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WHAT IS AN ORDER?

csion. st @orderst 1.1 DEWETRON
Motor running with 3000 rpm
Fundamental frequency is
3000/60 = 50 Hz
Multiple FFTs

50 Hz is the first order
Higher orders are integer
multiples of the first order

for different
running speeds

Running speed [rpm]

1st order 50 Hz Frequency [Hz]
2nd order 100 Hz
3rd order 150 Hz
4th order 200 Hz
5th order 250 Hz
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Separation of the raw input signal into
signal blocks per revolution
One block represents one revolution

To achieve a high accuracy, the rotation
angle is required

As the running speed of the DUT will
change continuously and the sample rate
is constant, the number of samples per
revolution will decrease with increasing
running speed

The average speed per revolution is
determined

To avoid aliasing during the FFT
explained in the following below, the
signal raw signal will be filtered with an
adaptive anti-aliasing filter
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DETERMINATION OF THE ORDER MATRIX

—— Angle Signal
v

— Raw Acceleratién Signal, 1st Ofder +|50
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aw Acceleration Signal

—— Angle Signal

Raw Acceleration Signal

0.00 0.05 010 0.15 020 025 030 0.35

132 133 134 135 136 1.3

DEWETRON
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—— Raw Acceleration
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—— Raw Acceleration Signal
—— Filtered with fCutOff=7.8Hz
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—— Raw Acceleration Signal
—— Filtered with fCutOff=63.1Hz
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DETERMINATION OF THE ORDER MATRIX

(@ | Due to the fact that the numbers of — Angle Signal » DEWETRON
. O q 14
samples per revolution is decreasing /
with increasing running speed, the signal o 20
will be resampled to a defined number N 100
of samples per revolution — Fiffered Acceleration Sigfal 0
0.0 0.2 0.4 0.6 ) ) 0.8 1. 2 1
An accurate angle signal is required for L5 4 ; Time in s -
. —— Angle Signal 1.0 4 — Angle Signal
this step. The more angle steps per L0 o | 300
revolution delivered by the speed sensor, EZ 200 ] -
the more accurate the resampling s ] 4505 "
algorithm will work 101 / 10
—8—_Hitered Acceleratiof Signal o Filtered Acceleration Signal 0
L 0.0 .05 0.10 0.15 20 0.25 030 035 132 133 134 135 136 137 138
s \J_'/ —8— Resampled (16pt/rev)
1.0 4
0.5 y <
0.0
_US 4
=1.0 4
—— Resampled (16pt/rev)
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1n deu Anulel
—8— Filtered and Resampled 16pt/rev
1_ VV\[
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2

1000 1500 2000 2500 EODD 3500
Angle in deg
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DETERMINATION OF THE ORDER MATRIX

(@ | The order spectrum is now calculated by
transforming the resampled signal (fixed
number of samples per revolution) into

the frequency domain.

Remark: The difference to the output

spectrum to the usual frequency
spectrum is hereby that the frequency is
no longer plotted along the x-axis but
the order itself. Thus, the order
spectrum can be directly extracted from
this spectrum.

Filtered and Resampled 16pt/rev
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EXTRACTION OF ORDER FROM INTENSITY DIAGRAM A

(@ | Possibility to extract orders from DEWETRON
intensity diagram via cursor (@) - -
. . N ® ACC_orderMatrix@OrderAnalysis_1 [g] KA
* Vizualization of order vs rpm Order =791.0 Speed =640.0rpm Frequency =8.437ktz Value=0.000g —~
- : WSS . ot T—— LS SURUN, . W N—— - 1) o
30004 ]
0.014
— 2500
é 200 0.001
;i' 1500
0.0001
1000
500 . 00001
: -
0 100 . 200 300 400 500 600 700 800 900 1000
Order
Order 142.0
010 --- - - - e R e e e oo e

Speed [rpm]
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GENERAL

Acceleration_freqMatrix@OrderAnalysis_1-[]

Benefits:

>
>

Gapless analysis

Order analysis with angle-based
resampling and adaptive anti-
aliasing filter

Simultaneous analysis in order
and frequency

Simple configuration

DEWETRON

Order analysis from 60 rpm to
100.000 rpm

Up to 1000 speed steps

Order resolution selectable from
0.01to1

FFT-windowing and overlapping
Adaptive AAF for order domain
analysis

order extraction of selected orders
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SOFTWARE CONFIGURATION
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Connect sensors for acceleration and e B «»x DEWETRON
angle of rotation . i B . .
. . o fmE =2 o .
Select settings for the acceleration 2 S el e _ Open detail setup of
in the ch | | S orane e Main Counter Channel,
sensors in the channe §etup (mostly * s e @ e — set Counter Mode to
IEPE mode and measuring range) = w — . e Encoder and enter the
: = it — | o number of pulses per
Setup counter input for the speed / angle a || - ) - revolution
i AR ST e s
measurement in the channel setup s D0 e o AT T o
e T I I AR AChMS
I )ihnf.G‘I"Il ] .. “w“w‘: il “\“1 “‘H‘ “l:m
When using an encoder with A, B, Z % e SRR K
i e 8 * I AR
. cnTan o . ] il - ”
signals .Ei‘an e
) ) ) o [ % I +choanstseinctod
When using a tacho sensor with a single JhSEEE o S
output ) - e = Y Open detail setup of Main
a §€Z e : I [— ’ Counter Channel, set counter
4 . — ' mode to Events, enter the
; B e = @ " — ‘ number of pulses per revolution
= e T B ren. D R and, if necessary, change the
(=) o O Source channel. Additionally,
a = + check HW-Reset (if available)
{4 . o CNTan 1 —
: . % T T ““ W” T ” o otherwise use SW-Reset.
. . “1\“‘ Il :u;‘ i s
e - e s
. . ;““ 1] ”3‘ 1 [ ]
s .. QLTI L




SOFTWARE CONFIGURATION

Select the sample rate DEWETRON

nels selected

d I a ,ﬁT Channel : ) Scaled Value |  SampleRate | Scaling
Create order ana YSIS Bl S
1] || pEWE2-Ra ( )
[=] [v| TRION-BASE g
(=]
[ ] 0D O Events 10000 Hz 2152409 .. 2156408 Sealer 1 Unit:
[J 0D O Frequency 10000 Hz 0.001 Hz .. 0000000 Hz Rl Unit: Hz
fi'ﬁff‘—cm AL a8 L) (o] Rotation 10000 Hz 0°..360° (SJQ‘,?J:L& Unit:
miﬁ:: msim e B O O Velocity 10000 Hz ~100000 rpm .. 100000 rpm e L Unit: rpm
|| TRION-1820-MULTI-4-D
tansim e @ ¢ D 0 AN A e\ o0t oV .10V Seale 1 Unit:V

Ptorm ore analyss.

Group name. Order Anabyss Charmnels

Recommendation for e
minimum sample rate: st
Maximum speed / 60 *
highest order * 3
Example: 6000 rpm / 60
*100 * 3=30KkS/s

Fie eplay - Syec Scadar

[om——

Other
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SOFTWARE CONFIGURATION
s e lion

Select MIN / MAX speed

E

Adjust resolution for the matrix
display

Select speed direction:

Both: Update will be performed if
speed goes up or down

Down: Update will be performed
only if speed goes down

Up: Update will be performed only
if speed goes up

Adjust order resolution
Enter the order(s) to be extracted

Calculates RMS for each input
channel for the current order
spectrum. Formula:

& [ 7, ]| Analos || Digital || Counter |[Math]" Search.. [ 7]
x| €

| &

DEWETRON

REFERENCE CHANNELS INPUT CHANNELS

Bro =~ olii

N Overall RMS channel

OverallRMS\/m

By «» X

= oureur LS
> Statistics 1 Speed_CNT ] y Extracted orders 1234 @
| v Order Analysis Channels Anglecharnl  Angle. T 1@[RemoteNode] [ ) [ Anaiog | [ Counte ] Wath | Search El 0 oconmschomes
N e | [ <> I
esd L GENERIC OPTIONS [LJ] ¥ Locathiode
¥ oroer Minimum speed 60 @ ., 0O | v statistics1
Acceleration_orderMatrix [
Maximum speed 3500 (m} ‘Speed_CNT 1/1@[RemoteNode]_AVG
. Speed resolution § o [ ¥ RemoteNode]
Speed dicect ]| v miomet
i e ]| [ mowanse Select the signals
A - |1 s for which an order
Windk H O IGNT 1/1@(Remoteblodel) X
e ‘ ey | hall be
Overtap el , O ‘ [Frequency_CNT 1/181Rems analysis s
oRoER specTRUM GPTIONS O e CNT U Femeteode] performed
W) veemsfer =] | ‘ Spesd_CNT /1@(RemoteNiode]
| || v Trion 2002 ancc s amc /
‘ Acesleration K
QSpeed channel for displaying extracted orders in XY-recorder
Order matrix & frequency matrix for the intensity diagram, 1x
\per input signal
Extracted Orders, Amplitudes (RMS) and Angle (Phi) channel per
input signal and set order (d)
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MEASUREMENT SCREEN SETUP A

@ Drag order matrix channel to the
screen

@) Drag frequency matrix channel to
the screen

®|If necessary, enable the
logarithmic scale

@ Place additional instruments like a
Recorder or a X/Y plot

DEWETRON

HE v =@ ok #
allE
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ORDER ANALYSIS TEMPLATE

Screen template for Order
Analysis

(@)

Add order analysis template (@)

Add Predefined Measurement Item - Order Analysis

Modules

Templates

Stored Screens

Stored Pages

OrderAnalysis_1: ACC
OrderAnalysis_2: ACC

DEWETRON

; Frequency Matrix

rpm 2821

i 1 FFT of input signal

Crd Ay G OrGeAratySs_L

Input channel name AC C

; Order matrix

. \ Extracted orders vs rpm

i Y
‘ ]l.@ ¥

|
'Ilr\ﬁ‘li

r’.

f ,'1 ¥f
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DATA ANALYSIS AND EXPORT

©)

Open a data file for review, analysis
and export

Additional order analysis modules
can still be created during data
analysis

For data export (*.txt, *.csv, *.xlsx,
* mat and *.mdf4.0/4.1), open the
export menu

Select the channels to be exported i

Set additional options and press
Export...

It is also possible to automatically
export the data after
measurement end

£
i
4

B -5~ ~ 2 ojlii ®
i
i

&

c) B

13
B
3
S & SEEE B B

DEWETRON

B Y N @i

 d:/DATA/

Acc_1_IEPE_orderMatrix

Export Settings

CHANNELS OPTIONS

| o ) )
Decimal separator . P u

] E‘ LocalNode CSV delimiter X L

E‘ Order Analysis Channels | | Separate header row for units
OrderAnalysis_with_AAF || Use absolute timestamps

[} > Ordesnalysis no_asF [ ] Waveform Statistics

] OrderAnalysis & . Export...

] E‘ OA_Acc_1_Speed_1ppr_Offline []
AUTOMATIC EXPORT

] Speed
[ Export on measurement end

Debug Channels

L E e Chamne Auto-export folder:

= E Frierseesin Browse...

L]
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COPY AND PASTE DATA

It is possible to copy and paste the
order spectrum and frequency
spectrum data displayed in an
intensity diagram into another
software package, like Excel

Select the intensity diagram of the
data you want to copy and press
CTRL+C

Open the software package, like
Excel, to which the data shall be
pasted and press CTRL+V

As the data is stored to the
clipboard, it can also be pasted
into other software packages but
Excel

T 1050 z
E om0 £
i= i

Order

Order

Acc_2_V_orderMatrix@OA_Acc_2_Speed_1ppr

Bl vew@o

Mappel - Exce Rafael Ludwi  [H

Datei ~ Start  Einfiigen Seitenlat Daten  Uberpri sicht H as méchten Sie tun? Teilen | 4 Kommentare

X .
LD Calibri A i s
cinfagen U J¥ : A = ’ ortieren und Suchen und
A : g Z z z o Filten~  Auswahlen ~

Zwischenablage Ausrichtung = Bearbeiten

0.0000 010101 0.200] 0.300] 0.4010] 0.5001 0.60 [ 07000 0.80101 0.900] 1.000] 11010] 12001

0.000157  0.000136  0.000163  0.000164 0.000 .000165  0.000224  0.000311  0.000307  0.000235  0.000621  0.000574  0.000302
0.000167 0.000153 0.000181 0.000185 0.000: .00019 0.000253 0.00035 0.000379 0.000364 0.000744 0.000612 0.000324
0.000178 0.00017 0.000133 10.000205 0.0002: .000215 0.000282 0.00033 0.000451 0.000434 10.000867 0.00065 0.000346
0.000188  0.000187  0.000218  0.000226  0.000244 0.00024 0.00031 0.00043  0.000523  0.000623  0.000991  0.000687  0.000369
0.000198 0.000204 0.000236 0.000247 0.000266 0.000265 0.0002329 0.00047 0.000595 0.000753 0.001114 0.000725 0.000391
0.000208/  0.000221  0.000254  0.000267  0.000287  0.000289  0.000368  0.000503  0.000667  0.000882  0.001237  0.000762  0.000413
0.000218 0.000238 0.000272. 0.000288 0.000309 0.000314 0.000397 0.000549 0.000733 0.001012. 0.00136 0.0008 0.000435
0.000229  0.000255  0.000291  0.000309 0.00033  0.000339  0.000425  0.000589  0.000811  0.001141  0.001483  0.000838
0.000239 0.000272 0.000309 0.00033 0.000352 0.000364 0.000454 0.000628 0.000883 0.001271 0.001606 0.000875
0.000249  0.000289  0.000327 0.00035  0.000373  0.000383  0.000483  0.000668  0.000955  0.001401 0.00173  0.000913
0.000259  0.000306  0.000345  0.000371  0.000395  0.000414  0.000511  0.000708  0.001027 0.00153  0.001853 0.00095
0.00027 0.000324 0.000363 10.000392 0.000439 0.00054 0.000748 0.001093 0.00166 0.001976 0.000988
0.00028  0.000341  0.000382  0.000412 0.000464  0.000563  0.000787  0.001171  0.001789  0.002099  0.001026
0.0002% 0.000358 0.0004 0.000433 0.000489 0.000597 0.000827 0.001243 0.001913 0.002222 0.001063
0.0003  0.000375  0.000418  0.000454 0.000626  0.000867  0.001315  0.002048  0.002346  0.001101
0.000311 0.000392 0.000436 0.000474 0.000655 0.000906 0.001387 0.002178 0.002469 0.001138
0.000321  0.000403  0.000455  0.000435 0.000684  0.000346  0.001459  0.002307  0.002552  0.001176
0.000331  0.000426  0.000473  0.000516 0.000712  0.000986  0.001531  0.002437  0.002715  0.001214
0.000341 0.000443 0.000431 0.000536 0.000741 0.001603 0.002566 0.002838 0.001251
0.000352 0.00046  0.000509  0.000557 0.00077 0.001675  0.002696  0.002961  0.001289
0.000362 0.000477 0.000528 0.000578 0.000798 0.001747 0.002825 0.003085 0.001326
0.000372  0.000434  0.000545  0.000599 0.000827 0.001819  0.002955  0.003208  0.001364

DEWETRON
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SAVE DATA AS IMAGE

It is possible to save the order DEWETRON
analysis data as an image file '

Highlight instrument
Copy to clipboard |

ACCEL_orderMatrix@Orderanalysis_1-[] ACCEL_freqMatrix@0rderAnalysis_1-[1

o 5000 0000
Frequency [Hz]
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