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Vibrationskonst blir standard

For att kunna fatta bra beslut i fragor som
berdr manga ménniskor och péverkar stora
ekonomiska vérden i foretag och verksam-
heter behovs gemensamma metoder. En
konstndr behdver och bor inte anvdnda
standardiserade metoder for att astadkomma
eftertraktade eller uppseendevickande verk.

Forestéll dig Herr Persson som bor néra
Vistra Stambanan. Han upplever att vibra-
tionerna fran tdgtrafiken har dkat och
forekommer oftare
sedan banhéllaren
okade tillaten axel-
last. Han har fatt
svart att sova pa
natten, sdger han till
kommunens miljo-
forvaltning.

Banhéllaren uppma-
nas att undersoka
saken och tar hjilp
av konstnér Viljen-
strale med special-
omrade vibrationer.
Denne anvénder en
tunn kudde med hemligt innehéll. Kudden
placeras pa Herr Persson nér han ska sova.
Kudden kénns behagligt varm mot kroppen
och glittrar svagt i nattlampans sken.

Tvé sladdar som sticker ut frdn kudden
ansluts till en 14da med tre lampor, en gron,
en gul och en réd. Vid tdgpassage noteras
vilken lampa som lyser. Om gron lampa lyser
ar det inga problem med vibrationer fran

taget enligt konstnér Viljenstrale. Lyser rod
lampa méste vibrationerna dtgérdas. Vid gult
sken kan man inte avgdra om vibrationerna
ar orsaken till Herr Perssons somnproblem.
Konstnér Viljenstrale har manga ndjda kunder
och kan ta bra betalt.

Jag tycker det dr béttre om det finns gemen-
samma, sa kallade standardiserade metoder,
att tillgd nar man ska bedoma om vibrationer
ar ett problem eller inte. DA finns det mojlighet
for fler att méta pa ett
likartat satt. Konkur-
rensen mellan olika
matforetag kan da oka
och priserna for mat-
ning reduceras.

Vem ska ta fram stan-
darder for métning,
berdkning och bedom-
ning?

Det finns standardi-
seringsorganisationer
inom olika branscher
och inom nationella,
europeiska och inter-
nationella organisationer. I Sverige borjar det
bli svért med finansieringen av standard-
iseringsverksamheten.

Det finns olika mojligheter att fa in pengar
till finansieringen. Jag gor en analogi till
infrastruktur sdsom motorvéigar. De kan
finansieras med avgifter fér dem som kor pa
vigen eller det kan finansieras med offentliga
medel. Jag tror dock att det &r svart att hindra
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alla frén att utnyttja en redan framtagen
standard utan att forst betala for det. Jag tycker
att de som skyddas eller har ekonomisk nytta
av en standard ska bekosta framtagandet.

Ar det konstnir Viljenstréle eller forskaren i
hand- och armskador eller specialistkonsulten
i vibrationsteknik som ska bekosta fram-
tagandet genom att tillhandahélla sina
kunskaper och idéer gratis?

De har definitivt inget intresse av detta.
Tvirtom, Viljenstrles eller specialistens
unika stéllning hotas av den 6ppna standarden.
Déremot &r de troligen intresserade av att, som
ett betalt uppdrag, 1ata andra ta del av deras
kunskap i en standard. Ménniskor som ska
skyddas betalar skatt till Staten. Det finns en
rad skattefinansierade myndigheter och verk
som omsatter pengarna till sddant som &r bra
for ménniskorna.

Exempel pa sdédana myndigheter i Sverige r
Arbetsmiljoverket, Naturvardsverket, Social-
styrelsen, Boverket, Banverket, Vigverket,
Luftfartsverket och Sjofartsverket. Det finns
liknande myndigheter i de 6vriga nordiska
landerna. Andra som borde vara intresserade
av att bekosta standarder &r fastighetsdgare
och byggentreprendrer som dger eller bygger
fastigheter och anldggningar. Maskinégare och
maskintillverkare borde vara intresserade av
att maskinerna inte skakar sonder.

Fler konstnirer for att minska odnskade
vibrationer 4r inte 16sningen.

Martin Almgren

Ordf6rande

Skandinaviska Vibrationsféreningen
Avdelningschef

Akustikbyran, J&W Energi och Miljo
Tel +46 31 7272 779

e-post: martin.almgren@jw.se

Industri Accelerometer
Prisvarda
Livstids garanti

Rondsystem
Totalniva
Lagerkondition
Komplett

Fran SEK 28.000:- med program!

Allt inom maskinvibrationer! Utbildning « Overvakning med FFT ¢
Balansering ¢ Vibrometrar ¢ Konsult ¢ Uppriktning ¢ Fels6kning
och Tillstandskontroll.

Vibrationsteknik AB e Taborsbergsvigen 20, 602 13 Norrképing
Tel. 011-16 62 10 ¢ Fax 011-16 62 20  URL www.vtab.se ¢ Email sales@vtab.se
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Minden Nevada

Vibrationer och tillstdndskontroll hos Bentley !

Det 4r ndstan som Séffle. Bergen ér
visserligen hogre och snokladda, hogplatén
4r nog lika stor som Vinern, men det finns
inte gott om vatten dven om Lake Taho har
sitt enda utfldde &4t Nevadahallet. P4 nitterna
ar det kallt t.o.m. frysgrader och det kan snda
anda in i juni men mitt pd dagen dr varmen
snabbt uppe i ver 20°C.

Hotellet var ocksé ett Casino som holl 6ppet
24 timmar om dygnet. Frukost k1 04.00 gick
lika litt att fa som en 61 k1 03.30. Overallt
satt det gréhdrsdamer och spelade pa 5c
apparaterna.

“T have a friend that lost

under slutet av den andra métesveckan i mit-
ten av maj dels kommitténs historia dels dess
uppgifter och framtida mal. Man tillsatte en
tillfallig ledningsgrupp under Prof. Joseph
Mathews ledning som skulle ta fram ett
beslutsunderlag till nista méte nigon gang
nista ar. Bakgrunden var att det under den
diskussion som fordes framkommit vitt skilda
uppfattningar om hur arbetet fortsdttningsvis
skulle bedrivas. Alla uppfattningar hade
védrats i den friska Minden-luften allt frén
att bilda en ny ISO kommité till att bibehélla
status quo.

a Dollar in a poker
machine last night” , sa
jag till damen bakom
gallret i kassan —“Oh a
whole Dollar, I have
seen people loose more
than that” — “Yes, no
doubt” — svarade jag —
“but it took him over 12
minutes to do it. Isn’t
that a sad waste of va-
luable time?
-“...Ihavn’t thought of
it that way before” said
the lady.”

I kommittén for
tillstdndskontroll och
driftsévervakning TC
108/SC 5 diskuterades

Fran vinster: Susan Blaeser, John Niemkewitz, Alf Olsson,
Yiva Vidhog , Anders Néremark, Mike McGuire, Dieter Hansen




Stamningsfull motesatmosfir

Det dr inte ldngre kontroversiellt att siga eller
instdmma i att SC 5 ”Condition monitoring and
diagnostics of machines” egentligen inte passar
in under vibrationskommitténs arbetsomrade. TC
108 “Mechanical Vibration and Shock” har ett
snévt avgransat arbetsomrade. Det rymmer dnda
balansering, SC 1, métning och bedémning samt
analys av vibrationer, SC 2, instrument och
kalibrering, SC 3, inverkan pa manniskan, SC
4, samt skakmaskiner, SC 6, forutom tillstdnds-
kontroll i allménhet SC 5. Dértill star det “test-
ing” i scopet och det tycker jag att TC 108 skall
hélla sig utanfor.

Det var mot denna bakgrund som kommittén
med mycket stor vdnda tog pa sig fadder-
skapet for SC 5 under ett mote i Kyoto for 10
ar sedan. Om SC 5 nu 10 ar senare kanner att
de behover stilla sig utanfor TC 108 for att
vinna stérre inflytande och for att na ut till

andra tillimpningsomraden dn det fatal,
framst roterande maskiner och kolvmaskiner,
som finns inom TC 108/SC 2 s tror jag att
det dr béttre att SC 5 blir en sjalvstiandig ISO-
kommitté 4n att upprétthalla dessa markliga
procedurregler inom kommittén om arbetets
fordelning som bara skapar missndje. Ett an-
nat alternativ som framfordes var att forma
TC 108 att byta namn. Utan att forslaget
preciserades gar det att gissa: Condition
Monitoring and Vibration & Shock.

TC 108/SC 2 har sen borjan haft en aktiv
koppling till SC 5 pa grund av SC 2 arbetet
med vibrations-6vervakning av roterande
maskiner. Den senaste publicerade SC2-
standarden ISO 13373-1 (2002) Conditions
monitoring and diagnostics of machines
— Vibration condition monitoring — General
procedures” innehéller just allménna anvisningar
och procedurer for vibrationsdvervakning.



-8-

Om man koper den frén: "www.iso.org” s&  och certifieras.
kostar den 158,72 CHE,pa “www.sisforlag.se”

kostar den 1006 SEK. Ménga av boxarna i den grafiska presentation
En annan guide “ISO 13380 (2002) Condi- som Simon Mills presenterade pa motet ar
tion monitoring and diagnostics of machines mycket heltickande. Det framgér klart att
- General guidelines on using performance pa-  blocket “Training & Certification” fatt en
rameters” ir betydligt billigare, 86 CHF men  central placering mellan de ursprungliga
ir i sig en del i ett helt system av standarder  arbetsuppgifterna ”Techniques” och ”Data
som alla syftar till att bestimma vilka Management”. Ndr man ser pa mangden
forutsittningar som giller dels for drift och  streckade boxar forstir man att det ar en bra
tillstandskontroll samt diagnostik av maskiner  bit kvar till att hela systemet kan sjosattas.
dels for de fardigheter den driftsansvarige

skall besitta och hur dessa skall kontrolleras ~ Alf Olsson

Overview Equipment Specific
- o —— e N e ————————— ‘
gpndmotr_\ mo;utorlrr\‘g and 1SO 17359 J AWI 22349 ! ! TR 19035 !
iagnostics of machines. CM Guidelines (  CMOptimisation | i CMAC Rotating MIC
W, o i L 8, cmmemmma=
Standards in progress o i T TR i
: 1SO/CD 13372 !
1 Terminology |
Vs mm 4 TR -
Techniques Training & Certification Data Management
1SO 13373 ISO/FDIS 18436-2 ISO/DIS 18436-1.2 ISOIFDIS 13374-1
Vibration CM Vibration CM Trg & Cert Req for Cert Bodies CM Data Processing
_______ VL iy CM Training & Certification & analysis
1SO 13380 |PWI 184367 CM Specialist ! i —m——m——— 3
CM Using Performance | CM Training & Certification TR == : PWI 13374-2 [}
-------------- PWI 18436-3 ! { CM Data Communication !
s i -===-y | ReqforTrgBodies | i Formats i
1SO/DIS 14830-1.2 : PW! 18436-4 Lubrication !t CM Training & Certification L -
CM Lubrication & Tribology | CM Training & Certification : tE smaes s s s e e R P S 1
_____________ ! PWI 13374-3 1
fmmmmmmmmm e ! { CMData Presentation |
! AW 14830-2 ! ' Formats '
1 CM Lubricant Sampling | s
| R
R S o emmmme- cmmm——-
' ISO/WD 18434 ! lPWI 18436-5 Tnermography' Di tics &
1 CM Thermal Imaging : | CM Training & Cettification |l 1agnos! "’fs
i o ol | temmam e Prognostics
______________ 1 e mm———————
. PWI xox ! ! PWI Acoustic techniques | ~==moaoooooo—o ) ISO/FDIS 13379
1 CM Acoustic techniques | { CM Training & Certification ! PWI 18436-8 1 CM Diagnostics
e - B it st sy i | Diagnostics & Prognostics :
fosTE e s s T ! T e ' 1 CM Training & Certification | A '
H PWI xxxx : | PWIiOthertechnigues ! tecc-mc—-e——o-o - H 1SO/CD 13381-1 !
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Drawn: Simon Mills
Date: 18 May 2002
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Dynamics in Civil Engineering

Feasibility of Scaled Model to Simulate Ground Vibration from Railways

Dr Ather K Sharif
ced.co@virgin.net

Civil Engineering Dynamics Ltd
London

This section provides the results of a feasibil-
ity experiment to evaluate the viability of us-
ing scaled models to simulate ground vibra-
tion from railways. The experiment sought to
investigate if such a scaled model would show
up the effects of changing parameters such as
speed, primary suspension stiffness, unsprung
and sprung mass on the wayside ground vi-
bration.

In the ‘prototype’ environment groundborne
vibration originates from the interaction
between rail and wheel, with a number of
mechanisms. Excitation caused by wheel/rail
roughness arises as the vehicle is guided along
irregularities of the contact surfaces. Para-
metric excitation arises with railway tracks
having discrete rail support (e.g. sleepers on
ballast, resilient baseplate on slab). The
moving load causes quasi-static excitation,
where deformation of track and supporting
medium arises, and moves with the load.
When vehicle speed exceeds wave propa-
gation speed in the track formation and
ground, the vibration can be propagated to the
far-field. Impact forces arise from single or
multiple wheelflats, or at discontinuities in the

track, at rail joints or gaps at wheel switches.
Ovality and eccentricity of the wheel alters
vertical spacing between axle and railhead,
with consequent periodic forces. Groundborne
vibration can also arise due to lateral loads,
that arise from vehicle guidance on tight radius
of curvature and through switches. Driving
conditions of acceleration and braking will
also cause dynamic forces.

It was accepted that absolute values of wayside
vibration in the model could not be related to
the prototype, unless complete dynamic
similitude was achieved [2.1]. This was not a
realistic goal for this experiment, and therefore
it was the existence of a parametric mechanism
of excitation and trends in the scale model that
were of interest.

As parametric excitation was of main interest,
it was important to ensure scaling issues
associated with this mechanism were add-
ressed. This mechanism arises because the
wheel ‘sees’ a variation in stiffness depending
upon its position along the rail due to sleeper
pitch, whilst a given sleeper ‘sees’ periodicity
in loading based upon axle spacing. These
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Barbara matsystem
Obemannad métning och dvervakning

Sigicom Instrument Card (SIC) forvand-
lar en biarbar PC till ett mit- och analys-
instrument.

All nddvandig matelektronik, fran strémfor-
sorjning av ICP-sensorer till DSP &r integre-
rade i ett PC-Card (PCMCIA). Sensorerna an-
sluts direkt till kortet och all stromférsorjning
sker frin varddatorn. Matning av varvtalsre-
laterade parametrar kan ske relativt tva axlar
med olika varvtal. (Twintrack)

SIC-Industrial (SIC-I) &r en matterminal
for obemannad métning och maskin-
‘ overvakning.

" SIC-Industrial &r en mycket kompakt
industri-PC med integrerat PC-Card (SIC).
Avsedd for obemannad matning och 6vervak-
ning.

SIC &r en instrumentplattfom som kan pro-
grammeras for att |6sa ett mycket stort antal
mattekniska uppgifter nar det galler dyna-
miska mé&tningar som rotation, varvtal,
svangningar, balansering, vibration och ljud.
SIC-1 &r avsedd for integrering i maskiner, fordon och utrustningar och kan
monteras pa DIN-skena. Den inneh3ller en utbytbar kommunikationsmodul som
kan vara GSM-modem (med SMS), telemodem, Profibus, CAN-bus,

Ethernet m.m.

Fér mer information kontakta Sigicom AB (f.d. Signalteknik AB)

Sigicom AB

Box 575

146 33 Tullinge, Sweden

Tel: +46 8 449 9750 info@sigicom.se
Fax: +46 8 449 9769 www.sigicom.se




- 11-

characteristic dimensions and speed of train
determine excitation frequency. Sleeper spac-
ing defines the sleeper passage frequency and
similarly other components arise due to axle
spacing and bogie spacing. The spectrum can
show up these characteristics, as depicted in
Figure 2.1, although excitation caused by
wheel/rail roughness and other mechanisms
can mask the peaks in the spectrum that were
of interest.

() (.

LY
T [T ==

Ballast

. ST © Sub-grade
Ky K> K |

Figure 2.1

A wheel load will cause a deflection profile
of the track that through the rail mobilises a
number of sleepers in the reaction, and nearby
wheels will superimpose this affect. For sim-
plicity the interaction of a single wheel on
either a single sleeper or on rail between two
sleepers was considered as shown in Figure
2.2. When the wheel is directly over a sleeper,

Figure 2.2

we can establish support stiffness K, esti-
mated as the stiffness of a flexible plate on a
stratum using the Dyna4 program [2.2]. When
the wheel is midway between sleepers, the
‘total” stiffness K, derives from the flexural
stiffness of the rail working in series with the
stiffness of both sleepers that work in parallel.
This simple approach to determine stiffness
was justified because it was only the ratio of
stiffness in model and prototype that were
sought on a like basis, rather than the absolute
values.

In a hypothetical prototype (BS90A rail on
concrete sleepers in ballast) overlying a clay
half-space, the dimensionless stiffness ratio
(K/K,) was found to be approximately 1.5,
and with sensitivity analysis in the range 1.3
— 1.7. Therefore it turns out that the wheel
sees a larger stiffness when it lies on the rail
midway between sleepers. To ensure the
scaled model would exhibit the parametric
mode of excitation, it was necessary for the
model track on the soil to exhibit the same
magnitude for this dimensionless stiffness
ratio.

Rail/Wheel roughness was not controlled in
this feasibility experiment, although was
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measured, but not reported here [2.3]. Many
facets of the wagon would influence results
such as flexural modes of structural elements,
wheel bearing noise, friction in sliding ele-
ments, which were not established or control-
led in this feasibility experiment. These fac-
tors could mask the parametric mode and
trend analysis that was of interest, and re-
mained to be seen.

The experiment involved running a scale
model of a freight wagon with primary sus-
pension on a track laid on saturated Kaolin in
a tank. For simplicity only a single freight
wagon, with primary suspension was modeled,
and the prototype bogie is shown in Figure
2.3.

As ‘OO0’ gauge track was to be used for
economy and convenience, its 1/87™ scale dic-

Figure 2.3

tated the geometric scale of the vehicle, shown
in Figure 2.4, having an overall mass of 1kg.
The bogies (with 110g of unsprung mass) were
made from brass, with wheels of 13mm outer
diameter and 3.75mm thick, with a groove that
was 1lmm deep and 1.2mm wide for running
on arailhead 1mm wide. The axles were made
in Silver-Steel (2mm dia). The bogie side-
frames, were held together by crossbars that
were bolted. The side-frames supported coil
springs that supported a bolster that was made
to slide vertically with oversize holes over
1mm dia’ pin guides. The bolster was flexibly
connected via nylon washers to the wagon
body (241mm long steel box section, 20mm
square with 2mm wall thickness). It had a pay-
load of lead (470g) that was under slung.
Wagon design permitted alterations to un-
sprung mass, total mass and primary suspen-
sion stiffness.

Figure 2.4

Side view of Mode Wagon
Inset: end view
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The experiment needed to utilise available
equipment as much as possible, and readily
available space for the experiment was limited.
Within these constraints, an existing metal
tank was to be utilised, that only measured
1.9mx 1.2m x 0.4m. This meant that proximity
of boundaries of the tank would prevent a half
space environment in the soil. The boundary
at the base of the tank was acceptable, as it
could resemble a stratum (soil overlying rock).

The proximity of the side boundaries was more
significant and meant that wavelengths of
elastic waves should be kept very short, and
the sides of the tank treated in a way to
minimise reflections. There was therefore a
desire to utilise a soil with a very low wave

propagation velocity, and also endeavour to
keep frequencies of sleeper passage and axle
passage mechanism high to ensure very short
wavelengths. It was desirable to ensure the
wavelength (L) of the lowest frequency of
interest was such that the distance between
the centre of the track and the boundary of
the tank was 10A, to allow elastic waves to
fully develop and propagate.

Given the 1/87" geometric scale that was
adopted, sleeper passage and axle passage
frequencies could then only be controlled by
vehicle speed. Given the maximum height for
a gravity feed system that could be constructed
in the lab was 3m, this meant a limit to vehicle
speed of 7m/s, after allowing for friction and

Vilka givare behover Ni?

Piezoelektriska
Accelerometrar 1-ax, 3 ax
Kraftgivare 1-ax, 3-ax
Tryckgivare

BEFmMEE N A% BN &

INAV,

Piezoresistiva
Tryckgivare

Kapacitiva

Accelerometrar

Total Customer Satisfaction Guarantee!

Ring 08-444 38 70

AB E-post: info@pcbscandinavia.se
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wind resistance. Thereafter the only other way
to reduce wavelength was to adopt a soil with
a low wave propagation velocity.

Clay typically has a shear wave propagation
velocity of 100 - 200m/s. With such a soil in
the experimental tank, the wavelengths would
have been too large, being comparable to and
larger than the size of the tank available. It
was therefore desirable to adopt a soil with
as low a shear wave propagation velocity as
possible. Recognising that very soft soils
might not have adequate bearing capacity to
carry a sensible vehicle weight, a target shear
wave propagation velocity of 10m/s was cho-
sen, which at the lowest frequencies of para-
metric excitation gave a distance of at least
2\ from track to boundary. This was met for
Shear waves and Rayleigh waves, but less so
for P waves that are faster. To reduce reflec-
tions, the sides of the tank were battered with
sand, to promote transfer of some energy at
the boundary and away.

A variety of mixtures of saturated Kaolin were
investigated for the soil and their shear wave
propagation velocities measured. The wave
propagation velocities obtained from a 1:1

Test Tank

Approach
Tank

Figure 2.5

mixture of Kaolin and water was 8 to 12m/s,
and therefore in the target range of 10m/s that
was desired. The mixture was toothpaste like
in consistency. It had a density of 1800kg/
m’.

Figure 2.5 shows the ramp and test tank. An
approach tank, filled with sand was used to
damp out vibration of the ramp, before the
vehicle entered the test tank. An arrest tank
was used to stop the vehicle, which entailed
allowing the vehicle to enter a cardboard tun-
nel containing polystyrene foam/tissue with
a sand bank stop end. The track was laid on
the centreline of the test tank.

Figure 2.6

Figure 2.6 shows the test tank viewed from
the arrest tank. The model wagon can be seen
on the track, which is laid on a 40mm wide,
nominally 4mm deep layer of sieved sand
(300m<d<1180LLm) to act as ballast over
the saturated Kaolin. The blue plastic sheets
were laid over the surface to inhibit evapora-
tion, but also to prevent the vehicle diving
into the soft soil during a derailment.

A PC based monitoring system was used
which comprised on the front end a Briiel and
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Kjer type 4378 accelerometer connected to
B&K type 2635 charge amplifier and a light
sensing tacho. The model wagon was run at
least three times for each set up.

Figure 2.7

Figure 2.7 shows a time history of vertical
acceleration measured in the soil, on the
lengthways centreline of the tank, 100mm
from the track edge. The light sensing tacho
pulses from the two reflective strips on the
sides of the vehicle are highlighted. They mark
the entry time of the vehicle onto the test tank.

02 r : T v T
o018
Q18 ottt
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Figure 2.8

[R13 / 4

Rather than reporting the maximum vibration
level during pass-by, the RMS of the event
pass-by was calculated. The section of the time
history analysed for this RMS was begun when
the vehicle fully entered the tank, and ended
‘ust before the vehicle left the tank, as dis-
serned from the tacho data of entry time and
ntry velocity.

Table 2.1

REPEATIBILITY

(Primary Suspension 8Hz)
Wagon vel (m/s) 5.3 5.3 5.2
Event rms accel (m/s”) | 0.063 | 0.064 | 0.064

Table 2.1 shows how repeatable the measure-
ments could be, and refer to measure-ments
for a given speed.

Figure 2.8 shows how the vibration level in-
creases in a non-linear manner as a function
of wagon speed. Whilst the ramp height per-
mitted investigation of speeds up to 7m/s, the
wagon in practice derailed.

Table 2.2 ‘Wagon Primary Suspension (avg of three runs)
Rigid
Suspension 8Hz 30Hz 40Hz 50Hz Rigid (wheel
flat)
avg ms 0.066  0.083  0.058 0.115 0.120 0.153
acce][m/sl)

avg vel (m/s) 5.17 5.00 4.85 4.66 4.75 5.04

Table 2.2 shows how ground vibration level
generally increases with increase in primary
suspension stiffness, although the result for
40Hz primary suspension contradicts this
trend. Ground vibration for the rigid case
(springs replaced by rigid spacers) is not sig-
nificantly greater than the resilient case at
50Hz, implying 50 Hz springs in this context
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represents a very rigid case. The case where
one wheel of the eight in the wagon was
provided with a single Imm long wheelflat,
shows an increase in ground vibration level.
Wagon speed was not constant in these trials,
due to practical difficulties, and so change in
suspension stiffness is not the only variable.

It should be noted that the natural frequency
of the accelerometer that was buried near the
surface of the soil was found to be 30Hz,
based upon impact response measurements.
The response around 30 Hz is therefore am-
plified as a result.

Figure 2.9 describes

characteristics dimen- —

sions, which with wagon
velocity provides in Ta-

ble 2.3 the frequencies
to be expected for para-

metric excitation. Figure
2.10 shows a power
spectrum for an event.
We see that there are a
band of peaks that correspond to the range of
sleeper passage frequencies expected. A range
is given for this because sleeper pitch varied
between 6.5 and 7.5mm. There are peaks that
correspond to axle spacing within a bogie, and
also a nearby peak corresponds to the defect
repetition frequency associated with wheel
circum-ference. Lower peaks correspond to
axle spacing between bogies and there is also
a peak for the primary suspension frequency
of 50 Hz.

Figure 2.9
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Figure 2.10

There are many other peaks in the spectrum
that have not been accounted for. These could
arise from other rigid body modes of the
sprung mass, flexural modes of the vehicle

Table 2.3

"Characteristic' Dimension in Model (mm, Freq (Hz
Sleeper spacing 6.6 -7.5 644-743

Axle spacing within bogie 33 146

Wheel circ'nce (defect repetition) 35 138

Axle spacing between bogie 127 38

‘Axle spacing between bogie 160 30

Axle spacing between bogie 193 25

Joints in track 1000 5

(Wagon Velocity 4.83m/s)

structure, as well as natural frequencies of the
vehicle on the track/soil system, not to men-
tion flexing modes of the track, normal modes
in the tank, and others associated with ran-
dom irregularities. The correspondence at
some frequencies was encouraging. However
when spectra for different speeds were ana-
lysed (not shown here), it was not always pos-
sible to clearly associate peaks to parametric
excitation, because they did not all obviously
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move position as speed changes. Tracking
movement of peaks is made difficult by the
number of peaks present in the spectra.

In terms of evaluating the feasibility of a scaled
model to investigate groundborne vibration
from railways, this brief study provides the
following conclusions:

It was practical to build a 1/87™ scale model
of a single freight wagon, of 1kg mass, fitted
with primary suspension. It was possible to
run it from a ramp with sufficient velocity over
a test tank, although derailments did arise,
particularly at the higher end of speed inves-
tigated. It was possible to create a soft soil
with a low elastic wave propagation velocity,
to address adverse affects of nearby bound-
aries, and yet have sufficient bearing capacity
for the laden track. Elastic waves of sufficient
strength arose during vehicle pass-by, with
some repeatability. Some peaks in the fre-
quency spectrum could be explained due to
parametric excitation, although when spectra
were analysed to track changes as a function
of speed, these were less clear. Overall RMS
levels were increased as a function of speed.

In general vibration levels increased with an
increase in primary suspension stiffness. Lev-
els increased when a single wheel flat was in-
duced. These are trends that have been seen
in field situations. However changes to un-
sprung mass and total mass, although not
shown here, did not significantly alter vibra-
tion level as expected. Derailments did fre-
quently occur, making trend analysis difficult,
because the vehicle, track and underlying soil
were being disturbed. Friction between
springs/bolster and the guide pins may have
been sufficient to lock out the springs at low
strains, particularly as dynamic reaction forces
from the soft soil would be small. This thereby
could affect trends involving primary suspen-
sion and changes to unsprung mass.

The scaled model technique showed some
potential, altough a deeper evaluation of the
laws of dynamic similtude would be needed
wiyh a more detailed rigorous experiment.

Dr Ather K Sharif
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Health monitoring of Aerospace Structures

Smart Sensor Technologies & Signal Pro-
cessing, Professor Wieslaw Staszewski and
G. R. Tomlinson, both of University of
Sheffield, UK.

Maintenance and continuous health moni-
toring of air, and sea structures is on the most
important concerns in a wide range of
industries including transportation and civil
engineering. Effective maintenance minimises
not only the cost of ownership of structures
but also improves safety and the perception
of safety.

The determination of location and extent of
structural damage (often due to factors such
as ageing) known as Structural Health
Monitoring (SHM) is of significant im-
portance in many engineering systems,
ranging from advanced aerospace structures

such as the International Space Station, the
space Shuttle, commercial andmilitary
aircraft, and future reusable launch vehicles
and spacecraft as described in the NASA
Millennium initative, to civil infrastructures
such as bridges, dams, offshore platforms and
large buildings.

Furthermore, the last seven years have shown
an incredible explosion of research in Smart
Structures and Materials (materials and
structures which are able to sense and perhaps
respond/adapt to changes in their environment).

Ref: 0470 84340 3 (400pp) 150 GBP or
247,50:

www.wileyerurope.com
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Boeing gar in for Internationell Standard

Det blir ldttare att umgas pé en internationell
marknad om man f6ljer internationell stan-
dard. Boeings flygplan med dess 5 miljoner
komponenter ar i allra hogsta grad en
internationell produkt. Den skall kunna
framfGras over hela vérlden och den skall
kunna servas och underhallas varhelst den
landar. Flygplanens funktion skall kunna
sakerstdllas for den milj6 i vilken den skall
operera i luften sévil som pa marken.

De villkor som stélls pa ett flygplan har
tagits fram av nationella myndigheter och
flygplans-tillverkarna. I USA ar det framst
Federal Aviation Agency, FAA som ansvarar
for sdkerheten dels hos farkosternas ut-
formning dels hos operatdrernas handhavande.
I Sverige ar det Luftfartsverket som ansvarar
for flygsdkerheten. Pa den militéra sidan har
FMYV denna uppgift men siker-stéllandet av
far-kosternas luftvérdighet har man overlatit
pa Saab.

HOGA KOSTNADER
Kostnaden for att underhalla en uppséttning
specialregler har blivit for hdga for att ensidigt
béras av den amerikanska flygplansindustrin.
Konkurrenterna t ex Airbus som inte behovt
medverka till framtagning av det befintliga
amerikanska regelverket har i de fall det
behovts nya standarder ofta funnit inter-
nationella underlag som kunnat anvdndas
direkt. Genom att nu gd med i IEC TC 104-
arbetet med miljoklassificering och miljo-
provningsmetoder tvingar Boeing kon-
kurrenterna att gd med.

Amir Anissipour redovisade i ett
anforande pa “Institute of Environmental
Sciences and Technology”, IEST under

rubriken “Technical Standards in Boeing”
foretagets policy i standardiserings-
arbetet.Inom foretaget finns ca 20 000 Boeing
standarder. Over 225 000 exemplar distri-
buerades arligen 6ver hela viarlden. Till-
sammans 85 miljoner pappersark varav 2,8
millioner sidor som skall uppdateras och
tryckas varje manad. Det finns 6ver 120 000
elektroniktroniskt anslutna interna anvindare
som gjorde mer &n 60 000 besok per vecka i
standardbiblioteket.

BOEING STORSTA ANVANDAREN

Boeing dr dirmed en av de stdrsta

enskilda anvéndarna av standarder och malet
ar att i storsta mdjliga utstrackning anvénda
externa standarder for att undvika onddigt
utvecklings- och underhallsarbete av egna
standarder. Boeing deltar i mer dn 400
standardkommittéer och redan nu hinvisar
man till 6ver 7000 militdra och federala
specifikationer och standarder samt dver
4000 industriella standarder.
60 % av referensunderlagen ar saledes externa
standarder det vill sdga internationella
standarder och de-facto-standarder. Boeing &r
ett globalt foretag. 70 % av forséljningen gar
till utlandet. Man har en stor internationell
upphandling och kostnaden for att upp-
ratthélla de egna standarderna ar hoga.

Det géller dock att finna den rétta mixen
mellan interna och externa standarder. Vid
framtagningen av en ny produkt tar man
givetvis fram den egna interna standard som
behovs. Nir tekniken sedan har mognat
overfor man underlaget till en nationell
industristandard. Avsikten dr att hoppa ver
detta led och gé direkt till IEC eller ISO.
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Hirigenom nar man toppen direkt och man
forlagger underhallet av standarderna dit
det hoér hemma.

Bakom denna policy ligger insikten om
betydelsen av likartade krav pd marknaden
vilket bl a dstadkommits med harmoniserade
bestdammelser i Europa och Asien. ISO 9000
4r ocksa ett instrument for kvalitetsstyrning
av leveranser fran underleverantérer frdn hela
virlden. Genom representation i styrande organ
far man tillflle att paverka arbetsformerna for
den internationella standardiseringen och
ddrigenom medverkar man till att standarder
som utgdr handelshinder blir undanrdjda.

Boeing deltar aktivt i mer &n 150 ISO and
IEC kommittéer varav “ISO TC 20 Aircraft and
space vehicles” dr den mest angelagna. Hittills
har flygindustrin undantagits frin det inter-
nationella SI systemet och likasd sarbehandlats

i EUs direktiv. Men man ér forberedd pé en
vergang till metriska métt nar marknaden vél
kraver det.

US OCH EU STANDARDER For
nirvarande dverensstimmer ca 95 % av USAs
och EUs regler for flygindustrin. De
iterstiende 5 % kriver till vissa delar
omsesidiga erkinnanden av tillverknings-
standarder och provningsresultat samt gemen-
samma besiktnings- och kontrollfunktioner

for att bli fullt harmoniserade. En vég for
Boeing att nd detta mal r att g in i det
internationella standardiseringsarbetet.
Boeing har deltagit i [ECQ sedan i bérjan av
1990-talet. Flygindustrin har ambitionen att
ta &ver stora delar av kvalitetssidkrings-
systemet for elektronikkomponenter och
verka for att bibehalla det efter att de militara

intressenterna har fallit ifran.

MILJOTALIGHET
Nir det giller produkters miljotalighet och det
som pa engelska kallas “Environmental Stress
Screening, ESS”, finns det flera olika metoder
och anvisningar att tillgé for olika produkter.
Boeing planerar att anvinda dels IEC TC104
standardserier for miljoklassi-ficering och —
provning, eventuellt med vissa egna
kompletteringar och tilligg dels ett
vigledande dokument utarbetat av IEST.
Infor det nya millenniet stillde man
séledes upp foljande mal:

¢ Elektronisk distribution av stand-
arder

¢ TFinansiering av medverkan i stand-
ardiseringsarbetet

¢ Paverkan av ISO/IEC-strukturen

¢ Paverkan av ledtiderna for fram-
tagning av standarder

& Paverkan av beslut i standardi-
seringsarbetet

¢ Sikerstillande av tillampningen av
internationell standard

Ett annat skil frin amerikanska intressenter
har varit att man ville se sitt eget regelverk
upphdjt till internationell standard. Det finns
flera exempel p4 detta. Stora delar av JEDECs
publikationsserie for miljdprovning av
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elektronikkomponenter och IPCs specifika-
tionsserie for provning och bestdmning av
tryckta kretsar haller for ndrvarande pa att
Overforas till IEC. Detta gors med en
snabbehandling av underlagen enligt PAS-
proceduren. PAS star for ”Publicly Available
Standards”. Ett underlag som uppfyller
kraven pd allmén tillgénglighet tillats enligt
IEC-reglerna att publiceras som IEC-standard
efter endast en enkel omrdstning. Inom tre ar
skall denna standard sedan revideras och god-
kénnas pa vanligt sitt. I varje publikation av
det slaget stér det séledes négot i stil med:

IEC/PAS 62336, Ed1:JESD22-
A118-Accelerated Moisture
Resistance-Unbiased - HAST

It is reminded that an IEC/PAS (Publicly
Available Specification is not an
International Standard. Further adaption
by the IEC relevant committee is
mandatory before a PAS becomes an
International Standard.

This draft IEC-PAS has been Prepared
by the JEDEC Solid State Technology
Association.

A licensing agreement has been signed
between JEDEC and the IEC for the
circulation of these PAS

Det senaste utspelet i friga om PAS utgévor
kom fran Tyskland som motsatte sig att dessa
metoder dverfors till CENELEC. Metoderna
ndr inte upp ens till minimikraven pé
motsvarande provningsmetoder i IEC 60068-
serien och ir i vissa delar rent motstridiga.

IEC TC 104

IEC kommittén TC 104 bildades 1997. Pa
forsta motet i Palo Alto samma ar inrdttades
tvd arbetsgrupper, WG 14 och 15, for

insamling och analys av ”climatic” och "dy-
namic” d v s klimatiska resp. mekaniska eller
vibrationsdata. Dessa arbetsgrupper har nu
kommit med sina forsta delrapporter.
Uppdraget 4t dem var att ta fram ett béttre
underlag for deras respektive miljofaktorer i
IEC Publikation 60721-3. De virden som nu
bestdmmer miljoklasserna har ifragasatts av
den arbetsgrupp, WG 1, som granskat
klimatklasserna i 60721-3-serien under sitt
arbete med att anvisa ldmpliga provnings-
metoder och att ange motsvarande provnings-
nivéer i 60060-2-serien.

Det man upptickte var att fraimst vibra-
tionsnivderna avvek fran vad som anségs vara
rimligt. Sju delar av denna tekniska rapport,
IEC TR 60721-4-serien, har nyligen publi-
cerats och ytterligare 7 amendments dr under
tryckning.

EXPERTER INSTAMMER

Experterna som ingdr i WG 15 ”"Dyna-
mic field data and verification”, instimmer
nu i kritiken av nivderna. Vibrationsnivéerna
for transportvibrationer bygger pd mer én 50
ar gamla data och &r inte langre anvindbart.

Arbetsgruppen konstaterar samtidigt att
den befintliga klassindelningen inte gar att
anvinda for att ratta till alla felaktigheter.
Forslaget frén klimatgruppen WG 14 inne-
héller liknande forslag att d&ndra pa den
befintliga strukturen av publikationsserien.
Man vill bland annat slopa:

1. “microclimates inside products” eftersom
man inte kunde identifiera ndgon anvéndare
2. “stationary and portable use in mines”
eftersom dessa redan tacks av klasserna

“portable and non stationary use”

3. “wetness” eftersom det inte finns négra
tillgéngliga data.
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WG 14 har ocksa foreslagit att klasserna
4indras enligt foljande:
In Use / Non Use
Space
Airborne
On ground-moving
On ground-stationary
Sea-moving
Sea-stationary
Underwater-moving
Underwater-stationary
Underground-moving

Underground-stationary

Till saken hor att engelsménnen &r missndjda ver
att WG 1-resultatet publicerades som IEC
Tecnical Report 60721-4. Utgivningen hade
dirigenom fordréjts och sedan hade under-
lagen inte fatt det genomslag man forvantat
sig. Skilet till att kommittén valt publika-
tionsformen - teknisk rapport - hade varit att
man inte ville standardisera utformningen av
miljospecifikationer och motsvarande prov-
ningsforfarande utan 1 stillet 6ppna for
mojligheten att skriddarsy egna prov-
ningsforfaranden s. k. “tayloring”. Den hér
fragan blev dock aldrig avgjord. I stéllet
bildades en tillfillig arbetsgrupp for att se over
hela publikationsstrukturen.

Tryggve Hell, Saab, meddelade att han kunnat
slutféra arbetet men en ny vibrations-
provningsmetod ”Shock spectrum synthesis
testing” och att det kunde ga vidare till slutligt
godkdnnande och publicering. Ett annat
vigledande och fér ménga anvindbart doku-
ment ”Selecting amongst vibration tests” hade
natt samma stadie.

Redan i augusti, fran den 19 till den 23,
kommer de flesta arbetsgrupperna att traffas 1
Seattle. Vird for métet dr Boeing.

Alf Olsson

Lé&svirt:
FORSKNING KRING LJUD OCH
VIBRATIONER

Under den rubriken skrev Jan-Olof
Gustavsson i senaste numret (2/2002) av
»Teknik och vetenskap” att en stor del av den
framgangs-rika forskningen vid Institutionen
for tele-kommunikation och signalbehandling
(ITS) pa Blekinge Tekniska Hogskola handlar
om ljud eller vibrationer i en eller annan form.

P4 ITS hemsida www.bth.se kan man ldsa:

“Institutionen for telekommunikation och
signalbehandling (ITS) dr en av de storsta
institutionerna vid Blekinge Tekniska Hog-
skola. I dag ca 55 anstdllda och bedriver
sdvdl grundutbildning som forskning och
forskarutbildning. F orskningsverksamheten
Gir relativt sett stor, drygt 2/3 av institutionens
totala omsdttning. Geografiskt sett dr
institutionen delad och befinner sig bade i
Ronneby och Karlskrona. I Ronneby sitter i
Soft Centers lokaler och i Karlskrona mitt i
TelecomCity. Denna omgivning ger goda
forutsdttningar for bdde lrare och studenter
att bedriva sin verksamhet i néra samverkan
med néringslivet’.

E-post: jan-olof.gustavsson@bth.se
Tel: 0457-38 57 25
Personlig fax: 0708-87 87 34
Mobiltel: 0708-87 87 22
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* Frekvensomrade: DC-22kHz

® Max. velocity 0,5 m/s

* Matavstand fran objekt 0,2 — 30 meter
e Laser <1 mW HeNe

Litet och helt komplett laserdopplersystem i ett smidigt och
anvéndarvéanligt utférande.

Utrustningen som har skyddsklass IP-64, vdger enbart
2,6 kg och kan anvédndas upp till 5 timmar med samma
batteripaket.

Vill Du veta mer? \
Kontakta Alvetec. Vi kan mitteknik alvetec
och skickar Dig girna var kundtidning
Mitrologen med senaste nytt Alvetec AB
inom mitteknik. Box 5001, 141 05 Huddinge
Tel: 08-680 68 50. Fax: 08-680 03 90

E-mail: measure@alvetec.se
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Hans Elvhammar har lAmnat oss

Hans Elvhammar, en av de ursprungliga
medarbetarna vid Ingemansson Technology, har gétt
ur tiden, 71 &r gammal. Hans dgnade stor del av sitt
liv &t den konsultfirma som Stig Ingemansson star-
tade 1956. Fodd i Uppsala styrdes kosan vésterut
till elektrolinjen p4 Chalmers. Hans var en hingiven
radioamator och fick den vdagen kontakt med den 9
ar éldre sjélsfranden Stig Ingemansson, som var
specialldrare i elektroakustik pad Chalmers. Efter
avslutad examen och ett mellanspel i Danmark
borjade Hans som konsult pa Stigs ingenjorsbyrd,
som d& varit igang i ett ar. Han fortsatte sin
hembyggeriverksamhet med att bygga tva buller-
matare kopierade frdn en amerikansk forlaga - en
verklig teknisk bedrift.Hans verkade under ndrmare
45 &r i det expanderande foretaget, under ménga &r
idess ledning, bl.a. som vice VD. Han svarade bland
annat for att Ingemanssons industriavdelning
bildades och utvecklades till ett av Europas starkaste
kompetenscentra inom omradet.

Samhéllsbuller och arbetsmiljébuller var Hans
stora intresseomraden. Denna kompetens togs
tillvara d& regeringen 1 borjan pa 90-talet tillsatte
utredningen “Handlingsplan mot buller” dér Hans
belyste de tekniska aspekterna pd bullret som ett
arbetsmiljoproblem. Hans var foretagets kontakt-
man i flertalet av de branschtillsatta arbetsgrupper
mot buller som verkade under flera decennier och
hann med att publicera ett stort antal artiklar. Han
var ocksd medforfattare i Stig Ingemanssons bok
”Bullerbekdmpning — principer och tillimpningar”.
Vibrationstekniken utgjorde ocksa tidigt en naturlig del
av konsultarbetet. De 10 aren fore 65-drsdagen
svarade han for Ingemanssons Malmdkontor. Nar
han nddde pensionsaldern var det naturligt for

honom att fortsétta pd Goteborgskontoret, med
otaliga resor till uppdrag bade i Sverige och
England - ndgot som foretaget accepterade med
storsta tacksamhet.Hans var en mycket respekterad
chef och mentor. Han f6ljde tidigt Stigs idé om att
ge dven unga, relativt oerfarna tekniker frihet under
ansvar. Han hade formagan att bade vara en god,
positivt padrivande ledare och en hogkompetent
tekniker. Vi upplevde honom som en ytterst korrekt
person och en stor stilist med en fantastisk formaga
att skapa kontakt med personer bade inom och utom
konsultfirman Ingemansson. Han tyckte om att
beriitta, men var framfor allt en méstare i att fi andra
att beritta om sig och sina upplevelser inom
akustiken och annat. Utrustad med en stor portion
envishet kunde han som ingen annan vertyga
foretagare och myndighetsrepresentanter om vikten
av att skapa goda ljudmiljéer.Han var ocksa en
mycket nyfiken person som lugnt och metodiskt
satte sig in i de mest skiftande fragor. Det tog inte
lang tid under Malméperioden innan han hade vél
s& god lokalkdnnedom som de infédda Malmdborna
pé kontoret.Under senare dr var Hans ansvarig for
buller- och vibrationsfrigor i Oresundsbroprojektet,
Citytunneln i Malmé samt ocksa i Kringenprojektet
i Goteborg dér cirkeln sl6ts; sparet leder som bekant
till Chalmers dar karridren en géng startade.

Vi sdnder en varm tanke till familjen i
Kungsbacka och ar tacksamma for det stdd som
givit Hans mojligheten att verka under sd manga &r
vid Ingemanssons.

Jorgen Svensson, Jan Séderquist, Sonny Berntsson,
Eva Sjodahl och évriga kollegor vid Ingemanssons
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Marcus Wallenberg Laboratoriet
for Ljud- och Vibrationsforskning

Mandag 9 september 2002 kl 14 - 17
Teknikringen 8, inom KTH-omradet

I samband med att KTH firar sitt 175 grsjubileum anordnas en Hemkomstdag med
oppna hus pd KTHs institutioner

MWL, vars foregangare Teknisk Akustik startade 1977, fyller i ar 25 &r. Vi tar
tillfillet i akt och kombinerar firandet med ett 6ppet hus for alla som ir intresserade
av ljud-, vibrations- och signalanalysfragor

Vi serverar en enkel buffé

Program:

- Korta presentationer k1 14.00, 15.00 och 16.00

- Visning av laboratorierna

— Presentationer av pagdende forsknings- och studentarbeten
- Demonstrationer av utrustningar och metoder

- Vi kan diskutera méjligheterna till samarbetsprojekt

Upplysningar:

Britt-Inger Berggren
Tel: 08 790 8927
E-post: britti@fkt.kth.se

Anmilan helst senast 2 september
Tel: 08 790 8927
E-post: oppet.hus@fkt.kth.se

HP Wallin
Tel: 08 790 7942
E-post: hp@fkt.kth.se
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Marcus Wallenberglaboratoriet

for forskning inom ljud och vibrationer har fyllt 25 ar

Det firades pa KTH 17 maj med stor upp-
slutning. Professor emeritus Goran Gadefelt
var en av hedersgésterna. Storleksordningen
75 personer fick se pa en kavalkad av mer
eller mindre egendomliga bilder och lyssna

Professor Goran Gadefelt

till Professor Anders Nilssons késerande
beskrivning av olika milstolpar i laboratoriets
historia. Anders berédttade hur han vid
upprepade tillféllen sokt sig till KTH, men
misslyckats gdng pd ging. Nar professor-
sstolen blev ledig vid Goérans pensionering
lyckades han antligen.

Firandet kulminerade med en fin middag,
levande musik och trevligt umginge. MWL:s
eget hedersdoktorat utdelades till Kent
Lindgren som ansvarar for laboratorierna.
Utan honom hade det inte blivit mycket gjort
enligt Anders. Hans Bodén fick valfortjant en
stilig och tung bronsstayett forestdllande
Milles mésterverk Ménniskan och Pegasus.
Det ar formodligen fran Pegasus Hans hamtar

sin kraft och inspiration.

Institutionen for Teknisk Akustik bildades
1977 genom en donation fran Atlas Copco.
Det var for 6vrigt samma ar som jag gick ut
Chalmers Tekniska Hogskola. 1993 slogs
institutionen ihop med andra till Institutionen
for Farkostteknik. Vid samma tidpunkt fick
man (jobbade sig till?) en donation fran Knut
och Alice Wallenbergs stiftelse for byggandet
av nya laboratorier. MWL invigdes 1997 av
Peter Wallenberg. P& Anders bild fran detta
evenemang studerade Dr Wallenberg cham-
pagneflaskan med viss misstdnksamhet.

Niér jag tdnker pa hogskolans tre uppgifter,
forskning, utbildning och information, tycker
jag att man gjort ett strdlande arbete, men jag
tanker ocksé pa allt arbete man gjort for att
na dit. Goran Gadefelt lade grunden genom

Dr Peter Wallenberg

sin goda formaga att omstta teori till praktik,
genom att lagga upp utbildningen i buller-
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teknologi som attraherat ménga tekno-loger
och sin stringens och noggrannhet. Idén om
ndgot dnnu béttre dok upp.

For att forverkliga detta maste man finansiera,
specificera, producera och rekrytera. Anders
Nilsson har visat en stor driftighet och
entreprendrsanda for att finansiera och
genomfora byggandet av laboratorierna. Jag
har en kinsla av att H-P Wallin med mél-
medvetenhet bidrog till att laboratorierna blev
en framging. H-P har fortsatt att locka
teknologer till utbildningen och dessa har i
sin tur av Anders och forskarmiljon lockats
till forskningen pdA MWL.

Niyckeln till framgéng kanske ligger ndgon helt
annanstans. Nir Anders visade bilderna
berittade att han blev chockerad 6ver att man
hade samma kléder pé sig pé tva olika bilder
tagna med nagot ars mellanrum. Leif Kari har
inte klippt sitt hér pa flera ar. Det dr nigonting
med héret. Anders Nilsson har haft samma
frisyr s léinge jag har kint honom. Férmodligen

Institutionen pd fiiltarbete 1987. Anders
Nilsson stdr till vénster, Géran Gadefelt och
HP Wallin star till hoger.

sitter hans styrka, liksom Simsons, i héret.

Martin Almgren

PRESSTOPP !!

Den 1/9 dvertar Peter Géransson ledningen fér MWL
och Institutionen fér Farkostteknik.

Anders Nilsson kommer att &gna sig at sina
forskningsprojekt inom institutionen.
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The Physical Agents Directive (vibration) klart

likka Kyttéla

Arbetarskyddsavdelningen, Social- och
hédlsovardsministerium, Finland

Kjell Spéng skrev en bra artikel i SVIB-Nytt
vid arsskiftet 2000-2001 under rubriken ”The
Physical Agents Directive héller nu pa att bli
klart”. Nu dntligen har delen vibration blivit
fardig. En text som troligen stimmer 6verens
med den slutliga texten, daterad 26 april 2002,
kan sméningom hittas i Official Journal.

Sjdlva direktivet &r dock inte fardigt. Pafoljande
del om buller héller pa att bli klar, tack vare
Sveriges effektiva halvar som ordférandeland
2001. Dérefter kommer icke-joniserande
stralning. Denna delas kanske upp i tva delar,
en for optisk strdlning och en for elektro-
magnetiska falt. Termiska faktorer stroks fran
borjan fran listan 6ver hilsorisker i arbetsmiljon.

Enighet om hand-arm vibrationer

Som man lénge vetat gick delen for hand-arm-
vibrationer igenom utan néagra storre svarig-
heter. Gransvirdena dr 5 och 2,5 m/s? och
matstorheten, vektorsumman av de tre
riktningarna x, y, och z,_har godkénts.
Mitningar skall utforas i enlighet med ISO
5349-1.

Manga asikter om helkroppsvibrationer

Det ursprungliga mer eller mindre heltdckande
forslaget for helkroppsvibrationer forelég frén
kommissionen redan ar 1992 men darefter
hinde inget forrdn 1997. Kommissionens
ursprungliga forslag till exponeringsgrans 0,5
m/s? var kanske menat fér métstorheten
vektorsumma.

Pa detta vis hade i alla fall amerikanerna hos
ACGIH tolkat det. Men det var inte direkt
uttalat i forslaget. Fran borjan av den andra
genomgangen 1997 var alltsa alla olika mit-
och utvérderingsalternativ méjliga.

Anvindaren kunde véljamellan: z-riktningen
(enbart), dominerande riktning och/eller
vektorsumman av alla riktningar.

Till slut valdes RMS acceleration i dominerande
riktningen som mitstorhet.  Grénsvirde for 8
timmars exponering bestdmdes till 1,15 m/s?
eller 21 m/s"7 for UK varianten ~Vibration
Dose Value”.

Parlamentet framférde ganska mattliga
fordndringar av siffrorna for helkropps-
vibrationer och Réadets “common position”
som kommissionen ocksa stodjer sig pa
godtog forslaget nistan som det var. Bara
overgangstiderna fordndrades till att bli &nnu
langre och “action value” for helkropps-
vibrationer dndrades fran 0,6 till 0,5 m/s?.
Diarmed blev det alltsd samma vérden som
gransen for tillverkarens plikt att anméla

vibrationsemissionen i maskindirektivet.

Om innehallet

Direktivet giller alla branscher, dven havs-
och lufttrafik, fast medlemsstaten kan vid
dessa ha derogations. Direktivet uppstiller via
medlemsstaterna krav pé arbetsgivaren.
Arbetsgivaren maste méta exponeringen enligt




Nu ska du lyssna

véaldigt noga!

Gor s har. Luta dig tillbaka och blunda. Vad
hor du? Minniskor, en radio, ventilationssus,
en industri? Du kanske kdnner vibrationer i
huset fran bilarna pd gatan eller motorvagen?

Sjdlva har vi lyssnat noga i 40 dr och hért
en hel del. Vart jobb dr nimligen att skapa
tysta, vibrationsfria miljéer och produkter,
och s bra forutsittningar som mojligt for tal,
sang och musik.

Ingemansson dr Europas ledande expert
inom ljud och vibrationer. Vi hjélper konsulter,
byggentreprenérer, industriféretag och myndig-
heter 6verallt i samhallet.

Leading expertise — Sound and Vibration

Ingemansson Technology AB, Tel 031-774 74 00, www.ingemansson.com

Vi tar fram tysta bostider, arbetsplatser, vigar,
fordon, maskiner och offentliga miljéer som
okar allas livskvalitet.

Dessutom siljer vi mat- och analyssystem,
och mjukvara for simulering. Vi erbjuder
ocksa ett komplett utbildningsprogram.

Hur liter det runt omkring dig just nu?
Ar det tyst och behagligt har vi antagligen
varit med och utvecklat miljon i bade stort
och smatt. Har du ett eget ljudproblem
som du vill [6sa, ar det bara att ringa
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Visit LMS at
www.lmsintl.com and
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Empowering Engi
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gingse praxis och forutsatt att det finns
tekniska mojligheter se till att exponeringen
och hilsoriskerna blir s 14ga som mojligt.
Exponeringsgridnserna skall i varje fall
underskridas. Om nivéerna dverskrids s skall
ett vibrationsbekdmpningsprogram pabdrjas,
omradena skall mirkas, information skall
tillhandahallas och undervisning skall
péabdrjas osv. De exempel som forekommer i
direktivets tilligg vad giller “mittekniska
praxis” dr inte sarskilt lyckade.

Nagra olikheter med ISO 2631-1
Om man nu jamfor direktivet med ISO 2631-1,

till vilket direktivet hdnvisar, kan man
konstatera foljande viktiga olikheter:

Grinsvirdena for 8 timmars exponering

Vibrationsdirektivet
1,15 och 0,5 m/s* géller var och en av de tre
(linedra) standardriktningarna X, y ochz.

1SO 2631-1

»Rekommenderade grinsvéirdena”ibilaga B,
fig B1; ungefir 0,8 och 0,5 m/s* gller bara
vertikala vibrationer (z) och sittande person
(kan tillimpas bara “mycket forsiktigt” for
andra typer av exponeringar).

Mitstorheten

Vibrationsdirektivet
RMS (eller VDV) acceleration i den domi-
nerande riktningen.

1SO 2631-1
kan vara antingen acceleration i z-riktningen,
dominerande riktning eller vektorsumman

Viktning i x- och y-riktningarna

Vibrationsdirektivet
1,4 giller bade sittande och stdende arbetare

I1SO 2631-1
1,4 bara for sittande person

Om matstorheter

Enligt mina kéllor som &r mest svenska och
finska, brukar vertikala vibrationer vara
dominerande bara pa asfalt. Néstan alltid nar
man kor pa plogad aker eller i skogen, blir y-
riktningen dominerande (ndr man tar hénsyn
till faktorn 1,4). Vid hjullastare och dylika
mobila arbetsmaskiner blir x-riktningen
dominerande. Man bromsar hart eller stoter
mot foremal eller lasten gungar forarhytten
upp och ner vilket fororsakar att kabinen gér
fram och tillbaka. Allt detta ger, att expo-
neringsgrinsen for dominerande riktningen
maste vara nagot stdrre &n for z-riktningen.

Vad ir da “nagot storre”? Det ar ungefdr 1,2
till 1,4 gdnger som genomsnitt, men varierar
mycket.

Detta betyder att direktivens grénsvérde 1,15
for dominerande riktningen troligen ér litet,
men bara lite mera liberal 4n 0,8 m/s* for
vertikal direktion. Eller matematiskt: (1,2 till
1,4)x 0,8 m/s?= 0,96 till 1,12 m/s* < 1,15 m/
.

Om man hade valt vektorsumman (som
Finland foreslog under sin tid som ordférande
i EU) skulle det motsvarande ha varit ungefar
2 ganger storre dn 0,8, alltsd ungefar 1,5 m/s%

Nagra brister

Direktivet kriver att arbetsgivaren i risk-
virderingen tar hinsyn dven till enstaka eller
upprepande stotar, men ger ingen gréns- eller
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normativt viarde for dessa. For kortvariga
dagliga exponeringar &r direktivet alltsa
mycket liberalt.

Det kan tolkas att tillta till och med 15 m/s?
for 3 minuter/dag. Tre minuter &r den minsta
tiden fér métning av helkroppsvibrationer
enligt ISO 2631-1.

For handvibrationer finns samma brist. Minsta
tid fér métning enligt ISO 5349-1 &r 8
sekunder. Man kan tolka det som att direktivet
tillater en daglig acceleration (vektorsumman)
som gér upp till 300 m/s?.

Det finns ocksa brister i standarden ISO 2631-
1. Man skulle hellre ha en standardserie.

ISO XXXX Vibration and shock.
Whole Body Vibration - Measurement of
occupational exposure.

Non-impulsive vibration. Part 1 skulle
innehélla metoden att anvandas i férbindelse
till direktivets gransvérden.

Impulsive vibration. Part 2 skulle innehélla
metoden, vilken man anvénder som option om
det ar troligt att kraftiga stotar finns d.v.s. nir
”crestfaktorn” &r storre d4n 9. Denna metod
kunde vara “running RMS”".

Man skulle kanske ocksé klart separera
metoden som giller hélsoriskbedémningar
fran metoden, vilket géller bedémningar av
komfort for sédvida inte métstorheter och -
metoden dr samma i bada fall.

For vissa medlemstater skulle man dnnu
troligen ha tva delar till. Eller kanske bara en,
Part 3: VDV-metoden.

Vi 4r Nordens ledande leverantor

av utbildning, konsulttjinster och programvaror inom ljud- och vibrationsomradet

Se vart utbud pa www.saven-edutech.se eller bestéll vart kursprogram.

SAVEN

Nyhet! Toolboxar fér ljud- och vibrationsanalys

Med véra Toolboxar sparar du tid eftersom du slipper utveckla och testa
alla rutiner sjdlv. Alla funkfioner ér dppna (miler), s& att du latt kan &ndra
och komplettera for att anpassa till din egen applikation. Toolboxarna
innehdller funktioner fér analys av métdata och fér simuleringar.

Saven EduTech AB
Box 504, 183 25 Taby
TEL 08-473 50 00

FAX 08-473 59 00
E-POST kurs@saven.se
www.saven-edutech.se




Mangsidig
vibrationsmatning

e 4, 8 eller 16 kanaler
e 51,2 kHz sampling/kanal
e Separata 16 bitars A/D-omvandlare
e Bandbredd upp till 20 kHz
 Antivikningsfilter

. eZ-Analyst™ reattidsanalys

s

Programvaror:

eZ-Balance™ eZ-THOMAS™ eZ-Rotate™

Maskin- Vibrations- Vibrationsanalys av  Oférstorande -

balansering Overvakning roterande maskiner provning
System Technology hemsida:
SYSTEM swins
Box 304 www.systemtech.se

TECHNOLOGY  sst 02 Lincopine e-post:

Tel: 013-35 70 30 :
SWEDEN AB [0 0131405 30 svib @systemtech.se
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NYA REGLER | FINLAND

Vad betyder direktivet i praktiken? I Finland
torde det med mera betyda helt nya regler och
dven att man sméningom boérjar hitta mera
vibrationsskadade. Tillsvidare brukar det
namligen finnas i statistiken bara 10 till 20
personer med vita fingrar och néistan alla &r
gamla skogsarbetare. Men inga eller nédstan
inga som jobbar med sldende tryckluftsverktyg
kommer till exempel med. Det 4r ocksa troligt
att importdrer som forsoker att bringa
kedjesagar utan vibrationsddmpade handtag
pa marknad kommer att forsvinna.

Troligen betyder direktivet ocksa att
man satter fart pa utvecklingen av aktiv- och
halvaktivddmpning av traktor- och skogs-
maskiner. Kanske ocksé for hjullastare och
gruvmaskiner?

KONSEKVENSER

Konsekvensen blir ndmligen att man
kan ploga med en modern véndplog eller
returplog (pa finska paluuaura) i 8 timmar
utan att nd over exponeringsgransen. Men for
harvning 6verskrids grédnsen redan efter
ungefér 1 timme. Samma resultat fir man om
man inte har anvédnt vindplog men har extra
breda hjul eller tre axlar. Man kan underskrida
exponeringsgrinsen med nuvarande ma-
skiner utan sédrskilda konster men det gar
oftast inte att komma under aktionsgransen
(action value).

Direktivet kommer, utan att direkt géilla
maskiner, troligen sitta fart pad produkt-
utvecklingen. Det kommer dock inte att gora
alla gamla traktorer och andra konventionella
maskiner oanviandbara. Aktivt och halvaktivt
dédmpade traktorer blir dyrare, men bara 5 -
10 procent. Skogsmaskinsoperatdrerna

forefaller inte vill byta tillbaka nér de vél har
provat pa nya mindre skakande modeller eller
prototyper.

Kanske far man ocksa se en dylik utveckling
av fartyg och batar. Man har hittills utnyttjat
stotddmpande atgérder och apparater i mindre
utstrickning till sjoss dn pa land.

For specialfartyg som t ex isbrytare behover
man troligen inte utveckla ndgot nytt pa grund
av direktivet. Deras skakningar var som storst
i x-riktningen uppe pa bryggan nidr man
backade fran en “ice ridge” (pa finska:
ahtojdd) och dven da gick accelerationsvérdet
under “action value” 0,5 m/s>.

Direktivet skall i sin helhet tas i bruk ganska
langsamt och komplicerat. Medlemsstaterna
skall ha sina regler firdiga &r 2005. Over-
gangsperioden kan vara hogst 5 ar utom for
jordbruk och skogsbruk som har 4 ar extra pa
sig. Alla skall vara pd samma linje forst 2014.
Det dr ett typiskt minimikravdirektiv.

Llkka Kyttdild
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Modal Acquisition and FE Model Updating of an Exhaust

Jeroen Deweer

Tom Van Langenhove

LMS International, Heverlee, Belgium

ABSTRACT

The use of numerical models as basis to as-
semble or modify all kind of new structures
is increasing over the last years. This has as
benefit that it reduces the number of expen-
sive, physical prototypes. These numerical
models however must be verified and vali-
dated against measured data. Updating is gen-
erally needed to guarantee accurate correspon-
dence with reality.

This paper focuses on an exhaust. It describes
the different steps of the complete process
from the acquisition till the updating. On the
measurement side, some typical acquisition
measures and an efficient approach to handle
(slightly) inconsistent data sets is explained.
On the numerical side, it is investigated how
to achieve the final updated exhaust with
physical relevant characteristics.

- INTRODUCTION

The dynamic behavior of a structure is, in
general, identified in a modal analysis
performed on measured Frequency Re-
sponse Functions (FRFs). The identified
modal parameters are often used in the
validation and update process of its finite
element (FE) model to have a valid and
condensed representation of reality for use
in lifetime estimations, optimization
processes or system synthesis computa-
tions.

The exhaust case elaborated in this paper fo-

cuses on the modal acquisition and analysis
as well as on an efficient updating strategy of
its FE model. All the steps needed to have a
valid FE model representation are demon-
strated and described. First of all, an aliasing-
free test geometry of measurement and valid
excitation points is created from the FE model.
This created test wire frame is used for the
acquisition and visualization of the modal
vectors (mode shapes).

Not having enough measurement channels and
transducers results in different measurement
patches. However, replacing transducers
causes a condition change of the exhaust. This
can result in inconsistencies in the globally
identified modal parameters. Single poles are
identified as double poles and incomplete
mode shapes are extracted. Nevertheless, it
will be demonstrated that nice and correct
mode shapes can be identified from these in-
consistent data sets affected by mass loading
and change of measurement condition. These
mode shapes together with the modal frequen-
cies are needed in the FE correlation and up-
dating process.

PRE-TEST ANALYSIS OF THE EX-
HAUST

A test wire frame is created in a pre-test
analysis. This is done based on the available
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FE geometry and the corresponding analyti-
cal modes. This test geometry groups a
minimal number of measurement points and
excitation points and is able to capture all
modes up to 200 Hz without suffering from
aliasing. It is important to perform such a
‘pre-test’ analysis before starting the acqui-
sition (ref. [1]).

The analysis starts from a well-chosen subset
of the analytical points. This group, the ‘ini-
tial’ group of nodes/degrees of freedom
(DOFs) is usually chosen based on experi-
ence and knowledge of the dynamics of the
structure. To evaluate the quality of a possible
subset of the available analytical nodes and
their corresponding DOFs, a Modal Assur-
ance Criterion (MAC) calculation is launched.

SELECTION OF MEASUREMENT
POINTS FROM THE FE MODEL

If the off-diagonal terms of the resulting
MAC matrix are smaller than 0.1 or 0.2, the
cross-correlation between the modes of inter-
est is sufficiently low and the chosen set of
measurement point will be able to observe all
target modes. If the initial group of points is
not able to observe all target modes, a maxi-
mum off-diagonally MAC (MODMAC) al-

Figure 1
FE model of the exhaust

gorithm can be launched.

This algorithm aims at the completion of the
initial subset with extra points/degrees of free-
dom. They are chosen out of an additional
subset such that a resulting group of points/
degrees of freedom is kept that shows off-di-
agonal MAC values below a given threshold
for a given set of target modes. This means
that with this final group all modes of interest
will be visible and no aliasing effects will oc-
cur.

EXCITATION POINTS

A software routine calculates the most appro-
priate excitation points: the DOFs that excite
the modes of interest the most. This is based
on the driving point residues (DPR) of these
selected modes. One can select these excita-
tion points looking at maximum and minimum
DPR values or taking into account average
and weighted DPR values for all modes.

THE EXHAUST TEST GEOMETRY
Thus, the goal is to observe all modes up to
200 Hz, with a limited set of points measured
in all three directions. To start the pre-test
analysis, some DOFs are intuitively selected
representing the initial exhaust geometry.
The final group of geometry points is achie-
ved in 1 step. Only some specific points from
the top part of the exhaust are added to the
initial group. This combination creates a
perfectly diagonal (auto) MAC matrix till 180

Hz (Figure 2). These MAC matrix values
assure an aliasing-free visualization of the
modes till 180 Hz. The final group consists of
35 points, thus, 105 DOFs. Better results can
not be achieved with a limited set acquisition
DOFs.

Two DOFs are still added to the final group:
the DOFs at the excitation points to measure
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the direct Frequency Response Functions
(direct FRFs). These two excitation DOFs
can be calculated as explained in previous
paragraph about the excitation points: the
DPR values calculation. The analysis of the
DPR values results in two DOFs at the
extremes of the exhaust as excitation points;

Figure 2
IGMAC matrix of the measurements DOFs

one in Z direction and the other one in Y
direction. This is no surprise as the highest
deformations occur at these positions: high
deformations result in a strong excitation of
the modes. For test purposes, these two
points are not good shaker attachment points.
Because of the large deformations at these
flexible points, the shaker (force cell) can
get loose from the exhaust. Another pair of
excitation DOFs has to be looked for.

Two DOFs are intuitively selected as excita-
tion positions. The direct FRFs are synthe-
sized with the FE modes as input to evaluate
the chosen positions: at each mode, at least

one of both functions should peak. This is the

case for the selected DOFs: DOF (Z direc-
tion) just before the muffler and DOF (Y-di-
rection) under the manifold (Figure 3). At this

(o/82)/¥,,
¥
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Figure 3
Direct frequency response functions

point, one can assume that the shakers at these
two positions will excite all modes of interest
sufficiently during the test.

The test geometry assures a good modal iden-
tification of the modes till 200 Hz (or at least
till 180 Hz with this limited set of points).
Using the FE model to derive the test wire
frame will also result in an easy and perfect
geometric correlation needed for update pur-
poses.

In a last step, slave degrees of freedom (DOFs)
are added to the measurement points to make
the geometry clearer. The final wire frame is
drawn through all measurement and slave
DOFs. A slave DOF is a DOF of which the
mode shape movement is related to that of the
master.

MODAL ACQUISITION AND ANALYSIS
35 points are measured in 3 directions together
with 2 DOFs at the excitation positions. The
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acquisition of the set of 107 DOFs is done
with a 24 channel LMS Difa SCADAS III
front-end. The points are divided in 2 groups,
which are measured in 3 times: the X, Y and
Z direction. This means that 6 measurement

Figure 4
Complete test geometry of the exhaust

patches are needed: 3 runs (X, Y and Z) for
the 2 groups. After the first 3 runs some ac-
celerometers are repositioned for measure-
ment of the second group. In the last group,
fewer points need to be measured, neverthe-
less the same amount of transducers is put on
the exhaust to try to have the same mass load-
ing conditions. This means that some points
are measured two times.

The identification of the modal parameters
from the measured data sets, is not so straight-
forward: during the acquisition, accelerom-
eters were repositioned in between run 3 and
run 4 without using any dummy masses. This
created 2 slightly inconsistent data sets (one
per point group) that will have an influence
the results of the modal analysis (ref. [2]). It
is recommended to identify the modal param-
eters of the exhaust for the first and the sec-
ond group of measurement points separately.
Afterwards the 2 pieces of the mode shape r
can be merged together per mode r using the
driving point residues.

MODAL ANALYSIS PER DATA SET
Applying the Polyreference LSCE on only
one group of points, results in a nice and clear
stabilization diagram. The frequencies, damp-
ing values and vectors of the system poles
are clearly visible: one line (per peak) is built
up by almost only ‘s’ values. These stabilized
poles (frequency, damping and vector) are se-
lected on the diagram and the pieces of mode
shape are calculated per point group: 16
modes below 200 Hz are identified. The
pieces of mode shape of both groups are
merged together per mode.
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Stabilization diagram
Figure 5

The mode complexity values of the merged

mode shapes are near 100 % as should be the
case for high quality modes. This value ex-
presses how a mode reacts on a mass addi-
tion per DOF. This value is 100 % when the
damped natural frequency shifts downwards
when adding a mass on each DOF separately.

The modal phase collinearity values (MPC)
for the complete modes are also good: 12
modes have a MPC value of 98-99 %. The
other 4 modes have a MPC of 95-96 %. The
MPC index should be high (near 100%) for
real normal modes. A low MPC index would
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indicate a complex mode, either because of
local damping elements in the tested struc-
ture or because of an erroneous measurement
or analysis procedure (ref. [3]).

Finally, the MAC matrix shows that the 16
merged modes form a linear independent
modal set. These merged modes can be used
as input to synthesize the FRFs and compare
them with the real measured ones to check if
indeed all modes were identified with their
correct modal participation.

SMALL DIFFERENCES

When doing the identification separately as
described in previous paragraph, some modes
are identified with 2 different frequencies and

Junnar Lindahl

damping values. A modification prediction
package can be used to calculate the correct
frequency and damping values without any
mass loading, ref. [4]. The accelerometers are
represented by small masses placed on the
sensor positions of the exhaust. For one of
both modal sets a modification prediction can
be done with negative values for the sensor
masses to calculate what the frequency and
modal damping values would be without the
accelerometers.

What the exhaust concerns, generally, the fre-
quency and damping values did not differ a
lot. The extra modal design step is not ex-
ecuted here.

Mer dn 35
swipnet.se  ljud- och vi
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CORRELATION OF MODELS

The test structure is now represented by its
modal parameters. In this paragraph it is the
purpose to evaluate how close the FE model
resembles the reality or in other words, how
good the FE model correlates with the test
model.

The correlation analysis is executed in three
steps. First of all, a geometric correlation has
to be performed. But because the test wire frame
was derived from the FE model, this step is
trivial. The test geometry matches perfectly the
FE model. Thus, at this point a node pair table
can be created on the spot. No translation and
rotation values need to be specified
(translation=rotation=0). If the test geometry
would not have been taken from the FE model
but separately have been created by the test en-
gineers, a calculation of translation and rota-
tion would be necessary to be able to put the
two models on top of each other. Afterwards,
the test modes are transformed to the FE
model geometry using the previous created

Figure 6

MAC between test modes and
the FE modes

Table 1
FE Modes Test Modes Diff MAC
Freq(Hz) Freq (Hz) (Hz) (%)
1 15,29 15,38 -0,09 91
2 17,75 18,08 -0,34 94
3 29,23 30,04 -0,81 94
4 41,37 44,00 -2,63 95
5 54,53 56,63 -2,10 91
6 59,67 6199 2,32 91
7 80,11 77,68 -2,43 91
8 100,43 98,76 1,67 88
9 110,03 113,79 -3,77 84
10 120,79 119,13 1,65 75
11 130,56 153,16 -22,61 79
12 134,74 133,99 0,75 74
13 137,74 132,70 503 71
14 160,49
169,36
15 166,66
16 181,79
17 188,79 180,84 7,96 89
196,06

Mode pairs with frequency difference

node pair table. At this point, only the real
measured DOFs of the exhaust (not the slave
DOFs) are selected to continue the correla-
tion analysis.

In a last step, a MAC matrix (Figure 6) tells
us how good the FE modes correlate with the
test modes. The high MAC values (> 75 %)
show us which FE mode shapes resemble to
which test mode shapes. Together with these
mode pairs, also the frequency differences are

returned (Table 1).

In Figure 6 and Table 1, it can be seen that
there is a good correlation between FE model
and Test model up to 120 Hz. Above this
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frequency one can notice some differences
between the two models. Some test modes and
FE modes are not correlating and there is a
mode switch between mode 11 and mode 13
(bold, Table 1). Correlation problems with the
last two modes however can be explained by
the limitation of the test wire frame (test wire
frame good till 180 Hz). This can already be
seen on Figure 2. In the right upper corner,
one can see that some off-diagonal elements
are still present. This means that for these
modes aliasing effects occur and, thus, can
have an influence on the correlation results.

FE MODEL UPDATING
The MAC Correlation looked good for modes

1-10, as did the frequency correlation. Many
analysts would presume that if the fundamen-
tal modes correlate well, they hav done a good
job of representing the basic mechanical prop-
erties of the exhaust system (stiffness or
Young's Modulusus, mass, etc.) and this is
either good or as good as it gets.

This is far from true, however. It is abso-
lutely critical that we recognize the impor-
tance of the higher order modes (such as
modes 11-13 in this case). These modes can
have important effects on the performance of
the exhaust system. For example, the choice
of hangar locations is based on the mode-
shapes, so if FEA gives incorrect results for
mode-shapes, we might put hangars in a lo-
cation where they vibrate more and are more
prone to failure. We might also have one of
the exhaust modes coinciding with a cruising
speed engine order. Ifthe frequency correla-
tion is poor, we never realize that, leaving our
exhaust system prone to vibration fatigue fail-
ure. The bottom line is that we really have to
correlate ALL of the modes in the operating
frequency band if we want to Design Right
First Time.

COMPARING OF MODE SHAPES

Before we can improve Test/FE correlation,
we need to understand (physically) why the
correlation is bad. Different tools are avail-
able to do that, among them are MAC,
CoMAC, and FRAC plots, but perhaps most
physically meaningful is comparing the ani-
mated mode-shapes of the Test and FE mod-
els. In this case, we first take note of the fact
that mode pair 11 has different frequencies for
FE and Test models. For the FE model, the
frequency is 130 Hz, whereas for the Test
model the frequency is 150 Hz. This leads us
to believe that the FE model is not stiff enough,
but it doesn’t tell us where. The animated
mode-shape shows us that a “scissoring” of
the down-pipes is the dominant motion for this

mode, and that the joint (down-pipe junction)
between the two down-pipes is being “worked”.

Intuitively we can conclude that if we stiffen
the junction, the frequency of the FE model
should increase to be closer to that of the test.
And this makes sense, since consideration of
the manufacturing process leads us to realize
that this is a welded junction. The additional
material deposited by the welding process
actually stiffens the junction. Based on this
knowledge, we could now start making trial
changes to our FE model to better represent
the weld, and continue checking correlation
to the test until acceptable levels are achieved.

ADVANCED MODELS

Advanced modules available in LMS/Gate-
way, however, can help to automate this pro-
cess as well. Possibilities include the auto-
matisation of the updating using sensitivity
caculations. It is worth noting that sensitiv-
ity analysis performed on the exhaust model
also shows that the down-pipe junction is the
critical area of this model affecting correla-
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tion of modes 11-13. This is shown in a con-
tour plot form in Figure 7, where the scale
ranges from least sensitive (dark) to most sen-
sitive (lighter).

1

'(\A

Figure 7
Element stiffness sensitivity mode 11

Finally we get to change the model to improve
the correlation. This can be either a manual
or automatic process, and optionally can even
be driven by optimization software like LMS/
Optimus. In this updating process, the fre-
quency correlation and the MAC correlation
is improved at the same time by changing the
pipe thickness, the muffler thickness, the
catalisator thickness and the thickness of the
down-pipe connection welds.

To achieve the correlation in Table 2, we in-
creased material thickness of both welds in our
FE model (the highlighted areas in figure 8) by
aproximately 100%, while the other thickness
kept more or less their initial values. Mea-
surement of a prototype exhaust verifies that
this change is appropriate.

Table 2

Updated

FE Modes Test Modes  Diff MAC

Freq(Hz) Freq (Hz) (Hz) (%)
1 15,24 1538 -0,14 94
2 17,67 18,08 -0,41 95
3 29,21 30,04 -0,83 97
4 4135 44,00 -2,65 98
5 55,11 56,63 -1,52 97
6 59,80 61,99 -2,19 96
7 80,30 77,68 2,62 96
8 100,50 98,76 1,74 95
9 111,13 113,79  -2,66 90
10 122,66 119,13 3,53 82
11 136,00 153,16 3,30 81
12 141,90 133,99 7,91 81
13 145,70 132,70  -7,46 82

Updated mode pairs with frequency
difference

CONCLUSION

In this paper, every step to update the FE model
of an exhaust using the latter to prepare the mea-
surement and modal analysis (pre-test) has been
described. Using this FE model to create a test
wire frame resulted also in an easy correlation
step as extra benefit. Different aspects were high-
lighted as the use of slave DOFs to complete the
test geometry and the influence of the mass load-
ing on the modal analysis. Additionally, a modal
analysis procedure on inconsistent data sets was
proposed: the modal analysis was executed in
two steps and the pieces of the different mode
shapes were merged together.Last but not least,
the FE modes should as good as possible repre-
sent reality. FE modes should be updated in a
way that the new exhaust characteristics are re-
alistic. In our case it was important to take into
account the welded joints in the modeling.
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Figure 8 The two thickness parameters around the down-pipe weld (black and grey).
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ABSTRACT

In a typical automobile exhaust system a
flexible joint is used between the manifold and
the catalyst to allow for the motion of the
engine and to reduce the transmission of
vibrations to the rest of the exhaust system.
This joint is significantly non-linear due to
internal friction, which makes some kind of
non-linear analysis necessary for the complete
exhaust system. Theoretical and experimental
modal analysis of the part of a typical exhaust
system that is downstream the flexible joint is
performed. It is shown that non-linearity in
this part is negligible. It is also shown that
shell vibrations of the catalyst and mufflers
as well as ovalling of the pipes are negligible
in the frequency interval of interest.

The results implies, for further dynamics
studies, that the complete system could be
idealised into a linear sub-system that is
excited via the non-linear flexible joint, that
the pipes could be modelled with beam
elements and that the other components within
the linear sub-system could also be modelled
in a simplified way. A procedure for obtaining
properties of such simplified component
models is suggested. The agreement between

theoretical and experimental results is very
good.

INTRODUCTION

There is a trend to use more computer
simulations in the design of products. This is
mainly due to demands on higher product
performance and shortened time to market. To
be useful in the design process it is important
that the simulation models are kept as simple
as possible while still being accurate enough
for the characteristics they are supposed to
describe. To reveal weaknesses in the
simulation models experimental investigation
is necessary. The simulation models can then
be updated to better correlate with experimental
results.

This study is a part of a co-operation project
between the Department of Mechanical
Engineering at the Blekinge Institute of
Technology, Karlskrona, Sweden and Faurecia
Exhaust Systems, Inc., Torsds, Sweden. The
overall aim of the project is to find a procedure
for effectively modelling and simulating the
dynamics of customer-proposed exhaust
system lay-outs at an early stage in the product
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development process. Demands on, for ex-
ample, higher combustion temperatures, re-
duced emissions, reduced weight, increased
riding comfort and improved structural
durability have made the design of exhaust
systems more delicate over the years and more
delicate over the years and more systematic
methods have become necessary.

Examples of linear studies of exhaust system
are the works by Belingardi and Leonti [1]
and Ling et al. [2], who focus on simulation
models, and the work by Verboven et al. [3]
who focus on experimental analysis. An
introductory study of the present exhaust
system is that of Myrén and Olsson [4].

Most modern cars have the engine mounted
in the transverse direction. A flexible joint
between the manifold and the rest of the
exhaust system is therefore included to allow
for the motion of the engine and to reduce the
transmission of vibrations to the rest of the
exhaust system. Recent suggestions of a stiffer
attachment of the exhaust system to the
chassis, as discussed by for example Sharke
[5], with the purpose of reducing weight,
makes this joint even more important. The
commonly used type of joint is significantly
non-linear due to internal friction, which
makes some kind of non-linear dynamics
analysis necessary for the complete system.

Thus a more comprehensive approach seems
necessary. This paper represents an early step
and focuses on the part of the exhaust system
that is downstream the flexible joint. The
purpose is to verify the assumption that this
part is essentially linear so that, in the further
studies, the complete system could be
idealised into a linear sub-system that is
excited via the non-linear flexible joint. The

purpose is also to find a computationally ef-
fective and experimentally verified finite el-
ement (FE) model of this linear sub-system.
This includes simplified modelling of the
components. Guidelines for obtaining simple
and verified component models, for comput-
ationally effective dynamics studies of cus-
tomer-proposed exhaust system lay-outs is
desired, to support the dialogue with the cus-
tomer and for overall lay-out optimisation.

EXHAUST SYSTEM DESIGN AND
EXCITATION

The automobile exhaust system studied in this
work is shown in figure 1. The mass is about
22 kg and it has a length of approximately
3.3 m. The system consists of a front assem-
bly and a rear assembly connected with a
sleeve joint. Both are welded structures made
of stainless steel. The front part is attached to
the manifold with a connection flange. The
engine and manifold are not included in the
study.

s

Figure 1. The exhaust system.

Between the manifold and the catalyst there
is a flexible joint, consisting of a bellows
expansion joint combined with an inside liner
and an outside braid. This joint is significantly
non-linear due to internal friction. More
information on this type of joint is given by,
for example, Cunningham et al. [6] and
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Broman et al. [7]. The front assembly essen-
tially consists of this joint and the catalyst.
The catalyst includes a honeycomb ceramic
and the outside shell structure is rather com-
plicated. Thus, detailed modelling would be
computationally expensive.

The rear assembly consists of pipes, an
intermediate muffler and a rear muffler.
Perforated pipes pass through the mufflers,
which are filled with sound silencing material.
Their outside shell structure is also rather
complicated. Besides the connection to the
manifold the exhaust system is attached to the
chassis of the car by rubber hangers. Two
hanger attachments are placed at the inter-
mediate muffler and a third is placed just
downstream the rear muffler.

The frequency interval of interest for the
modal analysis is obtained by considering that
a four-stroke engine with four cylinders gives
its main excitation at a frequency of twice the
rotational frequency [1, 3]. Usually the
rotational speed is below 6000 rpm. Excitation
at low frequencies may arise due to road
irregularities [1, 3]. Thus, the interval is set to
0-200 Hz..

Free-free boundary conditions are generally
desired to facilitate a comparison between the
FE-results and the experimental results. This
also makes it possible to easily exclude the
influence of the non-linear joint in the present
analysis. It is assured that the flexible joint
does not have any internal deformations. Thus
it will move as a rigid body in the present
analysis.

INITIAL FINITE ELEMENT MODEL

An initial FE-model of the exhaust system is
built in I-DEAS [8]. The outside shell
structure of the mufflers and the catalyst are
modelled with linear quadrilateral shell
elements using the CAD-geometry. The mass
of the internal material is distributed evenly
to the shell. The pipes are modelled using
parabolic beam elements. The flexible joint
is modelled by stiff beam elements with a
fictive density to reflect its mass and mass
moment of inertia. Lumped mass elements are
used to model the connection flange,
attachments for the hangers, nipples and the
heat shield. To model the connection between
the beam elements representing the pipes and
the shell elements representing the mufflers/
catalyst rigid elements are used.

By comparing different mesh densities it is
found that approximately 140 beam elements
and 1900 shell elements are sufficient. The
total number of nodes are approximately 2200.
This initial model is used as a basis for
determining suitable transducer locations for
the experimental modal analysis of the exhaust
system. The natural frequencies are solved for
by the Lanczos method with free-free bound-
ary conditions.

EXPERIMENTAL MODAL ANALYSIS

To sufficiently realise the free-free boundary
conditions in the experimental modal analysis
(EMA) the exhaust system is suspended, at
the hanger attachments and at the connection
flange, using soft adjustable rubber bands as
shown in figure 2.

From the initial FE-analysis it is known that
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Figure 2. The measurement set-up.

the motion is mainly in the plane (y-z) per-
pendicular to the length-direction (x) of the
system. To be able to excite the system in both
the y- and z- directions in one set-up the
shaker is inclined. After consulting the FE-
model several possible excitation points are
tested. The final excitation point is taken just
upstream the intermediate muffler, as seen in
figure 2. The shaker is connected to the
exhaust system via a stinger and a force
transducer. A burst random signal is used to
excite the exhaust system to avoid possible
leakage problems.

Again considering the results from the initial
FE-model it is concluded that 25 evenly
distributed measuring points should be sufficient
to represent the mode shapes in the frequency
interval of interest. An HP VXI measuring
system with 16 available channels is used. Five
triaxial accelerometers could therefore be used
in each measuring round.

The accelerometers are attached on top of the
exhaust system. To minimise the influence of
the extra mass loading the accelerometers are

evenly spread over the exhaust system in each
measuring round.

Using the AutoMAC, see figure 3, the chosen
measurement points are checked to avoid spa-
tial aliasing. The small off-diagonal terms in
the AutoMAC indicate that the chosen meas-
urement points sufficiently well describe the
modes in the frequency interval of interest.

Figure 3. The AutoMAC-matrix.

The quality of the experimental set-up is
further assured by a linearity check, a
reciprocity check and by investigating the
driving point Frequency Response Function
(FRF). Also the coherence of some arbitrary
FRF’s is investigated. All the quality checks
show satisfactory results. Due to the long and
slender geometry of the exhaust system
concerns may arise that the static preload
could have an undesired influence when the
system hang horizontally. To ensure that this
is not the case the exhaust system is also
hanged vertically and some arbitrary FRF’s
are measured. The difference in natural fre-
quencies is negligible between the two set-
ups and it is therefore concluded that the ini-
tial set-up is satisfactory.
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I-DEAS Test [9] is used to acquire the FRF’s.
The FRF’s are exported to MATLAB [10]
where they are analysed using the experimental
structural dynamics toolbox developed by
Saven Edutech AB [11]. The poles are
extracted in the time domain using a global
least square complex exponential method. The
residues are found using a least squares
frequency domain method. To improve the
quality of the extracted modal parameters only
data in the y- and z-directions are used. To
get as good fit as possible the curve fitting
procedure is conducted in two steps; first in
the interval 5-90 Hz and then in the interval
90-150 Hz. Above 150 Hz no significant
modes are found.

SIMPLIFICATIONS AND CORRELATION
Determining the natural frequencies of the
mufflers and the catalyst experimentally it is
seen that no significant local modes are present
in the frequency interval of interest. This was
also found by Verboven et al. [3]. Therefore
the modelling of the mufflers and the catalyst,
which are responsible for most of the model
size in the initial FE-model, can be
significantly simplified. The mufflers and
the catalyst are modelled by lumped mass
and mass moment of inertia elements. The
properties of these elements are obtained
from the original FE-model. If more
suitable in a general case these properties
can also be obtained directly from the CAD-
model or experimentally. The lumped mass
and mass moment of inertia elements are
connected to the beam elements representing
the pipes by rigid elements.

The natural frequencies of the pipes are also
investigated experimentally. No significant
ovalling modes are found in the frequency
interval of interest, which confirms the

validity of modelling the pipes by beam
elements.

To simulate the flexibility in the welded
connections between the pipes and mufflers/
catalyst short beam elements with individual
stiffness properties are used. These stiffness
properties are updated so that the difference
between theoretical and experimental results
is minimised. The updating procedure is
performed in ABAQUS [12], since this
software is more suitable for this purpose. A
sensitivity analysis is performed to sort out
those properties that influence the result the
most. These stiffness properties are used in the
optimisation procedure. Since updating the
stiffness properties manually is both time
consuming and difficult this is done by an
optimisation procedure. The MATLAB
Optimization Toolbox [10] is used for this
purpose. A constrained optimisation is
performed to minimize the difference between
theoretical and experimental natural frequencies.
Constraints are used on the correlation between
the experimental and theoretical mode pairs,
using the MAC-matrix.

The updated FE-model has approximately 200
nodes. Thus a reduction of over 90 % compared
to the initial FE-model is obtained. Simplifications
of this type are important if direct time
integration becomes necessary for the non-linear
dynamics analysis of the complete system. It is
also important when a large number of
simulations are necessary for overall exhaust
system lay-out optimisation.

The FE modes are calculated without
consideration of damping and are therefore
real-valued. To be able to compare these
modes with the modes obtained experimentally,
which are complex due to damping, the
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experimental modes are converted into real-
valued modes.

RESULTS AND DISCUSSION

To correlate the mode shapes from the updated
FEmodel and the experimental modeshapes a
MAC-matrix is calculated, see figure 4.

Figure 4. The MAC-matrix.

Except for mode nine and ten the diagonal
MAC-values are above 0.85, which indicates
good correlation. All the off-diagonal terms
in the MAC- matrix are below 0.2. This indi-
cates that the different mode shapes are non-
correlated. A comparison between experi-
mental and theoretical natural frequen-cies is
shown in figure 5. The 45- degree line repre-
sents perfect matching. The crosses indicate
the frequency match for each correlated mode
pair. The maximum difference in correspond-
ing natural frequencies is below four per cent.
The small and randomly distributed scatter
of the plotted points is normal for this type of
modelling and measurement process [13].

150
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Figure 5. Theoretical and experimental
natural frequencies.

The results are summarised in table 1. The
damping values are given as the fraction of
critical damping and the correlation value is
the relative difference between experimental
and theoretical natural frequencies. Above
150 Hz no significant modes are found.

Table 1. Results.
Mode % C°"(e,,z")“"“n MAC
Frequency (Hz) Damping (%) | Frequency (Hz)

1 10.9 032 10.9 0.24 0.95
2 12:9) 0.52 12.8 -1.0 0.93
3 349 0.49 35.8 26 0.88
4 36.4 0.30 36.9 13 0.85
5 59.1 0.69 57.3 -3.0 0.93
6 67.1 15 69.7 3.9 0.85
7 80.8 0.79 83.7 3.6 0.91
8 1 01 1.6 101 0.30 0.96
9 1 27 091 126 -0.60 0.64
10 1 39 2.3 135 -2.9 0.60

# Rounding off is not considered when calculating the correlation..
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CONCLUSIONS

A dynamics study of an exhaust system that
consists of a non-linear flexible joint and a
main part including pipes, mufflers and a
catalyst is presented. The good agreement
between the theoretical and experimental
modal analysis, as well as the satisfactory
results of the linearity check, implies, for
further dynamics studies, that the complete
system could be idealised into a linear sub-
system that is excited via the non-linear
flexible joint. It is also shown experimentally
that shell vibrations of the catalyst and
mufflers as well as ovalling of the pipes are
negligible in the frequency interval of interest.
This implies that the pipes could be modelled
by beam elements and that the other
components within the linear sub-system
could be modelled by lumped mass and mass
moment of inertia elements. The mass and
inertia properties can be obtained either from
a CAD-model or experimentally. An updating
procedure for obtaining connection flexibility
properties of the simplified component models
is described. Updating these properties
manually is time consuming as well as
difficult. Thus an optimisation of these
properties using a numerical optimisation
procedure is performed. The agreement
between results from the updated FE-model
and the experimental investigations is very
good. This implies that such simplified
modelling is a valid approach and it may turn
out important in coming non-linear analyses,
since such analyses are often computationally
expensive.
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