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Rotational and Torsional vibrations

Vibrations are mechanical oscillations, that occur around an equilibrium point. The oscillations can be periodic or random.

Vibrations of any mechanical device in operation are typically unwanted. Such vibrations can be caused by imbalances in the rotating parts, uneven
friction, the meshing of gear teeth,... We can minimize unwanted vibrations with proper designs.

We can decompose any vibrating system into elementary parts:

e spring - a means of storing potential energy (k)
® mass - a means of storing kinetic energy (m)
e damping - a means by which energy is gradually lost (c)

Vibrations can be classified as:

o free (after the initial disturbance, the system is left to vibrate on its own) and forced (the system is subjected to an external force, often a
repeating type of force)

e damped and undamped

e linear (all the basic components of a vibration system the spring, the mass, and the damper behave linearly) and nonlinear (one or more basic
components of a vibration system are not linear)

e deterministic (magnitude of the excitation (force or motion) acting on a vibratory system is known at any given time) and random (the value
of the excitation at any given time can not be predicted - wind velocity, road roughness and ground motion during an earthquake)

When the system vibrates with its own natural frequency, it falls into resonance - it oscillates with the largest amplitude at the same excitation

force.
Quantities that are used to describe the vibrations are:

e displacement (in [m])
o velocity (in [m/s])
e acceleration (in [m/s2])

All three quantities are directly related to each other - velocity is a derivation of displacement and acceleration is a derivation of velocity.

Torsional vibration

Torsional vibrations are angular vibrations of an object, typically a shaft along its axis of rotation. Torsional vibrations are evaluated as the
variation of rotational speed within a rotation cycle. RPM variations are typically induced by a rough driving torque or a varying load.

Image 1: Torsional vibrations

The level of torsional vibration is influenced by a number of parameters, such as material properties, operating conditions (such as temperature,



load, RPM, etc.).

Torsional vibrations are important whenever power needs to be transmitted using a rotating shaft or couplings, such as in the case of automotive,
truck and bus drivelines, recreation vehicles, marine drivelines or power-generation turbines.

Quantities that are used to describe the torsional vibrations are:

o angular position (in [rad] or [A°])
o angular velocity (in [rad/s] or [A°/s] or [RPM])
e angular acceleration (in [rad/s2] or [A°/s2])

All three quantities are directly linked to each other and can be derived by integration and differentiation. The most common quantity used to
measure torsional vibrations is the angular velocity or RPM.

The source of excitation is quantified by torque.

The angular velocity and displacement quantify the response of the applied torque. Torque and angular velocity are linked to each other:

d*a

P
dr’

J:

Where T is torque in [Nm] and Jz is the torsion constant or the polar moment of inertia in [m4].

This formulation is similar to the formulation of Newton's law, which links the force acting on a mass to the acceleration of that mass.



Torsional vibrations in Dewesoft X

The torsional vibration software option of Dewesoft is used to obtain 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) the perfect mobile
solution for test engineers and consultants is born.
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Image 2: Torsional vibrations recorded with Dewesoft

Torsional and rotational vibration is calculated, as well as the corresponding velocities. The software can compensate for off-center mounting of
the sensor and can also take care of the gearbox ratio. Furthermore, the possibilities of Dewesoft allow angle-domain visualization and export.

Using Dewesoft to capture data from other sources: e.g. Video, CAN, Ethernet means that they are perfectly synchronized in one data file. If the
powerful integrated post-processing features of Dewesoft 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.

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.

Image 3: An example of an angle

sensor - encoder

A variety of angular sensors is supported:
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e Encoder

CDM with zero pulse (Geartooth)
e Zebra tape sensor (with DS-TACHO4 and auto-gap detection)
e Sensor with missing teeth (e.g. 60-2)

For example, The CA-RIE sensor has a resolution down to 0.5A° and is, therefore, less sensitive to vibrations (which could damage standard
encoders over time).
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Image 4: Supported angle sensors



Enabling Torsional vibration module

Like many additional mathematical modules, the Torsional vibration is an option to the standard Dewesoft package and needs to be enabled in the
Math section.

|I Q | A MNew setup defaults
General -6 User inputs Electrical measurements
. Channels n Cursor f Power analysis b4
.,‘ Storing Frequency domain analysis Acoustics

E Data header b4 . FFT analysis '}}Q Sound level meter

B4 system monitor Machinery diagnostics Aerospace and automotive
ﬂEﬁ MET b4 0 Combustion engine analysis b4 @ Mavigation

'UI- Analog in b [ Human vibration Psophometer

E Function generator b 0\ Modal test (1)) Psophometer

= CAN N I& Order tracking X vibration

Counters b4 @'} Rotor balancer by . Sine processing
"IJI.'II Analog/digital out b4 I F. Torsional vibration I SRS
o s [ S——

Torsional 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.

Image 5: Adding Torsional vibration module in Dewesoft

Basic operating concept

The Torsional vibration module inside Dewesoft is just one of several other application modules that offer dedicated mathematics and dedicated
visual controls like angle based XY-diagram.
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Image &: Basic operating concept
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General setup

The user interface of the Torsional Vibration module is split into the following sections:

™1 | + Used w | | Setup ~ Rename

First input
|g:-r?ensor inpur - | R %mm Sensor 2

Second sensor input Gearbox ratio

|CNT2 - | Encoder-512 M / Encoder-350 -

Encoder-512, X1 Encoder-260, X1
<- Sensor_1_angle -
Input filter Rotational DC filter
Hz
Name |5ensor_1_ang|e | off > € e
Description | |
Units Colar - Rotational angle [ Torsional angle [JRotational angle
] v | [CIRotational velocity [ Torsional velodity [ Rotational velodty
Lo ¥ axis reference angle
Max value 360deg ——— Frequency [RPM]
1 Average offset - o =5 [Juse reference curve
ob s g IL = Resolution not set
Reset zero Use for Torsional angle wrap around
Max 36,4 deg L] < £
RMS 0,4841 deg
Average 35,59 deg
Min 34,76 deg
Min value 0 deg

+

Image 7: Channel setup of Torsional vibration math module

¢ input: Define the counter channels for input (e.g. CNT 7, CNT 8).

e counter setup: Define a type of angle sensor (e.g. Encoder-512, CDM-360, ...), and select ratio, if gearing is used.

o filter setup: 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.

e output channels: Select which calculations are to be done (e.g. rotational velocity, torsional angle....).

¢ angle offset: Compensate constant angle offset, off-center mounting, sensor errors.

e output: Preview of output channels - switch through with the arrow buttons.

e preview: Preview of torsional angle.

Switch to View Channel List on the right upper corner to see a list of the calculated output channels.
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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. For
torsional vibration module you can use different types of sensors:

e Encoder

CDM with zero pulse (Geartooth)

Zebra tape sensor (with DS-TACHO4 and auto-gap detection)
Sensor with missing teeth (e.g. 60-2)

Go to Options Editors Counter sensor editor:

= Options

Settings
Project >

Analog sensors

| Tools »
Physical quantities Manuale F1
5-N curves P - -
ro training

Kinematic Cursor
Check for updates...

Installed extensions
About Dewesoft

Image %: Path to Counter sensor editor

Click on Add sensor first, then enter a name, and set all other parameters. Depending on the sensor different parameters are available. When
finished, click Save&Exit.
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Image 10: Add your own sensor

Now the sensor can be accessed from the dropdown menu of the torsional vibration module.
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Image 11: Manually defined sensor can be selected in

math modules



Difference between rotational and 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.

Rotational vibration is simply the dynamic component of the rotational speed. If we measure the rotational speed of the shaft with high precision,
we will notice that we get a high deviation of rotational 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 rotational speed or the rotation angle. 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 a coast down the max. vibrations appear at the same RPMs again.

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.

Image 12: Run-up and coast-down of a machine

Torsional vibration is an oscillation of angular motions (twist) which occurs along with rotating parts, such as gear trains, crankshafts 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.

Imiage 13: Graphical representation of twist

Required hardware SIRIUS ACC+, MULTI or DEWE-43
Required software Dewesoft X, SE or higher + Torsional vibration option, DSA or EE

Setup sample rate Atleast 10 kHz
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Torsional and rotational vibration can be measured with either an encoder (up to 3600 pulses per revolution) or a special sensor (CA-RIE-360/720)
that has a lower resolution (up to 720 pulses per revolution) but is much less sensitive to vibrations that could damage standard encoders.

Image 14: Angle sensor CA-RIE
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Rotational vibration setup

For our test, we take an electric motor (in the middle) and two encoders. The encoder on the left is connected with coupling and the encoder on the
right with a spring to the motor, to create high vibrations.

Because we are currently only interested in rotational vibration, we will only use the encoder on the right side, connected with the spring. The
encoder is connected to the Dewesoft instrument on a Counter input.

Image 13 Rotational vibration demo device

As mentioned, there is nothing to be set up in the analog or counter channels setup. Just go to the Torsional vibration module. Next, select the First
sensor input. If we have connected the first sensor to CNT 7, we need to select it from the list. Then we define the sensor. If we have 1800 pulses
per revolution, we choose the Encoder-1800. If the sensor used is not defined so far, we need to create it in the Counter sensor editor first.

Next, we need to set the Input filter for the counters. The input filter is needed 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 the following equation:

1

10 - RP‘;oi""" - Pulses Per Revolution

InputFilter(s] <

Example: Let's say that our machine is running at 3000 RPM and we have the encoder with 512 pulses per revolution. If we insert this number in the
equation above, we get the next result:

Input Filter[s] < 1 = L = 3,9us

10- % . PulsesPerRevolution 10 23" - 512

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

Output channels
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o ] e i
deg | ] ] Ratacmeaveoeity
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o 260 deg [ Frequency [RPM]
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Min value 0deg

Image 16: Rotational vibration setup

The output channels are:

Rotational angle: Filtered angle value of vibration.

Rotational velocity: Filtered velocity vibration value.
e X-axis reference angle: The reference angle, which is always from 0 to 360 and can be used as a reference for angle based xy diagrams.
* Frequency: In RPM units.



Rotational vibration measurement

When you switch to measure mode, the calculated channels of the Torsional vibration module are shown in the channel selector on the right side.

The first idea would be to select the TV_Frequency channel and display in analog/digital meter or a recorder.

¥ o7 Channels

Image 17: Run-up can be displayed on a recorder widget

The Sensor_1_angle is the reference angle and can be used for an angle-based display of XY recorder. Add an XY recorder and click on

Sensor_1_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.

Vary the RPM and when you come close to the resonance frequency, the amplitude reaches its maximum.

¥ & Channels
& X Axis

Ticks type | Automatic

@ ¥ Axis

Ticks type | Automatic

=
Angle based x-y ~
=
0..360 V
=
2 e
=

Image 18: Rotational angle close to the resonance frequency reaches maximum

In the next graph also the rotational velocity is added (first derivation of the angle), according to the theory it is shifted 90 degrees.
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Image 1%: Rotational angle and rotational velocity are shifted for 90 degrees

v &
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Torsional vibration setup

The next step is to measure the torsional vibration.

On the left side is an encoder with a rigid (coupled) connection to the motor, on the right side is another encoder. Both encoders are connected
with Dewesoft hardware in counter channels. We measure the torsion vibrations of the metal spring in between.

[l )

o M gl

o)

Image 20: Torsional vibration demo equiprment

Add a Torsional vibration module. We need to select both input channels in the Torsional vibration setup. We select CNTO as the first channel and

CNT1 as the second channel. Then we need to define Sensor 1 and Sensor 2 by selecting the correct type from the dropdown menus on the right
side. If we have a gearbox in between, we need to enter the Gearbox ratio (it is used for measuring the torsion angle across the gearbox).

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.
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Image 21: Tarsional vibration setup

The Input filter can be set in a range between 100ns and 5ms. The optimal settings are derived from the following equation:

1

10- % - Pulses Per Revolution

InputFilter(s] <

We have the following Output channels:

e Torsional angle: the Dynamic torsional angle is the angle difference from sensor 1 to sensor 2.

e Torsional velocity: Difference in angular velocity from sensor 1 to sensor 2.

e Sensor 1 Rotational angle.

e Sensor 2 Rotational angle.

e Sensor 1 Rotational velocity.

e Sensor 2 Rotational velocity.

e 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.
e Frequency: In RPM unit.



Angle offset and Reference curve configuration

In the section Angle offset, you see the angular difference between the two sensors. 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.

b::'T 2 Average offsst 17,1340 == [Juse reference curve
E =re . ! bs =k Resolution not z2t

Reset zero

[Juse for Torsional angle wrap around

Torsion angle

Image 22: Angle offset section in Torsional vibration setup

Reference curve configuration

Now there is also an option on how to compensate for off-center 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, off-center
mounting like in the second picture (2) will appear. Let's draw on the disk a red line on 0 degrees and a blue line on a 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!

FanY
\YP) ="\
A \
\

Image 23: Off-center mounting can cause issues
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Imagine it rotating, then a constant sine wave will be generated additionally to the rotational vibrations. This can be compensated in

Dewesoft using the Reference curve. However, it is required that the load must be removed from the engine! It must be free-running. Otherwise,
you would also cancel out vibrations you want to analyze. When the machine is running at idle speed with no real torsional vibration, press the Set
button.

ob:--? Zero | Average offset  2,4109° ot [ Use reference curve
Resolution :

Resetzero | [ Use for Torsional angle wrap around

Image 24: Setting the reference curve

The current curve is now recorded over one revolution as a reference. After that, the line is much flatter.
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Torsional vibration measurement example

Now let's do the measurement. We have added the analog and the digital meter for frequency, a recorder for the frequency, the torsional angle and
torsional velocity and we have also added angle based XY for those parameters.

The run-up and run-down clearly shows the static torsion angle and the region of the natural frequency with high torsional vibration values.

Image 25: Torsional vibration measurement screen
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Order extraction

To extract orders from a torsional/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 created before 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 a waterfall.

We choose to extract the first three orders by entering 1;2;3 in the Harmonics field.

Frequency channel setup
Frequency source Module Frequency channel
| Torsional vibration v| | Torsional vibration1 v | [anTo ~|

Calculation criteria - frequency limits

Direction Upper RPM limit
™o pw ]
- =
b ]
Order FFT setup Common properties Time FFT setup
[+ Order domain harmanics Harmonic list 1;2; 3 | [] Time domain harmanics
[] Order waterfall ve. REM FFT window [ FFT waterfal vs. RPM
Onerretn 150,29+ Arpitce ata ] @ =gg
A Data averaging |Ava'agebetwea1dasses V| [ update on RPM change (Delta RPM)

Update criteria Alw - :
mmof e ays [Jupdate on : min _:Es

[~ Overall RMS vs. REM
- e _ (rms calculation depends on FFT waterfall resolution)
s ‘ ‘
1

[ order waterfall vs. time

(53

o
)
o
=

Oyerap, |0 % | []skip missing RPM dass

Image 26: Order extraction using Order tracking module

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), and the RotAngle_1/Amplitude1, RotAngle_1/Amplitude2 and

RotAngle_1/Amplitude3 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

2422 RPMs that we previously observed in the recorder being the first order of vibrations.
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Image 27: Dbserving the behavior of orders

To see it even better, we can add the 3D graph. This graph can only show matrix channels. Order tracking has two of them - Order waterfall and FFT
waterfall, which can be used as 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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3711 16,0
Freguency 1 Orders ]
Image 28: FFT waterfall Image 29: Order waterfall

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. The turning of the phase also indicates resonance.

22



XY Recorder
EEe i ool SN RCOINORIS o m s snponsation o) oo w S i e
| |
| |
| |
1 1

r
|
|
|
1

[Widled] fouanbas 4~ 10

3000

1500

70

XY Recorder

[Wicl] fouanbas 4~ 10

o

M e Yo, Y

ol

3000

2250

1500

- =T

|

gl [] - ‘asEyd | a|by 0y

oal-

Image 30: Displaying the amplitude and phase of the orders
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FFT peak calculation

One of the standard measurements is, to do the run-up of the machine, and then calculate the max amplitude over the FFT.

Add an FFT analysis function from the Frequency domain analysis section in math.

|| Q | Addmodule | New setup defaults

General % User inputs Electrical measurements

. Channels . Cursor ’ Power analysis ¥
. Stering Frequency domain analysis Acoustics

. Data header '}( . FFT analysis I !})Q Sound level meter

rm— —

FFT analysis 1.0.0

Fourier transform application is a transformation used to transform signals between time domain and frequency domain, Qutput of the transform could be
complex, amplitude or overall rms. Calculation types are Overall {Averaged) and Block history. Window type and resolution of the FFT are calculation
parameters

Image 21: Adding FFT analysis module

Then select the input channel, here for example Torsion_angle. Set to Amplitude, Overall, and averaging type Peak:

|Peak

Output scalars Scalar outputs frequency range
rms Start frequency End frequency
[Peak 0 _ 2497,5586 Hz
[reak-reak [ Full frequency range
Calculation type

Block histe
(®) Overall (Averaged)
Stop calculation
Distpate s
Resolution settings
Resolution
|L'nes vl |1024 v| {lines = 1024, df = 2,44 Hz, duration = 0,41s)

Window functions

Window

DC cutoff Overlap

None v|Hz |o v|o%

Image 32: FFT analysis setup

Here is an example, done offline on a data file (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 run-up of the machine.

Then a 2D graph was added (see instrument bar, red box) and the AmpIFFT math channel assigned.
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Y-axis type can be set to logarithmic in the 2D graph properties (left side) for convenience.

¥ =7 Channels

Image 33: Displaying FFT peak results on a 2D graph

You can do the standard export, or just click on the 2D instrument, and use Options Copy to clipboard "Widget data".

ays Displays

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

T &

Widget as image
Widget group as image

Display as image

Widget data

Widget group data

Widget group Ctrl+C
Display

Undelete

Copy to clipboard

Save to file..

Compress video to AV
-

mage 34: Copy the widget data to the clipboard

@ Edit Options

tarted
topped

¥ 1 Channels
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Image 35: Pasting the widget data into Excel

|Freq [Hz] FFT analysis 1/Torsion_angle/AmplFFT [deg (Z)]
0 2,4606
9,77 2,9429
19,53 0,8556
29,3 3,4773
39,06 6,4729
48,83 4,3536
58,59 0,8813
68,36 0,133
78,13 0,1083
87,89 0,096
97,66 0,0948
107,42 0,06
117,19 0,0335
126,95 0,0298
136,72 0,0244
146,48 0,0225
156,25 0,0208
166,02 0,0193
175,78 0,0184
185,55 0,0181
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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:

¢ Single x-axis: sees all cycles layered over each other (persistence mode), easy to see min/max overall cycles; persistence can be adjusted

with the Pretime limit in the properties.

Single x axis ~
Real data w

[ Load all buffer

[ show only current value

[ only when x increases
[ only when x decreases

|:| Draw sample points

[ oraw only sample points
D Log Y D Log X
D Pen up

[ Pretime limit

36: Single X-axis XY recorder

e Angle-based X-Y: we can see the current cycle - it is working like a scope.

=]
Angle based x-y e
=
0..360 e
=
1 e
=
D Draw sample points
[CJoraw only sample paints
|:| Log ' |:| Log ¥
Pretime limit
[single values Y axis
[15how cursor
=

Image 37: Angle based XY recorder

Now, how is it possible to export this cycle-based data? Go to Math and add a Time-to-vector transform.



Il Q

Formula and scripting

Manage favaorites

Time domain analysis

. C++ script rriss Delay channel

wav' Formula I Latch value math

Filtering & Scope math

f FIR filter ct! Time integration, derivation

f Frequency domain filter Hi. Time-to-vector transform I
Y IR fiter

Frequency domain analysis

Image 38: Adding new math Time-to-vector transform

With this great tool, Dewesoft 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 the resolution, in this example, we just use 1 degree. The output data is Actual, Average, Minimum, and Maximum over all
the cycles.

for ® Actual Mirimum
=i -
Torsional angle Average A
Reference ch. Sensor_1_angle o
from to
Range ICI Grad 360 Grad
<- Torsional angle/AVE -
Name |Torsiona|angle,|fA\|"E |
Description |— |
[revieve | values | xmds |
180,000 =i
50,000
SO0 g 180,000 60,000

Image 39: Time-to-vector transform setup

For displaying the matrix data, you have to use a different visual instrument, the 2D graph. Then you can assign the ACT (actual), MIN (minimum),
MAX (maximum), or AVE (average) channels from the Math function.
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Image 40: Displaying the results from Time-to-vector transform on a 20 graph

ﬁ Torsional angle/AVE

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

L NTE I ]

12 No Basic stat. 3 (Basic statistics) Kraft/MaX 2/MAX Asynchronous 1,6 Hz Scalar
13 Yes T-V transf, 1 (Time-to-vector transf... Torsional angle/AVE Single value | unknown | Vector (361)
14 Yes T-V transf. 1 (Time-to-vector transf... Torsional angle/MIN Single value | unknown | Vector (361)
i5 Yes T-V transf. 1 (Time-to-vector transf... Tarsional angle/MAX Single value | unknown | Vector (361)
16 Yes T-V transf, 1 (Time-to-vector transf... Torsional angle/ACT Single value | unknown | Vector (361)
Image 41: Export the data from Time-to-vector transform math
Here we have done the export to Excel, instead of the time axis, we have angle-based data.
A T D E G H J MV MW X MY
Torsional angle deg 0 1 2 3 4 356 357 358 339 360
Torsional angle/AVE deg -8,63393 -B,72163 -8,79453 -8,67877 -8,63295 -B 28899 -9,22222 -9,17146 -§,90385 -8,88429
Torsional angle/MIN deg -12,0519 -12,5902 -12,8269 -13,9257 -11,5307 13,4678 -12,9858 -12,6452 -12,7035 -13,3138
Torsional angle/MAX  deg -7,27313  -6,65147 -7,02768 -5,83716 -6,9098 -7,41747 -7,33984 -7,28405 -7,15611 -7,09349
5 |Torsional angle/ACT deg -8,91775 -7,74995 -8,33797 -§,96986 -10,3347 -8,19921 -10,3526 -11,7044 -9,10835 -7,95053

Image 42: Angle-based 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

Paste
® an
O Formulas
() values
() Formats
() Comments
() validation
Operation
@ None
() Add
() Subtract

[ skip blanks

Paste Link

D All using Source theme
O All except borders
() Column widths
O Formulas and number formats
O Values and number formats
All merging conditional formats

() Multiply
() Divide

Cancel

deg

E

-8,9177542
-7,7499509
-8,3379707
-8,9693648
-10,334683
-8,6783314
-6,4751434
-6,1924405

-3,235064
-3,1964402
-5,0723882
-4,0516591

A B C D

1 |Torsional Torsional anglefAVE Torsional angle/MIN Torsional angle/MAX Torsional angle/ACT
2 |deg deg deg deg

3 0 -8,6339273 -12,051939 -7,2731271
4 1 -8,721633 -12,590186 -6,6514735
5 2 -8,7945347 -12,8269 -7,0276752
6 3 -8,6787663 -13,925694 -5,8371649
7 4 -8,6329508 -11,530666 -6,9098001
8 5 -8,3981962 -12,069989 -6,5598674
g 6 -3,0143414 -12,286983 -6,2056117
10 7 -7,3500231 -11,375021 -5,2072558
11 g -6,0209274 -10,612842 -4,8699379
12 9 -5,8608566 -9,4796171 -4,2602416
13 10 -5,4541864 -9,9645853 -3,6833789
14 11 -4,8030043 -7,569243 -2,8832061
15 12 -4,1257186 -7,0892282 -2,7019229

mage 43: Paste transpose to get a better view of the data

Selective export:

Use the recorder instrument to zoom into a section of your data file in
the calculation and export are only done over the selected data.

-2,9045215

(position both white cursors | and Il and click between them), then

Image 44: Export will be done only on the zoomed area
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