
Vibration at Steam Turbine 

Vibration lnstabilities on a 
Steam Turbine Generator Line 
Kurzfassung 

Schwingungsinstabilitäten. am 
Dampfturbinengeneratorstrang 

Bei der Inbetriebnahme eines 8,5 MW-Gene
ratorstrangs in Österreich, bestehend aus 
Dampfturbine, einstufigem Stirnradgetriebe 
und Generator, wurden im Teillastbereich 
stark erhöhte Wellenschwingungen festge
stellt. Die Endabnahme wurde vom Betreiber 
verweigert. Da die Ursache für die Schwin
gungserhöhung unbekannt war, wurde 
KÖTTER ConsultingSQgineers mit einer um
f Pf'lgreichen messtechnischen Untersuchung 

uftragt. Es konnten zwei Problembereiche 
hmsichtlich erhöhter Schwingungen festge
stellt werden. Unabhängig vom Lastbereich 
traten lokal begrenzt am ausgangsseitigen La
ger des Niederdruckteils erhöhte Lagerbock
schwingungen auf. Die Schwingungsanregung 
erfolgte durch die langsam/aufende Getriebe
welle über den gemeinsamen Rahmenaufbau. 
Verantwortlich hierfür war die konstruktive 
Ausführung des Lagers, die unter anderem bei 
25 Hz eine mechanische Eigenfrequenz auf
wies. Im Teillastbereich bis 3 MW konnten am 
Getriebe erhöhte Lagerbockschwingungen 
sowie erhöhte Wellenschwingungen an 
der sehne/laufenden Ritze/welle bis zu 
Smax = 95 µm festgestellt werden. Die erhöhten 
Schwingungen traten in erster Linie als Einzel
frequenzen bei dem 0,3-fachen der Drehfre
quenz (foreh = 201 Hz) auf. Diese subsynchrone 
Frequenz wies in Abhängigkeit von der aufge
gebenen Last leichte Frequenzänderungen 
auf. Zur weiteren Analyse der erhöhten Wel
lenschwingungen wurde die Orbitdarstel/ung 
für unterschiedliche Lasten verglichen. Es 
zeigte sich, dass insbesondere an den Ritzel-

1/enlagern im Teillastbereich von 2 MW 
_,cark erhöhte Amplituden festzustellen waren. 
Die Laufrichtung, mit der die Orbits durchlau
fen werden, war gleichlaufend mit der Wellen
drehrichtung. Ab einer Last von ca. 4 MW 
stellte sich wiederum ein stabiles dynamisches 
Verhalten der Ritze/welle mit Schwingungs
werten unter 20 µm (p-p) ein. Die festgestell
ten Phänomene deuteten auf selbsterregte 
Schwingungen hin. Mögliche Quellen für diese 
Instabilitäten können Gleitlager, Schaufelspiele 
oder Dichtungsspalte sein. Das Vorstadium 
z. B. einer Gleitlagerinstabilität tritt meist mit 
mäßigen Amplituden und einer lnstabilitätsfre
quenz unterhalb der halben Drehfrequenz auf 
(,,oil-whirl'). Bei Übereinstimmung dieser Fre
quenz mit einer mechanischen Welleneigen
frequenz kommt es zu gefährlichen /astabhän
gigen Schwingungen (,,oil-whip"). Dies be
stätigte sich beim Hoch/auf der Turbine. Es 
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zeigte sich, dass bei ca. 60 Hz eine Schwin
gungsüberhöhung auftrat, die auch aufgrund 
der vorgefundenen Phasenlage und der 
Schwingungsform·auf die erste Biegeeigenfre
quenz der Turbinenwelle zurückgeführt wer
den konnte. Weiterhin wurde festgestellt, dass 
die eingesetzten Gleitlager der Ritze/welle hin
sieht/ich des Lagerspiels und der Umfangsge
schwindigkeit im grenzlastigen Bereich der 
Ritze/welle gefahren wurden. Als Gegenmaß
nahme wurde eine Modifizierung des Gleitla
gersystems vorgeschlagen. Ferner wurde zur 
Minderung der aufgeführten Lagerbock
schwingungen eine zusätzliche Versteifung 
empfohlen. Die Lagerbockschwingungen 
konnten nach Realisierung der Maßnahmen 
auf Werte von maximal v = 1,8 mm/s eff (vor
her v = 7, 1 mm/s eff) reduziert werden. Darü
ber hinaus waren keine Instabilitäten bzw. er
höhte Schwingungen der sehne/laufenden 
Welle mehr festzustellen. Im bemängelten un
teren Lastbereich wurden maximal 14 µm p-p 
radiale Wellenschwingungen festgestellt, so
dass die Anlage dem Betreiber „schwingungs
frei" übergeben werden konnte. 

Status 

Depending on the resources available, gas as 
well as steam admission turbine plants are 
used for power conversion. During the start
up of such a generator line in Austria ( F i g -
ure 1 ), considerably increased shaft vibra
tions were detected in the partial load range. 
As a result, the plant operator refused accep
tance. The reason for the increase in vibra
tions was unknown, therefore, KÖTTER 
Consulting Engineers was commissioned to 
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perform a comprehensive measurement-tech
nical analytical examination. 

Measurement 

Figur e 2 shows the principle arrangement 
of the generator line as well as the locations of 
the adopted measuring points. Proceeding 
from the steam turbine (rated output 8.5 MW) 
with a high-pressure part and a low-pressure 
part as well as a fixed operating speed of 
12,065 1/min (fN = 201 Hz), the torque is 
transferred to the slow-running generator shaft 
with 1,500 l/min (fo = 25 Hz) by way of a sin
gle-stage gear with pinion and wheel shaft. 

For the purpose of performing the measure
ment operation, the existing shaft vibration 
sensors as well as additionally installed vi,.. 
bration speed sensors on the bearing hous
ings were included simultaneously with the 
speed at varying operating conditions (32 
channels). 

Based on the measurements performed, two 
problem zones were detected with reference 
to increased vibrations: 

- Independent of the load range, increased 
bearing housing vibrations occurred lo
cally confined at the outlet-side bearing 
of the low pressure part (DMP2_ Turb
HP _Rear_h). The effective vibration 
speed of Veff. = 7 mm/s measured in the 
horizontal direction was primarily deter
mined by a 25 Hz-component. 

flf3ad of department structure dynamic, 
KÖTTER Consulting Engineers, 
Rryeihe!Ge111Jany~ 

Figure 1. Photo of a steam turbine generator line (not the problem case). 
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Figure 2. Principle sketch of the generator line as weil as locations of the measuring points. 

- In the partial load range (0.3 MW to 2 
MW) increased bearing housing vibra
tions Veff. = 5.2 mm/s were detected at the 
gear and increased shaft vibrations were 
detected at the pinion shaft Srnax = 95 µm. 
The increased vibrations prirnarily oc
curred as single frequencies at approxi-
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Figure 5. Orbit il/ustration of the shaft vibra
tions of turbine and pinion shaft at 
0.3 MW (r1 - axis horizontal, 
r2 - axis vertical). 
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mately 60 Hz. As a factor of the load, 
this subsynchronous frequency indicated 
minor changes. 

For the purpose of a closer analysis of the in
creased bearing housing vibrations, the vibra
tion level ( effective vibration speed) was ob
served at various positions in the horizontal 
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Figure 6. Orbit il/ustration of the shaft vibra
tions of turbine and pinion shaft at 
2 MW (r1 axis horizontal, 
r2 - axis vertica/). 
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effective vibration speed in mm/s 
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Figure 3. Measured effective vibration speeds 
in the zone of the turbine bearing on 
the /ow-pressure side, in the hori
zontal direction. 

Figure 4. Position of the shaft vibration 
sensors r1 and r2 on the pinion and 
wheel shaft. 

direction in the zone of the turbine bearing on 
the low-pressure side. 

lt was evident that the horizontal vibration lev
el, proceeding frorn the foundation frame up to 
the level of the shaft line, had increased con
siderably (Figur e 3 ). In order torecord this 
amplification mechanism, impact tests were 
carried out at the bearing housing, with the 
plant shut down, for the purpose of determin
ing the horizontal dynamic transrnission be
haviour. The impact test was carried out in the 
zone of the actual bearing housing (level of 
the shaft line) with a modal harnmer tuned to a 
frequency range tobe excitated up to 300 Hz. 

In the range of approximately 26 Hz, a natur
al frequency was clearly detected in the hori
zontal direction at the bearing housing of the 
low-pressure side turbine. 
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Figure 7. Orbit il/ustration of the shaft vibra
tions of turbine and pinion shaft at 
4 MW (r1 - axis horizontal, 
r2 - axis vertical). 
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F or the purpose of further analysis of the in
creased pinion shaft vibration in the partial 
load range, the orbit illustrations of the fast
running shaft line were compared for various 
loads. In order to serve orientation, the posi
tions of the shaft vibration sensors (ri, r2) are 
shown in F i g ur e 4 in an exemplary man
ner for pinion and wheel shaft. 

F i g ur e s 5 t o 7 show the orbits of the 
fast-running shaft for a stationary load of0.3, 
2 and4 MW. 

Considerably increased amplitudes are de
tectable particularly at the pinion shaft bear
ing in the partial load range of 2 MW (Figure 
6). Higher shaft vibrations occur here also at 
the turbine shaft. However, judging by the 
size of the occurring disturbance amplitudes, 
no conclusions can be drawn as to the loca
tion of origin of the vibrations. The compari
son of Figures 5 to 7 also shows how the 
shaft location, particularly at the pinion shaft 
r~.,..ring, changes considerably under minor 
... J changes. The running direction, with 
which the orbits are passed through, is con
current with the shaft direction of rotation. 
As from a load of approximately 4 MW, a 
very stable dynamic behaviour of the pinion 
shaft settles in again, with vibration levels 
below 20 µm p-p (previously 95 µm p-p ). 

The described observations of this sub-syn
chronous shaft vibration are summarised as 
follows: 

In the partial load range between 0.3 to 
3. 0 MW, increased shaft vibrations occur 
at the pinion shaft in particular. 

The frequency dominating the vibration 
lies at approximately 1/3 of the rotation 
frequency (sub-synchronous shaft vibra
tions, refer also to Tab 1 e 1 ). The vibra
tion frequency undergoes a minor change 
depending on the load condition. 

The direction of rotation of the increased 
sub-synchronous vibration is "concurrent" 
to the direction of rotation of the shaft. 
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Table 1. Measured vibration frequencies and shaft rotation frequencies in dependence of the 
load condition of the turbine fine. 

Main vibration Rotation frequency of 
Load Frequency ratio frequency fH 
[MW) [Hz] 

0.3 57.5 

1 58.3 

2 60.6 

3 63.8 

The occurrence of these determined vibration 
phenomena indicates a general instability 
problem of the fast-running shaft. 

lntroduction to the Theory of 
Vibration lnstability 

With most of the occurring vibration appear
ances, the forced resonance amplitude is re
duced by the occurring damping, or the shock
excitated vibration decays, respectively. 

Insofar as self-excitated vibrations occur, in
creased amplitudes result, if forces are 
formed which counteract the damping forces. 
If these excitating forces neutralise the damp
ing forces, an instability (upswing) of the vi
brations occurs which can lead to major am
plitudes. The sources for such self-excitation 
are joumal bearings, blade clearances or seal 
clearances. Of the types of instabilities men
tioned here, the journal bearing instability is 
the most frequent. The following points are 
to be observed when journal bearing instabil
ity occurs: 

The preliminary phase of a journal bear
ing instability usually occurs with mod
erate amplitudes and a frequency below 
half of the rotating frequency ( oil-whirl). 

The vibration instability is always con
current with the direction of rotation of 
the shaft and is usually load-dependent. 

+0.47 X 

the shaft fN 
[Hz] fH/fN 

201.1 0.28 

201.1 0.29 

201.0 0.30 

201.1 0.31 

- With a conformity of the oil-whirl-fre
quency and a mechanical natural fre
quency, the result is conspicuous and 
considerably increased load-dependent 
vibrations ( oil-whip ). 

In the following F i g ur e 8 , these basic phe
nomena are shown in principle. The vibration 
amplitudes are plotted as a two-side Campbell 
diagram during the capacity-increase of a ma
chine. As a diagonal traced, the single rotating 
frequency ( + 1 x) is shown as a dashed line 
and a further diagonal below the half rotating 
frequency (+ 0.47 x). On observing the single 
rotating frequency component during the 
recorded capacity-increase of the machine, the 
typical vibration camber occurs briefly when 
passing over the fi.rst natural frequency. If we 
compare to this the component of 0.47-times 
the speed, typically irregular vibration increas
es can be recognised (whirl) up to that time 
where the first natural frequency is reached 
here also. Increased vibrations then occur at 
this fixed frequency. This is also described as 
a "lock-in" (whip). 

Examination of the Vibration 
Behaviour as Found 

The decisive factor is that, as a rule, critical 
vibrations occur only when the oil-whirl-fre
quency and a natural frequency of the shaft 
coincide. In order to examine the location of 
the first bending natural frequency of the 
fast-running shaft, the capacity-increase of 
the turbine shaft in this case was recorded 
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Figure 8. Two-side Campbell diagram with il/ustration of the oil-whirl 
and oil-whip phenomenon during the capacity-increase of a 
machine {1]. 
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Figure 9. Waterfall diagram as amplitude spectrum of the radial shaft 
vibrations during capacity increase of the turbine shaft. 
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Figure 10. Co/our map of the pinion shaft Vibration 
at the beginning of load application. 

Figure 11. Co/our map of the turbine shaft vibrations 
at the beginning of /oad. 

frorn approx. 3,000 to 9,000 1/rnin. This is il
lustrated in Figur e 9 as a waterfall dia
grarn of the radial turbine shaft vibrations. 

lt can be seen that, at approx. 60 Hz, a fi.rst 
vibration camber occurs which can be attrib
uted to the first flexural natural frequency. 
This is confinned based on the existing phase 
location of the shaft vibration. During the ca
pacity-increase, however, the instability phe
nornena did not occur as shown in Figure 9. 
In fact the sub-synchronous vibrations were 
detected only after reaching the nominal 
speed and after the synchronisation of the 
generator, meaning, at the time of load. 

Based on the simultaneously recorded sig
nals, the following illustration shows how the 
sub-synchronous vibrations originate. For 
this purpose, the arnplitude spectrums of the 
shaft vibrations at the pinion shaft and at the 
turbine shaft upon transition of the synchro
nisation to load of 0.3 MW are illustrated in 
the colour maps of the Figures 10 
and 11. 

lt can be recognised in Figure 10 that, at the 
time of load and proceeding from a broad
band spread vibration arnplitude at approxi
mately 115 Hz, amplitude and frequency 
fluctuations in the range of 50 Hz (T = 90 to 
120 s) occur and then, as from the time 
T = 125 s, an amplitude at a fixed frequency 
of approximately 57 Hz settles in. lt is no
ticeable that, at first, vibrations at approxi
mately 0.6-tirnes the rotating frequencies are 
observed which then, after load has been giv
en up, diminish and increased vibrations set
tle in at approximately 0.3-tirnes the rotating 
frequencies. 

F i g ur e 1 1 shows this sequence at the tur
bine shaft with a slight delay. However, it is 
not possible to clarify exactly where the phe
nornenon first occurred. 

For the purpose of a further cornparison, 
F i g ur e 1 2 shows the load case with 3 
MW (constant) as a colour map. lt is obvious 

VGB PowerTech 7 /2004 

that this is a "lock-in" of the deterrnined phe
nomenon on the flexural natural frequency 
( oil whip ). During the course of events, load
dependent fluctuations with regard to fre
quency are no longer recognisable. 

The furtherrnore deterrnined sub-synchro
nous frequency change from approxirnately 
57 Hz at rnin-load to approximately 64 Hz at 
a load of 3 MW was attributed to the influ
ence of the slightly changing overall bearing 
stiffuess on the flexural natural frequency of 
the turbine shaft. 

Conclusion, Realisation and Examina
tion of the Recommended Measures 

Frorn the preceding statements it can be con
cluded that the design execution of the bear
ing unit which has, among other things, a 
mechanical natural frequency at 25 Hz and a 
rather minor stiffness in the horizontal direc
tion, is responsible for increased bearing 
housing vibrations occurring at the outlet
side bearing of the low pressure part of the 
turbine. 

the rotating frequency. The measurernents 
verify that the instability occurs concurrent 
with the direction of rotation of the shaft and 
on a load-dependent basis. 

The criterion for general instability is a lirnit 
value of the logarithmic decrement. The cal
culated value of the turbine lies at 11 = 0.3 
and can therefore be evaluated as being non
critical. The applied journal bearings of the 
pinion shaft, by contrast, were operated in the 
lirnit range of the pinion shaft with regard to 
bearing clearance and the rotational speed. 
From this and from the previously explanato
ry statements on the findings, the cause was 
attributed to the instability of the pinion shaft 
journal bearings. 

A modification of the pinion shaft journal 
bearing system was recommended as a rerne
dial rneasure for the purpose of avoiding insta
bility. In this case, influence can be effected 
by way of an alteration of the bearing georne
try (bearing type, width ratio, clearance) and 
also by way of the bearing loading and/or the 
viscosity of the lubricant. In addition to this, a 
stiffening of the low-pressure side bearing 

The cause of the in
creased sub-synchro
nous shaft vibration is 
the occurrence of an 
instability in conjunc
tion with the bending 
natural frequency of 
the fast-running line 
(turbine shaft). The 
results of the exami
nation indicate a jour
nal bearing instability 
of the pinion shaft 
( oil-whip ). The de
tected sub-synchro
nous vibration fre
quency lies in the 
range between 0.28-
tirnes and 0.31-tirnes 
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Figure 12. Colour map of the sub-synchronous vibration of the pinion 
shaft "locked-in" on the f/exura/ natural frequency of the 
turbine shaft. 
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housing in the horizontal direction was pro
posed for the purpose of reducing the bearing 
housing vibration as mentioned above. 

The recommended remedial measures were 
implemented immediately. The radial bear
ing clearance of the pinion shaft was re
duced. After realisation, vibration measure
ments were performed by the manufacturer. 
The bearing housing vibrations were reduced 
to levels of maximum 1.8 mm/s eff (previ
ously 7.1 mm/s eff). In addition, no instabili
ties whatsoever could be detected on the fast
running shaft. On the pinion shaft and in the 
objectionable lower load range, radial shaft 
vibrations with a maximum of only 14 µm p-

VCiE3 

p (previously 95 µm p-p) were detected so 
that the plant was then handed over to the op
erator after implementation of the remedial 
measures, also with regard to the vibration 
behaviour in the "green zone". 

References 

[1] Bently, Ch., D., and Hatch, E. T.: Fundamen
tals ofRotating Machinery Diagnostics. Bent
ly Pressurized Bearing Company, Minden 
(USA), 2002. 

[2] Lenz, J.: Vibrationen auf der Spur. Fir
meneigene Projektbroschüre, available under: 
www.koetter-consulting.com D 

----------- Verminderung der ~ 
Belagsbildung in Kraftwerken 
Brennstoffauswahl - Monitoring -
Konstruktive Maßnahmen - Reinigung 
2004. 380 Seiten m. zahlr. Abb. u. Tab. 
ISBN 3-934736-13-0. Kartoniert€ 38,
Das Buch gibt anwendungsorientiert 
einen umfassenden Überblick über die 
verschiedenen Problemstellungen und 
deren Beseitigung. 
Instandsetzung von ~ 
Wärmeübertragern 
Schadensursachen - Schadenser
kennung - Behebung - Vorbeugung 
2003. 398 Seiten m. zahlr. Abb. u. Tab. 
ISBN 3-934736-09-2. Kartoniert€ 38,
Wärmeübertrager-Reinigungssysteme 
2001. 498 Seiten m. zahlr. Abb. u. Tab. 

i..-------------' ISBN 3-934736-02-5. Kartoniert€ 35,-

Fax-order senden an 0049(0)201 I 7988278 
D Ja wir bestellen o Verminderung d. Belagsbildung 

' (€ 38,- / Expl. + Versand) 
__ Exemplar(e) o Instandsetzung von WAT 

D (€ 38,- / Expl. + Versand) 
kostenloser Prospekt 0 WAT-Reinigungssysteme 

(€ 35,- / Expl. + Versand) 

Firma 

NameNomame 

Adresse PLZ/Ort 

Ort/Datum Unterschrift 

VGB PowerTech 7 /2004 



International Journal 
for Electricity and Heat Generation 

Publication of 
VGB PowerTech e.V. 
www.vgb.org 

7/2004 

International Edition 


