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2. About this document

2.1. Legend

The following symbols and formats will be used throughout the document.

Important
It gives you important information about the subject.
Please read carefully!

S~ Hint
:Q: It gives you a hint or provides additional information about a subject.

%}\ Example

¥ Gives you an example of a specific subject.

3. Introduction

The “Torsional Vibration” software option of DewesoftX® is used to obtain - or enhance an existing
DewesoftX® system to - a rotational/torsional vibration monitoring and analyzing solution, for research,
development and optimization. With the small form factor of the Dewesoft instruments (e.g. SIRIUS,
DEWE-43, etc.) the perfect mobile solution for test engineers and consultants is born.

Torsional and Rotational vibration are calculated, as well as the corresponding velocities, the software
can compensate for uncentered mounting of the sensor and can also take care about the gearbox ratio.
Furthermore the possibilities of DewesoftX® allow angle-domain visualization and export.

With DewesoftX® solutions, data from other sources: e.g. Video, CAN, Ethernet, ... are easily synchronized
in one datafile.

If the powerful integrated post processing features of DewesoftX® are not enough, you can even export
the data to several different file formats.

In addition to Torsional Vibration, the system can be expanded with the Order Tracking option to
complete the picture of the measurement situation.

3.1. System Overview

As the torsional vibration measurements are very critical in terms of accuracy, only precise counter
sensors are supported. At least one (Rotational vibration), but usually two (Torsional Vibration) encoders
are necessary.
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Either an encoder or a special RIE sensor can be used. The RIE sensor has less resolution, but is much
less sensitive to vibration (which could damage standard encoders over time).

i1

SIRIUS

PWRUSE

ISOLATED

any any

encoder ¢, a=-— marker
¢ f disc

Enc-360 ‘ ] encoder

Enc-512 : a’

Enc-1024 CDM-360

Enc-3600 CDM-720

supported angle sensors

Illustration 1: Supported angle sensors

Important

‘ Angular sensors need to have a zero pulse. A variety of angular sensors are supported: Encoder,
CDM with zero pulse, Geartooth sensor with missing teeth, Zebra tape sensor (with DS-TACHO4
and auto-gap detection).

3.2. Enabling Torsional Vibration (includes Rotational Vibration) Module

Like many additional mathematics modules, Torsional Vibration is an option to the standard
DewesoftX® package and needs to be enabled with the More button in the Channel setup.
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Torsk vibration 1.0.0

Torsional vibration application module allows measure dynamic and static bending and vibration of the shafts, The torsional vibration also measures the twist of the shaft with higher RPM. With torsional
vibration module two different parameters can be measured: rotational vibration and torsional vibration.

Illustration 2: Adding Torsional Vibration Module

3.3. Basic operating concept

The Torsional Vibration Module inside DewesoftX® is just one out of several other application modules
which offers dedicated mathematics and dedicated visual controls like an angel-based XY-diagram.
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Illustration 3: Basic operating concept

N Example

O You can use the output channels of the Torsional Vibration Module as an

Tracking Module, and apply additional mathematics to it.

3.4. General setup

In the first step we add one module with the + button:

O B H @& W %

Store Storing Math

1ol |

Save Save as Analog in

-+

Mare... Remove

lllustration 4: Adding TV Module

The input mask of the TV Module is split into following sections:

input for the Order
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Calculated | | Setup w Rename

First sensor input
rm— — afufite o @
Second sensor input Gearbox ratio
| B0 CNT2 - | Encoder-512 / Encoder-1300
= Encoder-512, X1 Encoder-1800, X1
<- Sensor_1_angle -
Input filter Rotational DC filter e
Hz
Name |5ensor_1_angle | ik e & e
Description | |
Uniits Color - Rotational angle Torsional angle [Jrotational angle
[ rotational velocity [ Torsional velocity [rotational velocity
X axis reference angle
Max value 360deg ———— Frequency [RPM]
6 =3 Average offset o o Use reference curve
ob zero g o b 23t Resolution not s=t
Reset zero Use for Torsional angle wrap around
Max 0deg Ll 2 2

RMS 0 deg -1 Torsion angle
Average 0deg =

Min 0 deg

Min value Odeg ————

e o so0 M0 1 1800 20000 28000 30000

Illustration 5: Torsional Vibration setup

e Input (label 1): define the counter channels for input (e.g. CNT1, CNT2)

e Input channel configuration (label 2): define type of angle sensor (e.g. Enc-512, CDM-360), and
select ratio, if gearing used

e Filter settings (label 3): specify glitch filter and rotational filter

e Output channels (label 4): select which calculations to be done, e.g. rotational velocity, torsional
angle...

e Correction (label 5): compensate constant angle offset, uncentered mounting, sensor errors

e Output (label 6): preview of output channels / switch through with the arrow buttons

e Preview(label 7): preview of torsional angle

Hint
:O'- There is no need to configure the Counter inputs separately in the Counter setup, all the
= settings are done out of the Torsional Vibration Module. The setup of the Counters is done out
of the Torsional Vibration Module. Used Counters will be locked (greyed out) in Counter setup.

Switch to “Channel list” on the right upper corner to see a list of the calculated output channels.
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Offline ~ || Channel list Rename

Tersional vibration 1

|Sea|'ch Q,
+ Used G | Name | Min | Value | Max | Unit |
a Torsional vibration Delta_fi, Delta_dfi/dt
Sensor_1_angle 0,00 | I 75,59 {deg}l 360,00 deg
Torsion_angle -5,00 I -38,3713 {'35'6563 {deg}l 5,00 deg
TV_Frequency 0o | 27 ®FM) | eno0,00 | RPM
RotAngle_1 500 |, -0,1795&?99 =2 500 | deg
Rev. count 000 | 0 | &000,00

Illustration 6: Channel list

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.

3.5. Counter Sensor Editor

There are some typical sensors predefined. However, if your type is not listed, you can define your own
sensor in the Counter Sensor Editor. Note, that for the Torsional Vibration Module the sensor has to be
either Encoder or CDM type.

Go to Settings » Editors » Counter sensors ...

- x
= Options

Settings

Project >
Analog sensors Editors »
Counter sensors Tools ¥
Physical quantities Manuale F1
SETLS Pro training
Kinematic Cursor

Check for updates...

Installed extensions

About Dewesoft

Illustration 7: Counter sensor editor

...and click plus button to add the new sensor, then enter a name, and set all other parameters.
Depending on the sensor different parameters are available. When finished, click on the save button and
close the editor. .
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A% Counter sensors editor O *

|M"_."EHCOdEf V| @@ B

|Encoder V| Signal type Signal filter
Digital (TTL level) - soonms |
.
Pulses per revolution Default encoder mode Sag'lal s
|360 | |Il » |Pos=t|ue V|
Zero pulse edge
|Positiue V|

Illustration 8: Counter sensor editor

Now the sensor can be accessed from the dropdown menu of the Torsional Vibration Module.

== S L

Gearbox ratio

Encoder-512 v| | .r’

Encoder-3a0

Encoder-300
Encoder-1024 DC filter
Encoder-1500
Encoder-3600 v | Hz
CDM-360
CDM-720

[Ty encoder |

Illustration 9: Choosing sensor in Input channel configuration

Hint
You can press F1in any menu in DewesoftX® and the help for the specific topic will open.

DS

A\ L4
-~
-
-

4. Rotational Vibration

41. RV Introduction

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.

ROTATIONAL AND TORSIONAL VIBRATIONS V22-1 10/41
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In the graph below we see two curves, the one above is the RPM, and the curve below shows the
deviation in degrees, which is actually the rotation angle vibration. During coastdown the max.
vibrations appear at the same RPM's again.

—_—————p =

- [deg]

RotAngle 1:

Illustration 10: Rotational Vibration

4.2. RV Setup

For our test, we take the Torsional Vibration Demo Kit, which consists of an electric motor (in the middle)
and two encoders. The encoder on the right is connected with a coupling and the encoder on the left
with a spring to the motor, to create high vibration.

Because we are currently only interested in rotational vibration, we will only use the encoder on the left
side, connected with the spring.

Connect the Encoder to the Dewesoft instrument on a Counter input.

As mentioned, there is nothing to be setup in the analog or counter channels setup. Let's just go to the
Torsional Vibration Module, where we first add a new Module by clicking the + button. Next we select the
first sensor input . Since we have connected the first sensor to CNT1, we need to select it from the list.
Then we define the sensor. In our case we have 1800 pulses per revolution, so we choose Encoder-1800. If
the sensor used is not defined so far, we need to create it in the Counter sensor editor first (see chapter
Counter sensors Editor)

ROTATIONAL AND TORSIONAL VIBRATIONS V22-1 /41
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Illustration 11: Demo kit with two encoders

4.2.1. Input filter

The input filter can be used to prevent glitches and spikes in the digital encoder pulse signal. It can be
set from 100ns to 5us, the optimal setting is derived from following equation:

1

InputFilter[s] < T

10 mexPulsesPerRev

RPM e MAX revolutions per minute [min |

PulsesPerRev ... pulses per revolution of encoder

4.2.2. Rotational DC filter

The Rotational DC filter needs to be set to cut the DC component of the RPMs. We need to set the filter
to include all wanted frequencies, but not too low, otherwise we will have static DC deviations on the
output signal. It can be set from 0.1 to 10 Hz. You have to ensure that your lowest RPM is not filtered out!

RPM

RotDCFilter[Hz] < —"*
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, , , ., —1
RPM i e TN revolutions per minute [min ]

A 10 Hz filter for example would mean, frequencies below 600 RPM would be suppressed.

4.2.3. Output channels

Sensor 1 cutput channel Torsional vibration channels

Sensor 2 cutput channel
Rotational angle Torsional angle [ ] rotational angle
[ Rotational velocty ] Torsional velodty [ ] Rotational velodity
¥ axis reference angle
Frequency [RPM]

Illustration 12: Output channels

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 O to 360 and can be used as a
reference in angle based xy diagrams)
e Frequency, in RPM unit

4.35. RV Measurement

When you switch to measure mode, the calculated channels of the TV Module are shown in the channel

selector on the right side. First idea would be to select the TV_Frequency channel and display in
analog/digital meter or a recorder.

t= 07:46.200; TV_Freguency = 257 R“BE‘JI. £ “

Search Q
» 5 CNT
» =7 Order tracking 1
¥ =7 Torsional vibration 1
== Sensor_1_angle
== Torsion_velodty

3000

- [RPM)

W Frequency,

== Torsion_angle
== TV_Freguency
== RotAngle_1

== RotAngle_2

= RotVelocity 1

Illustration 13: Measurement display

The Sensor_1_angle is the reference angle and can be used for angle-based display of XY recorder. Add
XY recorder and click on Sensor_I_angle first (=x axis), then on RotAngle_1 (=y axis). Then set the recorder
to “Angle based x-y" in the properties on the left side. Select e.g. 2 periods to be displayed. This xy

recorder now displays the rotational angle of the current revolution. It is like a scope, but with an angle
reference instead of a time reference.

ROTATIONAL AND TORSIONAL VIBRATIONS V22-1 13/41
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Vary the RPM and when you come close to the resonance frequency until the amplitude reaches its

maximum value.

@® XY recorder

contols 1 @@
comns 2 @@

@ X Pods
Ticks type | Automatic
@ Y Pods
Ticks type | Automatic

Angle based x-y ~

0..380

[]Draw sample points
[Joraw only sample paints

[iog ¥ [iogx

FrormE

[single values ¥ axis
["]show cursor

Mo cursor ~

In the next graph also the
by 90 degrees..

@ XY recorder

Contros 1 Q@
Coums 2 @@
@ X Aods

Ticks type | Automatic
@ Y Axis

Ticks type | Automatic -~

Angle based x-y v

0..380

[CJoraw sample points
[CJoraw only sample points

Ctoay oax

Fore

[single values ¥ axis
[]show cursor

No cursor v

CNT 0fAngle
CNT 0/Frequency
CNT 1/Angle
CNT 1/Frequency
¥ ] Order tracking 1
»  Torsion_angle/Time do...
OT_Frequency

¥ {7 Torsional vibration 1

= Torsion_velocity
= Torsion_angle
= TV_Frequency
= RotAngle_2

== Rotvelodty_1
= Rotvelocty_2
= Rev. count

Illustration 14: XY recorder

rotational velocity is added (first derivation on the angle), theoretically shifted

Q
¥ & oNT
CNT 0fAngle
CNT 0fFrequency
CNT 1/Angle
CNT 1fFrequency
¥ [ Order tracking 1
»  Torsion_angle/Time do...
OT_Frequency
¥ 1 Torsional vibration 1

== Torsion_velocity
= Torsion_angle
== TV_Frequency
= RotAngle_2

= Rotvelocity_2

== Rev. count

Illustration 15: XY recorder

The last channel out of the module is called “Rev. count”, a revolution counter:

ROTATIONAL AND TORSIONAL VIBRATIONS V22-1
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== Torsion_angle
== TV _Freguency
mm RotAngle_1
wm RotAngle_2
= RotVelocity_1
= RotVelocity_2

== Rev. count

lllustration 16: Digital meter

5. Torsional Vibration

51. TV Introduction

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.

Illustration 17: How looks torsional vibration

The graph below shows the run up and coast down where we can nicely see the static twist of the shaft,
and when passing through the natural frequency, the angular vibration of the shaft reaches its
maximum rotational vibration.

ROTATIONAL AND TORSIONAL VIBRATIONS V22-1 15/41



SOLUTION USER MANUAL DEWESOft®

=
|
ik}

nal
0

a

r=ion

lllustration 18: Torsional vibration while run up and coast down

We extend the setup from the Rotational Vibrations Measurement by also connecting now the second
encoder.

On the right side is an encoder with a fixed (coupled) connection to the motor (first orange box), on the

right side is another encoder (second orange box). So we measure the torsion vibrations of the metal
spring between.
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Illustration 19: Couplings on Demo kit

Add a Torsional Vibration Module with the + button.

Select CNTO as first and CNT1 as second sensor input. Then further define the encoders by selecting the
correct type from the dropdowns on the right side (in our case Encoder-512 and Encoder-1800).

As already explained in the rotational vibration section, you can use the input filter for cleaning the signal
from eventual glitches, and the rotational filter removes the DC offset from the difference signal.

5.2.1. Gearbox ratio

Gearbox ratio stays 1/1in our case. This is used for measuring the torsion angle across a gearbox.

ROTATIONAL AND TORSIONAL VIBRATIONS V22-1 17/41
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5.2.2. Output channels

| + Calculated | | Setup ~ Rename

First sensor input _
[E0_cnmo v] ==l = o S8 ST

Gearbox ratio

Second sensor input

| Eo_cnT2 v Eramiz=siz MR / D Encoder-1800 v
Encoder-512, X1 Enceder- 1500, X1
Sensor_1_angle -
Input filter Rotational DC filter
Hz
Name |5en sor_1_angle | off > 10 >
Description |—
Uniits Rotational angle Torsional angle Rotational angle
_ Rotational velodity Torsional velocity Rotational velodty
I Vo ¥ axis reference angle
Max value 360deg ——— Frequency [RPM]
=3 Average offeet -137° Use referenc
ob zero £ b Resolution no

Reset zero | [ Use for Torsional angle wrap around

Max 0 deg
RMS 0 deg \ 37 Torsion angle
Average 0 deg ]
Min 0 deg
Min value 0 deg
Templates ~ || Save
+ -

Illustration 20: Torsional vibration setup

Torsional angle (dynamic torsional angle that is the angle difference from sensor 1to sensor 2)
Torsional velocity (difference in angular velocity from sensor 1to sensor 2)

Sensor 1 Rotational angle

Sensor 2 Rotational angle

Sensor 1 Rotational velocity

Sensor 2 Rotational velocity

X axis reference angle (the reference angle, which is always from O to 360 and can be used as a
reference in angle based xy diagrams)

Frequency, in RPM unit

5.2.3. Angle offset

In the section “Angle offset” you see the angular difference between the two sensors (-137°). Click on
“Zero" to remove this static offset. The current average value of the signal will be subtracted. Then click
on the y axis to auto-scale the signal. It is now approximately O.

ROTATIONAL AND TORSIONAL VIBRATIONS V22-1 18/41
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oem. Zero || Average offset 0,2022° b

Resetzero | [ |Use for Torsional angle wrap around

Torsion angle

Illustration 21: Zeroing the angle
5.2.4. Reference curve

Now there is also an option how to compensate for uncentered mounting and unsteady pulses from
the encoder.

Centered mounting is very important. In the first picture (1) there is no problem, the disk is mounted
perfectly. However in real life, uncentered mounting like in picture (2) will appear. Let's draw on the disk
ared line on O degree and a blue line on 90 degree position. When the disk is turned, the sensor (black
box) will count the pulses and after a certain number detect the 90 degree position. But if you look at
the disk now, it is far from 90 degrees!

1 2 3

Y
A

Fan)
Ay

lllustration 22: How uncentered mounting looks like

Think of it rotating, then a constant sine wave will be generated additionally to the rotational vibrations.
This can be compensated in DewesoftX® using the reference curve.
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Note that the load must be removed from the engine! It must be free-run, otherwise you would cancel
out the vibration you want to analyze. When the machine is running, press the “Set” button.

ob Zero Average offset 347,26° ~ Use reference curve
Resolution not s=t
Resetzero | [ |Use for Torsional angle wrap around

Torsion angle

Illustration 23: Setting the reference curve

The current curve is now recorded over one revolution as a reference, you will notice a large reduction in
amplitude..

Below you see an example setup screen with some typical widgets. Similar to the rotational vibration

setup we can use the XY recorder to display the result angle-based. After the runup / coastdown you see
typical resonances and can analyze the data further.

ale [deg]

‘Sensar_1_an;

0

./ Torsion_angle; - [deg]

2000-10

Torsion_velocity; - [deg

[ sl

52945 01:10.593 =

Illustration 24: Typical measurement display
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6. Advanced analysis and export

6.1. Order extraction

Let us look a little bit further and extend the functions by adding the Order Tracking option.

Usually it is included in the DSA package, we can use it to extract the orders of the torsional / rotational

Uszed ~ | Setup w

vibration.
++ et
O B H H W F K = 4+ =
Store Save Save as Channels Storing Analogin Math oT ™ Mare...  Remove
aT orz | +
Frequency source Module Frequency channel
Search Torsional vibration ~ Tarsional vibration 1 ~ CNT3
Q
Sensor_1_angle
Torsion_angle
TV_Frequency
| RotAngle_1 Direction Upper RPM limit
RPhi
Runup w —* (3000
Al
— | i
Delta RPM J'Fi Lawer RPM limit
=L
= Overall RMS
Order domain harmonics Harmonic list
I O IRMS
ame | era | Order waterfall vs. RPM FFT window Blackman ~
Description |- |
Order resolution | 1/8 (0.125) ~ Amplitude RMS ~
A Data averaging Average between dasses
Update criteria Always ~
and
T E FPh
f
Maximum order |32 ~ l(\
NN
[] order waterfall vs. time
1] [ skip missing RPM dass

<MNone>

Illustration 25: Order tracking setup

[A Time domain harmonics
FFT waterfall vs. RPM

Autoe  ~ | (df = 3,815 Hz, duration = 0,252 5)
[l update on RPM change (Delta RPM)

[Jupdate on Dmm s

[l overall RMS vs. RPM
{rms calculation depends on FFT waterfall resolution)

Add an Order Tracking Module. For the frequency source we need to define the Torsional Vibration
Module and the Module created before. Define the upper 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 the first
three orders by entering “1;2;3” in the Harmonics field. The yellow field indicates that you have to press

enter to overtake the values.

2
Rename x

ROTATIONAL AND TORSIONAL VIBRATIONS V22-1
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Illustration 26: Typical Order tracking display

We can get a better picture of the situation with the 3D waterfall plot. In this case we are plotting
frequency against RPM, or Orders against RPM. On the left picture one can easily separate frequencies
related and not-related to RPM.

RPM - Frequency RPI - Order

10

.
1

RPM ]
RPM[]

ma 16,0

10E-6 10E-5 10E-4 10E-3 10E-2 04

M RetAngle 1TimeFFT ()
10E-6 10E-5 10E-4 10E-3 10E2 0,

0

Frequency [I

Orders ]

Illustration 28: 3D graph

Furthermore the amplitudes / phases (or even real and imaginary part) of the Orders can be plotted
against the frequency.

Again, take the XY recorder, but now set graph type to “Single x axis” to get a Bode plot.

Here you see the first harmonic (green line) with its maximum around 2400 RPM, matching nicely to the
previous measurements. Turning of the phase also indicates resonance.
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Illustration 29: Bode plot

Hint
Settings can also be added / modified “offline” (=after measurement) on the datafile.

DS

A\ L4
~
-
-

6.2. FFT peak calculation

One of the standard measurements is, to perform a run up of the machine, and then calculate the max
amplitude over the FFT. Add a FFT function in Math. Then select the input channel, here for example
Torsion_angle. Set to amplitude, Overall, and averaging type peak.
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A% FFTsetup

Je)

CNT1/Angle
CNT1/Frequency
CMT2/angle
CNT2/Frequency
Sensor_1_angle

TV_Frequency
RotaAngle_1
RotAngle_2
Rotvelocity_1
Rotvelodty_2

>

Torsion_velodity
| Torsion_angle

<

&

Torsion_angle/AmplFFT

MName

|Torsion_ang|e)‘Am plIFFT ‘

Description |-

Units

[Brvicer | velves | x =i

- (deg)

5.0000
zm!
00000

000

<Mone >

Template is changed

500000

023

1 ©

[] Amplitude Peak ~ | |Lin (D) ~
Complex

[Jrms Start frequency End frequency

[Ireak 0 - 9990,2344 Hz

[Ireak-peak Full frequency range

(_)Block history

(®) Overall (Averaged)

[stop after 4

Resolution

Lines ~

Window
Blackman ~
Mone w|Hz 0 | o

blocks

1024 ~ | (ines = 1024, df = 9,77 Hz, duration = 0,102 5}

Averaging type

w

Cancel

Illustration 30: FFT setup

Here is an example, done offline on a datafile (of course you also can do it online, during measurement).
A section has been selected in the recorder instrument below (green line) to only analyze the runup of

the machine.

Then a 2D graph was added (see instrument bar, red box) and the AmplFFT math channel assigned.

Y axis type can be set to logarithmic in the 2D graph properties (left side) for convenience.

N}

TRICEER
HODE
2

Torsion_angle/AmpiFFT; [deg]

C
: =
@ : <
w H =
= : : H H E
0,0000 500,0000 1000,0000 1500,0000 2000,0000 25000000
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T T T 1=
1 | |
1 I I
M ________ [ ool
] I "
1 I I
1 [} I
,,,,,,,,,,, et
1 I I
1 I I
A I I —_
777777777 B e i o i £
1 | | =
+
5452 11.025 18.598 26171 33744 =

Illustration 31: 2D graph
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You can do the standard export, or just click on the 2D instrument, and use “Edit” » “Copy data to
clipboard”.

Pasting, e.g. into Excel gives following result:

A | B

1 |Freq[Hz] Torsion_angle/AmplFFT [deg]
2 0 2,4606
- = 3 9,7656 2,9429
Options 4 19,5313 0,8556]
3 29,2969 34773

E! Undelete tarted
E topped 6 | 39,0625 6,4729
Widget as image Copy to clipboard > 7 48,8281 4,3536
Widget group as image Save to file... ¥ | | EEEE il
Dictlav a¢ D 9 | 68,3594 0,133
(= Eilze = Compress video to AV 10 78,125 0,1083
Widget data Q 11 87,8906 0,0946|
PR 12| 97,6563 0,0948
Widget group data ; , ] + *

|L., Torsion_angle{AmplFFT 13| 107.4219 0.06
Widget group Ctrl+C ¥ (] Order tracking 1 14| 117,875 0,0335
Display |2 Torsion_angle/Order H1 15| 126,9531 0,0298|
|2 Torsion_angle/Crder H2 16 | 136,7188 0,0244
L/_” Torsion_angle /Order H3 17| 146,4344 0,0225
18 156,25 0,0208]

Illustration 32: Copy to clipboard and paste into Excel

6.3. Angle-based data export

The angle-based display of measurement data is often very useful. In the XY recorder you assign the
reference angle “Sensor_1_angle” to the x axis; then set the view either to:

e Angle-based xy: working like a scope, see the current cycle
e Single x axis: see all cycles laid over each other (“persistence mode”), easy to see min/max over all
cycles; persistence can be adjusted with the Pretime limit in the properties
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© XY recorder X Recorder
[ i el e T-———~ |
@ X Aoxis | ' | '
1 | 1 |
1 | 1 |
Ticks type Divisions 1 | 1 |
1 | 1 |
Number wyo | [ o |
of magor : 1 - 1 |
ticks = I I I I
i 1 | |
= 1 | |
@ Y Axis w : : :
%a. ______________ E
Ticks type  Divisions l )
=] 1
Mumber 2 ! [
X | (=1
ticks n 4l 1 s
o A T-——-- —B
| 1 | @
I I I ‘—:
| | |
1 | 1 15
-] 0 | | | |
I Single x axis o I 0 80 180 270 360
=
Real data v
=
lllustration 34: Single x axis
= XY recorder X Recorder
el B B [ T —
. I | | 1
& X Axis | | | |
| | | 1
Ticks type Divisions ~ : : : :
| | | 1
e jommoe- SRR
major ticks | | | |
= | | | 1
z I I | I
; = I I I
= Y Axis B | | |
=) | | 1
Ticks type  |Divisions ~ ~ S E -
[ =
major ticks z e
0
0 o
] o L _: E]
Bty I I I‘—:
| | | Iy
(=] I I I 13
| | | 15
I Angle based x-y e b ! ! ! ! .
0 S0 130 270 350
1=
0..380 w

Illustration 35: Angle base x-y axis

Now, how is it possible to export this cycle-based data? Go to Math and add a “Time-to-vector transform”.
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ath Formula IIR filter

Y

Basic stat.
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Q | Add math | Manage favaorites

Time domain analysis

. C++ script

W+ Formula

Filtering

5
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£
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0 Time-to-vector transform
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[U/JJH Array statistics
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lllustration 36: Adding Time-to-vector transform mathematics

With this great tool DewesoftX® arranges the input data, e.g. “Torsion_angle” over the “Sensor_1_angle”

in a matrix by resampling the values to the angle-base, you also can select resolution, in this example we
use 1 degree. The output data is MIN, MAX and AVG over all cycles.

4% Time-to-vector transform setup

CNT 1/Frequency
Sensor_1_angle

Torsion_veloci
Range

TV_Freguency
| |RotAngle_1 Step
|_|RotAngle_2 A

[ I<]

<- Torsion_angle/AVE ->

Mame |Torsion_a ngle/AVE |

Description | - |

Units Color -
[Previeve | valuss | x =xs

<MNone > ~ @

Template is changed

[Ghannels | Cornectons | Actua
search Q Average
: CNT 0fAngle ~
|| CNT 0/Frequency
|| EMT 1fAngle Reference ch.

Minimurm
Maximum

Sensor_1_angle ~

from to
|D | deg 360 deg

Cancel

Illustration 37: Time-to-vector transform setup
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For displaying the matrix data you have to use a different visual instrument, the 2D graph. Then you can
assign the AVE, MIN and MAX channels from the Math function.

| Wy |

Fru
»
Lo ] Ir ______________ : ______________ : ______________ - E] k lI
[ ] ' ' ! |q=‘=.,.__, Q
E I ; ¥ 7 Math
H H 1 F Torsion_angle/AVE
______________ e 19" N @ Torsion_angle/MIN
== = ! ! ! @ Torsion_angle/MAX
L5 [5] ['T] ' '
.E.' o o ! ! ! F Torsion_anglefACT
%ﬁ % < ; 1 ; » [ Order tracking 1
S s d e :
E| . : i ;
555 ; : :
£5E ' : : _
— = ] i i =
. . . =
: : : =
""""""" L e M 1]
: : 1 =
1 [ 1 [ =
] ] 1 m
. , . I
: : : 5
1 1 ' [
o H . . =
ol ool ol ' ' ' &
:.
5 0.0 90,3 — 1805 270,28 3600 |

Illustration 38: 2D graph

Store a datafile, afterwards in the Export section only select the 3 matrix channels (in order that data has
the same format):

13 Mo Math 0 (Tersional vibrati... 20000 Scalar Rotvelodty 2
14 Mo Math 0 (Torsional vibrati... 65,9 Scalar Rev. count

15 Yes Math 3 (Reference scop... single Vector (361) Torsion_angle/AVE
16 Yes Math 3 (Reference scop... single Vector (361) Torsion_angle MIN
i7 Yes Math 3 (Reference scop... single Vector (361) Torsion_angle/MAX

Illustration 39: Export the data

Here we have done the export to Excel, instead of the time axis, we have angle-based data.

A [ 8 | ¢ | o [ e | ¢ [ & | w T [ "mu | mv | mw | mx MY
1 |Sensor_1_angle deg 0 1 2 3 4 15 356 357 358 359 360)|
2 [Torsion_angle/AVE deg 0,691408 0,675741 0,655573 0,637096 0,617458 0,599° 445 0,784162 0,761108 0,738833 0,718306 0,702214
3 [Torsion_angle/MIN deg 0,464674 0454879 0,436415 0,419164 0,410838 0,3° 4133 0,540239 0,528965 0,506269 0,484947 0,475034
4 |Torsion_angle/MAX deg 0,8667 0,856126 0,834045 0,812448 0,802175 0 377694 0,951462 0,938873 0,914317 0,890305 0,863698
5
A

Illustration 40: Data in Excel

If you copy the data, then use the “paste special..” function in Excel, you can “Transpose” columns and
rows automatically and get the angle from top down instead of left to right.
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-
Paste Special @Iﬂ
Paste
@ Al *) Validation
() Formulas () All except borders
1 Values () Column widths
() Formats () Formulas and number formats
1 Comments () Values and number formats
Operation
@ Ngne () Multiply
") Add () Divide
() Subtract
ot
[ Pastelink | [ ok ][ camcel |
A

Selective export:

8

9

10
11
12
13
14
15
16
17
18
19
20
21

Sensor_1_angle
deg

L= = I = R B Y I

=
= o

Torsion_angle/AVE Torsion_angle/MIN Torsion_angle/MAX

deg

0,69140786
0,67574066
0,65557349
0,63709605
0,61745846

0,5993107
0,58001268
0,56014401
0,54378361

0,5250833
0,50554281
0,48762649

Illustration 41: Paste options in Excel

deg

0,46467373
0,45487937
0,43641457
0,41916421

0,4108375
0,39006466
0,37931737
0,35742941
0,33580011
0,31420895
0,30327067
0,28079432

deg

0,8666997
0,85612589
0,83404487

0,8124482
0,80217475
0,78169417
0,76170814
0,75193626
0,73214692
0,71221167
0,69204921
0,63180281

Use the recorder instrument to zoom into a section of your datafile in DewesoftX® (position both white
cursors | and Il and click between them),then the calculation and export is only done over the selected

data.
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7. Measurement accuracy

7.1. Error sources

The overall error of the measurement has to be split up into errors from the sensor and the counter
measurement uncertainty. Usually the sensor tolerance comprises the majority of the measurement
uncertainty..

'/.2. Counter accuracy

7.2.1. Counter architecture

To understand how the angle resolution is determined, it is most important to understand the internal
architecture of the DewesoftX® Counters. A combination of main and sub counter is used internally for
getting higher precision at the frequency measurement. The main counter is running on event counting
(or encoder mode). The sub counter is used for time measurement, it measures exactly the time of the
input event with a resolution of 9,77 nsec (=1/102,4 MHz) relative to the sample clock.At every rising
edge on the Counter Source the counter value of the sub counter is stored in a register. At every Sample
Clock the values of both counters are read out.

Input channels Internal processing DEWESoft channels

—_——— e e —

Main Counter |-

__________________

Sub Counter |- Sub Counter Out |

L

Illustration 43: Counter architecture

With DEWESoft's Super-Counter Technology, not only the frequency can be calculated in a precise way,
but also the event counter result can be shown in fractions because the exact time when the event
occurs at the input is known. The event counting result is recalculated with interpolation to the sample
point like shown in the diagram below.

Here the improvement of the measurement result is shown. While a standard counter input shows the
value up to one sample delayed, the counter input of the Dewesoft instrument calculates the exact
counter result at the sample point.

:0): Hint

= For more information on our SUPERCOUNTER® please navigate to our Youtube channel.
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Counter input

Ideal counting

DEWESOFT counter

Software interpolation

Standard counter

Illustration 44: Supercounter

Important
The Counter value in the software is updated with the sample rate!

7.2.2. Angle resolution

The counter result is read out with the sample rate, therefore the same update rate applies for the
calculated angle.

Furthermore the angle resolution depends on the rotation speed (RPM).

Below there are two angle-based 2D graphs showing the Sensor angle on the x axis at the same RPM.
The option “draw sample points” was enabled. On the left side the sample rate was set to 500 Hz, on the
right to 2500 Hz:

X' Recorder
[Toh et T === |- —————= r——————- —/ [P e )SY_R_EIC_U@‘?_" ______ e —
I I I I | 1 1 |
I I I I | | | |
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2 ! ! ! ! o l l l l
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I I I I | | | |
| | | | | | | |
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1 I I I 1 _A | | | |
=
2 I I I S | | |
= 1 1 1 1 = | | |
1 1 1 1 | | | |
z 1 1 1 1 ] | | | I
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5 1 ' v . B —— L - o T
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o | | [ |5 o | 1 I 1§
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? I 1 1 1! ? 1 I 1 1!
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Illustration 45: Angle based data

Since rotational and torsional calculations are all based on the sample rate, the angle resolution is the
same.

Angle resolution

10 ¢

s 5

/ B

SR [kHz]

Resolution [deg.]
|
g

0,001
10 100 1000 10000

Speed [rpm]

Illustration 47: Angle resolution

7.2.3. Angle accuracy

As the Counter is working on an internal timebase of 102.4 MHz, the angle accuracy is only depending on
the rotation speed (RPM).

The following formula shows how to calculate the angle accuracy:

RPM
o _ 0 X 3606
res 102.4 x 10

102,4 MHz is the Counter Timebase.

The numerator shows the angle which is passing by in one second, this is then divided by the timebase
of the counter, in one second we will get 102.4 million samples.
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Angle accuracy

0,001 —

0,0001

0,00001 T

Angle accuracy [deg.]

0,000001 /

0,0000001
10 100 1000 10000

Speed [rpm]
Illustration 48: Angle accuracy

7.2.4. Frequency accuracy

Any digital frequency measurement is based on period time measurement. The time between two
edges of the input signal is “sampled” with the counter time base of 102.4Mhz. With this simple
measurement method the accuracy of the measured frequency is given by ratio between the input
signal frequency and the counter time base frequency:

fin
f —

error  102.4x10 °

We can see, the error increases with input frequency. For example at IOMHz the accuracy goes down to
10%)!

Like explained above, the advanced counter structures of DewesoftX® are using two counters internal
counters and the output rate is synchronous with the acquisition rate. With this technology we can limit
the maximum error to the used acquisition rate.

The illustration below shows the accuracy at different input signals between 2 kS/sec to 1000 kS/sec
taking also the typical counter time base accuracy of 5 ppm in account.
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Frequency measurementerror
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Illustration 49: Frequency measurement error

'7.3. Sensor accuracy

7.3.1. Non centered mounting
Can be corrected under certain conditions, see chapter Reference curve in this document.
7.3.2. Resolution error

An additional error occurs due to mechanical tolerances of the used encoder. Depending on the encoder
mode setting used (X1, X2, X4), they have influence on the measurement.

X1 mode: For this mode only the rising edge is important. If the sensor marks are not precisely repeating
at constant delta angles (have a constant “jitter”), this also can be compensated with the reference curve
option
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Good: Bad:

@

Illustration 50: X1 mode

X2 mode: For X2 mode both the rising and falling edge of the first encoder track are used, which
doubles the resolution. But if the duty cycle is not exactly 50%, another error is introduced.

Good: Bad:

Illustration 52: X2 mode

X4 mode: Both falling and rising edges of both encoder tracks are used in X4 mode to get 4 times the
precision. The phase shift between the two tracks must be exactly 90° and the duty cycle 50%.

Good: Bad:

Illustration 54: X4 mode

Therefore, the higher the mode used (e.g. X4 compared to X1), the more noise will be in the
measurement due to the discussed mechanical tolerances, because all effects appear together. In a
manner of speaking an encoder with a high resolution (e.g. 3600 pulses), is difficult to manufacture
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precisely, and therefore will have more noise in X4 mode than one with lower resolution (e.g. 360 pulses)
in X4 mode.

Of course, if using two encoders (as in torsional vibration), the errors are doubled.
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8. Warranty information

Notice
The information contained in this document is subject to change without notice.

Note:

Dewesoft d.o.o. shall not be liable for any errors contained in this document. Dewesoft MAKES NO
WARRANTIES OF ANY KIND WITH REGARD TO THIS DOCUMENT, WHETHER EXPRESS OR IMPLIED.
DEWESOFT SPECIFICALLY DISCLAIMS THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. Dewesoft shall not be liable for any direct, indirect, special, incidental, or
consequential damages, whether based on contract, tort, or any other legal theory, in connection with
the furnishing of this document or the use of the information in this document.

The copy of the specific warranty terms applicable to your Dewesoft product and replacement parts can
be obtained from your local sales and service office. To find a local dealer for your country, please visit

https:/dewesoft.com/support/distributors.

8.1. Calibration

Every instrument needs to be calibrated at regular intervals. The standard norm across nearly every
industry is annual calibration. Before your Dewesoft data acquisition system is delivered, it is calibrated.
Detailed calibration reports for your Dewesoft system can be requested. We retain them for at least one
year, after system delivery.

8.2. Support

Dewesoft has a team of people ready to assist you if you have any questions or any technical difficulties
regarding the system. For any support please contact your local distributor first or Dewesoft directly.

Dewesoft d.o.o.
Gabrsko 11a
1420 Trbovlje Slovenia

Europe Tel.: +386 356 25 300

Web: http:/www.dewesoft.com

Email: Support@dewesoft.com

The telephone hotline is available Monday to Friday from 07:00 to 16:00 CET (GMT +1:00)

8.3. Service/repair

The team of Dewesoft also performs any kinds of repairs to your system to assure a safe and proper
operation in the future. For information regarding service and repairs please contact your local

distributor first or Dewesoft directly on https:/dewesoft.com/support/rma-service.
8.4. Restricted Rights

Use Slovenian law for duplication or disclosure. Dewesoft d.o.o0. Gabrsko 11a, 1420 Trbovlje, Slovenia /
Europe.
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8.5. Printing History
Version 2.0.0, Revision 217 Released 2015 Last changed: 23. July 2018 at 16:54.

8.6. Copyright

Copyright © 2015-2019 Dewesoft d.o.0. This document contains information which is protected by
copyright. All rights are reserved. Reproduction, adaptation, or translation without prior written
permission is prohibited, except as allowed under the copyright laws. All trademarks and registered
trademarks are acknowledged to be the property of their owners.

8.7. Trademarks

We take pride in our products and we take care that all key products and technologies are registered as
trademarks all over the world. The Dewesoft name is a registered trademark. Product families (KRYPTON,
SIRIUS, DSI, DS-NET) and technologies (DualCoreADC, SuperCounter, GrandView) are registered
trademarks as well. When used as the logo or as part of any graphic material, the registered trademark
sign is used as a part of the logo. When used in text representing the company, product or technology
name, the ® sign is not used. The Dewesoft triangle logo is a registered trademark but the ® sign is not
used in the visual representation of the triangle logo.

9. Safety instructions

Your safety is our primary concern! Please be safe!

9.1. Safety symbols in the manual

Warning
Calls attention to a procedure, practice, or condition that could cause the body injury or death

Ql/_  Caution
. Calls attention to a procedure, practice, or condition that could possibly cause damage to
equipment or permanent loss of data.

9.2. General Safety Instructions

. Warning

The following general safety precautions must be observed during all phases of operation, service, and
repair of this product. Failure to comply with these precautions or with specific warnings elsewhere in
this manual violates safety standards of design, manufacture, and intended use of the product. Dewesoft
d.o.o. assumes no liability for the customer’s failure to comply with these requirements.

All accessories shown in this document are available as an option and will not be shipped as standard
parts.
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9.2.1. Environmental Considerations

Information about the environmental impact of the product.

9.2.2. Product End-of-Life Handling

Observe the following guidelines when recycling a Dewesoft system:

9.2.3. System and Components Recycling

Production of these components required the extraction and use of natural resources. The substances
contained in the system could be harmful to your health and to the environment if the system is
improperly handled at its end of life! Please recycle this product in an appropriate way to avoid
unnecessary pollution of the environment and to keep natural resources.

This symbol indicates that this system complies with the European Union’s requirements
according to Directive 2002/96/EC on waste electrical and electronic equipment (WEEE).
K Please find further information about recycling on the Dewesoft web site www.dewesoft.com
—_— Restriction of Hazardous Substances
This product has been classified as Monitoring and Control equipment and is outside the
scope of the 2002/95/EC RoHS Directive. However, we take care of our environment and the product is
lead-free.

9.2.4. General safety and hazard warnings for all Dewesoft systems

Safety of the operator and the unit depend on following these rules.

e Use this system under the terms of the specifications only to avoid any possible danger.

Read your manual before operating the system.

Observe local laws when using the instrument.

DO NOT touch internal wiring!

DO NOT use higher supply voltage than specified!

Use only original plugs and cables for harnessing.

You may not connect higher voltages than rated to any connectors.

The power cable and connector serve as Power-Breaker. The cable must not exceed 3 meters, the

disconnect function must be possible without tools.

Maintenance must be executed by qualified staff only.

During the use of the system, it might be possible to access other parts of a more comprehensive

system. Please read and follow the safety instructions provided in the manuals of all other

components regarding warning and security advice for using the system.

With this product, only use the power cable delivered or defined for the host country.

DO NOT connect or disconnect sensors, probes or test leads, as these parts are connected to a

voltage supply unit.

e Ground the equipment: For Safety Class 1 equipment (equipment having a protective earth
terminal), a non-interruptible safety earth ground must be provided from the mains power
source to the product input wiring terminals.

e Please note the characteristics and indicators on the system to avoid fire or electric shocks. Before
connecting the system, please read the corresponding specifications in the product manual
carefully.
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e The inputs must not, unless otherwise noted (CATx identification), be connected to the main
circuit of category I, lll and IV.

e The power cord separates the system from the power supply. Do not block the power cord, since
it has to be accessible for the users.

DO NOT use the system if equipment covers or shields are removed.

If you assume the system is damaged, get it examined by authorized personnel only.

Adverse environmental conditions are Moisture or high humidity Dust, flammable gases, fumes
or dissolver Thunderstorm or thunderstorm conditions (except assembly PNA) Electrostatic fields,
etc.

The measurement category can be adjusted depending on module configuration.

Any other use than described above may damage your system and is attended with dangers like
short-circuiting, fire or electric shocks.

The whole system must not be changed, rebuilt or opened.

DO NOT operate damaged equipment: Whenever it is possible that the safety protection features
built into this product have been impaired, either through physical damage, excessive moisture,
or any other reason, REMOVE POWER and do not use the product until the safe operation can be
verified by service-trained personnel. If necessary, return the product to Dewesoft sales and
service office for service and repair to ensure that safety features are maintained.

e If you assume a more riskless use is not provided anymore, the system has to be rendered
inoperative and should be protected against inadvertent operation. It is assumed that a more
riskless operation is not possible anymore if the system is damaged obviously or causes strange
noises. The system does not work anymore. The system has been exposed to long storage in
adverse environments. The system has been exposed to heavy shipment strain.

e Warranty void if damages caused by disregarding this manual. For consequential damages, NO
liability will be assumed!

e \Warranty void if damage to property or persons caused by improper use or disregarding the
safety instructions.

e Unauthorized changing or rebuilding the system is prohibited due to safety and permission
reasons (CE).

e Be careful with voltages >25 VAC or >35 VDC! These voltages are already high enough in order to
get a perilous electric shock by touching the wiring.

e The product heats during operation. Make sure there is adequate ventilation. Ventilation slots
must not be covered!

e Only fuses of the specified type and nominal current may be used. The use of patched fuses is
prohibited.

Prevent using metal bare wires! Risk of short circuit and fire hazard!

DO NOT use the system before, during or shortly after a thunderstorm (risk of lightning and high
energy over-voltage). An advanced range of application under certain conditions is allowed with
therefore designed products only. For details please refer to the specifications.

e Make sure that your hands, shoes, clothes, the floor, the system or measuring leads, integrated
circuits and so on, are dry.

e DO NOT use the system in rooms with flammable gases, fumes or dust or in adverse
environmental conditions.

e Avoid operation in the immediate vicinity of high magnetic or electromagnetic fields,
transmitting antennas or high-frequency generators, for exact values please refer to enclosed
specifications.

e Use measurement leads or measurement accessories aligned with the specification of the
system only. Fire hazard in case of overload!
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e Do not switch on the system after transporting it from a cold into a warm room and vice versa.
The thereby created condensation may damage your system. Acclimatise the system unpowered
to room temperature.

e Do not disassemble the system! There is a high risk of getting a perilous electric shock. Capacitors
still might be charged, even if the system has been removed from the power supply.

e The electrical installations and equipment in industrial facilities must be observed by the security
regulations and insurance institutions.

e The use of the measuring system in schools and other training facilities must be observed by
skilled personnel.

The measuring systems are not designed for use in humans and animals.
Please contact a professional if you have doubts about the method of operation, safety or the
connection of the system.

e Please be careful with the product. Shocks, hits and dropping it from already- lower level may
damage your system.

e Please also consider the detailed technical reference manual as well as the security advice of the
connected systems.

e This product has left the factory in safety-related flawlessness and in proper condition. In order to
maintain this condition and guarantee safety use, the user has to consider the security advice
and warnings in this manual.

EN 61326-3-1:2008
IEC 61326-1 applies to this part of IEC 61326 but is limited to systems and equipment for industrial
applications intended to perform safety functions as defined in IEC 61508 with SIL 1-3.

The electromagnetic environments encompassed by this product family standard are industrial, both
indoor and outdoor, as described for industrial locations in IEC 61000-6-2 or defined in 3.7 of IEC 61326-1.

Equipment and systems intended for use in other electromagnetic environments, for example, in the
process industry or in environments with potentially explosive atmospheres, are excluded from the

scope of this product family standard, IEC 61326-3-1.

Devices and systems according to IEC 61508 or |EC 61511 which are considered as “operationally
well-tried”, are excluded from the scope of IEC 61326-3-1.

Fire-alarm and safety-alarm systems, intended for the protection of buildings, are excluded from the
scope of IEC 61326-3-1.

10. Documentation version history

1.0 28.11.13 %] initial revision
V20-1 03.09.2020 New template, partially new screenshots
V22-1 24.32022 Added Important note in System Overview
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