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FS Dynamics

Fluid      
Dynamics

Structural 
Dynamics

Nuclear 
Engineering

FS Dynamicsô Organisation

ÅFounded in January 2004 in Sweden

ÅHead Office in Gothenburg

Å8 Local offices, 6 countries

ÅCorporation + 6 daughter companies
ÅFS Dynamics Denmark founded in 2009

ÅFS Dynamics Finland founded in 2010

ÅFS Dynamics Norway founded in 2013

ÅFS Dynamics Portugal founded in 2016

ÅFS Dynamics UK founded in 2016

Å3 competence based departments

Å170 co-workers, 33 in Finland
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The FS Dynamics Concept

ÅFocus on CAE only

ÅFEM, CFD, MBS

ÅMultiple Industries

ÅIn-house & On-site services

ÅCollaboration & Learning

ÅExcellent engineers

ÅLong-term relations

Business infrastructure

ÅFull In-house CAE ïenvironment

ÅISO 9001:2000 Certified

ÅPartnerships with major clients & Satellite setups available
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Introduction

òPipe vibration ïanalysis and 
mitigationò project
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ÅElforsk/Energiforsk project in 2014 ï2015: 

ÅñPipe vibrations ïAnalysis and Mitigationò 

ÅThe objective was to:

ÅAssemble knowledge and experience in the area of pipe vibrations 
problems

ÅObtain information of how they were examined and mitigated.

ÅThe nuclear power plants participating in the project were:

ÅOskarshamn 

ÅRinghals

ÅForsmark

ÅOlkiluoto

Background
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Motivation: Example of losses due to 
unplanned unavailability

Forsmark 2: Energy availability 1996-2015

Source: IAEA Operating Experience with Nuclear Power Stations in Member States 2016 edition

Pipe and valve 

vibrations
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ÅObtaining and investigating reports from the participating nuclear 
power plants

ÅVisiting the sites and interviewing the staff.

ÅObtaining and investigating additional documentation as agreed in 
the interview meetings.

ÅAnalyzing and grouping the pipe vibration problems and mitigation 
methods.

Conducting the work



Antti Lehtinen: òPipe vibrationsò. Vibrations in nuclear applications, Oct 4, 2016 Page No: 10/40

Workflow for the analysis and 
mitigation of pipe vibrations
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ÅExisting vibrations

ÅVibrations that have already been observed or are suspected to exist 
at the plant

ÅThe emphasis in the analysis is often in measurements of the 
existing system

ÅPotential future vibrations

ÅVibrations which do not exist or are at low levels

ÅThere is a suspicion that vibrations might arise, e.g. due to:

ÅPower uprate

ÅComponent replacement

ÅTypical analysis methods are simulations or physical model tests.

Different workflows
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Typical workflow, existing vibrations
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Typical workflow, uprate or replacement
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Pipe vibration analysis 
methods



Antti Lehtinen: òPipe vibrationsò. Vibrations in nuclear applications, Oct 4, 2016 Page No: 15/40

ÅCan be divided into two main categories:

ÅMeasurements

ÅCalculation methods

ÅOften measurements and calculation methods 
complement each other

Analysis methods
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ÅDifferent process conditions and mitigation solutions can 
be tested without restrictions

ÅRelevant variables can be investigated at any location

ÅDifferent calculation methods include:

ÅSpreadsheet calculations

ÅStructural simulations (FEM)

ÅFluid dynamics simulations (CFD)

ÅThermohydraulic simulations

ÅAcoustic simulations

Calculation methods
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ÅWill be covered in the next presentation in the agenda

Measurement methods
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Classification of pipe 
vibration problems occurred
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ÅTwo different kinds of classification are used for the 
problems based on

ÅLocation

ÅPhysics

ÅDifferent classes of these two categories were created

ÅThe mapping between problems and classes is not one-to-
one

ÅMany of the problems belong to several classes

Classification
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ÅPipe vibrations related to valves

ÅMain steam line vibrations (not valve related)

ÅPump induced vibrations

ÅOther vibrations 

Classification based on location
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ÅFlow induced vibrations

ÅAcoustic resonances

ÅWater hammer

ÅStructural resonance

ÅFlexible piping

ÅMultiphase mixture

ÅOther vibrations

Classification based on physics
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Classification of occurred problems
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Pipe vibration mitigation
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ÅThe mitigation methods were divided into two main 
categories:

ÅMethods that aim to reduce excitation for vibrations

ÅMethods that aim to reduce vibration response

Classification of mitigation methods
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ÅImproved fluid dynamic design

ÅReduced gas/liquid interaction

ÅDissolved air

ÅCondensation/vaporization cycles

ÅExpansion chamber

ÅReplacing a component

ÅAvoiding certain operating conditions

ÅOther possible mitigation methods (not used in the studied 
cases):

ÅReducing excitation from a pump

ÅModified system to reduce acoustic resonances

ÅFrequency converters

Mitigation reducing excitations
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ÅVibration dampers

ÅAdded weight

ÅAdded supporting

ÅBuilding valves together

ÅHydraulic hoses

ÅOther mitigations:

ÅChanging pump rubber feet and foundation

ÅSteel wool dampers 

ÅWelding stiffener in the foundation

ÅStiffening pipes to the wall

ÅWood bars to support the piping 

ÅMotion limiters

Mitigation reducing response



Antti Lehtinen: òPipe vibrationsò. Vibrations in nuclear applications, Oct 4, 2016 Page No: 27/40
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Vibration dampers

Improved fluid dynamic design


