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Erfarenhet

Det kénns bra att jobba ihop med perso-
ner med erfarenhet. Jag trivs med mitt
jobb, med kollegor pd min arbetsplats och
pa andra stdllen. Personer som vet hur man
ska gora, vad som kan gé fel och som lar sig
av de fel som gors. Som konsult vill jag dela
med mig av erfarenheter. Det kénns bra for
mig att f4 uppskattning och oftast betalt nér
att jag delar med mig av kunskaper och erfa-
renheter.

Pa en tidigare arbetsplats
hade jag och en kollega
diskussion med kunder om
att ta fram en programva-
ra for berdkning och med
en databas dir métresultat
ingick som underlag. Vi
var tvungna att satsa lite
sjélva fOr att fi merparten
finansierat. Det visade sig
da att véra kollegor i fore-
- taget, pa ett annat kost-
nadsstélle, inte ville vara
med och finansiera denna
lilla del med hénvisning
till att vi séljer ut vér kun-
skap. Vi kommer att {2 fér-
re uppdrag i framtiden. Sa
blev det inte. Kunderna fick istéllet respekt
for var kunskap och erfarenhet och uppdra-
gen har inte minskat.

En person med stor erfarenhet var Olle Back-
teman. Olle har avlidit, 68 ar gammal. Min-
nesord over Olle presenteras pa annan plats
i tidningen. Jag traffade Olle forsta gangen
1986 eller 1987 nér jag arbetade pa 3K Akus-
tikbyran. Jag minns Olle sérskilt vl for att
han var nyfiken och verkade tycka mycket
om sitt jobb och kontakter med kollegor och
kunder. Min senaste kontakt med Olle var
efter att jag skrivit ledaren i hostnumret av

SVIB-Nytt om vardefulla mitresultat. Han
skrev uppmuntrande till mig och skickade
dessutom mail till alla Ingemanssoner att
”noga lasa Martin Almgrens inldgg och be-
grunda detta”.

En annan person med stor erfarenhet dr Hen-
ry Sandstrém. Henry har varit drivande inom
standardisering inom vibrationsomradet for
byggverksamhet. Stan-
dardarbetet har lett till
fem svenska standarder.
Henry haller pa att skriva
en bok om sitt liv: ”Norr-
landspojken som gick
sprangningsvigen”. Det
tycker jag ar ett lovvért
inititiativ. Kontakta Hen-
ry om ni vill veta mer.

Deltagande i standardise-
ringsarbete ar ett sitt att
dela med sig av kunskap
och erfarenhet. Jag har ti-
digare beklagat mig dver
att standardisering av me-
toder och bedémnings-
grunder som ror tredje
man har allt svérare att
hitta finansidrer. Det ar
visserligen trevligt att fa ber6m och uppmunt-
ran for det man gér, men man maste ju leva
ocksa. I synnerhet ndr man “’séljer ut sin kun-
skap och erfarenhet”. Myndigheterna maste
ta ett storre ansvar for att bevaka skattebeta-
larnas och dvriga medborgares intressen.

Pa nista styrelseméte i Skandinaviska Vibra-
tionsforeningen har vi ménga punkter pa
agendan som s& smaningom forhoppnings-
vis leder till vdlbesokta symposier och dis-
kussionsméten dér erfarenheter sprids och
utbyts. EUs direktiv om vibrationer i arbets-
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miljon och som ska goras om till foreskrifter
i medlemslidnderna, dr ett sddant &mne. Ett
annat dmne dr fragan om maxnivaer for vi-
brationer fran tdg- och véagtrafik. Vad ar en
maxniva? Ar det det hogsta virdet som in-
traffar pa 100 ar, medelvérdet av de fem hog-
sta passagerna, 95 %-percentilen eller nagot
annat?

I Norge har man en definition och méitme-
tod. Nordic Vibration Research 2004 ska dga
rum 3-4 juni i Stockholm. Passa pé att an-
méla Dig via www.svib.se for att fa reda pa
det senaste inom vibrationsforskningen. ll

Martin Almgren

Ordforande,
Skandinaviska Vibrationsforeningen,

e-post: martin.almgren@ingemansson.se
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PROTOKOLL FRAN ARSMOTE

Narvarande: Se separat deltagarforteckning
1
Faststillande av dagordning
Det i enlighet med stadgarna och med kallelsen utsanda forslaget till dagordning godkéndes.

2
Val av motesordférande och métessekreterare
Till mbtesordfrande valdes Martin Almgren och till métessekreterare Alf Olsson.

3
Val av justeringsmin for dagens protokoll
Gabor Csaba och Elisabeth Blom utségs att jimte ordféranden justera protokollet frén &rsmotet.

4
Friga om stimman blivit behérigen kallad

SVIBs verksamhetsberittelse, balans- och resultatrikningar samt budget for tiden frdn den 1 september 2002 till
den 31 augusti 2003 hade sénts ut per e-post tillsammans med kallelse och dagordning den 2 november 2003.

Stadgarnas krav pé kallelse hdgst sex och minst tvé veckor fore drsmétet var sdledes uppfyllt varfor stimmans
behdorighet kunde godkdnnas.

5
Avgiende styrelsens redogorelse for verksamheten under det foregiende verksamhetsaret

Ordféranden fredrog sin och styrelsens berittelse for verksamheten for tiden 1 september 2002 - 31 augusti 2003.
6

Revisionsberiittelse

Revisorernas redogdrelse dver SVIBs rikenskaper utfirdad av Torbjorn Kloow och Bent Simonsson ldstes upp av

sekreteraren. Revisorerna hade foreslagit att arets underskott kronor 27 967,94 skulle foras i ny rakning.

7
Faststiillande av resultat- och balansrikningar

Sekreteraren redovisade balans- och resultatrikningarna. Ordforande hade tidigare redogjort for det underskott
som uppstétt till foljd av att den sista delen av de medel for utforda Standardiseringsprojekt inom CEN/TC 231
och som parkerats i SVIB nu hade betalats ut till SIS. Detta rende hade féredragits redan foregéende ar.

8
Beslut rorande ansvarsfrihet for den avgiende styrelsen

Med hiinvisning till styrelsens verksamhetsberittelse samt det som sagts i ssamband med avgivna redovisningar
enligt ovan beslutade stimman att bevilja styrelsen ansvarsfrihet for det géngna verksamhetsaret.

9
Faststillande av budget for kommande verksamhetsir

Medlemsavgifter och behallningen frén Vibrationsdagen samt specialsymposier berdknades inbringa ca 47 000
kronor. Kostnader till totalt samma belopp hade upptagits for Féreningens korrespondens, serviceavgifter for
pensionirer och hedersledaméter samt for revision och forsok med webbaserade diskussionsgrupper samt for
styrelsen och arbetsutskotten. Iris Turunen-Rise foreslog att SVIB skulle kontakta Europeiska Akustiska
Sillskapet nir det gillde utformningen av de webbaserade diskussionsgrupperna.




10
Faststillande av foreningens arsavgift
Medlemsavgiften for 2003/2004 faststdlldes till oforandrat 450:- kronor per ar.

11
Val av ordférande for tiden t o m nistkommande drsmote

Valberedningen hade genom ett e-post fran Nils-Ake Nilsson informerat sekreteraren om sitt forslag till styrelsen
for kommande verksamhetsperiod.

Till ordférande for SVIB: omval av Martin Almgren.

Till vice ordférande: omval av Ole Dgssing.

Till sekreterare: omval av Alf Olsson.

Till 6vriga ledaméter: omval av Ylva Vidhog, Christian Madshus och Thomas Abrahamsson.

Stamman forrattade valet och faststéllde i tur och ordning Valberedningens forslag.

12
Val av tva revisorer och revisorssuppleant

Valberedningen foreslog omval av Bengt Simonsson och Torbjérn Kloow som revisorer for ndastkommande
verksamhetsar. Som revisorssuppleanter foreslogs omval av Knut Bertelsen
Valberedningens forslag godkéndes.

13

Tillséittande av en valberedning

Nils-Ake Nilsson erbjod sig att kvarsta som sammankallande i valberedningen. Vidare omvaldes Leif Nielsen, DK
och som ny ledamot i valberedningen invaldes Mats Backholm, FI.

14

Ovriga drenden

Nagra 6vriga fragor forekom inte.

Vid protokollet Justeras:

Alf Olsson Martin Almgren

Elistabeth Blom Gabor Csaba

Narvarande:
Kjell Ahlin Blekinge Tekniska Hogskola
Martin Almgren Ingemansson Technology AB
Mats Backholm Vibkon AB
Ole Dgssing Rovsing AS, Képenhamn
Christian Madshus Norges Geotekniske Institutt, Oslo
Tomas Odebrant Ingemansson Technology AB
Alf Olsson SNT, Siffle
Gabor Chaba Alstom Power Sweden
Elisabeth Blom AF Energi & Miljo
Tirs Turunen-Rise Standard Norge
Ylva Vidhog Forsmarsk Kraftgrupp AB

Johan Granlund Vigverket Konsult
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Digital Vibrationssensor

Jag ringde hiromdagen till Christer Svensson pd Sigicom AB for att kontrollera att vi hade
rdtt uppgifter i SVIB registret. Det hade vi och det gladde mig mycket eftersom jag tidigare
ndtts av uppgifter om att foretaget haft det svart en tid. Man hade tappat en stor kund o s v.
Nu berdttade Christer att man tagit fram en ny digital givare och det tyckte jag borde intres-
sera fler dn mig. Ddrfor bad jag honom att skriva en kort artikel om produkten. Tack for

bidraget som foljer.

id métningar pa byggnader i samband

med byggverksamhet som spriangning,
palning, schaktning samt vid paverkan fran
vég- och jarnvagstrafik anvands vanligen geo-
foner for att mita vibrationsnivan.

Hittills har dessa varit analoga. En traditio-
nell geofon lamnar en analog spanning ut som
sedan tas om hand av ett instrument som di-
gitaliserar och lagrar informationen. Bland
nackdelarna finns storningskénslighet, geo-
fon och instrument méste samkalibreras, och
att automatisk overforing av identiteten pa
geofonen saknas.

Nu har Sigicom utvecklat en digital geofon
som ger manga fordelar.

Den ldmnar ifrdn sig métsignalen i digital
form varfor efterfljande kablar och kommu-
nikationsutrustning inte paverkar signalkva-
litén.

Den digitala 16sningen innebér ocksa att en-
dast geofonen behover kalibreras, eftersom
den efterféljande utrustningen bara hanterar
digital kommunikation. Geofonen ldmnar
ocksé ifran sig sitt serienummer, kalibre-
ringsdatum och annan visentlig informa-
tion for full sparbarhet.

Sigicoms digitala geofon har dessutom en
inbyggd digital signalprocessor som utfor alla
filtreringar och detekteringar som behdvs for
mitning enligt olika normer.

Alf Olsson

I praktiken innebdr detta att man bara beho-
ver stélla in vilken standard man vill méta
efter, sedan utfors den aktuella signalbehand-
lingen.

Den digitala geofonen klarar idag foljande
svenska standarder:

SS 460 48 66 Vibration och st6t — Riktvér-
den for spriningsinducerade vibrationer i
byggnader. Svingningshastighetens maxvdr-
de inom 5-300 Hz

SS 02 52 11 Vibration och stét - Riktvirden
for vibrationer i byggnader hirrérande fran
palning, spontning, schaktning och packning
for bedomning av skaderisk

Svangningshastighetens maxvérde inom 5-
150 Hz eller 2-150 Hz

SS-ISO 8569 Vibration och stét — Vibrations-
kéanslig elektronisk utrustning- Metod for
méitning och rapportering av vibrationsdata
i byggnader.

Accelerationens maxvérde inom 5-300 Hz

SS 460 48 61 Vibration och stdt — Métning
och riktvirden for bedémning av komfort i
byggnader.

Maximal RMS-niva foér den vdgda sviang-
ningshastigheten inom 1-80 Hz

Eftersom filtrering och detektering ligger i
signalprocessorns programvara gar det latt
att ta fram och installera nya standarder.
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Till exempel har geofonen kapacitet att be-
rikna responsspektra i realtid enlig forsla-
get

ISO/WD 18431-4 Mechanical vibration and
shock — Signal processing — Part 4: Shock
response spectrum analysis

Digital kommunikation och stromforsérjning
sker via en busskabel som ocksa tillater att
ménga geofoner samtidigt kan vara inkopp-
lade i samma nitverk dvs. pd samma kabel.
Geofonen kan samtidigt ta ut maxvirden
inom ett stillbart tidintervall och vid trigg-

ning sampla ett 1dngt tidforlopp med en hog
samplingfrekvens.

Genom att effektforbrukningen dr extremt 1dg
(20 mW) vid kontinuerlig méitning sa lam-
par sig den digitala geofonen utmarkt for
langtidsmétning med batteridrivna métsys-
tem.

Geofonen ingér i ett system dér dven andra
typer av sensorer, bdde statiska och dynamis-

ka, kan kopplas in ll

/Christer Svensson, Sigicom AB
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=10+

Guldaccelerometern 2003

he “SVIB Guldaccelerometern” was
2003 awarded to Docent Leif Kari.

Professor Leif Kari, Dr. Tech.

He has at the Marcus Wallenberg Laborato-
ry, MWL, for Sound and Vibration Research
at the Royal Institute of Technology, KTH,
in Stockholm produced valuable research
results on vibration isolation, in particular
vibration isolator characterization, including
material acoustics, in the audible frequency
range.

His findings have thus improved the possi-
bilities to understand and predict noise aba-
tement with vibration isolators. His expe-
rience covers both measurements and theo-
retical modelling.

Hi started his research activities with the aim
to develop a method for measuring the dy-

namic stiffness of vibration isolators. For this
he designed a test rig which gave him the
measurement results of vibration, also in the
audible frequency range, that he needed for
the next step which was to develop theoreti-
cal dynamic stiffness models.

In the latest reports he explains the possible
use of magneto-rheological rubber for vibra-
tion isolators. The mechanical properties of
MR-material can be rapidly changed by app-
lying an external magnetic field. This gives
good opportunities for manufacturing of
equipment for active vibration control also
in the audio frequency range.

The Chairman of the Scandinavian Vibra-
tion Society said while giving him the “SVIB
Guldaccelerometern” that he hoped that the
award would encourage Leif to continue his
research with his team at KTH and increase
the long list of publications, that he started
to produce in 1988, amongst which 20 pa-
pers have been published in internationally
reputed periodicals after assessment by refe-
rees’. His work has made him well known,
not only to the members of the Vibration
Society, after participation in several Vibra-
tion Days and Special Symposia but also in-
ternationally following participation in se-
veral cooperation projects.

The “SVIB Guldaccelerometern” was this
year donated by PCB Piezotronics, Inc. and
at the time of award presented by Anders

Ahlstrom, PCB Scandinavia ABE
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&  5/1-04 OlleBackteman- minnesord

Olle Backteman - En praktisk vibrations-
tekniker

Akustikern och vibrationsteknikern Olle
Backteman, Ekerd, har avlidit 68 &r gam-
mal. Han sorjes ndrmast av hustrun Lena,
sonen Peter med hustru Katarina och 4 barn-
barn.

Olle foddes och viixte upp i Gustav Vasa for-
samling i Stockholm. Han gick i Vasa Real
och i Hogre Tekniska Laroverket i Stock-
holm.

Efter examen arbetade Olle pa Atlas Copco
AB dir han var ansvarig for ljud- och vibra-
tionsmétningar pé foretagets produkter, dér-
efter pa Billman Regulator AB dir Olle var
ansvarig for provning av nya produkter som
en lank mellan utveckling och konstruktion.

Olle anstilldes 1964 vid Akustikbyran och
utvecklades snabbt till en mycket kunnig
mitingenjor. Han klarade snart allt frén kom-
plicerade impedansmatningar i ubétssektio-
ner till métningar av vibrationer i berg. OI-
les omfattande mitningar av punktexciterat
ljud i byggnader ledde till en byggforsknings-
rapport som blivit ett referensverk.

1983 lamnade Olle Akustikbyran for att ar-
beta i egen regi med bland annat kvalifice-
rade vibrationsmétningar. Han deltog i forsk-

ningsprojekt inom sten- och glasindustrin
och var en mycket uppskattad ldrare for ut-
bildning av skyddsingenjorer vid Arbetar-
skyddsstyrelsen.

Fran 1987 var Olle verksam som séljare och
demonstratér av avancerade métinstrument
och system for tillstindskontroll pd Acout-
ronic AB. Med sin gedigna tekniska bak-
grund vann han respekt hos kunderna.

1994 borjade Olle pa Ingemansson Techno-
logy AB och fick da tillfélle att utdva sina
béade praktiska och teoretiska kunskaper inom
hela akustik- och vibrationsomradet. Han till-
forde foretaget stor erfarenhet och kunskap
och kom att bli liroméstare i métteknik for
ménga unga ingenjorer. Olle delade ocksd
generdst med sig av sitt kunnande till vriga
inom det internationella vibrationsomrédet.
Hans stora engagemang i Skandinaviska Vi-
brationsforeningen, SVIB, vittnar om detta.
Han var utskottsordférande i SVIB under
manga &r och ordnade bland annat ett antal
vilbesokta och uppskattade seminarier med
mitanknytning. Fér sina insatser belonades
Olle 1993 med SVIB’s guldnal.

Arbetet var Olles stora intresse men det hin-
drade honom inte frin att engagera sig inom
idrottsroérelsen. Han var idrottsledare pé
Ekerd dér han i dver 17 &r trdnade pojkar i
fotboll och ishockey samt var ledare for flera
lag. P4 senare tid var golf hans stora sport-
intresse.

Olle var en mycket godhjértad och glad per-
son. Han var alltid positiv, stallde helt upp
for foretaget och sina arbetskamrater. Inget
var omdjligt for honom. Vi som pd olika satt
har haft formanen att fa utnyttja Olles kun-
nande kommer att sakna hans praktiska kun-
nande for tekniken och hans intresse for sina
medmaénniskor. Vi kommer att minnas hans
pedagogiska skicklighet och hans lugna och

trygga satt

Foér vanner och kollegor inom SVIB och pa
Ingemansson Technology AB

Erik Rudolphi
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Vibrations from the demolition of a
large offshore platform

Presented at SVIB 2003 — The Vibration Day, 25 Nov. 2003 Norwegian Geotechnical Institute,
OSLO

H. Heyerdahl, C. Madshus, K. Tronstad & E. Lied
Norwegian Geotechnical Institute, Oslo, Norway

ABSTRACT: Demolition of a steel offshore platform at Aker Stord yard in western Norway
involved toppling of large structure parts by explosive blasting. The weight of each part,
called lattice frames, was approximately 3000 tons, with a centre of gravity 35 m above the
ground when placed upright onshore. NGI was asked to predict ground vibrations from
ground impact and to evaluate possible damage to nearby infrastructures. Limit values for
damage of these constructions were suggested. Vibration predictions were based on litera-
ture regarding demolition of tall chimneys, dynamic ground compaction and data from rock
blasting. A cube root scaling scheme, also accounting for varying ground conditions, was
found suitable. Results from drop-tests at the yard area were performed to improve ground
vibration predictions. Measurements during the toppling operation verified that ground
vibrations agreed well with predicted values. No damage on constructions was reported.

1 Introduction
2300 tons by removal of parts of the lattice

Scrapping of the steel offshore platform
”Maureen” owned by Phillips Petroleum
Company has been performed at Aker Stord
yard. The project has been undertaken by
Aker Offshore Partner AS. Several large plat-
form parts were lifted onshore at Eld6y Quay
to be toppled in the scrapping area. A large
lifting barge was used to lift the platform
parts onshore at EIdoy Quay. The yard area
after the onshore lifting operation is shown
on Figure 1.

The largest platform parts to be toppled were
the two lattice frame structures shown in Fi-
gure 1, each weighing close to 3000 tons,
and having a centre of gravity ~35 m above
ground when placed upright onshore. The
total mass was reduced before toppling to

frames while the structure was still standing
in upright position. The supporting legs then
were cut off by explosive blasting to initiate
the toppling. NGI was hired for evaluation
of ground vibrations caused by the impact
from the toppling operations, and for defi-
ning limit values for objects assumed sensi-
tive to vibrations resulting from the ground
shock from the impact of the structures hit-
ting the ground. In this paper, predicted and
measured vibration is discussed.
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Platform parts (lattice "

frames) to be toppled

Landing zone for

toppling
platform parts

Figure 1. Two large platform parts placed onshore at
Eldoy Quay. The giant crane may

be moved on rails from current position to the
wharfside on left side of picture.

2 Acceptance criteria and analysis
approach

2.1 Acceptance criteria for ground vibrations

A giant crane in the yard area was assumed
to be the most sensitive nearby construction.
No specifications of acceptance criteria for
such cranes related to ground vibrations of
this kind were found. Tentative criteria had
to be established, and were based on two cri-
teria: 1) information from the crane compa-
ny that the crane is designed to resist a side-
ways deflection of 0.5 in the top, and 2) ge-
neral designing criteria, namely that the cra-
ne is able to resist a sudden loss of load, for
instance in case of a sling break, which will
produce a considerable dynamic load on the
crane. This information has been used to esti-

Crane
eight

mate corresponding loads in the lower part
of the crane, based on crane geometry and
structural information. The natural frequen-
cy of the crane, which was unknown, is im-
portant in such a calculation. A natural fre-
quency of 0.5 Hz was assumed for the relati-
vely flexible crane. Thus, ground vibrations
would expectedly be “high-frequent” when
compared to the natural frequency of the cra-
ne. Therefore, the dynamic load from gro-
und vibration would be concentrated in the
lower part of the crane.

Criterion 1) indicates that vibration velocity
of the ground below the crane’s foundations
of ca. 300 mm/s is acceptable. Since deflec-
tion criteria are normally based on servicea-
bility load (SLS), this value is assumed to
have a large safety margin. Criterion 2) gi-
ves much higher acceptable vibration (2-3
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times), which is not unreasonable, since this
is an accidental load criterion (ULS).
Vibration acceptance criteria for nearby buil-
dings have been estimated from the Norwe-
gian Standard NS 8141 (2001).

2.2 Vibration from object with large extension

Vibration prediction has been performed as-
suming that vibration is generated by a point
source. When the extent of a vibration sour-
ce is large, definition of such a point source
may be difficult if the distance to the vibra-
tion source is small. In our case, both height
and width of the platform part hitting the
ground exceed 50 m, while the shortest dis-
tance from the of the platform part when hit-
ting the ground to the giant crane is less than
50 m. Definition of the correct distance to
an assumed point source may therefore be
doubtful. In addition, the structure is discon-
tinuous, consisting of three large main pipes

connected by smaller pipes. It may be ques-
tioned whether all of the energy from the
impact is relevant for predicting ground vi-
bration in a point.

To overcome this problem, predictions of
ground vibrations for the giant crane have
been made for various cases, A, B and C. In
case A, only the upper part of the structure,
having most of the potential energy (ca. 1550
tons with gravity centre 43 m above the gro-
und) was considered. In Case B, the upper
part of the main pipe closest to the giant cra-
ne was studied, taking the distance from the
local mass centre of this structure part (ca.
650 tons, gravity centre 43 m above ground)
into the prediction model. In Case C, all of
the mass (ca. 2300 tons, gravity centre 35 m
above ground) and the distance to the global
mass centre of the structure when hitting the
ground were used. The three cases are illus-
trated in Figure 3 together with the situation
after toppling of the first lattice frame.

B \ 50m
o ) \
Grant crane \
° |
| -
]
= ; i
N I
+ " v
: Fust lattice frame after
- b\\\ topplng
AY \\\ N
\
LY
/ £
) a N
Distance from impact to crane: B‘ N
All of structure, top part of left A % -
main leg or top part of all - Case A
three main legs.
Case C

Second lattice frame still
standing |

/

Figure 2. Analysis of ground vibration. Distance from assumed point source to giant crane for three cases A, B

and C. Situation after toppling of first lattice frame.
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3 Vibration predictions

3.1 Case records from literature

Generation of ground vibration from dyna-
mic impact is a complicated process, invol-
ving several coupling and loss mechanisms.
Numeric simulations therefore may easily
lead to wrong conclusions. Empirical met-
hods yield more reliable results. Published
data from measured vibration from demoli-

tion of chimneys, compaction of rock fill by
heavy drop weights from large height ("Dy-
namic deep compaction”) and from tests in-
volving blasting of large charges in rock
(military tests) have been reviewed and sys-
tematized. The studied case records are sum-
marized in Table 1. The records mainly origi-
nate from tests performed on deep rock fill
or other soils of various types, in addition to
blasting in rock.

Reference Type of test Ground Cs o}
/s kg/m?
Madshus and Langberg (1999) Rock blasting Rock 2000 2700
Mayne (1985) Dynamic deep compaction Not spec. 300 2000
Skip (1997) Demolition, concrete chimneys Hard soil 600 2100
Skip (1997) Drop weights on ground Soil 300 1900
Skiap (1997) Drop weights on concrete slab ~ Soil 300 1900
Madshus et al. (1993) Drop weights on rock fill Rock fill 700 2200
Skip and Buckley (1977) Rigid drops on ground Soil 300 1900

Table 1. Back calculated case records from literature.
Type of test and ground conditions.

No empirical data for kinetic energies as lar-
ge as involved in the platform toppling ope-
ration (ca. 10 J) was found. However, by use
of a scaling law, it is possible to upscale data
from tests involving smaller energies to
events involving far higher energies. On the
site at Eldoy there is ca. 1-2 m of rock fill
above the rock surface, which represents a
stiffer system than the sites from which data
has been collected. On one hand, this should
imply that vibrations relatively speaking
should be smaller. On the other hand, loss
mechanisms are less prominent than for soils,
and this pulls in the opposite direction. To
be able to transfer empirical data from soil
to rock, a dimensionless scaling scheme has
been used, taking into consideration the mass
density and shear wave velocity of the gro-
und and, thus, implicitly also the strength of
the ground. Based on evaluation of data from

literature and drop tests on the site, it has
been concluded that maximum ground vibra-
tion velocity (PPV — Peak Particle Velocity)
follows a cube root scaling law, i.e. it is rela-

ted to %/W in which W is energy that “hits

the ground” in the collision or blasting. May-
ne (1985) and Skip and Buckley (1977) use
square root scaling to study vibration decay
with distance, while cube root scaling is used
in the other references in Table 1. The recor-
ded peak particle velocity in m/s from the
studied case records is assumed to follow the
relation in Equation 1 below:

Vv=C, v, r" (1)

where C, is the shear wave velocity in the
ground in my/s, v, is the dimensionless velo-
city, n is an empirical exponent and r is the
dimensionless distance, calculated from real
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distance R in m, using the expression in Equa-
tion 2 below:

r=r/(:)

where W is the energy in Joule for the case
considered, and r is the mass density in kg/
m?.

@)

Dimensionless scaling of peak particle velo-
city and distance from the vibration source
has been applied to compare data from vary-
ing drop energies and ground conditions. The
value of C,_ at the different sites is taken from
the published case records, or, if not given
in the literature, has been assumed based on
experience. In Figure 3, dimensionless peak
particle velocity (V/C)) is plotted versus di-
mensionless distance, based on case records
listed in Table 1. Predicted ground vibration

for the giant crane based on the various vi-
bration models deduced from literature is
given for the three different cases A, B and
C, as defined in Section 2.2 and Figure 2.

The scatter in the studied empirical data is
relatively large also after dimensionless sca-
ling. This may be explained by the differen-
ces in vibration source and coupling to the
ground. For instance, the energy released in
an explosion may not necessarily be compa-
rable to kinetic energy when it comes to pre-
diction of vibration. In addition, differences
in site characteristics (ground type, depth of
soil above rock i.e.) as well as scarcity in the
published literature with respect to soil con-
ditions are of importance.

In Figure 3, predicted dimensionless peak
particle velocity for the three cases A, B and
C is included for all curves. Case A gives the

1E-02 - 7 T

-~ - Madshus and Langberg (1999) Rock blast / surface wave resygc;rg

= = = Skip (1997) Drop weight on ground
== == Skip (1997) Drop weight on concrete slab
g < == = Madshus et al. (1993) Drop weight on rock fill, n= 1.7

B Case A: 1550 tons, h=43 m, R=55 m
A Case B: 650 tons, h=43 m, R=42 m
+ Case C: 2300 tons, h=35 m, R=64 m o

Mayne (1985) Dynamic Deep Compaction - Upper bound
Skip (1997) Demolition concrete chimneys

Skip and Buckley (1977) Rigid drops on ground
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Figure 3. Dimensionless scaling of case records.
Predicted vibration from toppling of a lattice frame
with mass 2300 tons and centre of gravity 35 m above
the ground is shown in diagram.
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highest predicted vibration. The highest esti-
mate for ground vibration close to the giant
crane corresponds to peak particle velocity
200 mm/s, assuming a shear wave velocity
of 2000 m/s at the site. The lowest estimate
corresponds to peak particle velocity 5 mm/s.

3.2 Drop tests

The predicted vibration of 200 mm/s for the
giant crane from the “worst case” line in Fi-
gure 3 is below the limit value of 300 mm/s
for the giant crane. However, taking uncer-
tainty into account, it was decided to cali-
brate the vibration predictions by performing
drop tests on the site at E1déy Quay to ensu-
re minimal risk of damage on the giant cra-
ne or other nearby structures.

A total of six drop tests were performed, using
drop weights made of steel plates with mass
1.8 (two tests), 4.8, 9.4 and 15.6 (two tests)
tons. Ball shaped weights would have been
preferable, but were not available. The
weights were dropped from 18 m height. A
total of 8 SM6 geophones were placed along
a line in measurement points 5, 10, 20, 40
and 80 m from the drop site (some small
changes in distances for some of the tests).
Such an exponential increase in distance bet-
ween the sensors is assumed to be suitable
for studying impact events, because peak
particle velocity tends to decrease linearly in
a log-log plot. In each measurement point
one vertical sensor was installed. In addition,
horizontal sensors were installed at distanc-
es 5, 10 and 80 m, measuring in the direc-
tion pointing away from the vibration sour-
ce. The first drop test, using a drop weight
of 1.8 tons, resulted in much higher vibra-
tions than the other tests, relatively speaking,
particularly for sensors at short distances (5
and 10 m). The reason for this peculiarity is
not fully understood. However, the weights
had to be dropped from the same point for
all six tests. It may be that coupling to the
ground was better for the first tests, before

the ground was disturbed. (After each test,
the drop weight was removed by an excava-
tor, and the ground on the landing point was
prepared for the next test. No compaction was
performed between the tests).

Results from the drop tests (horizontal and
vertical sensors) are plotted in Figure 4 as
dimensionless peak particle velocity versus
dimensionless distance, together with litera-
ture curves. Based on normal distribution of
measured peak particle velocity-values from
the drop tests, the 95% and 50% confidence
lines have been calculated and are also in-
cluded in Figure 4. The position of the upper
confidence line is very much influenced by
the results from the first drop test, as discus-
sed above. It is common practice to use 95%
confidence line to predict upper estimates of
ground vibration. The upper estimate is then
assumed to be a conservative (high) predic-
tion for the vibrations, the mean value esti-
mate being our “best guess”. The predicted
mean value estimate for ground vibration is
not reduced from the drop tests, but the 95%
estimate is considerably lower than the
»worst case” curve based on the literature
records.

4 Measurements during toppling

For maintenance of the giant crane it was of
importance to document ground vibrations
during the toppling of the platform structu-
res. Out of two large such drops, the first one
was assumed to be most critical, due to smal-
ler distance to the crane. The ground was
instrumented by accelerometers and geopho-
nes along two axes; see Figure 5. Accelero-
meters were used close to the impact zone;
while geophones were used at larger distan-
ces. Accelerometers were also placed at the
crane foundations, and at selected points in
the crane tower. Strain gauges were placed
in the crane tower to monitor dynamic loa-
ding in selected girders.
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Figure 4. Results from drop tests. Reference for curves
from literature is given in Figure 2.
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Figure 5. Sensor array for measurement of ground
vibration during toppling.
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Figure 6. Ground vibration measured during toppling
of lattice frame (2300 tons).

The peak particle velocities from each sen-
sor are plotted in Figure 5 together with the
mean value estimate and the 95% estimate
from drop tests. For this plot, no scaling is
used. Measured PP V-values are given for two
different assumptions: In one case, the dis-
tance to the sensors is calculated from the
global centre of gravity of the entire lattice
frame. In the other case, the distance is me-
asured from the top of the central main pipe.

The measured ground vibration generally
agrees very well with the mean value predic-
tion of ground vibrations. At small distances
using the gravity centre as the reference does
not seem to be appropriate. Here, using the
top of the structure as reference for the point
source gives a much better match with the
mean value prediction. This may be related
to protruding objects on the upper part of lat-
tice frame.

No damage on constructions or buildings was
reported from the toppling operations.

Stapled lines indicate position of the giant
crane for the two alternatives.

5 Conclusions

Comparison of ground vibrations from pub-
lished case records from different sites is
possible introducing using dimensionless
cube root scaling, and taking site characte-
ristics as shear wave velocity of the ground
and soil density into account. Predictions
have been improved by site specific drop tes-
ting. Measurements during toppling confir-
med that predictions gave reliable values for
ground vibration from impact of a structure
involving large energies, when based on tests
involving energies less than 0.5% of the ki-
netic energy in the actual impacts from the

toppling of the platform parts l
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Kurser och
konferenser

SVIBY

Vibrationsdagen 2004

Vibrationsdagen blir 23 november 2004 i
Stockholm. Plats meddelas senare: Opera
terrassen eller IVA pa Grev-Turegatan har
foreslagits.

Temat denna gang ér:

Vibrationers vaxelverkan med
ljud och buller

Vi vill gérna fa forslag pa foredrag.
Kontakta Martin Almgren

(E-post: martin.almgren@ingemansson.se)
Titel och sammandrag 6nskas senast 1 maj
2004.

The ICSV11 Congress &
Exhibition

St. Petersburg, Russia 5-8 July 2004, in at
the four-star Hotel Pribaltiyskaya.

First rate scientific several Keynote Paper
presentations and an extensive social
programme.

Deadline for papers expired 2004-02-20.
See further http://www.monomax.org/
icsvll or mail to

ICSV11 Congress Secretariat (temporary
address) [ijav@rol.ru]

AU3-dag 2004

I samband med SVIB-dagen hosten 2004
kommer en AU3-dag att anordnas pa
liknande sdtt som vi gjorde 2002 i
Goteborg.

Temat denna gang ar:

Vibrationer i byggnader

Dagen 4&r tdnkt att &gnas &t tre

delomraden:

1. Vibrationer frdn springning och
annan byggverksamhet.

2. Vibrationskdnslig utrustning

3. Vibrationsalstrande utrustning

Vill ni bidra med ett foredrag,
kontakta Tomas Odebrant
E-post: tomas.odebrant@ingemansson.se

Titel och sammandrag 6nskas senast
30 april. 2004.

Human Response to Vibration,
HRV

September 2004
Tid och plats inte bestimt,
men det blir i Englad.
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LMS Pimento
The Noise &t Vibration Analyzer With Portable Power

Looking for a solution for multichannel testing and signal
processing, noise and vibration measurements, acoustic testing,
rotating machinery and structural analysis,...? A portable solution
with the power of a bigger lab system? A solution that fits-in 20
years of LMS application experience? You’ve just found it ...
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e Ultra portable - only 4 kg e Structural testing, ODS,

e Compact and rugged design and modal analysis

e Ultra silent - no fan e Advanced post-processing

Want to see if for yourself? Visit www.Imsintl.com for
more information on LMS Pimento
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Ingemansson Automotive AB e Box 276,401 24 GOTEBORG SWEDEN INTERNATIONAL
INGEMANSSON  Tel +46 (0)31 774 74 00  Fax +46 (0)31 774 74 74 o e-mail: Ims@ingemansson.se Empowering Engineering Innovation




- 28 -

Nordic Vibration Research 2004

10th International Conference

Call for papers before 20 March

KTH in Stockholm, June 3-4

More information can be provided by AU
5’s chairman,

Prof. Thomas Abrahamsson e-mail:
thab@solid.chalmers.se
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Steam turbine vibration characteristics

by

Mike McGuire
Dynamics Consultant Rugby, UK.

1 Introduction

Large steam turbine rotor lines consist of a
number of coupled rotors supported by fluid
film bearings which are generally mounted
on concrete foundations.

( Fig.1). In the past, particularly in Europe,
steel foundations were also used but their use
has virtually disappeared in recent years.
Typically the overall length of the shaft line
may be in the region of 150 feet (50 metres)
with a total rotor mass of several hundred
tons.

The blade heights range from less than 1 inch
(25mm) in the early high pressure stages up
to in excess of 3 feet (1 metre) for the low
pressure, last stage blades (even longer for
half speed applications).

1
Fig.1 Shafi-line of a turbine-generator unit.

Operators of steam turbine plant require op-
timum efficiency without prejudice to over-
all plant reliability and availability. A major
factor in the safe and reliable operation is to
ensure that the vibration characteristics of
the coupled rotor/blading system are entire-
ly satisfactory. The avoidance of resonance
conditions and the limitation of vibration are
therefore a major priority when designing

rotor systems for both new and retrofit app-
lications. ALSTOM and its predecessor com-
panies have developed well proven dynamic
analysis techniques, which are an integral
part of the design process and ensure that
vibration experienced at site is well within
internationally recognised criteria. These
techniques, which have been validated and
supported by a wealth of detailed experimen-
tal data obtained from service experience and
test rigs, enable new designs to be developed
with total confidence. The accuracy of the
methods is such that on site validation and
prototype testing to confirm vibration inte-
grity is nowadays only occasionally carried
out to provide routine benchmark confirma-
tion.

This paper provides an overview of the main
factors considered and the approach adop-
ted by ALSTOM to ensure vibrational relia-
bility for both new and retrofit rotor systems.
The following three areas are addressed:

e Tateral vibration - critical speeds, unba-
lance excitation & rotor running stability

® Torsional vibration - torsional frequencies,
electrical disturbances & coupled shaft/bla-
de vibration Blade vibration.

® Tt is not intended to cover the fundamen-
tal theory and analytical techniques but more
detailed information can be found in the se-
lected papers listed in the bibliography.
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2 Lateral Vibration

The starting point for any assessment of the
rotordynamic behaviour of the coupled shaft
line is to set up an analytical model. For la-
teral vibrations the model can be subdivided
into four distinct parts (Fig. 2)
which can be analysed separately.

These are:

a) the rotor.
b) the bearing oil films.

¢) the bearing pedestals.

d) the foundation.

BTG
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Fig.2 Schematic arrangement of rotors and supports.

The dynamic characteristics of each of these
parts are analysed separately to the required
degree and then combined together to deter-
mine the vibration response of the complete
coupled system to the various forms of exci-
tation which are inevitably present in servi-
ce (e.g. mechanical unbalance, coupled con-
centricity errors, rotor bends, rotor asymme-
try - for two pole generators, steam excita-
tion forces in seals).

In practice, the rotor and oil films are the
most important elements of the model. Only
in exceptional cases does the influence of the
bearing pedestals and foundation significant-
ly affect the overall rotordynamic characte-
ristics. By adhering to established design
guidelines, it is normally possible for the tur-

bine designer to design a specific rotor sys-
tem that will operate successfully when in-
stalled on the different foundation types
which are commonly used.

The converse of this is that, only in excep-
tional circumstances, is it possible to make
significant changes to the rotordynamic be-
haviour by changing the dynamic characte-
ristics of the foundation. However, it is im-
portant to recognise that, although the dyna-
mic characteristics of the foundation may not
be significant, there are circumstances where
the static characteristics of the foundation can
have a greater influence on the dynamic be-
haviour of the shaft line, particularly for those
cases where two bearings per rotor are
employed. For example, it is inevitable that
some deflection of the foundation may occur
as a consequence of changes in foundation
loading due to vacuum loads, friction of sli-
ding surfaces, pipe thrusts etc. The potential
impact of these effects on for example; bea-
ring loading, critical speeds or seal clearan-
ces is therefore a factor which has to be con-
sidered. These effects are minimised by adop-
ting the concept of a single bearing between
rotors.

2.1 Rotors

The rotor is characterised by ass inertia and
stiffness matrices, which are calculated using
techniques, which are well established th-
roughout the industry These take into account
the detail variations of mass distribution and
stiffness changes along the rotor line, any
additional coupling flexibility (e.g. the in-
fluence of clutches for some combined cycle
applications) and the influence of tempera-
ture on material properties. In the past spe-
cial care had to be taken to replicate correct-
ly the stiffening effect of shrunk on discs to-
gether with their manufacturing tolerances
but ALSTOM have long since abandoned
this form of design in favour of monobloc
and welded rotors which offer superior
mechanical integrity (Fig.3).
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Fig.3 Different rotor constructions.

The bearing span of the rotor is the most sig-
nificant parameter which the rotordynamic
designer can use to influence the running
behaviour. For new machines the choice of
the optimum bearing span is therefore an im-
portant part of the design process. However,
for retrofit applications this parameter is al-
ready fixed and this provides an additional
challenge to the designer.

For lateral vibrationsmaterial damping is
ignored because for most practical purposes
the vibratory stress is sufficiently low to ren-
der it insignificant, particularly when com-
pared with the damping provided by the be-
aring oil films.

2.2 Bearing Qil Films

The journal bearing oil films are important
elements of

the coupled system and their influence is a
major

contributory factor in controlling the vibra-
tory response of the rotor line. The dynamic
characteristics of the oil films are characte-
rised by the well known four stiffness and
four damping coefficients. They are aniso-
tropic with cross coupling between horizon-
tal and vertical motion that results in non
circular shaft orbits. Most important, the oil
films provide substantial damping which
contributes to the relatively modest dynamic
magnification when passing through criti-
cal speeds.

However, under certain conditions (e.g. if the
bearing is lightly loaded) they can induce
unstable, self excited vibrations.

The actual values of the coefficients are
strongly influenced by the bearing geometry
(length, diameter, bearing clearance - or to
be more specific the difference in radius of
curvature between the shaft and the bearing),
rotational speed, lubricant properties, bearing
type (e.g. fixed arc, tilting pad, number of
arcs/pads, degree of pre-load) and bearing
load. In service changes such as foundation
movements may introduce misalignment
that, particularly for shaft lines employing
two bearings per rotor, can influence the be-
aring characteristics and hence the overall
dynamic behaviour of the rotor line.

ALSTOM has been at the forefront of expe-
rimental and analytical research carried out
over many years to identify accurately the
bearing coefficients for different bearing ty-
pes and a database of the dynamic properties
of different types of bearing has been esta-
blished. In addition, a full thermo-hydrody-
namic bearing analysis method has been de-
veloped which has been validated using test
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rigs (Fig. 4) capable of testing full size bea-
rings over a wide range of operating condi-
tions. This was particularly important in de-
monstrating for large bearings the influence
of local thermal distortions of the bearing
profile on the dynamic characteristics.

Fig.4 Dynamic test rig for 20 inch bearings.

The bearing analysis method is an impor-
tant design tool that is used to calculate the
contract specific bearing characteristics both
for ALSTOM bearing designs and those
supplied by others. This is particularly rele-
vant for third party retrofit applications where
there is often a preference to retain the origi-
nal bearings without change but for which
accurate bearing coefficients may not be av-
ailable. However, in such cases care must be
taken to ensure that all features of the bea-
ring are correctly modelled and that there are
no physical constraints which prevent cor-
rect functionality. For example with tilting
pad bearings it is important to ensure that
the influence of the pad pivot is fully taken
into account.

2.3 Bearing Pedestals

In most cases bearing pedestals are stiff re-
lative to the oil film and therefore the rotor-
dynamic behaviour is less sensitive to the
pedestal dynamic characteristics. It is nor-
mal therefore to represent the pedestal as
simple horizontal and vertical mass spring
systems.

In those cases where the bearings are an inte-
gral part of the turbine frame/foundation the
pedestal characteristics are modelled together
with the foundation.

2.4 Foundation

In the past detailed mass elastic studies were
carried out to produce sophisticated analyti-
cal models of complex foundation structures
from which the cross coupled foundation
impedances at the bearings could be deter-
mined. Such analyses predict large numbers
of natural frequencies below and in the ope-
rating speed range, which the subsequent
response analysis showed were insensitive to
excitation from the rotor system. Further stu-
dies led to the realisation that the influence
on the rotor behaviour of the complex struc-
tural modes predicted by the mass elastic
analysis were strongly inhibited by the in-
fluence of the large inertia and damping (due
for example, to friction at sliding and bolted
interfaces and internal hysteresis) inherent
in the foundation. It was concluded that much
simpler representations of the foundation
support characteristics were entirely satisfac-
tory for the accurate prediction of rotor vi-
bration behaviour. This clearly facilitates the
analysis process and is particularly advanta-
geous for third party retrofit applications in
that it is only necessary to have relatively
simple details of the foundation in order to
predict the rotor vibration characteristics.

2.5 Design Objectives

It is inevitable that there are inherent steady
state forces present for all rotor lines that will
excite vibration. For steam turbines the most
common excitation source is residual unba-
lance which is minimised as far as possible
by the adoption of systematic assembly
processes prior to the application of high
speed modal balancing of each individual ro-
tor (Fig. 5).
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In general, the quality of factory balance ac-
hieved and the adoption of careful assembly
processes when coupling individual rotors
together at site is such that vibration levels
within zone A of ISO 7919/2 and ISO 10816/
2 (see Tables 1, 2 & 3) are readily achieved
without the need for in situ balancing.
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Table 1: Recommended Values for maximum relative
shaft displacement for steam turbines and generators
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Table 3: Recommended Values for Bearing Housing/
Pedestal
Vibration Velocity for Steam Turbines and Generators

The first objective of the rotordynamic pro-
cess is to design a shaft line which operates
satisfactorily with low steady state vibration
levels at rated speed, is relatively insensitive
to changes in operational parameters and has
satisfactory margins between rated speed and
any critical speeds.

Steady state synchronous (one per rev) vi-
bration excited by unbalance is the main sour-
ce of vibration experienced on large steam
turbines. However, it is not the only source
and a particularly important area of concern
is the potential for self excited, sub synchro-
nous rotor instability which if allowed to de-
velop fully can result in significant load re-
ductions or, in the worst case, tripping of the
unit. The second objective therefore is to de-
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sign stable rotor systems. This is discussed
further in the next section.

The analysis models described above are the
cornerstone on which successful designs are
achieved to meet the declared objectives.

2.6 Shaft Line Stability

Sub synchronous, unstable vibrations may be
encountered in service due to the inherent
instability ofthe hydrodynamic journal bea-
rings (classic *oil whirl’). Alternatively, the
overall damping provided by the rotor/bea-
ring system may be insufficient to contain
the effect of external destabilising forces
which are generated as a consequence of
steam flow variations within the turbine (of-
ten referred to as ’steam whirl”). Unlike ro-
tor unbalance this is a transient vibration,
which locks on to a fundamental, rotor sys-
tem natural frequency - normally the first
critical speed of the relevant rotor. In the
worst case such vibrations increase rapidly
and may cause the vibration trip limits to be
exceeded. For other cases, the non-linear na-
ture of the bearing oil films results in in-
creased damping as the vibration amplitude
increases and a *pseudo unstable’ limit cycle
behaviour is observed. Such behaviour often
provides an indication that the stability li-
mit is being approached and provides a war-
ning that remedial actions may need to be
initiated.

*Steam whirl’ arises due to the creation of
dynamic forces in steam sealing passages at
blade tips and rotor hubs. These forces are
generated by lateral movements of the rotor
within the steam seals, which act at right ang-
les to the rotor displacement. They are re-
presented in the analysis model as skew sym-
metric stiffness coefficients which are inhe-
rently destabilising but are offset by additio-
nal direct stiffness and damping terms. The
combined effect of these terms coupled with
the bearing damping determines whether the

overall system will be stable or unstable.

The magnitude of the steam whirl’ excitation
is proportional to steam flow, dependent on
the detail geometry of the seals and is strongly
influenced by both the lateral movement of
the shaft (the *Thomas’ effect) and the cir-
cumferential (’swirl”) component of the lea-
kage flow. Its effects are most significant in
high pressure (HP) cylinders where the ratio
of steam density to rotor mass is greatest. HP
rotors of high power supercritical units are
therefore potentially the most vulnerable.
Conversely this phenomenon is less signifi-
cant for nuclear units (except AGR’s) and
combined cycle plants.

There are a number of ways of improving the
stability margin including:

* avoidance of unnecessarily low rotor flex-
ibility (i.e. increased critical speed). avoidan-
ce of lightly loaded bearings.

 adoption of alternative bearing designs
(e.g. Pocket

bearings, multi arc fixed pad bearings, til-
ting pads etc.)

With improved damping capacity and/or re-
duced sensitivity to external load changes.

® optimised seal geometry.
e reduction of inlet swirl to seals.

ALSTOM’s first significant experience of
steam whirl’ in the UK was in the early
1970’ on a class of 500MW units that had a
flexible HP rotor. A detailed collaborative
exercise was carried out in conjunction with
the national utility (CEGB) which included
experimental investigations of seal and bea-
ring characteristics. Remedial actions invol-
ved seal and bearing modifications and the
introduction of swirl breaks (Fig. 6) to redu-
ce the magnitude of the circumferential flow
component entry to the seals. Since that time
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experience from different parts of the Com-
pany has been consolidated together with
service experience feedback to develop and
refine the advanced aerodynamic methods
which are used to provide a basis for the sys-
tematic assessment of steam excitation for-
ces for specific seal geometries. The assess-
ment of steam excitation is routinely carried
out as part of the rotor design process.

$wirl breaks at tip-seals.,,
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. and in diaphrogm glond segments,

Fig.6 Swirl breaks at a tip-seal and in a diaphragm
gland.

2.7 Lateral Vibration Design Process

ALSTOM have amassed substantial expe-
rience over many years in understanding ro-
tordynamic vibration behaviour and resol-
ving associated service problems.

Swirl breaks at tip-seals...

This has led to the adoption of a standard
process for the dynamic design of large steam
turbine shaft lines which applies generally
to both new and retrofit applications - the
only difference is that for third party retro-
fits more conservative assumptions are adop-

ted in some areas to compensate for any un-
certainty in the detail description of other
parts of the system. This process for full speed
units is summarised in the guidelines listed
below:

® set up shaft line mass inertia and stiffness
matrices using standard method.

® determine bearing oil film stiffness and
damping coefficients for each bearing (note:
for third party retrofit applications in which
the original bearings are to be reused make
an assessment of any special features which
may need additional attention).

® use standard bearing pedestal and foun-
dation support impedance values - subject to
there being no significant features which
might require a more detailed analysis to be
performed.

® carry out standard rotor response calcula-
tions using modal unbalance sets to excite
all modes of interest up to maximum over-
speed. Targets for acceptance are set for the
following:

- critical speeds relative to rated speed.
- modal response at critical speeds.

- modal response at rated speed.

® for third party retrofit applications it is
common to target a first critical speed, close
to or slightly higher than that of the rotor
which is being replaced.

Variations from this are only permitted after
confirmation by more detailed analysis.

® perform initial stability analysis with
steam excitation at centre of rotor to enable
the basic stability to be assessed before
proceeding with detailed design.

In addition, for HP and combined HP/IP ro-
tors:
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e calculate steam excitation coefficients for
all shaft and blade seals.

® complete audit of seal and bearing dam-
ping and assess overall impact on stability.

® carry out complex eigenvalue calculation
for complete coupled shaft line. Results re-
quire minimum stability margins to be ac-
hieved at overspeed (i.e. avoidance of oil
whirl), at full load with standard seals and
at full load when all stabilising features have
been included.

e for third party retrofit applications more
conservative margins are set to compensate
for any uncertainty about bearing supports
and adjacent rotors.

The adoption of this process ensures that the
vibration characteristics of the shaft line are
entirely satisfactory for unrestricted long term
operation throughout the lifetime of the tur-
bine. Its effectiveness is amply demonstra-
ted by well established operational feedback
from a wide range of both new and retrofit
applications.

3 Torsional Vibration

Torsional vibrations can be excited in large
steam turbine shaft trains by electrical dis-
turbances occurring in the active part of the
generator. The relevantexcitation frequencies
correspond to the first andsecond harmonic
of the electrical grid system frequency(note:
for half speed turbines with four pole gene-
rators the system frequency is twice the rota-
tional frequency).

Torsional vibrations are not coupled to either
the turbine casings or lateral shaft vibration,
hence there is no transmission of external
forces which give a physical indication to
operators that such vibration is present.

Torsional excitation can be subdivided into:

e short term disturbances (fractions of a se-
cond) at 1 and 2 times the system frequency
caused by short circuits (in the electrical grid,
transformer or generator stator windings) or
synchronisation failure. The magnitude of the
disturbance torques produced depends on the
electrical properties of the electrical system
and in the worst case, which is usually a line
to line fault at the generator terminals, may
be in the range of 6 to 8 times the normal
torque of the unit.

e low, long term electrical disturbance tor-
ques. These are negative sequence current at
2 times the electrical system frequency due
to unbalanced loading of the three electrical
phases or subsynchronous resonance arising
from interactions with long transmission li-
nes which may excite the lower torsional mo-
des.

In all cases the applied excitation acts uni-
formly along the active length of the genera-
tor and therefore the magnitude of the effec-
tive excitation depends on the modal shape
of the generator rotor. For example, maxi-
mum excitation will occur if all parts of the
generator are in phase. However, if the mode
shape involves antiphase motion with a node
at or close to the centre of the generator the-
re will be substantial energy cancellation
(Fig. 7) and the influence of the electrical
disturbances will be significantly reduced -
this is often the situation for full speed (3000/
3600 rpm) shaft lines.

As for lateral vibrations the starting point is
to model the torsional characteristics of the
shaft line but in this case there is no influen-
ce whatsoever from the bearings or stationa-

ry parts.
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Fig.7 Comparison of the effective excitation of
different torsional mode-shapes.
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3.1 Rotor Model

The characterisation of the rotor model is
carried out using similar assumptions to those
made for lateral vibration. As stated above
there is no influence from the bearings or
stationary parts and therefore the potential
for uncertainty in the calculated results is
much reduced. The only damping is that pro-
vided by the shaft material which is low
(~0.1% of the critical damping ratio for the
modes of interest) at the level of torsional
dynamic stresses experienced under normal
operation. It should be noted that as local
stresses increase under fault conditions such
damping increases substantially. No advan-
tage is taken of this in the assessment of tor-
sional integrity which are therefore inherent-
ly conservative.

3.2 Influence of Blades

The fundamental natural frequency of most
blade rows is such that they can be conside-
red as rigid relative to the torsional frequen-
cies of interest and it is sufficient to model
them only by their additional torsional iner-
tia. However, this is not the case for the long
last (L-0) and penultimate (L-1) blade rows
in the low pressure cylinder and they are re-
presented as branched systems which fully
replicate the ’all in phase’ (zero nodal dia-
meter) modes of these blades - often referred
to as umbrella modes.

The coupling of the rotor and blades intro-
duces additional modes in which the blades
vibrate in phase and antiphase with the ro-
tor and which, under adverse conditions,
could result in unacceptably high dynamic
stresses in the blades and their roots. For
stiff” welded drum rotors the torsional natu-
ral frequencies of the rotor is normally in ex-
cess of 200Hz and there is therefore relative-
ly small coupling between the rotor and bla-
de modes.

ALSTOM has never experienced failures due

to this phenomenon but there are a number
of examples in the industry where cata-
strophic failures have occurred and great care
is therefore taken to avoid this risk.

3.3 Design Objectives

The absence of significant damping under
normal conditions in the torsional system is
such that it is not possible to rely on attenu-
ation of the vibration peaks to avoid unac-
ceptable dynamic stresses. Therefore, in or-
der to eliminate any risk, ALSTOM has adop-
ted a simple but safe design philosophy in
which the torsional natural frequencies must
be clear of both 1x (50/60 Hz) and 2x (100/
120 Hz) of the electrical system frequency.

Generally, the variations of the grid system
frequency are such that a relatively small
margin is more than adequate to avoid any
potential problems. However, although the-
re are few uncertainties associated with tor-
sional modelling, it is inevitable that there
may be differences between calculated and
actual values. For this reason a conservative
approach is adopted and the design criterion
requires a larger margin thereby rendering
unnecessary the need for any experimental
confirmation of the torsional frequencies.

By ensuring that such frequency margins are
achieved, the transient stresses during short
term disturbances or the steady state stresses
in long blades due to negative sequence cur-
rents remain within normal acceptance stan-
dards without having to carry out more detai-
led response calculations.

3.4 Experimental Validation of Torsional
Frequencies

As stated above the accuracy of the torsional
frequency analysis methods are such that,
provided the design margins are satisfied,
there is no practical requirement to carry out
validation tests on the complete rotor line in
situ. However, some utilities may request
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verification and ALSTOM has experience of
different techniques for doing this. The two
most commonly used methods are:

a) sensitive strain gauges installed at the shaft
journals to measure torsional strains (Fig. 8).

b) toothed wheels to measure the torsional
oscillation.

Both have been successfully used in the past
but the strain gauge approach is now the pre-
ferred method.

Fig.8 Torsion measurement using strain gauges.

The sensitivity is such that by careful selec-
tion of the measurement planes and with the
use of appropriate signal conditioning tech-
niques, it is possible to excite all frequencies
of interest by the minor random electrical
network disturbances, without impact on the
normal operation of the power plant.

An alternative to carrying out measurements
at site is to perform tests on a bladed rotor in
the spin pit prior to dispatch to site. This
approach is particularly advantageous for the
identification of coupled blade modes directly
by means of a non contacting optical measu-
rement system or strain gauges mounted on
the blades. The results obtained are compa-
red with the equivalent calculation for the
same rotor configuration and provide an ac-
curate benchmark for the calculation and the
coupled rotor system. The benefit of this from
the customer’s viewpoint is that it provides

confirmation of the calculation and the im-
portant frequencies prior to installation and
avoids the need for further torsional testing
at site.

4 Blade Vibration Considerations

Turbine blades are highly tuned, lightly dam-
ped components and it is necessary to have a
clear knowledge and understanding of their
vibration characteristics. The consequence
of fatigue damage occurring during the life-
time of the plant are serious and ALSTOM
has invested considerable analytical and ex-
perimental effort into ensuring that the vi-
bration characteristics are optimised and the
integrity of the blading is assured. The suc-
cess of these efforts is demonstrated by the
relatively insignificant number of blading
failures in modern turbines that can be attri-
buted to fundamental blade vibration as the
root cause. This has been achieved by buil-
ding on long established experience feedback
and a programme of continuous improvement
of prediction and experimental techniques.
The present design methods provide a con-
sistent and reliable basis for ensuring that
all modes of potentially damaging vibration
are carefully tuned clear of the operating
range and that the dynamic stress levels are
within acceptable limits for unrestricted long
term operation.

4.1 Excitation of Blade Vibration

The presence of natural frequencies in any
structure is only of consequence if there are
excitation sources available to feed energy
into the corresponding mode of vibration. For
steam turbine blades there are three main
sources of excitation:

(i) The steam flow which, for each blade row,
can be considered as a series of steady state
jets. It can be shown by Fourier analysis that
these steady forces, when coupled with the
rotation of the turbine, produce sinusoidal
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excitation components at exact multiples
(engine orders) of the shaft rotational speed.
For such excitation to be of concern it is ne-
cessary to have coincidence between both the
excitation and blade frequencies AND mat-
ching of the excitation force pattern and the
relevant modal shape. If such matching is
not present then energy cancellation occurs
and it is not possible to excite the relevant
mode of vibration even if a resonant condi-
tion exists. This is the single most important
factor in avoiding damaging vibration of tur-
bine blade rows in service.

(ii) Vibration transmitted from the rotor
system that could feed energy into certain
modes of vibration. This can be due either to
torsional or lateral vibration of the shaft line.
This is particularly relevant for torsional vi-
bration as discussed in more detail in the
preceding sections. However, the control of
shaft and bearing vibration is such that the
levels of stress induced in the blades as a
consequence of lateral shaft vibration is neg-
ligibly small. Nevertheless, care is taken to
avoid any such potential resonance condition
occurring.

(iii)) Non engine order, random excitation
(’buffeting’) produced by unsteady aerody-
namic effects. Such forces are generally only
of significance for last LP stages operating
under off design conditions when the nor-
mal orderly flow patterns have broken down.
This is particularly relevant if the turbine is
operated for extended periods with high back
pressures or low flow. This is a non reso-
nant, transient excitation of the blading,
which causes the blades to vibrate at their
natural frequencies. This situation cannot be
avoided by tuning and it is necessary to en-
sure that the blades are capable of withstan-
ding the excitation forces. For this reason the
safe operation of long LP blades is protected
by a back pressure limitation diagram to-
gether with related ’alarm’ and ’trip’ values
which is specific to each turbine generator.

In limiting cases, where extended operation
with elevated back pressure is required more
robust blades have to be adopted. All of the
above have to be considered but the low eng-
ine order excitations are of the greatest im-
portance. They arise as a result of the una-
voidable non-uniformity in the flow and pres-
sure distribution due to the wakes from the
stationary blade (and to a much lesser de-
gree the moving blades) trailing edges, geo-
metric variations within normal manufactur-
ing tolerances, the effects of discontinuities
such as half joints and bled steam extraction
points, and any other effects which the shaft
rotation will convert into cyclic excitation
forces.

In general, the single most powerful
excitation is that due to the wakes of the
stationary blades which produce a
dominant excitation force at the blade
passing frequency (i.e. number of fixed
blades x shaft

rotational frequency which is often
referred to as nozzle passing frequency)
and at harmonics thereof, albeit with lower
excitation levels. The magnitude of the
nozzle passing frequency excitation
reduces as the stage reaction increases.

The excitation strength at other engine
orders is generally less severe. (Fig. 9).
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Fig.9 Wake excitation of moving blades.



4.2 Design Objectives

In the previous section some of the backgro-
und principles have been discussed which,
when applied correctly, enable an assessment
to be made of the potential for excitation of
blade vibration in service. In practice the bla-
de designer embarks on an integrated design
process to achieve an optimum compromise
between aerodynamic efficiency and mecha-
nical integrity.

All stages are designed to ensure that the
natural frequencies of practical importance
are clear of resonance with the significant
low order excitation frequencies. It is there-
fore general practice to tune blades so that
there are no resonant frequencies, which
could excite damaging vibration at or close
to rated speed by any of the first eight engine
orders. In addition, dependent on the stage
loading, tuning is also carried out for any
relevant modes that could be resonant at
nozzle passing frequency. Other modes are
generally not significant but it is important
to ensure that there are no particular featu-
res (for example, stay bars in the exhaust
space) which could cause enhanced excita-
tion of other engine orders.

A key prerequisite is to maintain circumfe-
rential symmetry and thereby eliminate any
mistuning effects for each blade row. This is
achieved on early stages by the use of pret-
wisted integral shrouds (Fig. 10) to provide
a continuous blade to blade interconnection
and, for penultimate and last stages, by adop-
ting either free standing blades or a combi-
nation of integral shrouds and/or part height
snubbers. In the past when riveted shrouds
were used the blades were assembled as dis-
crete packets.

Fig.10 Turbine with integrally shrouded blades.

The use of integral shrouds eliminates pack-
ets and therefore there is no risk of exciting
packet vibration modes.

Additional measures have to be taken for the
first HP stages of turbines that are required
to operate under the more onerous conditions
associated with partial arc admission. In such
cases both the steady and dynamic loading
when operating at part load with some nozz-
le sectors closed is substantially greater than
for a full admission turbine. Furthermore, the
number of potential excitation frequencies is
increased so that in general tuning alone is
not sufficient to avoid potentially damaging
vibration. More detailed response calcula-
tions are therefore carried out to evaluate the
dynamic stress levels for such stages. Fac-
tors that are taken into account include the
magnitude and circumferential variation of
the steady steam forces due to the distribu-
tion of the open and closed nozzle sectors,
the relevant modal shapes and the damping.
The consequence of this is that significantly
more robust blades are required than would
be necessary if full arc admission were used.

For last stage blades the area of most diffi-
culty is to determine the resistance to “buffe-
ting’ excitation when operating under abnor-
mal flow conditions. The application of ad-
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vanced unsteady CFD aerodynamic methods
have advanced significantly in recent years
but it is still not possible to predict reliably
the excitation forces under such conditions.
Empirical design rules based on past expe-
rience and the adoption of new designs,
which have evolved from those which have
demonstrated satisfactory behaviour, provide
a basis for avoiding gross deficiencies but
there is, as yet, no substitute for experimen-
tal verification.

4.3 Experimental Validation

In the past extensive experimental validation
was carried out for all aspects of blade vibra-
tion. However, the advances in analytical
methods have reached a state of sophistica-
tion such that routine blade vibration testing
is no longer necessary for all but the last two
LP stages. Testing of the early stages, which
are customised for each individual applica-
tion, is now only carried out occasionally to
provide a benchmark for the analysis tools.

In general, unlike the early stages, the last
two LP stages are developed as standard fa-
milies. The most appropriate standard blade
is then selected for each specific application.
These families are designated as ’flexible’
blades - i.e. they have fundamental modes
whose frequencies at rated speed are in the
domain of the low engine orders. Such bla-
des are carefully tuned to ensure that there is
no potential for exciting damaging vibration
in the operating speed range. As for the ear-
lier stages, the accuracy of the analytical
models is such that tuning can be carried out
as part of the design process with total con-
fidence. Testing (Fig. 11) is generally limi-
ted to confirmation of the operational mar-
gins on the first production rotor during the
final balancing runs in the factory. For such
blades, once the design has been finalised
there is no further customisation for indivi-
dual contracts and therefore further testing
for subsequent contracts is not required.

Figure 11 Measured stress ranges at different loads

The behaviour of last stage blades operating
under ’buffeting’ conditions is not so well
defined and there is therefore a greater reli-
ance on experimental testing to establish the
magnitude of the dynamic stresses and to
define practical but safe operational envelo-
pes. Such measurements can, in principle,
be carried out in situ using strain gauges and
telemetry transmitters mounted directly on
the rotating elements. However, great care is
necessary to protect the strain gauges and
transmitters from the harsh environment and
even so the life of such systems is extremely
limited. In situ measurements are therefore
more usually carried out by means of more
robust, non contacting, tip vibration measu-
rement systems. These provide a basis for
confirming that there is no unacceptable vi-
bration within the operating range but the
extent of the test programmes is often res-
tricted by operational constraints which may
prevent operation or prolonged running at
the conditions of most interest. ALSTOM has
therefore focussed such testing on multi-sta-
ge, model turbines (Fig. 12) which by cor-
rect scaling simulate both the aerodynamic
and mechanical properties of the turbine
whilst not suffering from any of the cons-
traints present in the power station.
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Fig. 12 Model steam turbine.

5 Summary/Concluding Remarks

The development of proven dynamic analy-
sis techniques and their integration within
the design process has ensured that signifi-

cant vibration related problems of modern
steam turbine shaft lines and coupled blade
systems are rare. This achievement is based
on a clear understanding of the physical con-
cepts together with the application of past
experience, advanced calculation methods
and experimental test programmes. The con-
tinued use and further development of these
techniques will ensure that the ever increa-
sing challenge to optimise power density and
efficiency with reduced first and lifetime costs
for both new and retrofit equipment will con-
tinue to be achieved without prejudice to

overall plant reliability and availability. l
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Jernbaneverket i Norge -

utferer fullskalaforsgk for utpreving av metoder for reduksjon av strukturstey
(stomljud) fra jernbanetrafikk i fjelltunneler.

av Christian Madshus, NGI

Jernbaneverket i Norge ruster for tiden opp ba
nen som gir ut fra Oslo i sydvestlig retning;
Drammensbanen. P& strekningen mellom Sand-
vika og Asker bygges en ny dobbeltsporet tunnel
som gér under flere bebygde omrader. Mot As-
ker er det liten fjelloverdekning og darlig fjell-
kvalitet. Her har forundersegkelser /1/ vist at kon-
vensjonelle lgsninger med matter under ballasten
ikke vil gi tilstrekkelig re-
duksjon av strukturstoyen i
boligene over tunnelen. For
a gi plass for ekstra tiltak er #
tunnelen péd dette partiet gy
sprengt ut 2m dypere enn §
vanlig.

I denne forbindelse har
Jernbaneverket satt i gang et
utviklingsprosjekt for & fin- &
ne den teknisk og ekono- [
misk beste lgsningen for &
fa struktursteyen ned pa et
akseptabelt niva. Etter ny-
lig fullferte studier /2/ set- §
ter norske myndigheter en
grensen for strukturstey fra
jernbane pa 32dBA i opp- &
holdsrom, malt som statis-
tisk maksimalverdi ved tog
passeringer. Losningen som |
prosjektet kommer frem ti —
vil bli anvendt béde i den aktuelle tunnelen, og pa
en rekke andre tunnelstrekninger som vil bli byg-
get i fremtiden.

Forste fase i prosjektet har vert & etablere en nu-
merisk regnemodell for a simulere overfering av
dynamisk last og vibrasjon fra toghjul, via forsk-
jellige typer overbygning og underbygning, og med
i fjell. Ved hjelp av modellen er det valgt ut fire
alternative baneoppbygginger som blir prevet ut i
full skala. Som referanse blir det ogsé provet ut
tre mer konvensjonelle baneoppbygninger. Opp-
byggingene bestér i forskjellige kombinasjoner av

ballast, steinfylling, lettklinker, ballastmatter og
skinneinnfestinger.

Fullskalforsgkene utferes i den aktuelle delen av
tunnelen, som né er ferdig sprengt ut. De syv
forskjellige baneoppbyggingene er lagt ut etter
hverandre i ca. 8 m lengder. En godsvogn er byg-
get om og forsynt med servo-hydrauliske aktua-
torer for & simulere de dyna-
miske lastene fra passeren-
de tog. For hver baneopp-
bygging blir det mélt dyna-
miske krefter og akseleras-
jon pa sviller, i forskjellige
nivéer i banoppbyggingen og
pé fjell i tunnelsalen og pa
tunnelvegg. I tillegg blir det
maélt stay og akselerasjon pa
gulv i utvalgte boliger over
tunnelen. Under opplastning
av statisk vekt pa vognen
males skinnenedbgyning.
Forsekene vil gi unike data
for fastlegge strukturstoyre-
duserende effekt av bane-
oppbygginger og vil ogsa gi
verdifulle data for “kalibre-
ring” og videreutvikling av
beregningsmetoder for
strukturstey.

Prosjektet er initiert av, og ut-
fores for Jernbaneverket Utbygging — Nytt dob-
belspor Sandvika — Asker. Prosjektet gjennom-
fores i fellesskap av Norconsult, Brekke og Stand
Akustikk og Norges Geoteniske Institutt. Kung-
liga Tekniska Hogskolan / MWL bistar med det
servo-hydrauliske belastningsutstyret. Oppbyg-
ging av prevestrekningene er utfert av entreprenor
for tunnelarbeidene; Mica AS. Sporet er lagt av
BaneService.

Fullskalaforgkene gjennomfores tidlig i mars
2004. Konklusjoner skal foreligge omkring

pésketider. ll
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Vibrationsdagen
2004

Vibrationsdagen blir 23 november 2004 i Stockholm. Plats
meddelas senare: Opera terrassen eller IVA pa Grev-Turegatan
har foreslagits.

VY I2 P44 L4

SVIBE

Temat denna gang ar:

Vibrationers vaxelverkan med ljud och buller

Vi vill gérna f4 forslag pa foredrag. Kontakta Martin Almgren
E-post: martin.almgren@ingemansson.se
Titel och sammandrag 6nskas senast I maj 2004.

AU3-dag 2004

I samband med SVIB-dagen hosten 2004 kommer en AU3-dag att anordnas
den 24 november pé liknande sétt som vi gjorde 2002 i Goéteborg.

Temat denna géng ér:

Vibrationer i byggnader

Dagen ar tiankt att 4gnas 4t tre

delomréaden: vill ni bidra med ett foredrag,

1. Vibrationer fran springning och kontakta Tomas Odebrant
annan byggverksamhet. E-post:
tomas.odebrant@ingemansson.se

Titel och sammandrag 6nskas senast
3. Vibrationsalstrande utrustning 30 april. 2004.

2. Vibrationskinslig utrustning
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