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Objective of the project DIAM

A)  Development of the Matrix Tool DIAM

In 3 Matrix presentations different Vibration phenomena will be 
related to different Detection, Investigation and Analysis (DIA)
methodologies. A flow chart based on a  selected method 
(Own development, Bayes Network) has been worked out as
a guideline, how to use these Matrices for the Identification of the 
Vibration Phenomena and finally how a Mitigation of the Vibration
problem can be achieved.

Project Description
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- MATRIX M1 
relates the different Vibration Phenomena to different 
Detection Methods by means of probabilities

.
- MATRIX M2 
shows also probability relations between the different Vibration
Phenomena and different ways for a deeper Investigation.

- MATRIX M3 
relates the different Vibration Phenomena to different well suited
analytical, numerical or experimental Analysis methods by means 
of probabilities as well.

Project Description
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- MATRIX M4 
relates the different Vibration Phenomena
with the Mitigation methods, again by probability numbers.

.
- A Flow Chart 

has been developed as a guideline how to use the Matrices M1 to
M3 for the Identification of an existing Vibration Phenomena 
and finally for a Mitigation method.

.

Project Description
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Objective of the project DIAM

B)  Collection of further Vibration phenomena.

Besides Vibrations, that occurred in Scandinavian NPP (1. project),
this  new Project includes now also additional Vibration problems, 
detected in NPPs in other countries and in other kind of plants.

Grouping of all Vibration problems into the area of 
Lateral Vibrations only.

Assembly of all Lateral Vibration Phenomena in a list of 18 cases

Project Description
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Vibration Phenomena and Detections

Vibration Phenomena (CoV)         

Change of Unbalance: Change of
Unbalance can be slow (thermal 
effect) or suddenly (Blade Loss).

Detections (DoV) 

Slow or sudden change of
Amplitude and Phase of the
1xN Lateral Vibrations.

Change of Amplitude and
Phase can also be effected
due to a change in the system
dynamic behavior.                
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Vibration Phenomena and Detections

Vibration Phenomena (CoV)         

Cyclic Vibration: Superposition of
an Original Mechanical Unbalance
with a Rotating Thermal 
Unbalance.Local Heat input, 
Thermal Deflection & Bow

Detections (DoV) 

Change of Amplitude and
Phase of the 1xN Lateral 
Vibration.
Vibration Vector in the Polar 
Diagram rotates continously
with a period between 1 to 15 
hours (can be stable or
unstable).
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Vibration Phenomena (CoV)         

Friction induced Mechanical
Bow in Turbogenerators: 
Unbalance due to the friction
induced bow depends on 
temperature, rotational speed and
the mounting pressure. 

Detections (DoV) 

Change of Amplitude and
Phase of the 1xN Lateral 
Vibration due to friction
induced bow.
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Vibration Phenomena (CoV)         

Transverse Shaft Cracks in Turbine Trains: 

Modelling of a flexible Laval shaft
with mass in the center and a 
crack close to the mass. Crack 
modelled as a hinge joint. 

For this model the crack dependent forward and backward excitation
participation factors are as follows: 

Forward Excitation:   +1Ω + 0,318       Backward Excitation: - 1Ω 0,106
+2Ω + 0,250                                           - 2Ω 0,00
+3Ω + 1.106                                           - 3Ω -0.02



Vibration Phenomena and Detections

Vibration Phenomena (CoV)         

Transverse Shaft Cracks in Turbine Trains:     

The crack dependent vibration
response of the Laval shaft
with the described crack has
forward Harmonics with 1xN, 
2xN and 3xN and a backward
Harmonic with -1xN.



Vibration Phenomena and Detections

Detections (DoV) 

Transverse shaft cracks in turbine trains: Shaft cracks cause
changes in 1xN and 2xN Vibrations and also in higher Harmonics, 
e.g. 3xN, depending on the nonlinearity of the crack behavior.

The double sided frequency
spectrum with forward and
backward frequencies can be
a very helpful tool for the Crack
Identification.



Vibration Phenomena and Detections

Vibration Phenomena (CoV)         

Misalignment in Shaft Trains: Misalignment occurs, when the
bearings of a shaft train are not in the right vertical position for a 
moment free coupling of the rigid flanges of two rotors (see figure).

We consider the case of
angular misalignment, when the
two shafts, shown in the figure, 
have a relative angular displace-
ment. The vertical location of
Bearing 4 is too high in the un-
coupled case. Therefore a relative 
angular displacement occurs. When

the two shafts are now rigidly connected together,  a static moment in 
the coupling is needed and this leads to static bending line in the
shafts and will also change the static Bearing Forces



Vibration Phenomena and Detections

Vibration Phenomena (CoV)         

Misalignment in Shaft Trains: 
Misalignment is a static
phenomenon and cannot directly
be considered as a vibration
problem. However, Misalignment
changes the static Bearing Forces 
and this will finally lead to a change
in the dynamic characteristic of the
dynamic rotor system due to the
dynamic oil film forces, which
depend on the static equilibrium.

Detections (DoV) 

Depending on the static Oil
Film Bearing Forces the
dynamic behavior of the rotor
system may lead to the
following changes:
- Low Bearing loads may lead

to an oil film instability with 
1/2xN vibrations

- High Bearing loads can
cause Bearing nonlinearities
with 2xN vibrations

- Changes of Bearing loads
may also change the 1xN 
vibration component
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Detections in Power Plants

The base for the Identification of Vibration Phenomena in Power Plants
is to measure absolute velocity vibrations in mm/sec at the bearings
and relative shaft vibrations in um (displacements) close to the
bearings or on shaft ends. 



Detections in Power Plants

Example: Detection of Relative Lateral Shaft Vibrations
in horizontal and vertical direction. The superposition
of the two signals shows the Orbit at this shaft position.
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Vibration Phenomenon

Slow Change of Unbalance 5 5 2 2 3 3 3 3 4 2

Sudden Change of Mechanical  Unbalance 5 5 3 1 1 2 5

Cyclic Vibrations. Mech. &Therm. Unbalance 3 3 5 3 2 2 2 2

Change of Oil Film Bearing Coefficients 4 4 1 2 2 2 2 5 2 3 1 3 2 2

Friction induced Mechanical Bow 2 2 3 3 1 5 1 3 3 2 4

Change of Sea Water Temp.& Cond. Deform. 3 3 2 2 2 2 1 1 2 5 3 1 1 3 1

Change of Seawater Temp./ Thermal bow 4 4 1 1 1 5 3 1 1 2 2

Oil Film Instability in Bearings 5 5 3 1 2 2 3 2 5

Labyrinth Seal Instabiliy in HP or LP Turbines 2 2 5 5 1 2 2 3 2 5

Instability in Steam Turb. Clearance Excitation 2 2 4 4 2 2 3 2 5

Misalignment in Shaft trains I - Instability 3 3 2 1 2 3 2 5

Misalignment in Shaft trains II - Change 1X vibr. 2 2 1 1 3 1 2 2 3 2

Misalignment in Shaft trains III - Banana Orbit 2 2 1 1 4 4 2 3 2 3 2 3 3

Generator Rotor with Uneq. Moments of Inert. 5 5 1 3 2 3 4 1

Transverse Shaft cracks in Turbine trains 3 3 4 4 3 2 3 1 1 2 5

Radial or Angular Coupling Errors 2 2 1 1 1 1 1 2 2 3 2 2 3

Support Stiffness changes in Turbine trains 4 4 2 2 1 1 1 1 2 1 3 1 1 3 4

15 Detections
Vibrations,Temperat.

18 Vibration
Phenomena

Probability numbers

5 Highly probable
1 Not very probable
0     Not possible

Phenomena versus Detections: Matrix M1

Matrix M1



Data Processing in Matrix M1 Excel Table

Data Processing in Matrix M1:                                      

For each row of M1 the probabilities are summed up for those columns
with a yellow x from detection. This leads to the sum of probabilities.
Relative probabilities are determined and a weighting of the probabilities
is considered with commonness and severity.

An application is shown for the case of 1/2xN fequency detection, 
which leads to five possible Vibration Phenomena (Green colour).

The corresponding relative probabilities are presented on the right
side of M1. For this case they clearly indicate, that oil film instability in 
Bearings is the most probable phenomenon with 36 %.



Data Processing in Matrix M1 Excel Table

x x x

 
An

om
aly

 de
scr

ipt
ion

Slo
w 

ch
an

ge
 of

 1X
 Am

pli
t.

Slo
w 

ch
an

ge
 of

 1X
 ph

as
e

Su
dd

en
 ch

an
ge

 of
 1X

 am
pli

t.
Su

dd
en

 ch
an

ge
 of

 1X
 ph

as
e

Ve
cto

r r
ot

ati
on

 in
 Po

lar
 di

ag
ram

Ch
an

ge
 of

 1/
2X

 am
pli

tu
de

Ch
an

ge
 of

 1/
2X

 ph
as

e
Ch

an
ge

 of
 na

t. f
req

. A
mp

l.
Ch

an
ge

 of
 na

t. f
req

. P
ha

se
Ch

an
ge

 of
 2X

 am
pli

tu
de

Ch
an

ge
 of

 2X
 ph

as
e

Ch
an

ge
 of

  3
X a

am
pli

tu
de

Ch
an

ge
 of

 O
il F

ilm
 Te

mp
er.

Ch
an

ge
 of

 Ge
n.W

ate
r t

em
p.

Ch
an

ge
 of

 Se
a w

ate
r t

em
p.

Du
rin

g n
or

ma
l o

pe
rat

ion

Du
rin

g s
tar

tu
p

Du
rin

g  
po

we
r u

pr
ate

 te
sts

Vibration Phenomenon

Slow Change of 
Unbalance

5 5 2 2 3 3 3 3 4 2 0

Sudden Change of 
Mechanical  Unbalance

5 5 3 1 1 2 5 0

Cyclic Vibrations. Mech. 
&Therm. Unbalance

3 3 5 3 2 2 2 2 0

Change of Oil Film 
Bearing Coefficients

4 4 1 2 2 2 2 5 2 3 1 3 2 2 9 20% 18% 11% 10%

Friction induced 
Mechanical Bow

2 2 3 3 1 5 1 3 3 2 4 0

Change of Sea Water 
Temp.& Cond. Deform. 

3 3 2 2 2 2 1 1 2 5 3 1 1 3 1 6 13% 18% 4% 5%

Change of Seawater 
Temp./ Thermal bow

4 4 1 1 1 5 3 1 1 2 2 0

Oil Film Instability in 
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Investigations (Invest. of Vibrations-IoV) 
Contribution of frequency components (1/2xN,1xN…..) in Spectra & Orbits, 

Change of static shaft location in Bearings and Seals, Condenser pressure,

Decrease or Increase of Oil Film Temperature, Observations Control room?

Vibration Phenomena and Investigations



Vibration Phenomena and Investigations
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Phenomena versus Investigations: Matrix M2
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Friction induced 
Mechanical Bow

4 4

Change of Sea Water 
Temp.& Cond. Deform. 
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Change of Seawater 
Temp./ Thermal bow

3 3 5

Oil Film Instability in 
Bearings
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Labyrinth Seal Instabiliy 
in HP or LP Turbines
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Clearance Excitation

5

Misalignment in Shaft 
trains I - Instability
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Misalignment in Shaft 
trains II - Change 1X vibr.
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Misalignment in Shaft 
trains III - Banana Orbit

4 3 3 4 3 2

Generator Rotor with 
Uneq. Moments of Inert.
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Transverse Shaft cracks in 
Turbine trains
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Radial or Angular 
Coupling Errors
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Support Stiffness changes 
in Turbine trains
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Easiness

Objectives, %
Easiness weighted %

Objectives, sum

18  
Investigation

Probability numbers

5 Highly probable
1 Not very probable
0     Not possible

18 Vibration
Phenomena



Data Processing in Matrix M2 Excel Table (1)

Data Processing in Matrix M2:

The Matrix M2 has two parts. The first part receives the results from
Matrix M1and calculates based on the M2-probabilities and the
easiness values the best suited Investigation methods for the identified
Vibration phenomena. The result is highlighted by the blue colour.

In this example the recommended Investigation methods to confirm
the oil film Instability are:

- Investigate the frequency spectra
- Investigate the orbits
- Investigate the static bearing location



Data Processing in Matrix M2 Excel Table (1)
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Transverse Shaft cracks in 
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Radial or Angular 
Coupling Errors

4 4 0

Support Stiffness changes 
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Data Processing in Matrix M2 Excel Table (2)

Data Processing in Matrix M2:

In the second part of the Data processing the user can now select the
best suited Investigation method by setting a cross (x) in the yellow line.
With the recommended Spectra and Orbit investigations the probability
calculation with the M2 probabilities leads to a 

relative probability of 56 %  for the oil film instability

relative probability of 44 % for a Misalignment with unloaded Bearing
and corresponding Instability



Data Processing in Matrix M2 Excel Table (2)
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Major objectives

Vibration Phenomenon 0

Slow Change of Unbalance 4 2 2
4

2 2 0 1

Sudden Change of Mechanical  
Unbalance 4 5 1 1 0

Cyclic Vibrations. Mech. &Therm. 
Unbalance 5 5 3 1 0

Change of Oil Film Bearing 
Coefficients 2 2 3 3 2 2 4 4 1 0

Friction induced Mechanical Bow 4 4 0

Change of Sea Water Temp.& Cond. 
Deform. 3 3 3 3 2 2 0

Change of Seawater Temp./ 
Thermal bow 3 3 5 0 1

Oil Film Instability in Bearings 5 1 4 5 2 10 56%

Labyrinth Seal Instabiliy in HP or LP 
Turbines 5 1 1 4 0

Instability in Steam Turb. Clearance 
Excitation 5 0

Misalignment in Shaft trains I -
Instability 4 1 1 3 4 1 1 8 44%

Misalignment in Shaft trains II -
Change 1X vibr. 4 1 2 2 4 1 1 1 0

Misalignment in Shaft trains III -
Banana Orbit 4 3 3 4 3 2 0

Generator Rotor with Uneq. 
Moments of Inert. 4 4 0

Transverse Shaft cracks in Turbine 
trains 4 4 4 4 0

Radial or Angular Coupling Errors 4 4 0

Support Stiffness changes in 
Turbine trains 1 1 3 2 2 1 1 3 1 1 5 0

56 %
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Cyclic Vibrations Unbalance Change          Misalignment

Change of Seawater-Temp.   Transverse Shaft Cracks    Coupling Errors

Oil Film&Seal Instability Friction Induced Vibr. Support Stiffness Change                                                                     

Vibration Phenomena (Cause of Vibration-CoV)

Analysis (Analysis of Vibration–AoV) 
Finite Element Analysis (Eigenvalues, Unbalance Response, Cyclic Vibr.)

Stiffness and Damping Coeff, e.g. Seals & Bearings, Shaft Center line Anal.

Run up and down behavior, Influence of Power, Operation Modal Analysis

Vibration Phenomena and Analysis
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Cyclic Vibrations Unbalance Change          Misalignment

Change of Seawater-Temp.   Transverse Shaft Cracks    Coupling Errors

Oil Film&Seal Instability Friction Induced Vibr. Support Stiffness Change                                                                     

Vibration Phenomena (Cause of Vibration-CoV)

Mitigation (Mitigation of Vibration-MoV)
Balancing of Flexible Rotors, Counter balancing, Improve Damping

Avoid rubbing (Seals, Bearings), Change Seal and Bearing parameters,

Change vertical Brg. Location, Check support stiffness, Repair cracks

Vibration Phenomena and Mitigation



Vibration Phenomena and Mitigations
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Phenomena versus Mitigation: Matrix M4

Probability numbers

5 Highly probable
1 Not very probable
0     Not possible18 Vibration

Phenomena

x

12 Mitigations



Data Processing in Matrix M4 Excel Table

Data Processing in Matrix M4:

In Matrix M4 the best suited Mitigation method is calculated on the
base of the Matrix probabilities, the identified Vibration Phenomena
(marked by a cross x) and the easiness for realization.

In case of the oil film instability it is recommended to improve the
system damping and to change the bearing type or the bearing
parameters. 
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Data Processing in Matrix M1-Bayesian Method
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&Therm. Unbalance
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Change of Oil Film 
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Friction induced 
Mechanical Bow
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Change of Sea Water 
Temp.& Cond. Deform. 
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Change of Seawater 
Temp./ Thermal bow
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Oil Film Instability in 
Bearings
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Labyrinth Seal Instabiliy 
in HP or LP Turbines

2 2 5 5 1 2 2 3 2 5 5 11% 10% 15% 14% 0,032 4,5% 3,0%

Instability in Steam Turb. 
Clearance Excitation

2 2 4 4 2 2 3 2 5 0 0 4,5% 0,0%

Misalignment in Shaft 
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Data Processing in Matrix M1-Bayesian Method

Original Bayesian
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