separation

v avalable

Input filter

Sensor seltings

® repeat last valus v

[T

<

ON/OFF C NAME
Unused I B0_CHTO/Edge sep.

Signal inp

Signal stoj

MEASUREMENT

u Aus_BO_CNTO v
Gate_BO_CNTO v | [inv

i

RAW VALUE

msec v

* SCALE - OFFSET
1 a

MIN
a

SCALED ¥ALUE | UNIT | MAX
O/msec | 1000

-

Let's now take a measurement. To start, we press a start button and then a stop button. From the cursor readout we get

1.738 seconds @), the counter valueis a precise measurement and it reads out 1733.838 milliseconds @.
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Next, we can use this value for example for speed measurements, if we are triggering (for example) from two light
sensors. If we know an exact distance between them, the speed would be v = s/¢, where s is a constant and t is the result

of the edge separation measurement. We would do this in the math channel.

Required hardware only on Orion cards
Required software Any version
Setup sample rate At least 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 latched only at a 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

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

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

connected to the COUNTER4 input, just to be able to compare the results to the normal counter.
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Counter
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Now let's set up the channels. For the super-counter and the frequency measurement, we need to use two counters.

Another limitation is that the 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.

PN

—

oNjoFF | ¢

Unused

e A Y
Acquisition Analysis :
o p—] =

ol ol

Save

Setup files

DEWESoft 7.0

s=J

LR i
Saveas  File details Storing

Ch. setup

Measure
S -
gk I i

Analog  Digital | Counter

WALUE

GPS Alarm

SETUP

Events

Unused - 0,05 Hz Frequency Set ch.
ED_CNTO

The counter 0 is set to simple Event counting + Basic encoder counting @, and then the only thing left is 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.
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‘Channel setup for channel BO_CNTO

Basic application Fieset on stait measure
Event counting - Input filter Bus -
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Signalinput | Aux_EO_CNTO v | inv
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We have the Source0, also shown as a digital line and in the second graph the blue curve is the normal counter (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, try to set the 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-counter is used, the values will be perfectly

aligned to the input as shown in the example below.

Also, the frequency measurement will be perfect in this case.

| DEWESoft - Datafile: CountTest1.d7d
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Recorder FFT

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.
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We could also use other AD cards, DAPQ-FREQ or PAD-CNT for the same measurement, but the result would be much

worse. Please take a look at the Frequency measurement tutorial for a comparison of the different methods.

Required hardware only on Orion cards
Required software Any version
Setup sample rate At least 1 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 @. If the 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 benefit of 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 select the Encoder mode (X1,X2 or X4) ® and either use the

Encoder zero or not.
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Channel setup for channel BO_CNTO

Reset Feset on start measure

Basicappication (1 )

Encoder pulses

‘Sensar(encuder,CDM,tamoH.) v| Input filter Erod |
sesor e (2 Encoderzera [ ] 6
|Encoder-360 . |E]
O iy Source_BO_CNTO | inw
-\-"— Signal B #Aux_BO_CNTO v | Cinv
Signal Z Gate_BO_CHTO v|Oinv

VEASUREMENT
Unused [ EO_CNTO/Angle - 1,9029 e = | 0 -10000 1,9029 Revs |10000
Unused ’ED_CNTD;’FrEquanEy - 1,93504 | B [ -10000 1,93504 |RPM | 10000
Unused ’Eu,cmmaw,c.mt - 684 1 0 ~10000 684~ 10000
Unused ‘Eu,cmmawjdgesw - 686 1 0 10000 ﬁsﬁl— 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.

Channel setup for channel BO_CNTO

Reset

Basic application
‘Sensor {encoder, CDM, tacho ...) v ‘ Input filker
T () e e

Pulses 360

Measured pulses: 392

* Signalinput  Source_BO_CHTO + | Oinv
. e Gignalzeo | Gate BO_CNTO v | Cinv
'.0

WEASUREVENT
— BO_CNTO/Angle 0,12811 [revs /|t 0 0 0,12811 Revs 10000
— BO_CNTO/Frequency 2,37477 sl B 0 0 2,37477 RPM 10000
— ’ED_CNTDJRaw_Caunt - 405 1 0 0 405 - 10000
— ’ED_CNTD,’Raw_EdgaSeD - 1542 1 0 0 1542 /- 10000
——

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

definition.
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Required hardware Orion, NI MX only for basic measurements
Required software Any version
Setup sample rate At least 1 kHz

We will look for two typical applications in automotive: steering wheel measurementsand a 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.

Channel Setup
Let's first set up 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. It is recommended to use an Input filter to avoid measurement errors
caused by jitters 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 ®.

It is important that Encoder zerois not chosen if signal Z is 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 is 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.
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The first output is the angle, where we can select degrees as units (this could also be revs or counts) and the second

output is the frequency, which is already scaled in RPM or 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. It is very important that Reset on start

measure ® is not selected, else the counter value is set to 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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Wheel speed sensor

The wheel sensor is 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 set the channel setup for the wheel sensor. This sensor is not defined as standard in DEWESoft,

therefore we need to create it with the Counter sensor editor.

Counter sensors editor ' = J E@@
-

Add sensor  Remove sensor  Save &Exit Cancel

~

Signal type Signal filter

Encoder -
100 ns hd

Signal edge

Pulses per revolution Default encoder mode
(= Negative v

1000 X1 ~
Zero pulse edge
Pasitive -

After the sensor is created, it just has to be selected in the sensor editor.
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The angle output can be set to revs, degrees, or count. The unit for frequency can be set in Hz or RPM .

Channel setup for channel BO_CNTOQ f'>_7\
Frzarrmie [] Reset on start measure Encod puises l:l
‘Sensor (encoder, CDM, tacho ...) v| Input filter
Sensor type
Encoder zer
[weT-1000 v Ll
i R Signal b Source_BO_CNTO v | Cinv
‘ ') m Signal B #ugs_BO_CNTO ~ | Cinv
* Signal Z Gate_BO_CNTOD v |Oinv

/L

= H e | e = e =]
Unused B0_CNTO/Angle - 2,233 =l B 0 -10000 2,233 Revs |10000
Unused B0_CNTO/Frequency 2'25957@) =l B -10000 2,28957 RPM |10000
Unused I B0_CNTO/Raw_Count 2232 1 0 -10000 2232/~ 10000
Unused I E0_CNTO/Raw_EdgeSep 2497 1 0 -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 displacement reads:

"BO CNTO0/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.

Formula setup

ez
wie [m ] cor R _
'Revolution'-2-x-0,25
wocvale 0 |m
Max 70,43 'Revolution'*2#pixl 25
RMS 0,001419 -
A Froam — [Mde a1 [onr [ vath
" roAsm + X ! Displacement
Revolution
RPM
( ) A | dv | mod Velosity
Min value |-500 m
| Functons ][ Trgon. |[ togi |
Automati
Jomatemnfoax [ signats | Measure [ Events |
sor | sgt | abs | san
trunc | round rnd
log2 | logld  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" is the frequency channel output from
the counter, if it is set to RPM.

"BO CNTO/Frequency' -2 -pi-0.25/60 [m/s]
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Formula setup

N 'RPM'-2-7-0,25
covr [I] e
s v
Max value _ mfs
Max 0,07432 m/s ‘RPM'*2%pix0 25760
RMS 0,004014 m/s
. e Alchs [ A1 | cnT | Math
Min 0,05492 m/s - - I Displacement
Revolution
RPM
( ) -~ div | mod Velocity
i vlue s _—
| Fi || Trigen. H Logic ‘
L] Automatic minmax | swnais | weaswe || Evemts |
sqr sqrt abs sgn
trunc | round | rnd
log2 | logll  In | exp
if nan max min

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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2.7 Frequency measurement

DEWESoft supports three basic types of frequency measurements: counter based,
analog with DAQP-FREQ-A and serial with PAD-CNT2.

We have already seen how to setup the counter based measurement in the previous
chapters talking about frequency and super-counter measurements. Here it is also measured
the same way to show the differences between certain methods.

We are using the same electro motorwith encoders and we also route the same signal to
DAQP-FREQ-A and PAD-CNT2. So basically it's just a TTL signal with pulses.

We can define that:
- we use the counter method when the biggest precision is needed and the input signal is already conditioned (for

order tracking, torsional vibration)

- we use the analog FREQ-A method when we need to have variable input trigger levels and some delay of the output,
since this is not a big issue

- we can use the PAD module when the frequency signal is changing very slowly and the bandwidth and output delay is
not important at all

Required hardware Orion card, DAQP-FREQ-A and PAD-CNT2
Required software SE, PROF, DSA
Setup sample rate At least 1 kHz

Let's see how the measurement is set up and how we arrived at the conclusions stated above.

First we set up the modules. We can see two modules - one analog and one PAD module in the Analog section.

‘ AMPLIFIER (001) EI| PHYSICAL ¥ALUES d  ca & setwe
DAQP-FREQ-A sN:zzsml- ovL s

z S| sSetchio
0.. 100000 Hz . 100 kHz i I I ]

PAD-CNT e NA SetPAD 1
' e :

Frequercy

Now let's first set the FREQ-A module. The great advantage of the FREQ-A module is the variable trigger level circuitry,
which can be set to any trigger level. In addition, it has the Find trigger button @, which measures theminimum and
maximum of the input signal and adjusts the signal in the middle. We can also use AC Input Coupling @ to cut the DC

component of the signal and therefore compensate for any offsets when the RPMs are changing.
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Frequency measurement

After the trigger level is set and we get some input signals, we can play with the settings. The Lowpass filter ® is actually a

digital filter which helps to prevent double triggers (on glitches, for example). Next, we can choose the Output filter @,
which determines the bandwidth and the delay of the output frequency.

Channel setup for channel 0

Channel settings

General || Sensors

Channel name Analog
3
Units Hz
colr —]
Min value: ‘Autu | Maz valug ‘Auto |
Sample rate divider
by function
o \ [t | e
equals equals
o | [: | e
Calibrate Calibrate

[ from average ]

[ from average |

[ fromems ]

[ fromems ]

DANP-FREQ-A SNr:230621 Rev:105

Measurement
Range
Lowpass filker
Coupling
Output Filker

Trigger level

Input value

FREQUENCY

0.. 1000 v | Hz
SkHz 3 ~

4C v

Fast 4 v

0,272 | [Find trigge

@

Scaled value

1000 Hz 1000 Hz

0,00 Hz 0,00 Hz

0,00 Hz 0,00 Hz 0.1z

Block size

[

average || acems [ miny

Max ]

Next we click on the setup for PAD module. The basic input form changes so that we get to the PAD settings. We change

the Module range (which, in this case, is more like a module function) ® from counter to Frequency and the click the setup

for the first channel, which will be used in the measurement.

PAD on channel 1
FAD-CMT

Module range Inpuk bype @

@solated OTIL
Gate kime [sec] :
@01 (@3]
<< Back to channel setup
SLOT | ON/OFFEEl|C NAME PHYSICAL YALUES caL B seTuP
PAD 0[Hz]
0 | Used EI bt [H1| s :;- Setup
[
Slat 1 5ub 1 0[Hz]
1 Unused bt iel o, l-;- Setup
T

The channel setup for PAD is quite simple - we only have to enter the Units ® of measurement and the Scaling by two

points - 512 Hz of input signal is in actually 1 Hz of shaft rotating speed @.

Channel setup for channel 1; subchannel 0

General settings

General | Sensors

Channel name

Color

Module Parameters

Min walue ‘Autn

‘ Max value | 100 |

by function || by two points

First point Second point
R BB He
equals equals ®
Calbrate Calibrats,

[ fromaverage | [ fromaverage |

Input value Scaled value
1E5Hz 195,3 Hz
0Hz 0Hz
1Hz 0,001953 Hz
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Next we set up the Orion counter pair. The first channel is programmed for Event counting and the second counter is
programmed for Frequency. Since we did exactly the same thing this in the previous chapter, | will skip it here. If you are not

sure how to do it, please read the Frequency / super-counter section of the Counter tutorials.

ON/OFF C MNAME VALUE SETUP

Setch.
Events BO_CNTO

Setch.
§ CNT 51,7 kHz Frequency ~B0-CNT1

2.7.2 Encoder measurement

So let's start the measurement with the encoder. The recorderis set up to show all three channels in one graph. The
first observation is that the PAD module (green curve) has a long delay and updates the values only once per second. The

other two curves (analog and counter) are aligned very well.

DEWESoft - Setup: FreqMeas.d7s ORION-DAGL = 1= =

PPN Dl A
} Acquisition Analysis Setupfiles  Ch.setup | Measure Print Design |£) Edit i@ Help 3 Settings

B = @ m Events

Store Stop  Freeze Overview Scope Recorder FFT

EHEI= ==
]
[ + | ot v

[ transparent | |
[+*] Unified properties
[¥]single time axis

Fieal data v

Show cursor
Interp. async channels
Draw sample points

Fielative v

4 ~

[Isingle values axis

If we store and analyze the data and zoom in on the record, we can see that the analog curve (also green) and counter
the curve (blue) show the differences only at high magnification of time and amplitude. We can believe that the counter
measurement is more exact, since it relies only on the accuracy of the base clock. The analog values are wrong because of
the internal error of the circuit as well as the measurement error of the AD card. It is also delayed, but in this case when using
the encoder, the delay is minimal.
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i r 8 N DEWESoft - Datafile: Manual_0001.d7d -0 x
- Acquisitinnl Analysis Datafles Setup | Review | Print  Export  Design |4 Edit| & Help {3 Settings

<« o X . H B = B B -

Play  Replay speed: 1x Mode  Sound Offline math Save Overview Scope Recorder FFT

| + | cost

[ Transparent \

[¥]Urified properties
[¥]single time axis

FReal data

Show events
Interp. async channels
Draw sample points

FRelative

4

[ single values axis

dt=74722s

10584 I 0,298
d:-0,287

I: 203,046 1I: 95,012

The second challenge for our competitors in the award of having the best frequency measurement technique (just want to

check if someone is still reading this) is to measure the frequency from one pulse per revolution.

2.7.3 Tacho probe measurement

So, is it easier to measure the encoder or the tacho (one pulse per revolution)? One might state that it is easier to measure
tacho signals, but that's not correct. An encoder measurement has a much larger amount of information and therefore the

delays in measurements can be significantly smaller than when measuring with one pulse per revolution.

Thus, | changed the setup so that the sensorfor all three is set to tacho. If we look at the measurement, we immediately
see that the PAD (square green curve) and analog (smooth green curve) measurements have significant delays when

compared to the counter measurements.
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4k DEWESoft - Setup: FreqMeas.d7s ORION-DAG1 -ax
PPN ! A
} Acquisition Analysis Setupfiles  Ch.setup | Measure Print Design |£) Edit i@ Help 3 Settings
O B m m m -
Store Stop Freeze Overview Scope Recorder FFT .
E=E =
L=
[ + | ot v
[ ransparent | |
[+*] Unified properties
[¥]single time axis
L=
Real data w

Show cursor
nterp. async channels
Draw sample points

L=l
Fielative v

L=
4 v

[Isingle values axis

If we look in the Analysis mode, we see that the time delay is approximately half a second and that the signal is also
smoothed and doesn't show the real scenario. Therefore we can conclude that for fast responses we should only use

counter measurements.

4h r N DEWESoft - Datafile: Manual_0001.d7d - ax
L Y
Acquis\tiunl Analysis Data files  Setup | Review Print  Export  Design |#) Edit || @@ Help | | {y Settings
b o X B M O m O m -
Play  Replay speed: 1x Mode  Sound Offline math Save Overview Scope Recarder FFT
[ + | cost
[ ransparent |
[] unified properties
[¥]single time axis

Real data

Show events
terp. async channels
aw sample points

Relative

4

[single values axis

dt=7,47225
I 16,7 1I: 19,9
d: 3,2

But, as usual, there is a trick which enhances the results. For some applications with pickup probes, DAQP-FREQ-A is really

useful since it has the ability to cut the DC part of the signal and has variable trigger levels.

A short look at the user's manual of DAQP-FREQ-A reveals that the pin 8 is a conditioned trig out pin. So when the
trigger is found, it will produce the transition of voltage on analog. | connected this voltage on another voltage input(so
that two analog channels are used for this measurement) and with that we also have the reference signal for the start of a

revolution. This is very useful for order tracking or any other dynamic signal analysis.
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Additionally, we can make the math function to measure the frequency. The frequency is inverse function of period.

Therefore we can enter the following math function:

1/pulsewidth(""AnalogCounts''>2)

The function says to measure the frequency out of the pulsewidth from the "AnalogCounts" input signal. The pulsewidth

function uses real digital values (either 0 or 1), therefore we need to use a logic function to make the signal digital.

ik DEWESoft - Setup: FreqMeas.d7s CRION-DAQL

L e A
) Acquisition  Analysis Setup files | Ch. setup | Measure @H
5y — -~
P T Yy ) mud e - a) («

s g = (] ; ¢ | ba. = D |

Store Save Save as File details  Storing Analog Counter GPs Alarms  Analog out Math Torsional vib. Sound levels Huma
Basic Edit
{13 =
R - B T @ )
ONJOFF C NAME VALUE SETUP
Formula 1/pulsewidthCAnalogCounts'>2)
Used 13 Formula 0 -t Setup
| o | 50

Thus, when we look at the result, the red curve (which is the analog measured frequency) shows significant measurement
delays while the stepped green curve (which is a math signal) has no delay at all. However, it has steps in between two

rotations since there is no new information available between the two pulses.

The graph below shows the pulses measured with an analog signal. Those pulses can be used nicely for the advanced

analysis of phase angles. The measurement of the pulses is also the most critical item: if the sampling rate is too low, we

might miss the pulses and we will never get a good result. The width of the pulses depend on the width of the input pulses if
taken from the front connector. We can also make a fixed routing at the back plane, in which case the signal will be enlarged
based on the filter settings of the DAQP-FREQ-A. Please refer to the appropriate user's manual for more information on

this subject.

N DEWESoft - Datafile: Manual_0001.d7d -8 x
L A N\
"/ Acquisition | Analysis Datafles Setup | Review | Print  Export  Design | Edit || i Help |y Settings
<« o b X = B = E m Events
Play  Replay speed: 1x Mode  Sound Offline math Save Overview Scope Recorder FFT

| + | cost

[ Transparent \

[¥]Urified properties
[¥]single time axis

FReal data

Show events
Interp. async channels
Draw sample points

FRelative

4

[ single values axis

dt=74722s
10584 I 0,298
d:-0,287

I: 203,046 1I: 95,012
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2.8 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 250 fps) cameras (DeweCAM or Basler)

high speed cameras (up to 5000 frames per second), where we combine data and video in post processing or directly

use the Photron driver inside DEWESoft (please consult the user's manual for details)

NEC thermovision cameras

So which camera to choose for a certain application? It is 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 disksand 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.

Clearly, if we need high speed video, we need to use either a Dewecam or Basler. Basler has a slightly higher speed (100
frames per second with VGA and up to 250 in reduced resolution), but Dewecam has a better picture quality with auto
shutter, gain and white balance. A big advantage of both camera types is that they can be triggered from the analog card and
therefore the data and video are perfectly aligned. The Dewecam has a small advantage because it implements the frame

index in each picture, so it will work even in the case of a loss of trigger.

If 25 or 30 pictures per second are enough, we might consider using a camcorder. | would suggest progressive scan
cameras, so as not to have interlaced pictures.

Web cameras are usually low price/low speed/low quality, but are an extremely helpful tool to 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 Any AD card, Web cam and Basler/Dewecam
Required software PROF (for Basler/Dewecam support)
Setup sample rate At least 1 kHz
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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 it is against the practice of this tutorial, | would still like to show

the hardware settings of DEWESoft. There are both camera types |J,|I_Ia|,:";I ” can ” aPs | . Math
selected - Basler and DirectX (which recognizes web cams and camera [ Basler
ol it et

phones). So we will measure this experiment with one medium speed Basler

camera and one web cam.

In the setup screen of DEWESoft we see the two cameras. The first one is Basler A602fc and the second one is USB web

camera. We select both and set up the cameras.

| H ) P :  DEWESoft - Setup: Video.d7s _TEI
\J Acquisition Anabysis © Setupfiles | Chosetup | Measure

o . 0o

His His b = @
@ sy g o O ~ 0o
Stars Save Save &5 Fils details  Storing Analog Video Math

Store options Frame rats
[almays st =l [Em =

YALUES SEL

Ae0ZT

Frame rate: 100,00 fps

blicro USB PC Camera LTE01R
Frame rate: 30.00 fps

Setup

Setup

First we set up the Basler. We set the Frame rate to 200 fps @, but in this case the resolution can't be 640x480 (VGA),
so it is reduced to 640x242. The next step is to set the Shutter speed @, which can't be longer than 5 ms to be able to
acquire 200 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 Brightness and Gain @.

On the other hand, this will increase the noise in the picture and will reduce the picture quality.
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Camera 0 (A602fc) x|
Camera name |Speed Cam TR
Frame rats @lZUU *| fps
Adjusted to 100.00
i~ Frame cut

i+ Horizontal w [5dn
" Propartional
 Custom ¥ 40

~ Picture satup
1
Gain

Brightness

Shutter

& Auto W0

The settings of the Web cam depend on the capabilities of the camera. There are a huge differences between one web
cam and the next in 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. Dewetron is testing new cameras on the market all the time, so it is worth asking

them what the latest and greatest is.

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 less. In short, using such modes will result in 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 or rotation the picture.

Camera 1 {¥imicro USB PC Camera LTI301P) ﬂ
BASICSETTINGS
Carmera name web Cam Direct setup  Dialog setup

Compression IHGB24 j'

Resolution I32Elx24[l j'

Frame rate 0 &g

— Picture setup
Exposure r ] = Auto =

Brightness l—J_ ¥ &uta
Comrast | J— v Auta
Hue — J— IV &uta
Saturation | J_ ¥ dute |
Sharpness l_ J— W auto

L —

Custom settings |( : ) Default |

For acquiring analog data, we set one voltage and one current channelthe same as it is in the Voltage and current

tutorial.

sL0T | onjoFFElC MHAME AMPLIFIER (003) = PHYSICAL VALUES caL E| serwe
Used DAQP-DMM u 1343/ 1453V
’ A0SR kil 0 EEEE— o | 5| setend
Used DAQP-V 1 6,475 6,702 A
: aENLE & S W o | o St

114 DEWESoft v7.0 - DEWESoft7 Tutorials v2.0.0 © 2009 DEWESoft



Measurement tutorials

Measurement
Video acquisition

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 current is flowing through the fuse for

approximately 20 msec before it really switches off @ and we can see nicely the when spark switches the fuse off. It is also

very nice to see the position of the switch (on the left side of the fuse) as it goes to the off position @.

[ \ A DEWESoft - Datafile: Test.d7d

A yrpy N

=/ acquisition | Analysis Datafiles  Setup | Review Prink
e e e o)

Play Replay speed: 1x

Mode  Sound  Offine math

Save

=

[ Transparent |

[¥ Unified properties

[ Single time axis

Real data =

[V show events
[V Interp, async channels
[V Draw sample points

2

Export  Design
BE B |E e
Owerview Srope Recorder

O x

|£) Edit

& Help {3 Settings

Search

¥ & A
=+ Current
-« Yoltage

¥ [ Video
— Camera 0

— Camera 1

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, it is 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.

DEWESoft - Datafile: Test.d7d

LN i =
7/ Acquisition Analysis

Data files Setup Review Prink

Export  Design
b Cre o ) = E = m Fverts
Play  Replay speed: 1x Mode  Sound Offling math Save Overview Scape Recordsr

[=[#) wFd

[ Transparent |

[¥ Unified properties

[ Single time axis

Real data =

[V show events
[V Interp, async channels
[V Draw sample points

L=

dt = 864.4 ms
F: Hz

o

x

|£) Edit

& Help {3 Settings

Search
¥ & A
- Current
= Yoltage
¥ [ Video
— Camera 0

— Camera 1
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However, there is a way to reduce the time inaccuracy by entering a camera delay. Usually this delay is 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
Dewecam or Basler.

Hardware setup

| GPS || video || Math |‘ Alarms & Everts H Analog out || MNET H Plugins || Redqistration

[V Basler

Found 1 camera(s)

Mo Marne: Enabled

Vimicro LIS amera LTI301P

File types for storing AVYI file type for compression

 AVI <2GB

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 Basler camera shows quite several frames to be able
to also see the spark, the movement of the coil and the switch.

4 DEWESoft - Datafile: Test.d7d - 0Ox
AN o N
~/ hcquisition | Analysis Datafiles  Setup | Review | Print  Export  Design |£) Edit || @ Help | {; Settings
B oo b X = B | o
Play  Replay speedi1x Mode  Sound Offline math Save Overview Scope Recorder

TRIGEER
NODE

e -
A urren

[~ Transparent 4 ‘ =+ Yoltage

¥ [ Video

[¥ Unified properties

[ Single time axis ~ Camera 0

-] — Camera 1
Real data =

[V show events
[V Interp, async channels
[V Draw sample points

a

Relative -

This solution, however, is limited to 250 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 DEWESoft, only few steps are necessary.

1. After acquisition of the video file and the DEWESoft data, please copy the * . avi camera file to the directory where
DEWESoft data file is located.
2. Please rename the video file to this specification: xxxxx.cam0.avi

where xxxxx is the name of the DEWESoft file to be synchronized. If we have more video files, we can name them

xxxx.cam0.avi, xxxx.caml.avi and so on.

(=]
File Edit ‘View Favorites Tools  Help #
e Back ~ \\) Iﬁ p Search f{\;‘ Falders v
Address | By ci\a vl G
E A Mame Size | Type Date Modified
video Tasks L8 Jobs - 31,59 - COZ - AWT 183KB DEWESOFt? DataFile  11.11.2009 11:43

: @) 30b4 - 31,5V - CO2 - AVL cam0 33.726KB Video Clip 20,11.2008 11:20
P Pl
) Copy allitsms to (D

File and Folder Tasks

(9 Make & new Folder

£ Publish this Foider to
the web

ld Share this Folder

Other Places

e Tilen_C(C:)

g My Computer

&) iy Nstwork Places

Details 3

a
Eila Eold el

The picture above shows an example of what this looks like.

3. After this, open DEWESoft and enter the Analysis mode.

.\ ||Ir
,’ Acquisition | Analysis ‘Data Files | Setup  Review @ Help {4 Settings
e - & 7 ]

port Use for measure AVI compress Load lcon  Rename  Delete Copy Cut Paste

¥ J My Computer | File name Size | Start store time Version Samplerate | Channels Store mode

» h My Documents Job4 - 31,5v - COZ - AWL.d7d 183 kB 11.11.2009 11:47:56 7.O0RC22 1000 Hz AT 1, CNT: 1 always Fast
» 3 Shared Documents
¥ <@ Tilen_C (C:)

=T T

» ) ASPE2 L

# ) Candblib 2.3

» (=) Candblib 3.1

W =) CanDBLIbStuff

» ) CAN_BACKUPS

» ) Concerto3.90

W %) DzO07Prajects

# |5 D7Projects

~
Pk oo
Settings | Events | Data B | Preview |

General file information

Sample rate Store date and time Number of channels
1000 5/sec 11.11.7009 11:47:56

Reduced rate Duration Trigger cundltluns

- 00:00:04 always fasl

Channel information

ch. no | Name | Rate | Settings | Seale | Offset | Renge | Min | Max |
10 AL 1000 Dageard direct (5 ) 1 0 5.5V 5 5
oo o 1000 Event counting mode 1 ] 0. 10000 - 824873 1,286

Double click on file to open it and DEWESoft will recognize that this file has no synchronization information included and
will ask to synchronize it manually.

© 2009 DEWESoft DEWESoft v7.0 - DEWESoft7 Tutorials v2.0.0 117



Video post synchronization
Video acquisition Measurement tutorials

Video post synchronization

Video file na Jobd - 31,54 - COZ - AW .caml.avi
Framnes Found: 2001
Frame rate Foon] Framessec

Video size 6 000333 zec @_
Pre trigger o 1} frames hd
Trigger time @me trigger w

It will automatically recognize how many frames 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 it in 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 time from start of measurement in seconds ®.

When finished, DEWESoft 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 -0 x
~/ Acquisition Analysis Data Files Setup Review Print Ezport Design @ Edit || 4G Help {3 Settings

b o b X . I B O E m B e
Play  Replay speed: 1k Mode  Sound Offline math Save Owerview Scope Recorder Video

EESE ==

[ + | okt

[ Transparent: |

Unified properties

Single kirme axis

Real data

Show events
Interp. async channels
Draw sample paints

Relative

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 ...
change the parameters. Also, there is the option to select start of video from the current =
position. In this case, the yellow cursor will be taken as the origin of synchronization. Pastsync  AutoRecale  Save

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 it is written into the original video file, it is recommended to keep a

copy of the video.
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2.9 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
sent with 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 only related 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 /ots 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 Orion, NI, Softing or Vector CAN
Required software LT or higher + CAN option or EE
Setup sample rate At least 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-terminated 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 it is 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 know how to decode the messages from the CAN. For this we either need a description or
a library. These libraries are defined by a VVector and are called DBC files. It has 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 put it better fwo types of operation.

- When connected to vehicle bus, for example, we only need to listen to whatever is happening on the line.

- For dedicated sensors, it is often necessary to send an acknowledgement that the data was received
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We need to set up the hardware to meet the application we have. This is done in the Hardware setup.

Hardware setup EJ
| GPS || Video || Math |‘ larms & Events H Analog out || NET H Plugins || Raqlstratmnl
CAN device Bit order for display
DEWESaft USE v 7.0 w
Card FOUKD

Firmware version: 2.0.2.16

Port no Operation mode

2 DO1FEDEC LSE SNESHVD235 . lstenonly @

port CAN device
CAND ! 01
CANL (Common CAN port

Reqgiskration 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 very important. 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

any problems due to bad connections or bus overload.

4
2 2 =" o Oy Eﬁ 0o
i = ¥ 2> y 5= 00
Store Save Save as File details  Storing Analog Counter CAN Video Math
can |Lcans |
500 9 | kBaud Message Wigw DBC library 0 messages; 0 channels
Gate e [+ [=] Messages| Channels | [ mport | " [ata3a
EXP. | % #ARB. & ownjorFE C HAME VALUE 5] SETUP

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 IDs, speed of the messages and the raw binary values coming from the bus.

CAMD || CAN1
500 + | kBaud Message Vigw DBC library 5 messages; 17 channels
T [+]—] Messages| Channels [ import | [#lscan [Oasas
EXP. |V ARE. | onjoFFE ¢ MAME WALUE & SETuR
o 10h Unused 0000000000000000000000000000000 Setup
+ 20h Unused I:II]I][I.IJEI[I.EIEI[IEII]I]EII]I]I:II]EII]I]EII]I]EII]EII]I]EII]I]I:II]EII]I]EII]I]EII]EII:II]EII]I]EII]EII:II]EII]I]EII]EIEII]EII]I] Setup
30h dal 00000000000000000000000000000000
+ Unused ARAEEr Setup
+ 40h Unused 0000000000000000000000000000000000000000000000000000000000 000000}
+ 50h Unused 0000000000000000000000000000000000000000000000000000000000000000f 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

MName  Message
Arb. ID # |0
Type | CAN Standard
bLC g

Delay | Time v

o

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 set the Data type as Unsigned, change the Length of the channel to 15 bits @ and enter a scaling Factor ®.

Can channel setup
Mame  |Message

Arb. 1D # 10

Type | CAN Standard

DLC 3

Delay

Tirne |0

Name Steering wheel

©OF
Unt |deg.

Calor

|7 le]sl4]s]z]t]o
0 o o o o o0 0 0
1 00 0 S0 e 0 0
e g =z =z[ | A =] a] v] u
) ) N N N )
- fl =] = v =] =[ %[ =] =
H | <] =] w| =] =] «]
B =] #[ s =] a[ =] =] 4]
7 I Y R A AR
Dataformat | Inkel - C‘)Sca\e(kfacw@m
Data type Unsigned N O senstiiy
Offset o
Stark bit o Maximum | 655,32001 AUTO
Length [bits] |15 Minimum 0 AUTO!
Signal type | Regular signal w | Current unscaled valus 0
Current scaled value 0

Let's add another channel - Steering wheel sign ® which is just one bit long 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).

500

Err. msg:
ExP. ¥

| kBaud Message

0/o
ARB. =
10h

ONJOFF Bl C

Used E

Used |3

Used |3 I

T

Wigw

1 messages; 2 channels

[Messagss] channels |

DBC library @
[ import | [sean 1333

MAME

000000000000000000000000000000000000000000000000000000000000000

VALUE 8| SsEtue

Setup
[deg.]

131068
[deg.]
655,32

Setup

Setup

The second way to 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 important information has higher data rates. The

steering wheelin this case has a speed of 100 Hz, the engineinfo has a speed of 50 Hz while the temperature has a

speed of only 5 Hz. The message ID priority of the CAN bus forces the manufacturers to make it so that the most important

information has the lowest arbitration ID and therefore the highest priority. Now let's select a few channels and see how

they appear in a real measurement.
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2.9.2 Measurement

Let's just look to the recorderto see the data. Look at the steering wheel angleand the steering wheel sign. The data
is coming from the bus at regular 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.

DEWESoft - Setup: can.d7s Mern left: 932MB . t=0,0022 zec CPU: 25;5 % -0 x
;N 2 E A | B
PPN ! N =
Acquisition Analysis Setupfiles  Ch.sefup | Measure | Design |£) Edit | & Help (g Settings
EHE = @ m Events
Store Stop Freeze Overview Scope Recorder FFT .
= )| A = =]
5 Q
== ALD
\ + | st v
= ENG_RPM
[F [ee— | | ~ STWH_ANGLE
[ Urified propertiss = STWH_SIGN
[¥] Single time axis = UEP ek
— TEMP_OIL
1= it
= TEMP_OUTSIDE
Real data v
[#] Shaw cursor

Interp. async channels
Draw sample poinks

=
Relative v

1=
4 v

[ single values 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 channelout of 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 it is to multiply it with 2 (we get
0 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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Now let's add the resulting channelin the recorder. We see that the 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 at irregular 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 that the outputwill have exactly the same speed

and time stampsas the input channels.
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2.10 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. A low cost market GPS doesn't have this

option. The output update rate for speed can vary from 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-CLOCK and VGPS-200C

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 sight is very important. 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 six or more satellites; otherwise we get jitters 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, if it is metal, is a perfect ground plate for the antenna. For other applications, we need to be sure
to make a ground plate or we should use an antenna with an integrated ground plate.
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Required hardware Dewetron VGPS, Leane VSAT, Javad, Microsat or any NMEA compatible GPS
Required software Any version
Setup sample rate At least 1 kHz

When GPS is 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 sync is 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 DEWESoft 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 WAAS and these signals are used, this will be shown in

the Differential mode indicator.

L) -
__j Acquisition Analysis Setup files | Ch, sebup | Measure & Help {3y Fettings
.
= =R F - - B @ | & 0o
CLI= | (= 2 | - &= | 88
Store Save Saveas  File details Storing Analog Counter CAN GPS Video Math
SLOT OMJOFF & C MNAME VALUE SETUP

Differential mode

15°3,316'E Setup

a Unused I

1 Unused

46°10,300' N Setup

0,01852 kmh Setup

z Unused
3 Unused
4 Unused omis Setup

s Unused 0 deg. Setup

& Unused 0,0m Setup

InView Used

Show NMEA og

7 | Unused 1 Setup

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 adjust it to the GPS.
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If we don't know the 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 adjust those handles to match the position and the map.

If we know the 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 switch to the picture. Now is a good time to go for a drive and see what this looks like.

o 7 { DEWESoft - Datafile: Test.d7d -0 x
a) == :
< Acquisition | Analysis Datafiles  Setup | Review | Print  Export  Design |£) Edit || §gh Help | Jay Settings
Tap= FWD
b €« B X EH B B o

Play  Replay speed: 1n Mode  Sound Cffline math Save Overview Scope Recorder

b cos [1 =
I~ Transparent E

™ Unified properties
view  Calibration |

Design zoom

—
Calibrate from
m Points

1l

We used two GPS receivers in our measurement. One is a low cost 1 Hz receiver, and the second one is a high speed
20 Hz VGPS. | used two GPS visual controls - the left one has a high speed VGPS and the right one has a low speed GPS.
| 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 part is shown in thin red.

The braking reveals the difference between the high and low speed GPS. The lower right side recorder clearly 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 trust 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 at the end. This is where the vehicle moves slightly back and then settles down. If we 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 buildings 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 low speed 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 view to have

enough satellites to be able to trust the measurements.
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The power module is one of the most complex mathematic modules in DEWESoft. 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

Single phqse power between them; calculates harmonic 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, it is always interesting to also measure the power

consumed or produced by the device being tested.

If we look to the DEWESoft power module, there are lots of
parameters which can be calculated. Actually it is amazing
how many 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 absolute values of
the voltage and current are important, it is the also very
important to know the phase relations between them. Thus, the

vector scope shows the amplitude 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 just a cosine of that angle, but it is very nice

because it is directly the ratio of work against the total consumed current).
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Thus we define the power:

sS=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"-I-sin phi so called reactive power; 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) Hz sine 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 not a
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 volts 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.

Scope

@
)
k5
S
=

il

T
I @ 7T 911131517 19 2

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 Any AD card, DAQP-DMM or DAQP-HV, DAQP-V or MDAQ-V or PQL print
Required software SE or higher + POWER option or EE
Setup sample rate At least 5 kHz

So let's measure the line voltage and the current with a current clamp, 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 channelslike in the "Voltage and current' example. So the first channel is the

voltage while the second channel is the current.

AMPLIFIER {007) =] PHYSICAL VALUES CAL B sETuR
250343V |

DAQN-DMM

| =

ero | 2| Setch.0

400V 400 [ | g
& 10V ET) [ | 10] - :

Note that we need to have the correct unit for voltage and current. Voltage units could be V, kV and MV while the current
units could be either A or kA.

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
frequency is 50 Hz, in the US 60 Hz and in large vehicles like ships, it is 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 scope to see if everything is connected correctly. It is 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 current in 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, it is 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 VV measured actually means -10 A on the input (and -10 V means +10 A).

Channel setup for channel 1 @
Channel name Current Measurement | Yoltage
I Range 10 v
Units A Lowpass filker | 50 kHz
Color
Min value |Auto Max value |Auto
Sample rate divider 1 v

by two points || by function

Input value Scaled value
10V -10A
0 10 [
equals equals 1,6043V -1,6943 A
01176V —E=— -0,1176A
o -10 A -1,4551V 1,4551 A
Calibrate Calibrate
O1%]
[ from average | [ from average | -1V 10A o1
[ fromrms | [ fromrms | jec
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 FFT and the vector scope. The only difference is that we can't, for example,

show the 3rd harmonic of voltage in the recorder display. | have also chosen to select the 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.

Sl mexleB T LoWw @z 2
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 part is 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 current has many harmonics, due to the regulation circuit.
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Now let's observe these characteristics at full power. The current is taken from the full cycle and the phase angle between

voltage and current is much lower. Also, the current harmonics have dropped significantly are following the voltage

harmonics.
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Now let's do make another test - observing the difference between a normaland an energy saving light bulb.

First let'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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Measurement
Single phase power measurement
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Now let's take a look at the classic 40 W light bulb. The first thing to notice is that the load on the grid is linear to the voltage.

The measured power is exactly 40 W, but the vector scope looks strange. In fact, since the

light bulb is a purely ohmic load,

the voltage and current should 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 error in this case.

DEWESoft - Setup: Power.d7s
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we have a chance to compensate for these errors. Let's take a look how.
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Obviously we need to tell DEWESoft that we have a sensor which is not perfect and somehow enter the transfer curve of

our sensor. A transfer curve gives information about amplitude and phase for sensors at certain frequencies, and from this

information DEWESoft 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 delab |._”E”Z|
+ = + = =
£ L & & ;% | o=
Birou
Addsensor Remove sensor Add group Remove group Rename Save file Exit

Wiew groups Sensar

‘TES[SEIEE" v‘ Import Export

# Group 7| |Ser\snl pe |‘35na| e ISca\e e |Trar\sfsr e ‘Heca\ dete ‘
1 TEDS 111813 12345 Lirear Na 107.20010

2 Voltage L2 262393 v2 Table Yes 7.3.2007

3 Voltage L3 262393_V3 Table s 7.3.2007

4 Voltage PE-M 262333 V4 Table e 9.3.2007

<1 "/oltage LinTest Lintest Linear Mo 30.6.2007

E Voltage TVPE K 162 Table N 5.4.2007

23 ]
[ GEMERAL | SCALNG | TRANSFER CURVE | AMPLIFIER

|

Property Value

Electrical (Output) unit
Channel name
Channel description
Wanted range min
Wanted range max

Wanted fiter [Hz) 0

GENERAL || SCALING | TRANSFER CURVE | AMPLIFIER

Linear scaling

Next let's enter the SCALING factor. Since the sensor is linear

Walue
with amplitude, we only need to enter the scaling factor, which is 2:::[2] &
1 in 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. [ Offset will be defined in the: channel setup

[#] &dditional scale factor can be defined in channel setup

Now we came to the most important 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. A second 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 DeweFRF, but this requires some equipment. When we get

this transfer, we need to enter it in 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
Tranzfer curve 14 a
f[Hz] f[Hz] | (8] |prildeg] | &
3 400 21361 48718

7 £00 22213 30578

] 800 23319 23043

F] 1000 23117 1.9

10 1200 2342 1.532

11 1400 233 1.2

12 1500 23228 0s

13 1200 23056 04 v

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 number of 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.

Channel setup for channel 0

General || Sensors

Sensor groups
current
Scale

1AV
Offsat

0A
Description

Sensors
A 126354 hd
Transducer scale

1

Recalibration date

Input value

Measurement | Voltage
Range S0 v ¥
Lowpass filter | 50 kHz v
Scaled value
-50 A
0.249 A
0.013 A
0.274 A
504 ((:‘: !
“sec
Average ACRMS Min / Max

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 measurement is. The results are much better. The phase angle is virtually eliminated and the

power is calculated correctly.
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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. By the way, amplifiersand multiplexed AD cards also have phase shifts, but

automatically takes care of that. With these useful tricks we can reduce the error in power calculations to below 0.1%.
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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 measurement is a part of a different manual - the FRF user's guide.

explains procedures for working with Sound level module,

SOUI‘ld level which is used to calculate levels of sound with time and
frequency weighting

explains procedures for working with Torsional vibration

Torsional vibration module used to measure dynamic and static bending and
vibration of the shafts

explains procedures for working with Human vibration

Human vibration module, used to evaluate effects of vibration on the
human body

explains procedures for working with Order tracking module

Order frocking 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. It allows DEWESoft to be used as the typical sound level meter. With appropriate hardware (for example

Orion 1624 and MDAQ-ACC) it can easily fulfill all the requirements for a Class | sound level meter.

Required hardware 24 bit AD card (Orion), MDAQ-ACC or DAQP-ACC
Required software SE or higher + SNDLVL option, DSA or EE
Setup sample rate At least 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 DEWESoft Setup screen.
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Basic procedures of Sound level measurement are:
e Channel setup for applied hardware
¢ Microphone calibration

e Measurement

To use sound level module, please first select one or more analog channelsin 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.

A screen like the one shown below will appear. First of all, select the input channels @ that should be measured at the
upper left side of the display. In our case, only Al O 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, A and C.

We have three types of Output time channels @®. First is the Lp - 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 measurement and/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 after 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 pkmax is either C or a linear weighted maximum peak value of sound
- LE is the frequency-weighted sound energy
- Lmaxand Lmin 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 put in 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.

L@T PreIPolarizad Free-field P —
_ 1/2" Microphone Type 4189 | omea Curvs Saows Trmiest Resssems
Brul & Klmr Calibration Char }
Serrial Bbo 2534307 5L 1
Opan-cheull Sarmiay, Sy 26.3 me 1vFa 1 PBER~S
Equusiant iz ABE e | #ﬂ,-—-" |
Loy, ¥ % confonnn e 0z o8 | J
s 134 F . _.?/‘/__._ s |
'l'ﬂflr-'lh s i s Larwnr Limiting Froquarncy:
immm;.n 1wl e >-"' -3l al 19Hs
Ruigbve Burediy ] i N el —
Fragutny. 13 He =
Peanpalon Vataze semal 0w
Sansithvity Traceabia To: |
OPLA: Oanish Primary Latomaiory of Acoustes
FRST: Malional Insifute of Stancars and Technokagy, USA " L
GG B1094-4: Typo WH 2 F |
= |
T WP B|C # %A |
Procadure: TOLEIS  Dwe: 20 Ape. 2004 Signaters: =, L, - i 0 )
Wgm = -6y Evample o= = 8 < (= M) = 4 02480 PRI Op— for et b

First, Pa is defined as the physical Unit @ of measurement. Next, we go to Scaling by function, check the Sensitivity

and enter the value in \//Pa @, which can be found on the calibration certificate of the microphone.
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Channel setup for channel 0 ‘Elgl
Channel name Aln Measurement  IEPE

wis (1) Highpess it

coor —]

Min value [Auto | e valus ko |

Sample rate divider

by two points || by function

Input value Scaled value
 Seale [k facton)
(5} Sensitivity, e 10000 m¥ 205,8 Pa
wies
Offset (n Factor) i ot
El Pa -37m¥ -0,76 Pa
-10000 m¥ -205,8 Pa 81‘] L
sec
Output = k * Input value +n [ Average |[__acrmMs | [ Min/Max |

Calibrating the microphone with calibrator

Another way is 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.

Sound Calibrator
Type 4231

Equivalent Diffuse Fie :i
Pressure Fleld

Frequency: 1000 Hz ==

Conforms to:
ANSI 51.40-1984 and IEC 0942 (2003) Class 1 & LS

Ambient Conditions:
Temperature: —10° ta 50°C, Class LS +167 to 30°C
Pressure: 5kPa to 108 kPa

Hurmidity 25% 10-90%: RH

For further information refer 1o the User Manual

BCO10-12

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 it on. We can see the signal directly in 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.

NOTE We need to use a setup sample rate in DEWESoft of at least 5 kHz or more to make a successful sound
calibration. This can, however, be changed in DEWESoft Tuner.

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 amplitude and
reference value.
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Reference value Measured valus

Max. input range: 171 dB

The sensitivity will already be directly corrected in the source channeland therefore no additional analog scaling is

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

It is 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 vibration is simply the dynamic deviation of the 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. It is 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.

I .l ]-tfIl]'I,fi'iwﬂrlum

wf..-‘ru-.-"~...-Jf'-I.v~"'-.rtrl.-"'-'-'.-.r~r'-'-'lI-u.l*-1.v.f'-r|,|1.l".1J'-'.'.'.'.'.'.'41;1J'll\lllM}'(ﬂ||||W||‘\I Mwn|‘\I!|||1l|\[y|4'u'|1n41'4'lw:.wwrnmtmu

11,060

Torsional vibration is 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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To measure torsional or rotational vibration, we need an Orion card with counter expansion, because all other methods do
not have the required precision needed to do this.

Required hardware 24 bit AD card (Orion) with counter expansion
Reaquired software SE or higher + TORVIB option (if order extraction is required, also ORDTR option
q is needed), DSA or EE

Setup sample rate At least 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) but is 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 analog or 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 sensor to BO_CNTO, we need to select it from the list. Please note that CNT1, CNT3 and CNT5 are not available, since

they will be used internally to calculate the exact frequency.
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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 it in the Counter sensor editor by clicking the three ellipsis button the right to 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 P \ :
“m> )} scaion | pratyds | Sewphies | chsetup | Hemsre & Hob | Settings
K ] L ' [+1+] (ta)
g by & B lee § @ 8 38 L= §
Store Save Save as File details Storing Analog Counter GPS Video Math | Torsional vib.| Human vib.
[Torsional vibration 0 v dp - [ used ][ vien channeiist |

Firsk sensor input E;;

Second sensor input

I

>

Sensor 1

Encader-1800 v (]

Encoder-1900. 1

Al
SEMSOR_1_ANGLE B
Input fitter 2 Rotational DC fiter
e
Hame Sensor_1_angle
Rotstional angle
Wit I IEI [ Rotational velocity
- .
REoerlm 360 deg ¥ axis reference angle
Fraguancy [RPM]
Max 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 recorder for 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 x axis, 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 y axis. This
xy recordernow displays the rotational angle of the current revolution. It is 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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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 limit in 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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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.
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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 extraction
Torsional vibration

4.2.4
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The next step is to measure the torsional vibration. To do this, we need to select both input channels in the Torsional

vibration setup. We select BO_CNTO as the first channel and BO_CNT2 @ as the second channel. Then we need to define

Sensor 1 and Sensor 2. If we have a gearbox in between, we need to enter the Gearbox ratio @.
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Angle offset / Reference curve configuration

A click on the Zero button removes the angular difference (offset)
between the two sensors (set angle offset to 0). E - Iero | Aversgeoffsst  124.05°

A click on the Set button records the current torsion angle over one
revolution as reference. When Use reference curve is checked, the

recorded reference is subtracted in the angle domain from the current - ~J Set [ use reference curve
T Rezolution: mot ==
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.

4.2.5 Torsional vibration measurement

Now let's do the measurement. | have added the analog and digital meterfor frequency, recorder for frequency, torsional

angle and torsional 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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Here we can get better results by using order tracking.
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Torsional order extraction
Torsional vibration

Basically we do the same setup as for rotational vibration, except this time we choose the Torsion angle @ or Torsion

velocity (or both) for the input channelof the order tracking math module. The waterfall FFT clearly shows the natural

frequency which is confirmed by the orders shown in the XY recorder.
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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 effect is 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. It is 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.

733

There are two main types of measurements: whole body and hand arm. Both measurements are performed with triaxial
accelerometers (it is very common to use 50 g sensors) and using special adapters. For work places with high vibrations

(for example impact hammers) it is necessary to use high g sensors (500 g or more). This sensor should also survive high
shock.

For the measurement we need several ICP channelswith a 24 bit sigma-delta AD card (Orion1624 or DSA41, 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. It is important that the z
axis is in a vertical direction, since it is weighted differently than x
andy.
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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 sensor is not important in 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 measurement interval is
shorter, but we need to ensure that all the significant vibration patterns are covered correctly in the obtained measurements.

Required hardware 24 bit AD card (Orion or DSA41)
Required software SE or higher + HBV option, DSA or EE
Setup sample rate At least 5 kHz

To use the human vibration module, please first select at least 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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DEWESoft - Setup: humanvib.d7s
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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/s2 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 it is 80 Hz). This is a simple to make sure that everything is working correctly.

Reference valug

0,72 QRMS

Measured value
’ .
! .
: WA
/

09
i 1000 oY)
T Calibrate mifg
0
- g
Ho data
0,04959
SRR RaZellile

The next simple step is to click the Calibrate button @ near the axis that is 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. A small percentage of

difference is acceptable.
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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. First is the Whole body mode and the
second one is Hand arm mode.

Different modes define different Basic filters @ 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).

| would like to point out that we need to keep in mind the high pass frequency limit of the sensorand the amplifier used. For
hand arm mode, the high pass frequencyis 6.4 Hz, which is easy for any sensor. For the whole body the frequency limit
is 0,4 Hz, where we need to choose the sensor carefully. We can also use higher filters (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 kHz is enough.

Special attention must be paid to the Wf 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.

Basic filters (1—4\ ® ES ¥ z
wholebody N2/ v Fier

Li
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
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
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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 reset and 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 MTVYV is the maximum transient vibration value, calculated in one second intervals.

RMS WO [] weighted raw
Peak MSDY [ al (150 2631-5)
Crast MTHY [ i150 2631-5)

Each value is calculated for each axis individually while the RMS, MSDV, VDV and MTVV 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 next output is 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 off the storing of input channels

and to just store the output statistical quantities. This will reduce the file size in the end.

0321

001l E317) 2249
| Y]
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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 select them 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. That is - 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.

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 Orion
Required software SE or higher + ORDTR option, DSA or EE
Setup sample rate At least 10 kHz
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For order tracking, we need analog channelsto 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 RPM or, 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 measurement in g @ and the Sensitivity @ of the sensor as 96 mV/g

from the calibration paper of the sensor. Next, we select the measurement Range ®.

Channel setup for channel 0

Channel settings DAQP-ACC-A SNr:235027 Rev:100
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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 input. Please
note that only Orion counters can be used in this scenario. If we have a tacho sensor (or any other analog sensor for that
matter), then we need to connect the 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 FFT based on the order tracking. In this example we expect the RPM to be in the limits of a 0
to 3000 RPM range and we want to have an FFT each 50 RPM. This will give us the (3000-0) / 50=60 frequency spectrums
over defined RPM range. 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 point in the run up diagram after this time interval to be
able to see the deviation of amplitudes at the 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 frequency range 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
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captured is angle based, we can also use "soft" windows like Hanning if only a harmonic component is seen in the signal. If
we have many non-harmonic components, then it is recommended to use a window like Blackman. The maximum order
defines the order span of the frequency spectrums. When the data is recalculated, it is filtered to this maximum order. Also
the result of the frequency spectrum will be limited to this order in 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, it is 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, it is recommended to extract only the orders that are actually interesting. We can extract the

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 it is 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 frequency or OrderFFT channel, if we want to
display the x axis in order. It is recommended to select logarithmic scaling and two to three decades of amplitude

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 way to see the current time data in the x-y plot. We can select the Order tracking Graph type in
the x-y section, then we select any channelthat is 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 movement in 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
development and testing, like maximum pressure, position of maximum pressure, heat release, knocking and other
important parameters.

The combustion analyzer is fully integrated inside the DEWESoft software, which means that we can use any

functionality of DEWESoft including CAN bus, video, other analog signal acquisition and more...

For combustion analysis measurements we need:

Dewetron Orion-1616 board and DEWE-CRANKANGLE-CPU for full support (also
Required hardware possible with entry level cards and without CA-CPU, but only in internal clocking
mode)
Required software DEWESoft 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 the only am plifier which can correctly acquire these

signals is DAQP-CHARGE-B, since it can also acquire very low frequencies (or even DC pressure).

There are two basic choices - either a 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 (especially long 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.
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Another possibility is using the calibration certificate. When we have factory calibrated sensor, we will get the certificate with
stated sensitivity. Pictured below is an example of such certificate.

Serial No

Befr i

mmﬁm m ::
Hocktamperane-tolibinueg bi High Tempeny
Massungen Measure
Kolbriater Bareich / Colbrated Range  Eompliedlichesit |
bor Wim
0.200 (230 1A
] {13°0) 113
0 ..150 (00°0) -17.8
0.5 {200°0 176

We enter the Unit of measurement as bar @ and then go to the Scaling by function tab and select the 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) @. I the signal is clean, it is recommended to set the highest filter (100 kHz) in order to see the entire dynamic
range, even at high RPMs.

Channel setup for channel 2

Channel settings

Channel name a1z Measurement  Charge

Units @ bar Lowpass fiter | 30kHz v @

Color [—]  lowpasstype Bessel v
Coupling DC v

Minvalue | Auto | Max vale auto | 3 { Rest ]

Sample rate divider

by twen points by function

Input value Scaled value

) Seale [k factar)
® Sensivity @ 2000 pC -114,9 bar
e
0,1 pC -0,01 bar
Offset (n factor) 0,0 pC 0,00 bar

bar -0,1 pC 0,01 bar

Block sise

-2000 pC 114,9 bar 80‘1 s
ls
Output = k * Input value +n wverage | [ achws [ mingmax |

Angle sensor setup

There are two main sensors that are 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 set them 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:

P7<Y Ly A Y —_—
__j) Acquisition Anakysis Setup fles | Ch. setup | Measure & Help | (3 Settings
P - b [+1+} (g
_— —_— Py ) g i {
ag g & B e @ @ =« € oe d D¢ ¢ la | e
Stare Save Saveas  File details Storing Analog Counter GPS Alarms  Analog out Math Torsional vib. Sound levels Human vib. Order tracking | Combustion| Power
| Combustion aaglysis - [ eed ] [viewchomelust

@
‘m Engine ‘I\; Argesensor | Calatons |/ Thermodynamics gy Knock detection

1. Engine setup

Here we set all 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 Cyl. 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
order is 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.

[ \ \ DEWESoft - Setup: CA.d7s File replay -8B x
- L N
3 /) Acquisition Analysis Setup files Ch. setup Measure & Help {3 Settings
= %) 3 (1] ((FD)] M
asl. =
O ok =) Foo=3 © @ 33 -~ e /7] 'le
Store Save Save as File details Storing Analog GPS Video Math Tarsional vib. Human vib. Order tracking Combustion

Combustion analysis v -— [ Used ] [ Wiew Channel List

m Engine "“"‘ Angle sensor Ié Caleulations ILThermudynamics ";'x Knack detection

Engine type Cylind%,ct.unt: Comp! ea_s\cn Stroke[mm] 6 Bore[nm] 7 Rod[mm] 8

4-5troke - Standard w3 > 2 73 75 131
Fuel type Polytropic expsnant

Gasaline v 1,32 hginm h;a; 9 10

Cylinder Refoell 11 = |Cy\. 2 ‘Cyl. 3 ‘ ia
Pressure channel P1 7172 P2 P3

Ignition misalig, [°CA] 0 13 630 450

Piston affset - PO [mm] [0 14 o 0

Crankshaft offsst - CO [rnf 0 15 0 o

SOI/E01 channel <Unassigned: <Unassigned <Unassigned:

Na. of injections 0 0 0

SOI trigger level 0 0 0 .

2. Angle sensor setup

The angle sensor setup is a very important 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 CA displays.

© 2009 DEWESoft DEWESoft v7.0 - DEWESoft7 Tutorials v2.0.0 165



Combustion setup Combustion analysis

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.

DEWESoft - Setup: CA.d7s File replay ==

ALY
L ) L 5 y "
/ Aequisition Analysis Setup files Ch. setup Measure & Help { 3¢ Settings
: » o - 2 (=) m
= = . ©® 00 .. «
: H ey i 0 4 f Vi [
Store Save Save as File details Storing Analog GPs Video Math Torsional vib. Human vib. Order tracking Combustion
Combustion analysis R4 -— [ Used ] [ Wigw Channel List

IDT Engine "ﬁ; fngie sensor || % Caleulations /" Thermodynamics gy Knock detection

Resolution  (Upper speed limit is 16667 RPM)

Sampling Angle sensor bype (Miss keeth-58-2) onnected to

Angle domain v 60-2 v 1 deq.; 360 pirev v
Trigger offset Mo, of cycles Therma. loss angle TDC detection Cylinder must nat be fired for TDC detection!
50 [°CA] 120 0,7 BE s el e oy i

S

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 it is easily possible to correlate time domain data (like CAN

bus, video and so on) and calculate time domain parameters like combustion noise.

We don't have to use the CA-CPU in this case, but we connect the CDM or encoder sensors directly to counters of the

Orion card.

Sampling Angle sensor bype (Miss teeth-55-2) Connected to Resolution  {Upper speed limit is 16667 RPM)

Time damain A 60-2 v ALl v 1 deq.; 360 pfrev e

If we have a geartooth sensor with missing or double teeth we connect it 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 most important 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 set the trigger levels and direction by clicking the Setup button.

DEWESoft - Setup: CA.d7s

" Y
L)) T N\
} Acquisition Anatysis

Setup files Ch. setup Measure
. . = - 1 (1] el ("))
CLI= [ (=] fmm’ <.-r iz e v ¢ -]
Store Save Save as File details Storing Analog GPs Video Math Torsional vib. Human vib.
Combustion analysis v -—

To| Engine

|/ Thermodynamics

Sampling Angle sensor bype (Miss keeth-58-2) Connected to Resolution  (Upper speed limit is 16667 REM)
60-2 ~ E ALl ~ 1 deq.; 360 plrey v
Trigger offset Mo, of cycles Therma. loss angle TDC detection Cylinder must nat be fired for TDC detection!
a0 Pea] | 120 07 TOE will b pesformed on referencs cyinder 1

S

%  Caleulations

Angle sensor ‘.’i Knock detection

Order tracking  Combustion

File replay -Bx

& Help 3 Settings

m

[

teed | [ view Channal it

The easiest way is to click E] - the Find button which should set the trigger edge, trigger and retrigger level. On the graph

below, we can already see the live data.

Angle sensor setup

Automatic minjmax

E—
Sensar type Trigger edge Trigger level
60-2 v [:] Hegative - 05
Name | Tringer Pulses court: 60
B Retrigger ime [“IRetrigger level
units - Color [I] Sisse 3 i
Makx value it D R 03
Max 1-
RMS 0,1255 -
Average 0,016 -
Min 0-
Min value sl

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 already in 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 offset is 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 © pVgmph N
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

—
i
m

w

st

w

w

o

=4
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 enter the 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 set is the Zero point
correction. As was already mentioned, the charge sensors will drift over a longer time, so we need to calculate the absolute
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 absolute pressure should be zero.

DEWESoft - Setup: CA.d7s File replay o B 2

A
PPy et N
7 Acquisition Analysis Setup files Ch. setup Measure & Help { 3¢ Settings

i = oF E = o L;ﬂ 83 e “w wd 7] ’1i

bd immt
Store Save Save as File details Storing Analog GPS Video Math Tarsional vib. Human vib. Order tracking Combustion

Combustion analysis v -— [ Used ] [ Wiew Channel List

]0 Engine "“"‘ Angle sensar Calculations / Thermodynamics 5’}' Kniack detection

[Derivation! [ statistics [ perivation [ Statistics
MEP [CImep [JHeat release Average >

Correction principle First ref. point Second ref. point

Thermodynamic zero v -100 [#cal -B5 [#Ca]
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At this point we need to take a closer look at the p-v diagram. In a logarithmic pv di;]a_grarru
p B i |

p-v diagram the polytropic compression and expansion is a straight line 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 two 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

where the intake valves are not closed, then we will have a wrong calculation. 0.115 0.240 0,501 1.04F 185

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 fo 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 IMEPN (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 actually the 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 Heat release. 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. Heat release is quite intensive mathematically, so we need to
set it up with care. We set the 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 combustion and the degrees at a certain percentage of the curve.

N DEWESoft - Setup: CA.d7s File replay -8B x
La ) 0T N
/ Aequisition Analysis Setup files Ch. setup Measure & Help { 3¢ Settings
= assd by ) L — (=) m
LU= > Q@ @8 3§ ~4 % tid ‘
Store Save Save as File details Storing Analog GPs Video Math Torsional vib. Human vib. Order tracking Combustion
Combustion analysis R4 -— [ Used ] [ Wigw Channel List

IDT Engine I“'" angesensor  |%  Caleulations /” Thermadynamics | gl Knock detection

[]Temperature

Gas mass (efficient) Intake pressure Inkake temp. Wal. efficiency
@ [ [bar] |2 ) |09
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First let'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-v diagram, 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't fit is the part where the heat is 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 result is the knocking factor, which shows the amount of knocking inside the engine.

[xnack detection {Methad Mannesmann ¥DO AG)

Lowpass Filer: 40 [taps]

Shift reference window:
Highpass Filter: 6 [taps] Speed Correction
Noise threshold: 0,05 [bar] 1000 [RPM] 0 [=Ca]
Reference signal window width: 30 [#Ca] &000 [RPM] 1) [#Ca]
Kniock signal window width: 30 [*Ca]

5.3 Measurement

Now that we have set up all the parameters, we can acquire some measurements. The combustion analyzer doesn't create

any display, 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 start and end of combustion @
e Cylinder volumes and pressures (CA Scope) for the last cycle ®
e MEP values (IMEPn, IMEPg, PMEP), frequency of rotation, captured cycle count... ® ®
e Knocking factors ®
e Heat release (T, TQ, burn angles)

¢ Time, as well as angle based data in the recorder @
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When we use CA math, we have two more displays: p-vand CA scope. For more information how to use them, please
consult the user's manual. If we use external clock, we can use the x-y recorder to show the time domain data. CA math

creates one additional channel called Time, which can be used for x reference of the x-y.

5.4 Analysis

To review the CA data, 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 ability to 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.
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Combustion analysis

N fes DEWESoft - Datafile: Test.d7d
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We can choose several export options:

Items listed under Cycle data are the angle based values or pressure and other parameters. It is actually data displayed in

the p-v scope.

Items 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 Any AD card
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 Dewetron 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 DEWESoft-NET is comprised by three basic steps:

NET Setup Network configurations, appropriate hardware and DEWESoft-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

It is 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, it is possible to

reconnect automatically.

Data client

Measurement unit

Ethernet data transfer

|
- —> B

It is 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 DEWE system with 32 channels, being sampled at 200 kB/s each at 24-bit mode. This is already 25.6 MB/sec, which is
more than 200 Mb per second (where each Byte = 8 bits). It does not take long for the network to be completely overloaded with data and
be overwhelmed with packet loss.

Immediately after the acquisition is stopped, a button appears on the controlling client allowing the data file(s)to be

uploaded immediately from the MU'’s for viewing on the client computer.
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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 DEWESoft upon installation)
e Slave measuring unit — can measure data under either local controlor under the control of a master client

¢ Master measuring unit — can both measure data and control other measurement units (optional)

View client — can view data being recorded on the measurement units, but cannot control/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 DEWESoft 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 unit as a master
measuring unit. It is 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 DEWESoft NET, first run DEWESoft. 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 El
Tiing | e Events | anciog i | B =
Computer role in NETwork

Registration status
TRIAL (3:9.2009)

Computer role in NETwork

Standalone unit w

Slave measurement unit

In selector list you can select appropriate type for your unit. Master measurement unit

View dient
Master dient
Auto detect dient
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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, set it to Slave Measurement Unit as shown below:

Hardware setup &\

‘ Wideo || Math || Blarms & Events H Analog out || MET ‘l Registration ‘

Computer role in NETwork

Configuration

192.1RR.1N. 33
Firewall is OFF
Reqgistration status
TBIAL (2422002

Note that a graphic named Configuration appears which indicates the topology type, where this system is the darker
picture ... some kind of Dewetron acquisition system (the picture is only a reference — it is not meant to look exactly like your
particular model). The white lines represent the TCP/IP network, which must be connected among all MU’s and the client
(represented here as a notebook computer, again only as a reference). The red lines represent the SYNC which must be
present if 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 that the 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, it is 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 Dewetron MU’s, then you

must assign this one to be a Master Measurement Unit:

Hardware setup r57(

| s || wideo |[ mrath |\A|arms B.Events || Analog out || HET_| [ Plugins || Registration |

Computer role in NETwork

Store data on measurement units

Master measurement unit
[[JLock mouse and keyboard on measurement units

Configuration Measurement unit Remote setup Status

192.168.10. 35

When you assign this system to be a Master MU, the screen will change to show a graphic where a MU is a darker image.

By default it will show one MU, as shown above.
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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 El
Measurement unit name MAC Address For "Wake Up On LAN" (st e e 200
[WEBSTER | [omisrernzeco |
RunExe version: 3.1 IP address:  192,168.10.,93; subnet; 255,255.255.0

Measurement unit

In the example above, the system sees one MU on the network, called WEBSTER. Select it and click OK at the bottom of the
dialog box:

Hardware setup &

| GRS || Wideo || Math |‘ Alarms & Events H Analog out || MET H Plugins || Reqistration |

Computer role in NETwork

Master measurement unit - Store data on measurement uniks

[Jtock mouse and keyboard on measurement units

Configuration Measurement unit Remote setup Status

— WEBSTER -
| [
remote desktop
192.168.10.33  |192.168.10.93
Firewall is OFF
@ OFF
Reqgiskration status

Now this unit is 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 DEWESoft, so you won’t need to enter it next time 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 /ocally — 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 set to SLAVE MEASUREMENT
UNITS.
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Setting up a Master client

In the case where your Dewetron 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 DEWESoft 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 &‘
| GPS || video || Math |\ plarms & Events H Analog out || NET H Plugins || Registration |
Computer role in NETwork
Store data on measurement units
Hard synced measurement units [ Lack mouse and keyboard on measurement units
Configuration Meastrement unit Remate setup Status
WEBSTER
=5
remote desktop
192.168.10.33 | 192.168.10. 53
Firewall is OFF
9
Registration status
oEvo

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 DEWESoft screen has a new addition to the top bar — a
NET icon:

MET ern left: 1232MB |@ bt = 0,04 sac | Eﬂ CPIL: 40; 5 95 | - 0 x
2 EdiQ N@@ Help | ¢y Settings

You must click this button and then connect to the MU(s):

Configuration

Measurement unit Remote setup

WEBSTER
=
remote desktop

Click the Connect button and DEWESoft will connect to the MU. This box will close automatically.

The NET icon will change slightly. The green bar indicate the transmission speed:

|° MET |E Memn left: 1232MB |@ t = 0,04 sec |il CPL: 40; 5 9% | -0 x
— — |

|4 Edit S MET i Help gy 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.
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Configuration Measurement unit Remote setup

WEBSTER
E Show
remote desktop

87451kB/s

Notice from the menu - NET option that you have several other useful capabilities — 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 unit is set to 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 DEWESoft Setup screen normally looks like, you will notice a subtle
but important difference:

— o DEWESoft 7.0 ORION-DROL -0Ox
A X
J Acquisiion Analysis Setup fles | Ch. sstup | Measire i MET || igh Help | | {3 Settings
1 ) =y e = o ol 0o o0
sig  Eg LS : e il O - ["]7) [717]
Stare Save Saveas  File details Staring Lacal ‘Webster Analag GPS Analag out Mft" M'ath
Dynamic acquisition rate
—
[Hafch] =
SLoT  onjorF E|C NAME AMPLIFIER (007) =] PHYSICAL VALUES caL B sETUR
1 Used E ALD Dagcard direct ' 0,929 7 1,042 W 3 S @
se ero et ch.
5Y s —— 5
ALl Daqcard direct - 3l
1 Unused Zero Setch. 1
5Y = I -
ALZ Daqcard direct N 24z EE Y
2 Unused 5y 3 5 Zero Setch. 2
: |

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 computer is our master client, so it does not have any real measurement channels of its own.

However, it still has a Math buttons. It is 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 !
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WEBSTER setup

Click on the WEBSTER button so that we can proceed to set this MU up.

St g ——
@) —A‘ﬁnn Ana\y}s / Setupfiles ‘ Ch. setup | Measure 5 HET || i Help {3 Settings
@ iy by o B m B W

Store Save Save as File details Storing Local Webster Channels  Display = Transfer
Chanmel prefix
DESCRIPTION | WALUES £
MDAQ-5TE (S mif ., 30 kHz (B Exc 5 %) SN: 309374 1'_:5“”' = [.v] o |
MDAG-STE (S mif .. 30 kHz (B Exc 5 %) SN: 309374 1'_:5“”' = [.v] 5
MDAQ-5TG (40 mfy .. 30 kHz (BW); Exc 5 ¥) SN: 309374 .3:" = [|v] 40
MDAQ-5TG (40 mfY .. 30 kHz (BW); Exc 5 ¥) SN: 309374 s E [||v] 40

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:

H 15

Channels

e Channels setup, activation, and scaling of the actual channels that will be stored

E ¢ Display to have a display screen on the MU for Jocal observers
Display

—
—_— ¢ Transfer to set up the transfer from the MU

Transfer

This is perhaps the most critical step of the three, because it is 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.

A\ S N -

J Acquisition Analysis  Setup files |Ch‘ setup| Measure 5 MET | @ Help | | ¢y Settings
beZ Be2 | o A O H || G =

@ b by o B E e 8 s

Stare Save Savess  File details  Storing Local | Webster | Channels = Display  Transfer

sl oo

i Q0

Analog Math

Dynamic acguisition rate

Freq. span: External clock
) | 21000 He

[Hafch] = [[]start an sxternal trigger [%

sior| o AMPLIFIER. (003) g PHYSICAL VALLIES g @ s |a
MDAQ-STG SM: 309374 - OvL z
S A . 30 kHz [Bw): Exc5 Y |5 g e
MDAQ-STG SM: 309374 - ovL z
Sy . 30 kHz [Bw): Exc 5V 5 g - [

setch.0 |

Set ch, 1

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 set the dynamic and

reduced sample rates, choose a filename, and more. In this example, WEBSTER is a computer with 2 analog input
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channels. In addition, two Math channels have been created:

N — DEWESoft 7.0 CRION-DAOL -ox
‘ (R “
= _/) Acquisiion Analysis Setup fles | Ch. sstup | Measire S MET || g Help | | {3 Settings
T =2 m m . B oo
sl e ™ 4 b 5 -— ~ -
Store Save Saveas  Filedetails Storing Local | Webster | Channels Display Transfer
T
(rit]
Analog Math
Basic Edit
= ® = I ]
=R - g - - - a- L ﬁ oy
ONfOFF | C NAME WALUE SETUP
Integration, Butterworth, high pass filter, Order: 2, FI. 2
Ussd |3 - [mmis] Setup
. I 1000
IR Fitter
2
Used |2 . Displacement Setup

Therefore it will be possible to transfer up to 4 channels to the master client.

This is only important if you want to have a display screen on the MU for local observers to see. If there is no one looking

at the local display on the MU (perhaps it is in a remote location without any people near it), then you can skip this step.

But if you want a 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 DEWESoft methods and conventions for screen design.

N DEWESoft 7.0
L\ (T Ay
_/ Acquisition Analysis Setupfiles | Ch. setup | Measure
2 B | 5: 2% | mm LB B3
L d et Cwm® = S
Store Save Save as File details  Storing Local Webster Channels
m@= ) 6B M F i
= ACT [ a1 ] ST

Display name
Owerview

Icon

Arrangement

Move left || Move right

Remove

Remove display

-—

-
Display | Transfer

b ¢ i | Wb o

[B5 k=1

01140

e
QOther

01190

ORION-DAQL = B X

5 MET || igh Help | (& Settings

It is really important 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 may run 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! It is not the display that you

will see here on the client.
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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".

That is the entire scope of what transfer means. It has no effect on the actual Storage of data on the client (assuming

that local 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 limitations of any network, 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 set as Yes in the Transfer setup screen:

St g ——
@) —A‘ﬁnn Ana\y}s / Setupfiles ‘ Ch. setup | Measure 5 HET || i Help {3 Settings
@ iy by o B m B W

Store Save Save as File details Storing Local Webster Channels  Display = Transfer
Channel prefix Channel Yiew
DESCRIPTION | WALUES £
MDAQ-5TE (S mif ., 30 kHz (B Exc 5 %) SN: 309374 1'_:5“”' = [.v] o |
MDAG-STE (S mif .. 30 kHz (B Exc 5 %) SN: 309374 1'_:5“”' = [.v] 5
MDAQ-5TG (40 mfy .. 30 kHz (BW); Exc 5 ¥) SN: 309374 .3:" = [|v] 40
MDAQ-5TG (40 mfY .. 30 kHz (BW); Exc 5 ¥) SN: 309374 s E [||v] 40

6.3 Measurement

In this section we can see procedures to control the Acquisition from the Client:
e 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 may want 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
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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
¢ ability to display channels from more than one MU on the client

¢ ability to create math channels on the client with channels from more than one MU

Note that the CHANNELS list is 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
¥ [--] WEBSTER/LocaljAl
— WEBSTER:AI O
— WEBSTER:AL 1
— WEBSTER:AI 2

channelin an easy and 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. T

= WEBSTER:ALS

The channels from each MU will be shown this way automatically. This is the only j :::SSTT;R::
thing that differs from setting up a screen in the standalone mode of DEWESoft. — WRSTERAT

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.

T DEWESoft - Datafile: Test.d7d NET [ e left: 1228M18 38,72 B, GPUI30; 10 % -0 x
AT <X R et O TR
o] -
___j Acquisition  Analysis Setupfiles  Ch.setup | Measure | Design |£) Edit | = HET || §g Help {3y Settings
@009 B m m m .
Store | Pause  Stop  Freeze Overview Scope Recorder FFT .
=i =0 == 2 [
B0 Th=1
B
¥ (o] Localinl
[=1+] s v
a0
[ ransparent l_'l ¥ (-] WEBSTER/Local/AT
Unified properties = WEBSTER:ALD
[#] Single time azis = WEBSTER:AL L
= WEBSTER:AI 2
— WEBSTER:AI 3

— WEBSTER:AI 4
Show cursor

Interp. async channels
Draw sample paints

— WEBSTER:AL S
— WEBSTER:AI 6
= WEBSTER:AI 7
= WEBSTER:AI B
— WEBSTER:AL 9
«— WEBSTER:AL 10
— WEBSTER:AI 11
= WEBSTER:AL 12
= WEBSTER:AI 13
— WEBSTER:AI 14

I

[ single values axis

— WEBSTER:AL 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:

Download files from measurement units gl

Measurement unit Status
WEBSTER Download complste (4537,5 kB)

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] Bt T NED i@ Heln || (g Settings

Disconnect from measurement units

(<X 5

Close Dewesaft on measurement units

El™y

Show status

Reboot measurement units
= acalfAl

Shuk down measurement urits 0

©E e

Wake up measurement units WEBSTER fLocalial
EBSTER:ALD
= WEBSTER:AL 1

Notice from the menu that you have several useful capabilities:
e Connect / Disconnect from measurement units - connect to all MU’s / releases the connection
¢ Close DEWESoft on measurement units - closes the DEWESoft application on all MU’s
e Measure transfer speed - measuring the bandwidth (transfer speed) between the MU(s) and this client
e Show status - (displays window with current status of all measurement units)
e Reboot measurement units - reboots the MU computers (useful if they have crashed or hung up)
e Shut down measurement units - shuts them MUs (requires ACPI power system on the MU’s)

e 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 locate 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:

\ DEWESoft 7.0 - 0Ox

A | I Ll |

/ Acquisition | Analysis Datafies | Setup  Review 5 MET || i Help | {3 Settings
: ks =

Multifile export Use for measure AVIcompress Load Rename  Delete Icon Capy Cut Paste

) Data

File Name Sice Stark stare time Yersion Sample rate |Channels Store made
Test.d7d 6757 kB 12.5.2009 7.0b41 50000 Hz AL 1, Remote: 16 always Fast
Test.WEBSTER.d7d 4538 kB 50000 Hz

Sample rate Store date and ine

Number of channels
16

50000 s/sec 12.8.2009 17:30:13

Reduced rate Duration Trigger conditions
i 00:00:01 always fast
ch. no Mame Rate Settings Scale Offset Range Min Max ~
a1n AL s0000 MDAGQ-STG (S myfY .. 30 kHz (Bw); E.. 1 ] 5.5V 4,997 4,997
all 50000 MDAQ-STG (5 MY .. 30 kHz (BW) E... 1 ] 5..5Y 4,998 4,008
a1z a1z 50000 MDAQ-STG (40 myfY .. 30 kHz (BW; ... 1 ] 40,40V 39,97 39,97
AL Al 50000 MDAG-STG (40 mw/ .. 30 kHz (BW): ... 1 ] 40,40y 10,1503 0,1842
Al4 Al4 50000 MDAGQ-STG (40 myfY .. 30 kHz (BW; ... 1 ] 40,40V -0,06809  -0,06525
alS alS 50000 MDAG-STG (40 mw/ .. 30 kHz (BW): ... 1 ] 40,40y 10,0891 0,09239
A6 A6 50000 MDAQ-STG (40 myfY .. 30 kHz (BW); ... 1 ] 40,40V 39,99 39,99
Al7 Al7 50000 MDAQ-STG (40 mw/t .. 30 kHz (BW); ... 1 ] 40,40y 0,07978 0,08268
ALE ALS 50000 MDAQ-STG (4 myj¥ .. 30 kHz (Bw); E... 1 ] 4.4y -0,1171 -0,1126
alg 50000 MDAQ-STG (4 m/¥ .. 30 kHz (BW) E... 1 ] 4.4y 4,002 4,002
ALLD 50000 MDAQ-STG (4 myj¥ .. 30 kHz (Bw); E... 1 ] 4., 4y -0,1126 -0,1089 -

The filename was set to 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.

-0 x

|£) Edit | = HET || §g Help {3y Settings

N - DEWESoft - Datafile: Test. WEBSTER.d7d
A J | LAt |
- / Acquisition Analysis Data Files Setup Review Print Export Design
Wy € o b X B EH B -
Hi —
Flay  Replay speed: 1x Mode  Sound Offline math ~ Save Overview Scope Recorder .
==

L=t

[ Transparent
Unified properties
Single kirme axis

Real data

Show cursor
nterp. async channels
raw sample painks

Relative

4

[ single values axis

dt = 153,83 ms
f=6,5Hz
ALD [¥]

EL=
Q

125200 - 13013
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