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Overview

Introduction - Vibration in rotating machinery

» What are the problems?

» Where do they come from?

2. ldentification of vibrations and their sources
» Order Analysis with OTraParTe

3. Understanding the transfer path of a vibration —
» Transfer Path Analysis with OTraParTe 3

4. Conclusion
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1 Introduction — Vibrations in rotating machinery

Speed-dependant excitations
* Gears

*  Motors

* Generators L
stages

/ Generator

Transmission via all connected components
e Shafts
* Bearings

* Support structure

Bedplate

VWV

Dynamic loads
* Fatigue
Vibration of radiating surfaces

* Audible noise
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2 ldentification of vibrations and their sources

* Simpack model of complete wind turbine -

* Time-Domain Simulation
- Run-Up in complete operating range

* Gearbox consisting of three gear stages

* Measurement of vibration with velocity
sensors at tower surface

Rotational Speed sensor Tower shell x-velocity sensor
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2 ldentification of vibrations and their sources - OTraParTe

OTraParTe: Order Analysis features

* Simpack Time Domain Results
or physical measurement data

November 28, 2019

Comparison of up to 3 models

Selection of elements from Simpack model
Calling Simpack measurement

Filtering of data

FFT of data

Visualization & Export of 2D order diagrams
and 3D-Campbell plots

Automatic creation of Power Point slides

Automatic creation of ANSYS-readable .csv
files with interface loads

Tool Configuration

® 0OA_SIMPACK
(O OA_Measurements

(O OA_Compare

O TRA

D perform measurements
import SIMPACK data
filter SIMPACK data
calculate orders
export order slices
combine plots

D fitter characteristics
3D-Campbell plot

D save figures

[] create ppt-slides

[] create .cav for ANSYS

"4 OTraPArte - Order and Transfer Path Analysis
Load &5Save Settings

General Input  0A_SIMPACK

Models.
Number of models

@1 Oz O3

Select Model 1 ‘TremAcB2_noMatsim_DT_lnvest_SIMBEAM_runupSim_TWR_BDP_dummy_TPA.sp(

Select Model 2 off as

Select Hodel 3 oft ENGINEERING TEAM
Select .sbr File 1 TremAcE2_noMatsim_DT_lnvest_SIMBEAM_runupSim_TWR_BDP_dummy_TPA

Select .sbr File 2 off

Select .sbr File 3 off

output of SIMPACK mode!

Ref. Speed Sens. Rot. Sensors Trans. Sens. ForceTorque ForceForce ForceQV JointTorque JointForce

Reference Speed Sensor

Load elements from SIMPACK

e S_M_TWR_H4_CR
7 S.M_TWR_H4_LL
" S_M_TWR_H4_LR
& 5.M_S1_Housing_TA_L
" 5.M_S1_Housing_TA R
¥ 5 TWR_H4 CF
¥ S TWR_H L
o 5 TWR_H1 CF
o 5 TWR HILL @®x Oy Oz
=@ Substructure_BLD1
=@ Substructure_BLD2
=& Substructure_BLD3 Reference Speed Sensor
=& Substructure HUB
(- =@ Substructure NCL add >
oY S bedplate
o S HSS
4 5155 _Gearbox
4 5155 Hub
o 5.TARH
o 5 TALH
oY S_bedplate_connect

- §.GEN_Speed

remaove

Start Back
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2 ldentification of vibrations and their sources - OTraParTe

3D — Campbell Plot

* Frequency of response peaks is
proportional to frequency of
rotation

1st stage, 1st harmonic

 E.g. 2nd stage order: 5.8333
 Skewed lines are the , order slices”

* For every gear stage there are
multiple order slices = Harmonics

e Vertical distributions of amplitudes
are eigenfrequencies

* Hot Spots are usually resonances wo RIS 4
- Avoid! Vil
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excited by 2nd stage gear
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2. ldentification of vibrations and their sources - OTraParTe

2D — Order slice O Campbet Pt ® order Sice Visuaize Save Figure
* Selection of gearbox stage and I 1 .
order, sensor type and direction ET TR ;
* Extraction of sloped line from " R —— B
3D -Campbell plot
 Comparison of multiple sensors o Gen Speed [rom]

400 600 800 1000 1200 1400 1600 1800 2000

M 55_TVWR_H4_CF
M S5 _TWR_H4_LL

* QOperating range and nominal
speed also shown

[ S5_TWR_H1_CF
N 5S_TWR_H1_LL

At a speed of 1800rpm we 01
find the resonance with an \ \
amplitude of 0.35mm/s D «/_\\94& _ A e >

Frequency [HZz]
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2 ldentification of vibrations and their sources

Source - Path - Receiver

 We found which ,,source” is responsible for the
resonant vibration
- But what now?

* Minimizing or shifting the excitation... r
e Changing macrogeometry of gears

e Changing microgeometry of gears
... is always preferable _beari : 7% / Generat

* But if you want to analyze the path a vibration
takes to a receiver?

Bedplate

> Transfer Path Analysis WW/
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3 Understanding the transfer path of a vibration

 What s a transfer path?

* Transfer path: Every possible connection
Source =2 Interface - Receiver

* Definition of interfaces between the active parts
(sources) and the passive parts

 What do we need to do a Transfer Path Analysis?
* u: Forces & Torques transmitted at the interfaces
Here: 3 interfaces with 3 forces, 2 torques each
= u has 15 components
* The FRF (Frequency Response Functions) are
obtained from Simpack Linear System Analysis

V1l [Y11 T+ Y1z + -+ Yik] [FRFy;  FRFi; ... FRFj] [W]
y.z _ Y21 + Y22 + .-+ Y2k _ FRF21 FRF22 N U:Z
| Vn. Yn1 T Yn2 + -+ Ynkl -FRFnl FRFnk- | Uk

L)

 Components of the total response

Main bearing
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3 Understanding the transfer path of a vibration

1 FRF]_]_ FRF]_Z FRFlk U/jf Transfer
FRF21 FRF22 wes E 7//2 205.7 411.4 617.1 8229 1028.6 12343 1440 1645.7 1851.4
. : : : Path 1

FRF,, W FRE,) |l

Path 2

Path 3

e Spectogram: Overview over amplitudes of one
order slice

Path 4

Path 5

* Path 4 is a dominant component! It is a torque at
the main bearing,For each path, the FRF and
interface load can be analyzed separately

Path &6

Path 7

Path 8

Path 9

— At 175Hz, the structure is ,,sensitive” to path 10
excitations, path 11

-

Path 12

Main bearing

Path 13

Path 14

Path 15

1
40 &0 80 100 120 140 160 180
Freg. [Hz] / Rot. Speed [rpm] (Colorscale: Amplitude)
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3 Understanding the transfer path of a vibration

V1 y11+y12+“'+y1k Response
Y2 100

50

Yn Yn1itYn2 t 0+ Ynk

0

Path Contribution [%]

* Information of phase is important!
* Response terms can cancel each other out
« Impact of phasing visible with Vector plots FEEFTE T TS T T F T
Qg‘
* Vector plot of response for each path
Il Fesponse
* Vector plot of interface load for each path - —
120 ax10" 60 I Path 1
* Vector plot of FRF for each path can 13
150 \ s0 s
e I Fath 11
11 I Fath 7
—> The response component of Path 1, is —
having an opposing phase to the main " —rx
contributors Path 3 and Path 4 =y
210 330 I Fath 5
240 300
270
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Conclusion

OTraPArTe — A GUI for:

* Order Analysis: —
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Visusization

Identification of vibrations and their sources = = e ‘ ,
 Transfer Path Analysis: = MasH o ‘»J\“i
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Understanding the transfer path of a R i ensme TS
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* Usage possible in different engineering fields

 Combination of physical measurement data
and Simpack results possible
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Thank you for your kind attention!

Questions?

marko.grandy@mesh-engineering.de
wind@mesh-engineering.de as
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