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Hur far man kunskap om vibrationer?

SVIB édr en forening for enskilda personer
som har intresse for vibrationsfragor. Infalls-
vinklarna dr méanga for att bli intresserad av
vibrationer. Mycket pengar stér att vinna el-
ler spara om maskiner eller byggnader inte
vibrerar sonder eller om pro-
duktionshastigheten kan 6kas
utan att vibrationer begréinsar.
Stort personligt lidande kan bli
foljden av vibrationsskador pa
ménniskor. Stort vilbefinnan-
de kan skapas av vibrationer i
en Stradivariusfiol.

Hur far man kunskap om vi-
brationer? Jag har lart mig pa
flera olika sitt.

Jag laste pa kurser pa avdel-
ningen for byggnadsakustik,
sedermera teknisk akustik, pa
Chalmers. Det var kurser i teknisk akustik,
bullerbekdmpning och mitteknik. Aven i
héllfasthetslaran kom vi in pa vibrationer.
Mitt forsta jobb var pa Fléktfabriken i Vax-
jO. Dir fick jag ibland dimensionera vibra-
tionsisolering och méta och analysera vibra-
tioner. Jag maste sjdlv soka information och
utbilda mig i uppdragen. Jag hade hjilp av
Fléakts projekteringshandbok, Bahco ljud-
kompendium, skrifter frén Briiel & Kjeer,
General Radio och andra instrumenttillver-
kare, skrifter fran Trelleborg och andra vi-
brationsisolatortillverkare. Ingenjorsinrikta-
de textbocker sdsom Beraneks ”Noise and
vibration control” och Harris ”Shock and
vibration handbook”. Jag fick ocksa hélla
utbildning i ljud och vibrationer for Flaktin-
genjorer fran hela vérlden. D4 larde jag mig
mycket. Jag gick en kurs om vibrerande kon-
struktioner i Link&ping. Sammanstéllning av

kunskap fran artiklar i tidskrifter som Jour-
nal of Sound and Vibration har jag funnit
varit ett bra sétt att dteranvanda andras kun-
skap. Jag arbetade ocksa pa Gotaverken Fo-
retagshdlsovard. Det var 1979 — 1980. Da
hade vi ett projekt fér Arbe-
tarskyddsfonden ihop med
Per-Ake Berg pa Ingemans-
son. Vi var pé en konferens i
samband med Arbetsmiljo-
missan pd Elmia och dér vi-
brationsskador i hdnder och
armar behandlades.

Jag blev doktorand och assis-
tent pa avdelningen for bygg-
nadsakustik pa Chalmers. Jag
fick anledning att luslésa text-
bocker sasom Cremer, Heckl
& Ungars ”Structure-borne
sound”, Fahys ”Sound and
structural vibration”, Bendat & Piersol Ran-
dom data, Bendat & Piersol Engineering
Applications of Correlation and Spectral
Analysis, med flera. Jag gick ocksé Institute
of Sound and vibrations kurs i Noise con-
trol.

I mina senare jobb pa Akustikbyrén, SSPA
Maritime Consulting och Ingemansson Tech-
nology har jag fortsatt att lira mig for att
16sa vibrationsproblem. SVIB har varit be-
tydelsefullt. Skandinaviska Vibrationsforen-
ingen har varit viktigt for min utveckling pd
flera sitt. Jag har deltagit i flera symposier,
Vibrationsdagar och temadagar bade som
deltagare och foreldsare. Pa triffarna har jag
traffat och lart kénna personer som jag sena-
re kunnat stilla fragor till. Var tidning SVIB-
Nytt har haft flera artiklar som gett mig mer
vibrationskunskap.
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Skandinaviska Vibrationsféreningen har un-
der ménga 4r bidragit till informationssprid-
ningen. Det har vi framforallt gjort genom
symposier, temadagar, Nordic Vibration Re-
search, Vibrationsdagen och tidningen. Till-
stdllningarna dr mycket uppskattade, vilket
inte minst marks genom att deltagarantalet
inte sviktar. Frén juni 2004 till maj 2005 har
280 medlemmar och andra deltagit i vira fem

konferenser. Det &r jag stolt 6ver.n

Martin Almgren

Ordforande Skandinaviska Vibrationsfor-
eningen SVIB

e-post: martin.almgren@ingemansson.se

Maskinvibrationer i detta nr av
SVIB-nytt

John Niemkiewicz, Maintenance and Diag-
nostic, USA, lét publicera en artikel I Aca-
demic Press, 2001 med titeln ”Standards for
vibration of machines and measurement pro-
cedures”. Jag har sen jag fick hora talas om
det forsokt fa tillstdnd att publicera artikeln
1 SVIB-Nytt men hindrats av forlagets upp-
hovsrétt men nér jag senast triffade John sa
han att han nu kénde sig oforhindrad att 14ta
oss nordbor fa ta del av innehdllet sedan han
annu inte fatt betalt.

Han var noga med att papeka att Paul H.
Maedel, Jr varit medforfattare till artikeln.
Paul som hunnit g& bort under tiden hade
varit ordférande i den amerikanska kommit-
tén for maskinvibrationer och en ihérdig fo-
resprikare for arbetet med framtagning av
metoder att bestimma vibrationsnivier en-
ligt de beskrivna ISO-metoderna.

I Japan hade samtidigt Hiroshi Kanki, Dept.
of Mechanical Engineering Kobe Universi-
ty, forfattat en ”Guidance for Selecting Vi-
bration Evaluation Methods - Shaft Vibra-
tion or Bearing Vibration” och avsikten dr nu
att jdmka ihop dessa bada dokument och
publicera dom som en Teknisk Rapport.
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Guidance for Selecting Vibration Evaluation Methods

- Shaft Vibration or Bearing Vibration

Hiroshi Kanki
Dept. of Mechanical Engineering Kobe University
Rokkodai 1-1, Nada-ku, Kobe 657-8501, Japan
Tel.: +81-(0)78-803-6140Fax: +81-(0)78-803-6155

ABSTRACT

Many standard for evaluation of vibration of
rotating machinery have been developed and
successfully applied in industries.

The standards are consisted by two typical
methods, one is shaft (rotating part) vibra-
tion measurement and the other is bearing
housing (non rotating part) vibration measu-
rementIeI7,

The both measurement method have merits
and demerits for application. However, the
both standard were already fully established,
the users of the standard must often discuss
on the selection of the measuring methods.

This paper offers the guideline to solve this
problem.

The contents of this paper have been prepa-
red for establishing new ISO standard and
will be used for assisting vibration engineer
to select the vibration measuring method for
actual rotating machines.

1. Introduction

Many standard for evaluation of vibration in
rotating machinery such as ISO standard
have been developed and successfully app-
lied in industries. The standards are consis-
ted by typical methods, one is shaft (rotating

part) vibration measurement and the other is
bearing housing support (non rotating part)
vibration measurement.

The both measurements methods are fully
established and useful for all machines. Ho-
wever, the methods have merits and deme-
rits for individual applications. Then, the
users of the standard must often discuss on
the selection of the methods.

This study is for give guidance to select the
method.

2. Terms and definitions

The terms and definitions given in ISO 1925
and 2041 apply.

The following additional terms are used in
this paper.

Shaft absolute vibration: Vibration measu-
red on rotating shaft from absolute space (co-
ordinate) This valve is usually obtained from
seismic contact prove or addition of pedestal
vibration and shaft relative vibration.

Shaft relative vibration: Vibration measured
from bearing to shaft.

Pedestal (bearing support structure) vibra-
tion: Vibration of bearing housing (support
structure)
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Dynamic stiffness of bearing: Dynamic stiff-
ness of bearing part (oil film etc)

Jid@) +ec@a O

Dynamic stiffness of pedestal (bearing sup-
port structure): Dynamic stiffness of pede-
stal to foundation.

3. Basic relations for rotating shaft and
pedestal vibration

3.1 Basic components to be considered for
vibration evaluation

The basic components to determine vibra-
tion characteristics of rotor-bearing-pedestal
system are illustrated in figure 1. A simpli-
fied dynamic model is shown on the right
side of the figure.

Figure 1 shows the simplified model based
on equation (7) and equation (8) in chapter
3.3.

3.2 Basic relation of components characteristics
for vibration response

The following 3 component characteristics
pay an important role in determining the vi-
bration response of the rotor bearing system.

(1) Rotor Flexibility
(2) Bearing Dynamic stiffness
(3) Pedestal Dynamic stiffness

We consider the basic points to be conside-
red for evaluating rotating shaft vibration and
pedestal vibration. The evaluation of mach-
ine vibration is done based on the following
two points.

(1) Dynamic force transmitted to bearing.

(2) Relative displacement to evaluate clea-
rance between rotor and non rotating part.

Dynamic force for evaluating bearing relia-
bility is measured by two methods.

One is measurement of pedestal vibration.

Farce
Xy = — == .2
Pedestal dynamic stiffness 2,

This factor is evaluated using ISO 10816 as
vibration of non rotating part.

The other factor is the measurement of shaft
relative vibration.

Force _ E . (3)

¥ Bearing dynamicstiffness  Z,
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The shaft absolute vibration is the sum of pedestal vibration and shaft relative vibration.

Form et Xy = F F _ F Farce
w=Xat Xp =7 =77, T B ~ - stifness (@
Ze & (L1%2 Equivalent bearing dynamic stiffiess
Zy ey

The only error in equation (3) and equation (4) is in the shaft displacement at the measured
plane which has an additional displacement from the bearing center because of shaft ben-
ding deformation and distance between measurement plane and bearing center plane as
shown in figure 2. It is found that is negligible for relatively stiff rotors. A small value which
represents the shaft deformation effect needs to be added to equation (3) and equation (4) for
very flexible rotors.

The various vibrations are summarized in Table 1.

Unbalance MR
Rotor
KR
\ / _—
Bearing C1 K1
'“l \ [' mp
a —~ 15
Pedestal Co = K2
(bearing support)

Figure 1. Basic Components of Rotor-Bearing-Pedestal System
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Figure 2. Sensor Location Error Example

RIGID ROTOR FLEXIBLE ROTOR

Pedestal Vibration I\?y ‘fr
Shaft Relative Vibration )?B )?B + }ff
Shaft Absolute Vibration f}, + Xy )?p + & g+ )Z'f

Table 1. Relation of Vibrations

3.3 Representation of Dynamic Stiffness of Bearing and Pedestal (Bearing Support)

Generally the bearing dynamics are represented by the following matrix form.

Jiad W Epd ik Fabed W B
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Except for low viscosity lubricant bearing such as water lubricated bearing, mass effects can
be neglected. The model is simplified as equation (6).

| &

Ca Cgullz] [kn E | Fa

e -
. ...(6
Con Cy LY k.w k}:}' b 7, (©)

Except the sleeve type journal bearing, cross terms will be neglected, then the model that
takes the simplified form of equation (7). Even for the sleeve type journal bearing, a similar
simplified presentation form is possible for limited application such as unbalance response
estimation.[]

Co 0 T2] (ke 0Tz [7,

s =
0 CPJ' ¥ 0 .5‘:'}5, ¥ F}, . 47)

The dynamic characteristics of the pedestal are also presented by the similar way. A
simplified analysis of the dynamic characteristics of the pedestal can be done based on
equation (8).

N S M W

34 CharaCterIStICS Of bearmg dynamIC StlffneSS plng Values are almost constant for Varying
rotating speed and exciting frequency as

The dynamic stiffness of the bearings de- : : e
shown by the horizontal lines in Figure 3.

pends on bearing type. The dynamic stiff-
ness of the bearings must be evaluated for () Tilting pad type oil film bearing
two characteristics. One is the speed depen-
dence characteristic while the other is exci-
tation frequency dependence characteristic on
the selected rotating speed.

The tilting pad type oil film bearing has simp-
le characteristics. Speed effects dynamic stiff-
ness and smooth characteristics for excita-

] tion frequency as shown in Figures 3 and 4.
(1) Rolling element bearings ) ] )

) ] ] This type of bearing has stable characteris-
High stiffness depends on load while low  tics and moderately good damping capacity.
damping is typical characteristic of rolling . .
element bearings. The stiffness and dam- (3) Sleeve type oil film bearing
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The Sleeve type oil film bearing has special
complex characteristics. Speed dependent
dynamics are similar to those of the tilting
pad bearing. However, dynamic stiffness for
excitation frequency at specified speed has
complex characteristics especially for mar-
ginal stability limit. On such a condition we
can find very low dynamic stiffness at about
half rotating frequency as shown in Figure
412,

As a summary, rolling element bearing has
high stiffness and low damping independent
to speed. Tilting pad bearing has moderate
stiffness and damping. Sleeve bearing has
moderate stiffness and damping for rotating
speed component. However, it has very com-
plex excitation frequency dependence and
which lead direction dependent characteris-
tics.

Then

Stiffness

Rolling element bearing > Tilting pad
bearing > Sleeve bearing

Damping

Sleeve bearing > Tilting pad bearing >
Rolling element bearing

Complex stiffness on 1/2 rotating speed

Rolling element bearing > Tilting pad
bearing > Sleeve bearing

(almost zero on stability limit)

il film bearing

log(z)

Rolling element
bearing

104

—_—

Rotating spead

Figure 3. Speed Dependent Characteristics of Bearing Dynamic Stiffness
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i
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Figure 4. Frequency Dependent
Characteristics of Bearing Dynamic
Stiffness

3.5 Pedestal dynamic stiffness

Dynamic stiffness of structures under bea-
ring have several type as shown in Figure 5.

The most simple case is spring and small
damping.

Most of the pedestals are represented by a
mass-spring damper system.

The complex stiffness supporting bearing has

Dynamic Si8ress Pedastal
| i

T K ocanst

_\]lll:-"} \\/ | \;f’/\lr'

very complex frequency dependent characte-
ristics. They have many natural frequencies
and mode shapes. Large response will be ob-
served at these natural frequencies.

The large bearing vibration can be observed
at the resonance of bearing support. Howe-
ver, the shaft relative vibration will not be
significantly high even on the speed.

M

il T Kl

i 2
n"f Fraquency dependent -
! q

! characterighcs

—= FroquiEncy

Figure 5. Dynamic Stiffness of Bearing Support
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4. Dynamic stiffness of bearing part 77
1~2

combined with pedestal. ol

r ...09). 1
o . AR A |
The total dynamic stiffness has characteris-
tics of series spring as shown in Figure 6 in
simplified form,

10 |
|
10 |
N {
||N 08 |
L ooa
03 t
£ o \ i
Eé T Rigid Pedestal
'g Soft Pedestal
£ g5 Pedestal Vibration Measurement
n] * . —
] { |
& Absolute Shaft Vibration Measurement 5
. hatt Relative Vibration Measuremant
i i
01 1.0 10 100

——» The Rativ of Dynamic Stiffness (Pedestal ! BearingiZ2Z1)

Absuolute Shalt Vibraton

o
E=1

Do

vibration Ratic (Shaft { Absclute Shaft)

The ratio of Dynamic Stifiness {F tal f Baaring)

Figure 6. Shaft Relative Vibration Ratio
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5. Guideline for selecting the
appropriate Vibration Standard for a
specific machinery classification

5.1 General

Based on the knowledge described in the fol-
lowing chapter, the guideline is shown in
Figure7.

The guideline is composed of two check
points.

One is the check of the shaft displacement
from journal center which represent the dis-
tance effect of measuring point distance from

( )is
typical Machine

@<5 (a<1)

Check the Pedestal / bearing
Stiffness ratio

journal center plane. In case of very flexible
rotor, the error will be significant value. It is
not so dominant in usual rotor bearing sys-
tem.

The other important point is ratio of stiff-
ness between pedestal and bearing which
determine the ratio of shaft relative vibra-
tion by pedestal vibration.

The criteria are determined by the data base
of existing machines and existing vibration
criteria of each machine type. Figure 8 is the
diagram to evaluate the dynamic stiffness
ratio of pedestal and bearing. The actual ex-
amples are shown in section 5.2

| Bynamic Stiffness of Pedestal
Dynamic Stiffness of Bearing

oz>-;-(a>1)

| %_<a< 5 (%< o<3)

Non Rotating Shaft Absolute Shaft Relative
Part Vibration Vibration Vibration
1 J
|ISO10816 l 1ISO7919 l
| 1S0O10816-1 | 18079191
General guidelines General guidelines
15010816-2 1807919-2

generator sets
1S010816-3

1SC10816-4

18010816-5

Figure 7. Flow Diagram 1SO10816-6

for Evaluation of Machine
Vibration

Large Land-based steam turbine

Industrial machine

Gasturbine driven sets

Machine sets in hydraulic power
generating and pumping plants

— Reciprocating machine

|~ Large Land-based steam turbine
generator sets

1SO7918-3
— Coupled industrial machines

I1SO7919-4
— Gasturbine sets

1SO7918-5
— Machine sets in hydraulic power
generating and pumping plants

“In case of large deformation of shaft
between bearing and measuring
plane, shaft measurement will be
necessary.

See Figure 2.
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5.2 Typical value of dynamic stiffness for bearings vibration measuring method. Table 2 gives
and pedestals the example guideline for the selection.

Figure 9 shows typical examples of dynamic
stiffness for bearings and pedestals. The fi-
gure gives useful information for selecting a
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Figure 8. Dynamic Stiffness Ratio Diagram
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. Dynamic Stiffnessof Pedestal ISO ISO
St - Dynamic Stiffnessof Bearin 10850 Liged
: Y € | (Pedestal) | (Shaft)
High Pressure Turbine 3 moderate good
Low Pressure Turbine 1.5 moderate good
Large Generator 1.5 moderate good
High pressure Centrifugal 5 not good good
compressor
Large Fan 2/3 good moderate
Small Fan & Pump 1/3 : good moderate
Vertical Pump 1/10 good not good
Reference .
1S07919-118010186-1 ‘
Large Steam Turbine 1.5+3 moderate good
Generator :

Table 2. Selection Guideline
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6. Alternative method for selecting the
vibration standards

The guideline presented in chapter5 is con-
venient for designer of rotating machinery.
However, the most of the field engineer will
not be able to know the dynamic characte-
ristics of bearing and pedestal. On the other
hand, field engineer can access to the actual
machines. Then, this chapter propose alter-
native method based on data which will be
given by vibration measurement of existing
machine.

We can get the value of equivalent vibration
ratio for appointed dynamic stiffness ratio
shown in Figure 6. Table 3 shows the equi-
valent vibration ratio for selection of vibra-
tion measuring method.
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Vibration Ratiof Stiffness Ratiex in
Figure.8
i Pedestal Vibration Measurement >1(0.2) 0-1(5
Shaft Absolute Vibration Measurement 5-02 02-5
Shaft Relative Vibration Measurement <1(5) (0.2)1 -

Table3. Vibration Ratio Guidance

7. Conclusion

In this paper, the method is proposed to se-
lect the vibration standards for measurement
and evaluation of machine vibration.

The method is based on the consideration of
dynamic stiffness in the bearing part and be-
aring support or ratio of vibration of shaft
and bearing.

alvetec
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Standards For Vibration of Machines
and Measurement Procedures

Paul H. Maedel, Jr.

John Niemkiewicz

INTRODUCTION

A good Standard must represent a consen-
sus of opinion among a broad spectrum of
users, be simple to understand, be easy to
use, and contain no ambiguities or loopho-
les. Any Standard must also contain vital in-
formation that leads to common measure-
ment procedures and evaluations of data that
are compared with agreed-upon criteria.
Standards are intended to: (1) establish cri-
teria for rating or classifying the performan-
ce of equipment or material; (2) provide a
basis for comparison of the maintenance
qualities of pieces of equipment of the same
type; (3) test equipment whose continuous
operation is necessary for industrial or pu-
blic safety; (4) provide a basis for the selec-
tion of equipment or material; and, (5) esta-
blish procedures for the calibration of equip-
ment. Some Standards establish classifica-
tions for equipment that is being rated, and
indicate how measurements are to be made
and how the data, so obtained, are to be ana-
lyzed. They may also indicate how the equip-
ment is to operate during the test procedure.

This paper is mainly concerned with Stan-
dards related to Machinery Vibration and its
classifications.

STANDARDS ORGANIZATIONS AND
GROUPS

In the field of Vibration, the two recognized
international organizations are the Interna-
tional Organization for Standardization
(ISO), which is technology oriented, and the
International Electro-technical Commission
(IEC), which is product oriented. ISO and
the IEC make every attempt to coordinate
their respective Standards activities to avoid
duplication and discrepancies. These Orga-
nizations also work in cooperation with Na-
tional Standards Organizations in various
countries, such as: the American National
Standards Institute (ANSI) in the USA; the
British Standards Institute (BSI) in the UK
the Deutches Institut fiir Normung (DIN) in
Germany; the Austrian Standards Organiza-
tion (ON); the Danish Standards Association
(DS) in Denmark; Standards of Australia; and
so forth.

ISO and the IEC also work with Trade Asso-
ciations within countries that develop Stan-
dards to fit their unique requirements. For
example, in the USA the American Petrole-
um Institute (API), the Hydraulic Institute
(HI), etc., have patterned their own set of
Standards to satisfy their respective industry
needs. These Standards are established by the
consensus of users, customers, and manufac-
turers and their use is usually voluntary.
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Finally, Military Organizations in most
countries also develop Standards applicable
to their special requirements for procurement
and operation.

Vibration Standards activities in the ISO are
guided by Technical Committee 108, Mecha-
nical Vibration and Shock; and, Vibration
Standards activities in the IEC are guided by
Technical Committee 104. When individual
countries, trade groups or military organiza-
tions prepare their National Vibration Stan-
dards, most countries do so in accordance
with the comparable ISO or IEC Standards.

Since the IEC Standards are prepared pri-
marily by the equipment manufacturers, they
are a consensus of a common ground in
which these producers all agree to operate
within. However, the ISO committees are a
balance between the manufacturers and the
users, and therefore have a broader univer-
sal audience For this reason, and the fact that
it would be virtually impossible to include
all of the vibration Standards in existence in
all of the countries, within a reasonable spa-
ce and to do them justice, it has been deter-
mined that it would be most beneficial to the
larger audience that this paper focuses mainly
on the ISO Vibration Standards.

GENERAL MACHINERY VIBRATION
STANDARDS AND CRITERIA

In the development of Standards, it has been
found that machinery can be subdivided into
four categories for the purposes of vibration
measurement and evaluation:

1. Reciprocating machinery having both
rotating and reciprocating components, such
as diesel engines and certain types of com-
pressors and pumps. Vibration is usually
measured on the main structure of the mach-
ine at low frequencies.

2. Rotating machinery having rigid rotors,
such as certain types of electric motors, sing-
le-stage pumps, and slow-speed pumps. Vi-
bration is usually measured on the main
structure (such as on the bearing caps or pe-
destals) where the vibration levels are indi-
cative of the excitation forces generated by
the rotor because of unbalance, thermal bows,
rubs, and other sources of excitation.

3. Rotating machinery having flexible ro-
tors, such as large steam turbine generators,
multistage pumps and compressors. The
machine may be set into different modes of
vibration as it accelerates through one or
more critical speeds to reach ts service speed.
On such a machine, the vibration amplitude
measured on a structure member may not be
indicative of the vibration of the rotor. For
example, a flexible rotor may experience very
large amplitude displacements resulting in
failure of the machine, even though the vi-
bration amplitude measured on the bearing
cap is very low. Therefore, it is essential to
measure the vibration on the shaft directly.

4. Rotating machinery having quasi-rigid
rotors, such as low-pressure steam turbines,
axial-flow compressors, and fans. Such
machinery contains a special class of flex-
ible rotor where vibration amplitudes mea-
sured on the bearing cap are indicative of
the shaft vibration.

CLASSIFICATION OF SEVERITY OF
MACHINE VIBRATION

In the classification of severity of machine
vibration, the motion variable that is used
(displacement, velocity, or acceleration) de-
pends on the type of Standard, the frequency
range, and other factors. In classifying mach-
inery vibration in the range from 10 to 1,000
Hz, for example, vibration velocity is nor-
mally used because it is relatively indepen-
dent in this range, and thus yields a simple
measure of severity of a new operating mach-
ine.
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For simple harmonic motion, either peak or
rms values of the motion variable may be
used; however, for machines whose motion
is complex, the use of these two indices prov-
ides distinctly different results, mainly be-
cause the higher frequency harmonics are
given different weights. For rotating machi-
nery whose rotational speed is in the range
of 600 to 12,000 rpm, the rms values of the
velocity amplitudes correspond most closely
with vibration severity. Therefore, ISO has a
special measure, vibration severity, which is
defined as the highest value of the broadband

rms value of the velocity amplitude in the
frequency range from 10 to 1,000 Hz, as eva-
luated on the structure at prescribed points
(generally tri-axle arrays on the bearing caps
or pedestals).

MEASUREMENT PROCEDURES

Included in the ISO Standards are procedu-
res for measuring relative shaft-to-housing
signals, absolute measurements, and seismic
applications as shown in Figures 1, 2, and 3.

Local Signal
Conditioners

Figure 1: Schematic
diagram of relative motion
measurement system using
non-contacting transducers

Shaft

Non-Contacting
Transducers

/£\45° .
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(X)
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CONDITIONERS

REMOTE READOUT
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Figure 2: Schematic

diagram of absolute/
relative motion
measurement system
using a combination
of non-contacting and
seismic transducers
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Figure 3: Schematic
diagram of absolute motion /
measurement system

using shaft-rider mechanism
with seismic transducers

The transducers recommended and descri-
bed include displacement, velocity, and ac-
celeration; and, their mounted and un-moun-
ted ranges and limits of application, mag-
nitudes, and frequencies are included.

VIBRATION STANDARDS SUMMARIES

The following Sections contain brief descrip-
tions of the most prominent vibration Stan-
dards, either issued or in process. The first
Section contains broadband measurement
procedures and values, including: measure-
ments on non- rotating parts; reciprocating
machines; measurements on non-reciproca-
ting rotating shafts; and, machines having
gear units. Also considered are measurements
on machines with rigid and flexible rotors.
The second Section contains descriptions of
narrowband vibration condition monitoring
Standards that include spectrum analysis,
trending, and diagnostics.

Broadband Vibration Standards

Early ISO Vibration Standards were ISO
2372, 1SO 2954, and ISO 3945. These Stan-
dards have been superseded by the ISO10816
and 7917 Series described in the following
Sections. However, since these earlier Stan-
dards still contain useful information, they
are identified as References (1), (2), and (3).

N HACHIRE
STRUGTURE

¥y

——

<

Non-Rotating Parts

I1SO/10816/1, ”Mechanical Vibration -
Evaluation of Machine Vibration by Mea-
surements on Non-Rotating Parts, Part 1:
General Guidelines” provides general gui-
delines that describe procedures for the me-
asurement and evaluation of vibration based
on measurements made on the non-rotating
parts of the machine. This is Part 1 of a se-
ries of Standards that provide individual cri-
teria for each general Class of machine co-
vered, which are unique to those machines.
These criteria, which are presented in terms
of both vibration magnitude and change of
vibration, relate to operational monitoring
and acceptance testing.

This series of Standards has been written to
accomplish the following: (1) to cover the
broadband frequency range of both low and
high speed machines; (2) to set the vibration
criteria to include both the various operatio-
nal zones, irrespective of whether they are
increases or decreases; (3) to incorporate vi-
bration criteria through a worldwide survey;
and, (4) to include unique criteria and mea-
surement procedures for specific types of
machines.

The measure of vibration is broadband and
the frequency range is sufficient to ensure

To Signal Processing
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that the particular machine is adequately
covered, which depends on the type of mach-
ine under consideration. For example, the
frequency range necessary to asses the inte-
grity of a machine with rolling element bea-
rings should include frequencies higher than
those on machines with fluid film bearings.

In addition to vibration velocity measure-
ments, which were the primary criteria in
earlier Standards because they related to vi-
bration energy, the 10816 series also inclu-
des alternate criteria such as displacement,
acceleration, and peak values instead of rms,
as these criteria may be preferred for machi-
nes designed for extra low or high speed ope-
ration.

ISO/10816, Part 2: ”Guidelines for Land
- Based Steam Turbine Sets in Excess of
50 MW?” provides specific guidance for as-
signing the severity of vibrations measured
on the bearings or pedestals of large steam
turbine generating sets. Measurements at
such specified locations reasonably charac-
terize the overall state of vibration of these
machines.

The vibration measurement system should be
capable of measuring broadband vibration in
mm/s rms over a frequency range from 10 to
500Hz. If, however, the instrumentation is
also to be used for diagnostic purposes, or
for monitoring during machine run-up or
run-down, or overspeed, a wider frequency
may be required.

This Standard includes the vibration criteria
shown in Table 1 which is based on bearing
housing/pedestal vibration velocity amplitu-
de (mm/s, rms) for turbine generator sets
exceeding 50 MW, and with nominal speeds
of 1500, 1800, 3000, and 3600 rpm. The
values apply to in situ application under
steady state conditions. Zone A represents
new machines that can be operated without
restriction; Zone B is acceptable for long term
operation; Zone C represents machines that
may be operated for a limited time until a
suitable opportunity arises for remedial ac-
tion to be taken; and, Zone D is identified as
a trip level as these values are considered to
be of sufficient severity to cause damage.

Shaft rotational speed
Zone boundary in RPM
1500 to 1800 3000 or 3600
AB 2.8 3.8
B/C 5.3 7.5
CiD 8.5 11.8

Table-1: Recommended Vibration Velocity Levels (mm/s, Rms)
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1SO/10816, Part 3: ”Guidelines for Coup-

led Industrial Machines with Nominal Po-
wer Above 30 kw and Nominal Speeds bet-
ween 120 and 15000 rpm when Measured
in Situ” provides specific guidance for as-
sessing the severity of vibrations on bearings,
bearing pedestals, or the housings of coup-
led industrial machines when measured in
situ. This Standard covers the following
machines: steam turbines with power above
50MW, compressors, industrial gas turbines
with power up to 3 MW, pumps with power
up to 1 MW, generators, electric motors of
any type, and blowers with power greater
than 300 kw.

Significant differences in design, types of
bearings, and types of support structures re-
quire a division of this Standard into two
machinery groups, namely: (1) large machi-

nes with rated power above 300 kw, or elec-
trical machines with shaft heights over 315
mm,; and, (2) medium size machines with a
rated power above 30 kw up to and inclu-
ding 300 kw, or electrical machines with shaft
heights from 180 mm up to 315 mm. The
larger machines normally have sleeve bea-
rings and the range of operating or nominal
speeds is relatively broad with ranges from
120 rpm to 15,000 rpm.

Classification of the vibration severity zones
for large industrial machines with rated po-
wer from 300 kw to 50 MW (Group 1) are
shown in Table 2. Classification of the vi-
bration severity zones for medium size indu-
strial machines with rated power from 30 to
300 kw (Group 2) are included in Table 3.
The zone descriptions are the same as
in10816, Part 2.

Support class Zone Displacement Velocity
boundary pm rms mmfs rms
Rigid AB 37 2.3
BIC 72 4.5
C/D 113 71
Flexible AB 56 3.5
B/IC 113 71
C/D 175 11.0
Table-2 :Severity Zones for Large Machines (Group 1)
Support class Zone Displacement | Velocity
boundary pm rms mmfs rms
Rigid A/B 22 1.4
B/C 45 2.8
C/D 71 4.5
Flexible AB 37 2.3
B/C 71 45
CiD 113 7.1

Table-3: Severity Zones for Medium-sized Machines (Group 2)
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ISO/10816, Part 4: ”Guidelines for Gas
Turbine Driven Sets Excluding Aircraft
Derivative” provides specific guidance for
assessing the severity of vibrations measu-
red on the bearing housings or pedestals of
gas turbine sets.

This Standard applies to heavy duty gas tur-
bines used in electrical and mechanical drive
applications covering the power range abo-
ve 3 MW, and a speed range under load bet-
ween 3,000 and 20,000 rpm. Generally, the
criteria applies to both the gas turbine and
the driven equipment; however, for genera-
tors above 50 MW, the criteria of 10816, Part
2 should be used for assessing the vibration
severity. For compressors in the power range
from 30 to 300 kw, the criteria of 10816, Part

3 should be used for assessing vibration se-
verity.

The evaluation of zone boundaries based on
bearing housing/pedestal vibration for indu-
strial gas turbines is given in Table 4. These
criteria assume that the gas turbines incor-
porate fluid film bearings, and the vibration
measurements are broadband values taken
in situ under normal steady-state operating
conditions. This Standard encompasses
machines which may have gears or rolling
element bearings, but does not address the
evaluation of the condition of those gears or
bearings. The zone descriptions are the same
as in 10816, Part 2.

Shaft Fotational Zone Boundary
Speed (rpm) AR B/C C/D
3000-20000 4.5 9.3 147

Table-4: Evaluation of Zone Boundaries based on

Bearing Housing/Pedestal Vibration

1SO/10816, Part 5: ”Guidelines for Hy-
draulic Machines with Nominal Power
Above 1 MW and Nominal Speeds Bet-
ween 120 and 1800 rpm When Measured
in Situ” provides specific guidance for as-
sessing the severity of vibrations measured
on bearings, bearing pedestals, or housings
of hydraulic machines when measured in situ.
It applies to machine sets in hydraulic po-
wer generation, and pump plants where the
hydraulic machines have speeds from 120 to
1800 rpm, shell or shoe type sleeve bearings,
and main engine power of 1 MW or more.
The position of the line shaft may be verti-
cal, horizontal, or at an arbitrary angle bet-
ween these two directions.

This Standard includes: turbines and gene-
rators, pumps, and electrical machines ope-
rating as motors, pump-turbines, and motor
generators., including auxiliary equipment
(e.g., starting turbines or exciters in line with
the main shaft). The Standard also includes
single turbines or pumps connected to gene-
rators or electric motors over gears and/or
radially flexible couplings.

The recommended criteria values in mm/s,
rms vs. shaft rotational speed in rpm for hy-
draulic machines with nominal power above
1 MW, and nominal speeds between 120 and
1800 rpm are shown in Figure 4. The zone
descriptions are the same as in 10816, Part
2.
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Figure 4: Kecommended criteria values

ISO/10816, Part 6: "Reciprocating Mach-
ines With Power Ratings Above 100 kw”
establishes procedures and guidelines for the
measurement and classification of mechani-
cal vibrations of reciprocating machines. In
general, this Standard refers to vibration me-
asurements made on the main structure of
the machine, and the guide values are defi-
ned primarily to secure a reliable and safe
operation of the machine, and to avoid pro-
blems with the auxiliary equipment moun-
ted on the structure.

In the case of reciprocating machines, the
vibrations measured on the machine main
structure, and qualified according to this
Standard, may only give a rough idea of the
stresses and vibratory states of the compo-
nents within the machine itself. For example,
torsional vibrations of rotating parts cannot
generally be determined by measurements on
the structural parts of the machine. Based
on experience with similar machines, the da-
mage that can occur when exceeding the

guide values is sustained predominately by
the machine-mounted components (e.g., tur-
bo-chargers, heat exchangers, governors,
pumps, filters, etc.), connecting elements of
the machine with peripherals (e.g., pipeli-
nes), or monitoring instruments (e.g., pres-
sure gauges, thermometers, etc.).

This Standard generally applies to recipro-
cating piston machines mounted either rigid-
ly or resiliently with power ratings above 100
kw. The vibration criteria for different Clas-
ses of reciprocating machines are presented
in Table 5. The Class definitions are: 1- ba-
lanced opposed type rigidly mounted reci-
procating gas compressors; 2- multi-throw
type rigidly mounted reciprocating gas com-
pressors; 3- single-throw type rigidly moun-
ted reciprocating gas compressors; 4- No
example; 5 and 6 - industrial and marine
diesel engines (< 2000 rpm); and, 6 and 7 -
industrial and marine diesel engines (>
200kw). The zone descriptions are the same
as in 10816, Part 2.
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Vibration | Maximum Levels of Overall Vibration Machine Vibration Classification Number
Severity
Grade Displacement | Velocity Acceleration | 1 2 3 4 5 6 7
pm (rms) mny/s (rms) | m/s? (rms)
1,1
178 - 12 = e =
1,8
28.3 —— 178 —_ 27 —
2,8 A/B
“s | L, 442 |
45 710 _| 446 7.01 A/B
7,1 (&)
i QRS I L R % o
1 176 A/B
178 —— 112
18 279 C A/B
283  —— 178
28 D (& A/B
448 —— 282 —— 442 —
45 D A/B
710 —f— 446 — 70.1 4
71 D C
1125 07 | 11 i
112 D
1784 —— 112 —— 176 T e S
180

Table-5: Reciprocating Machinery Class
Definitions

Rotating Parts

1S0/7919/1, ”Mechanical Vibration of
Non-Reciprocating Machines - Measure-
ment on Rotating Shafts and Evaluation —
Part 1: General Guidelines” provides spe-
cific guidelines for vibration measurements
on the rotating members of machines. Such
machines generally contain flexible rotor-
shaft systems; and, changes in the vibration
condition may be detected more decisively
and more sensitively by measurements on
these rotating elements. Also, machines ha-
ving relatively stiff and/or heavy casings, in
comparison to the rotor mass, are typical of
those classes of machines for which shaft
vibration measurements are frequently pre-
ferred.

Machines such as industrial steam turbines,
gas turbines, and turbo-compressors, all of
which have several modes of vibration in
their service speed range; and, their respon-
ses due to unbalance, misalignments, ther-

mal bows, rubs, and the unloading of bea-
rings may be better observed by measure-
ments on the shafts.

There are three principle factors by which
the vibration level of a machine is judged,
namely: (1) bearing kinetic load; (2) absolu-
te motion of the rotor; and, (3) rotor clearan-
ce relative to the bearing. If the bearing ki-
netic load is of concern to ensure against
bearing damage, the vibration of the shaft
relative to the bearing structure should be
monitored as the over-riding criteria. If the
absolute motion of the shaft (a measure of
rotor bending stress) or rotor-bearing clea-
rance are of concern, the type of measure-
ment used depends on the vibration level of
the structure which supports the relative
motion transducer. Hence, if the vibration
level of this support structure is less than 20%
of the relative shaft vibration, the absolute
shaft vibration must be measured; and, if this
is found to be larger than the relative shaft
vibration, then this will be the more valid
measurement. The rotor clearance to the be-
aring must be monitored to ensure against
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rotor seal and blading rubs which can cause
rotor or blading failures.

The shaft vibrations of machines, measured
close to the bearings, are evaluated on the
basis of two criteria:

a) Criterion 1: The reliable and safe run-
ning of a machine under normal operating
conditions requires that the shaft vibration
displacement remain below certain limits
consistent with, for example, acceptable ki-
netic loads and adequate margins on the ra-
dial clearance envelope for the machine.
Generally, this criterion is taken as the basis
for the evaluation of a new machine, in the
absence of any other established knowledge
of the satisfactory running characteristics for
a machine of that type.

b) Criterion 2: Changes in shaft vibration
displacement, even though the limits in a)
are not exceeded, may point to incipient da-
mage or some other irregularity. Consequent-
ly, such changes relative to a reference value
should not be allowed to exceed certain li-
mits. If this reference value changes by a sig-
nificant amount, and certainly if it exceeds
25% of the reference level, steps should be
taken to ascertain the reasons for the change
and, if necessary, appropriate action taken.
In this context, a decision on what action to
take, if any, should be made after considera-
tion of the maximum value of vibration, and
whether the machine has stabilized at a new
condition.

ISO Standard 10817, Part1 describes the sen-
sing device (transducer), signal conditioning,
attachment methods, and calibration proce-
dures for instrumentation to measure shaft
vibration.

ISO 7919, Part 2: ”Guidelines for Large
Land-Based Steam Turbine-Generating
Sets” provides the special features required
for measuring shaft vibrations on the coup-
led rotor systems of steam turbine-genera-
ting sets for power stations, having rated

speeds in the range of 1500 to 3600 rpm,
and power outputs greater than 50 MW. Eva-
luation criteria, based on previous expe-
rience, are presented which may be used as
guidelines for assessing the vibratory condi-
tions of such machines.

The vibration levels specified here define four
quality zones for both relative and absolute
shaft vibration measured at, or close to, the
main load-carrying bearings, at rated speed
and under steady state conditions. Higher le-
vels of vibration can be permitted at other
measuring positions and under transient con-
ditions, such as start-up and run-down (in-
cluding passing through critical speed rang-
es).

The recommended shaft vibration amplitu-
de values for large steam turbine-generator
sets, in micrometers peak-to-peak measured
relative to the bearings, are shown in Table
6 for relative shaft to bearing vibrations, and
in Table 7 for absolute vibrations. In both
Tables, Zone A represents new machines that
can be operated without restriction; Zone B
is acceptable for long term operation; Zone
C represents machines that may be operated
for a limited time until a suitable opportun-
ity arises for remedial action to be taken; and,
Zone D is identified as a trip level as these
values are considered to be of sufficient se-
verity to cause damage.

Zoneboundary | Shaft rotational frequency r/min
1500 1800 3000 3600
Maxzimum shaft relative displacement
A 100 90 30 75
B 200 185 165 150
C 320 290 260 240

Table-6: Relative shaft to Bearing
Vibrations
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Zoneboundary | Shaft rotational frequency rfmin
1500 1800 3000 3600
Maximum shaft absolute displacement
120 110 100 90
B 240 220 200 180
c 385 350 320 290

Table-7: Absolute Vibrations

ISO 7919, Part 3: ”Guidelines for Coup-
led Machines” are given for application of
shaft vibration evaluation criteria measured
close to the bearings under normal operating
conditions. These guidelines are presented
in terms of both steady running conditions,
and any changes that may occur in these
steady values. This Standard applies to coup-
led industrial machines with fluid film bea-
rings, comprising: turbo-compressors, turbi-
nes, turbine-generators, and electric drives,
all having maximum rated speeds in the
range of 1,000 to 30,000 rpm, and powers
between 30kw and 50 MW,

The numerical values specified in Figure 5
are not intended to serve as the only basis
for acceptance specifications. In general, the
vibratory condition of these machines is usu-
ally assessed by consideration of both the
shaft vibration and the associated structural
vibration. As a result, this Standard should
be used in conjunction with 10816, Part 3.

The zone descriptions of Figure 5 are the
same as in 7919, Part2.
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Figure 5: Recommended vibration
amplitude values for coupled machines

ISO 7919, Part 4: ”Guidelines for Gas
Turbines” applies to industrial gas turbine
sets (including those with gears) with fluid
film bearings, power outputs greater than 3
MW, and shaft rotational speeds from 3,000
to 30,000 rpm. Aircraft type gas turbines are
excluded, since they differ fundamentally
from industrial gas turbines, both in the ty-
pes of bearings (rolling element), and in the
stiffness and mass ratios of the rotors and
support structures. Depending on the cons-
truction and mode of operation, there are
three types of industrial gas turbines: (1)
single-shaft constant-speed; (2) single-shaft
variable-speed; and, (3) gas turbines having
separate shafts for hot-gas generation and po-
wer delivery.

Guidelines are given in Figure 6 for the app-
lication of shaft vibration criteria measured
close to the bearings of industrial gas turbi-
nes under normal operating conditions. The
zone descriptions are the same as in 7919,
Part 2.
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Figure 6: Recommended shaft vibration
amplitudes for gas turbines

ISO 7919, Part 5: ”Guidelines for Hydrau-
lic Machine Sets” lists the special features
required for measuring shaft vibrations on
coupled hydraulic sets. This Standard app-
lies to all types of hydraulic machines ha-
ving nominal speeds between 60 and 3600
rpm, with fluid film bearings and rated po-
wers of 1 MW or more. These machines may
consist of turbines, pumps, pump-turbines,
generators, motors, and motor-generators,
including couplings, gears, or auxiliary
equipment in the shaft line. The position of
the shaft may be vertical, horizontal, or at
an arbitrary angle between these two direc-
tions.

The guidelines are given for the application
of shaft vibration criteria as measured close
to the bearings of coupled hydraulic sets,
under normal operating and steady state con-
ditions, and any changes that may occur in
these steady values. The numerical values
specified in Figure 7 present rotor displace-
ments relative to the bearings in microme-
ters peak-to-peak vs. shaft rotational speed
in rpm. The zone descriptions are the same
as in 7919, Part 2.
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Figure 7: Recommended shaft vibration
amplitudes for hydraulic machine sets

Gear Units

ISO 8578, ”Acceptance Code for Gears,
Part 2: Determination of Mechanical Vi-
bration of Gear Units During Acceptance
Testing” provides a method for determining
the mechanical vibration of enclosed gear
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units which are individually housed. This
Standard applies to a gear unit under test and
operating within its design speed, load, tem-
perature range, and lubrication specifications
for acceptance testing. Two types of vibra-
tion measurements are made on gear units
that operate with oil-film journal bearings:
(1) shaft vibration; and, (2) housing vibra-
tion.

Proximity-type transducers are usually used
to measure the peak-to-peak value of the
shaft’s displacement relative to the housing,
in the frequency range from 0 to 500 Hz. The
transducers are located as close as practical
to a bearing; and, the measurements should
be made in three orthagonal directions, one
of which is parallel to the shaft axis. Only
one axial transducer per shaft is necessary.
The housing vibration is measured with a
seismic transducer in the frequency range
from 10 to 10,000 Hz. A classification sys-
tem for gear boxes on the basis of shaft dis-
placement and housing velocity measure-
ments is given in Figures 8 and 9.

VIBRATION STANDARDS

RMS VELOCITY AMPLITUDE, MM/S
B

1 20 0 € 80100 400 600 800 (000

6
FREQUENCY, HZ

Figure 9: Gear housing vibration
amplitudes

This Standard also provides a subjective ass-
essment of the acceptable vibration rating for
typical applications during acceptance tes-
ting at the manufacturer’s facility. The vi-
bration of a properly manufactured gear unit
will vary according to the particular design,
size, and application. For example, what may
be perfectly suitable for alarge low-speed mill
drive may not be acceptable for a precision
high-speed or marine drive; and, what may
be acceptable for a precision high-speed drive
may be unjustifiably expensive for a low-
speed drive. Therefore, care must be taken
when applying a given grade as an accep-
tance criterion. Figure 10 gives subjective le-

. vels of vibration for typical gear applications.
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Figure 10: Subjective gear ratings
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VIBRATION CONDITION MONITORING
AND DIAGNOSTICS

ISO 13373, ”Condition Monitoring and Di-
agnostics of Machines - Vibration Condi-
tion Monitoring - Part 1: Guidelines for
Condition Monitoring of Machines” inclu-
des the general guidelines for the measure-
ment and data collection functions necessa-
ry for the vibratory assessment of machinery
vibration for condition monitoring and di-
agnostics. It is intended to promote consis-
tency of the measurement procedures and
practices, with concentration on rotating
machines. The Standard is applicable to all
types of rotating machines and sizes. It also
describes the types of typical monitoring sys-
tems (permanent, semi-permanent, and por-
table); and, the various methods of data col-
lection (continuous or periodic).

The measurements and the transducers des-
cribed are selected to provide the taking of
data for recording and trending purposes
(condition monitoring), and for discrete fre-
quency analysis for the purposes of diagnos-
tics. The trending guidelines include track-
ing the vibration levels and the frequencies
of data collection; and, how these frequen-
cies may change with changes in the vibra-
tion levels, and their rates of changes. A ty-
pical frequency spectrum is shown in Figure
11 which can be used for diagnostic purpo-
ses. It can also be used for discrete frequency
trending.
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Figure 11: Frequency spectrum

Recommended ranges for displacement, ve-
locity, and acceleration transducers are spe-
cified, as well as frequency ranges of opera-
tion. Figure 12 demonstrates the typical en-
velope ranges of velocity vs. frequency for
several type transducers.
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Figure 12: Dynamic ranges of various
velocity transducers

The Standard also includes guidance for
transducer resonant frequency characteris-
tics, and mounted frequency concerns.

The recommended transducer types and their
locations and directions for various type
machines are included in Annex A of the
Standard. Only Page 1 of Annex A, Table 8,
is included here for information purposes. It
is noted that the sizes of the machines usual-
ly indicate common construction characte-
ristics, such as fluid film vs. rolling element
bearings, and these considerations normally
dictate the type(s) of transducers recommen-
ded.
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ISO Standard
Machine Type Evaluation Parameters | Transducer Type Measurement Locations | Direction Reference Notes
Large Steam Turbine relative displ; d shaft at each bearing radial £45° | 7919-part2 1
Generator Sets with Fluid or or X&Y
Film Bearings. absolute displ & seismic d
combination
*Power Generation each bearing housing
velocity or acceleration | velocity transducer or accelerometer 10816- part 2
radial X&Y
shaft axial displ: oraxial | thrust collar axial Z
probe
phase reference and rpm | eddy current/inductive/optical Shaft radial
transducer
Medium and Small Industrial | relative displ d shaft at each bearing radial = 45° | 7919-part3
Steam Turbines with Fluid or X&Y
Film Bearings each bearing housing and
velocity or acceleration | velocity transducer or accelerometer | turbine housing radial X&Y 10816- part 3
*Mechanical Drive
«Power Generation shaft axial displ ds or axial thrust collar axial Z
probe
phase reference and rppm | eddy current/inductive/optical shaft radial
transducer
1" Orthogonal measurements at + 45 degrees are normally used for condition monitoring. Vertical and b 1 (X and Y) locations are ptable al

Table-8: Guidelines for Transducer
Applications for Various Type Machines
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Annex C of the Standard provides guidance regarding the most common causes of vibration,
lateral and torsional. Here again, only Page 1 of Annex C, Table 9, is included here for infor-

mation.

Cause

Characteristic Vibration
Frequencies

Remarks

Unbalance

1 X (once per revolution)

Changes in balance will give changes in the 1X vector.
Vibration will be highest when running speed coincides
with a rotor system critical speed. Significant vibration
phase change will occur when passing through critical
speeds. At a fixed speed vibration levels are constant.

Misalignment

1X, 2X, 3X

Various types and causes for misalignment are: angular;
parallel; foundation movement. The axial vibration
component may be as significant as the radial
component, particularly for geared systems.

Bearing Wear
- Oil film bearings

- Rolling element
bearings

40-50% of operating speed
or at the 1st rotor critical
speed

Various frequencies,
particularly high orders of
running speed and ball pass
frequencies

Excessive clearance due to wear, damage or improper
assembly can cause bearing oil film destabilizing forces
to act on the rotor. Vibration levels will be unsteady and
can quickly reach high magnitudes.

Vibration tends to be localized to the region of the
defective bearing. Vibration readings are usually
unsteady and increase with time.

Stiffness dis-symmetry 2X Vibration peaks when a 2X stimulus is coincident with a

(e.g., axial winding slots in rotor critical speed. At a fixed rotor speed vibration

generator/motor rotors) levels are constant. Compensating grooves are used on
large machines to minimize this stimulus.

Bent Rotor 1X, 2X, or higher orders If the rotor is bent near the coupling, a high 2X axial

(see also thermal dis- vibration is frequently observed. At a fixed speed, the

symmetry) rotor vibration levels are constant.

Cracked Rotor 1X, 2X, or higher harmonics | A growth in the 2X vector is an indication that the

growth of a transverse crack is getting critical. Changes
in the 1X or higher harmonic vectors can also occur.

Component Looseness in
Rotor

1X and harmonics of
running speed frequency

Vibration levels may be erratic and inconsistent between
successive start-stop cycles. Sometimes sub-harmonic
frequencies are also observed

Eccentric or non-circular
journals

1X and for non-circular
journals at harmonics of
running speed frequency

Vibration levels can be abnormal or excessive at low
rotor speeds as well as at rotor critical speeds. At a fixed
rotor speed, the vibration levels are constant.

Table-9: Most Common Causes of Lateral Vibration
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ISO 13373, Part 2: ”Processing, Analysis,
Diagnostics, and Display of Data for Vibra-
tion Condition Monitoring of Machines”
provides guidelines for processing vibration
data in the time and frequency domains, ana-
lyzing the vibration signatures, displaying the
data and applying the results of the analyses
to machinery vibration diagnostics. Different
techniques are described for different appli-
cations. Signal enhancement techniques and
analysis methods used for the investigation
of particular machine dynamic phenomenon
are included. Many of these techniques can
be applied to other machine types including
reciprocating machines. Standard formats for
the parameters that are commonly plotted for
evaluation and vibration diagnostic purposes
are given. These should be used for compu-
ter display screens and for hard copy presen-
tations (line printers, laser plotters, plotters).

The signal processing and analysis procedu-
res applied to vibration condition monitoring
are as varied as the processes to be monito-
red, the degree of certainty desired, the re-
sources available, etc. A well conceived con-
dition monitoring program will include the
consideration of many factors such as pro-
cess priority, criticality and complexity of the
system, cost-effectiveness, probability of va-
rious failure mechanisms and identification
of incipient failure indicators, etc. The Stan-
dard defines the appropriate process analy-
sis that dictates the types of data required to
suitably monitor and diagnose particular ty-
pes of equipment.

Stressed in the Standard is that the vibration
analyst should accumulate as much pertinent
information as possible about the machine
to be monitored. For example, knowing the
vibration resonant frequencies from design
and analytical information will provide an
insight regarding the vibration frequencies
anticipated, and, consequently, the frequen-
cy range that should be monitored. Also,
knowing the operating conditions tells the

analyst what the excitations will be. Other
advantages to this pre-test planning process
are that it provides guidance as to what ty-
pes of sensors are needed, where they should
be located optimally, what kind of signal con-
ditioning equipment is required, what types
of analyses would be most appropriate, and
what the relevant criteria are.

The basic signals from the displacement,
velocity, and accelerometer transducers are
recorded as amplitude vs. time, which is the
primary vibration signature, and this is ter-
med the ‘time domain’. The Standard then
proceeds to identify the conversion of the
analog signals to the more recent techniques
of digitizing the signals, which is done auto-
matically with present day analyzers. In this
manner, analog excursions are directly con-
verted to numerical values.

The next basic step addressed in the Stan-
dard is the process of applying the Fast Fou-
rier Transform (FFT) to the time signal to
obtain a frequency spectrum of the signal,
which identifies the amplitudes of the dis-
tinct repetitive frequencies that can be ana-
lyzed regarding their sources(s), and this is
called the ‘frequency domain’. This process
then leads to vibration analysis and diagnos-
tics which can determine the machine com-
ponent that is producing the dominant sig-
nal, and is therefore the likely candidate cau-
sing the machine problem.

Other factors pertaining to the signal proces-
sing in the Standard include: Beating; Mo-
dulation; Integration and Differentiation;
Crest Factor; Amplifiers; Filtering; Dynamic
Range; Real and Imaginary; Resolution;
Modulation; and aliasing.

The Standard identifies that the discrete fre-
quency peaks can result from a sine wave
representing the fundamental frequency of a
rotating shaft, or higher frequencies related
to blade pass, gear mesh, or rolling element
ball passing. Since these intelligent signals
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may be difficult to detect at times, due to noise
levels or other obscuring phenomenon, the
Standard contains many analysis techniques
that can be applied to help obtain the intelli-
gent diagnostic information, such as: Orbit
analysis; Bode Plots; Polar plots; Waterfall
(Cascade) plots; Zoom analysis; Campbell di-
agram; Cepstrum; Kurtosis; and others.

ISO 13373, Part 3 (To be published) ”Con-
dition Monitoring and diagnostics of mach-
ines — Vibration condition monitoring of
machines — Part 3: Diagnostic Techniques”
provides recommended Diagnostic procedu-
res for various machine types and compo-
nents, utilizing the Guidelines of ISO/13373,
Part 1, and the Analysis tools and techniques
included in ISO/13373, Part 2.
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Machine sets in hydraulic power generating
and pumping plants. (To be published)

17. ISO 10816-6, Mechanical vibration —
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Evaluation of machine vibration by measu-
rements on non-rotating parts — Part 6: Re-
ciprocating machines with power ratings abo-
ve 100 kW.

18. ISO 13373-1, Condition monitoring and
diagnostics of machines — Vibration condi-
tion monitoring of machines — Part 1: Gene-
ral Guidelines (To be published).

19. ISO 13373-2, Condition monitoring and
diagnostics of machines — Vibration condi-
tion monitoring of machines — Part 2: Proces-
sing, analysis and display of data.

20. ISO 13373-3, Condition Monitoring and
diagnostics of machines — Vibration condi-
tion monitoring of machines — Part 3: Diag-
nostic Techniques.(To be published).
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Med produkter, konsulttjdnster och utbildningar
hjélper vi Dig till kostnadseffektiva I6sningar for ett
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Nytt program med givare.
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Beteckning [SO 8041:2005 Faststalld 2005-04-06

Sprak Engelska Publicerad 2005-06-09

Pris 1.335,00 kr(146,85 ) Publiceringsform ISO standard

Nat. Titel

Int. Titel Human response to vibration — Measuring instrumentation

Beteckning SS-EN ISO 389-8:2005 Faststalld 2005-04-22

Sprak Engelska Publicerad 2005-06-07

Pris 375,00 kr(41,25 ) Publiceringsform Svensk standard

Nat. Titel Akustik - Referensnivaer for kalibrering av tonaudiometrar - Del 8: Referensvarden
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8:2004)

Beteckning SS-EN ISO 11205:2004 Faststéalid 2004-04-29
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Nat. Titel Akustik - Buller fran maskiner och utrustning - Matning pa plats av

emissionsliudtrycksniva vid operatdrsplats eller annan specifik plats med hjélp av ljudintensitet

- Teknisk metod (ISO 11205:2003)
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Johan Granlund dr Specialist pd vigytemdtningar pd Vigverket Konsult. Han dr ordfo-
rande i SVIB AU 4 och har engagerat sig i fragor som ror komfort och hélsorisker i for-
donsmiljon. Johan har gjort mdnga studier av vibrationsforhdllandena i ambulanser och
av tidigare publicerade artiklar har jag forstdtt att man bér vara frisk och stark for att sta .
ut med férden till ett avligset sjukhus i Norrland eller Virmland. Hiromdagen skickade
han en artikel som Handlar om hur ’vi anvinder vibrationsstandard SS-ISO 2631-1 och en
datormodell av en Chevrolet storbilsambulans for att méita exakt var tjdlskador finns”. Jag
menar i likhet med forfattaren att detta kan vara ndgot for SVIB Nytt.

Alf Olsson

Svensk Standard — ett vardefullt vapen |
kampen mot tjalskadade vagar

Text: Johan Granlund, specialist inom vagytematning vid VVagverket Konsult

I Sverige ér det mycket gott om tjdlskadade
vigar, framforallt i skogsldnen. Vigskador-
na orsakar kraftiga fardvibrationer och sto-
tar. Guppiga vdgbanor framkallar mycket
smarta for stotkdnsliga personer sd som am-
bulanspatienter och fardtjdnstresendrer. Tra-
siga vigar ger ocksa en dalig arbetsmiljo for
t ex timmerbilsférare. Under senvintern och
varen finns sdrskilt manga gupp. Vattensju-
ka vdgmaterial expanderar vid tjdlning och
far ddrmed végkroppen att svdlla upp. Dér-
for uppstér tillfdlliga gupp i vdgbanan under
tjdlsasongen. Tjalskador ar extremt kostnads-
krivande att laga, eftersom det ofta innebér
att fuktkénslig jord grivs bort till 1.5 — 2
meters djup. Sedan byggs en vigkropp upp
pé nytt, denna géng med kvalitetssdkrade
men samtidigt kostsamma vigmaterial. Ofta
ligger totalpriset pd 5 000 — 10 000 kr per
meter tjilskadad vig, vilket kan jamforas
med en prislapp pa runt 400 kr per meter
vig for en omasfaltering av vanliga ytska-
dor. Tjalsdkringsprojekt genomférs under
sommaren sedan tjdlen har gatt ur jorden.
De vigytor som drabbas av tjalhdvningar kan
d& vara svara att avgrinsa med god nog-
grannhet. Med hjélp av Svensk Standard har

Vigverket Konsult utvecklat ett effektivt va-
pen for att noggrannt ringa in skadade vig-
ytor. Dérigenom underldttas Vigverkets ar-
bete med att skilja pa billigare ytskador och
tiotals ganger dyrare tjdlskador, till gladje for
trafikanter och skattebetalare.

Vigverket Konsults nya metod innebér att
ojimnheter i vigbanan registreras i lands-
vigsfart, dels under varen och dels under
sommaren. Genom att jaimfora dessa vigda-
ta kan man hitta (tjilrelaterade) gupp som
bara registrerats under varen. Matmetoden
bygger pa att viigbanans profiler laserskan-
nas, for att sedan utvirderas i en matematisk
datormodell av en ambulansbil. Ambulans-
modellen har utvecklats i samarbete mellan
Vigverket Konsult, Kungliga Tekniska Hog-
skolan (KTH) i Stockholm och Ambulans-
sjukvérden i Sollefted. Med modellen kan
man berdkna vibrationer i ambulansens 4
hjul, vertikal guppning, krangning och nick-
ning i fordonets chassi, samt hur detta ger
vibrationer som péverkar férare och patient.
I arbetet med att utveckla en korrekt dator-
modell av en ambulans, har KTH-teknolo-
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gen Ulf Nilsson matt vibrationer i en Chev-
rolet 3500 Mobile Intensive Care Unit am-
bulansbil medan den kdrde vigstrackor i oli-
ka skick i trakten runt Sollefted. Utifran la-
serskannade vigprofiler fran teststrickorna
berdknades fardvibrationer i Ulfs ambulans-
modell. Datormodellens fjadringsegenskaper
justerades iterativt, till dess att maximal lik-
het ndddes mellan datormodell och verklig-
hetens ambulansbil. Detta ledde till att man
fick fram en noggrannt kalibrerad datormo-
dell av en ambulansbil, vilken nu anvénds 1
Vigverket Konsults nya metod att utvirdera
vigskador. Den nya metoden att analysera
végars fardkvalitet foljer Svensk Standard
SS-ISO 2631-1 (1998) " Vibration och stdt —
Vigledning for bedémning av helkroppsvi-
brationers inverkan pd mdnniskan —
Del 1: Allménna krav”.

Till hoger: Ulf Nilsson, KTH, vid VV Konsults Profilo-
graf lasermditbil under mdtningar pd Rv 90 och Lv 331 i
Sollefted. [Foto: Leif Leding, Ambulanssjukvdrden Sol-
lefted]

Nedan: VV Konsults Profilograf laserbil mdter hela kér-
fiiltets 3-dimensionella ojdmnheter mer dn 250 000 ggr
per sekund. [Foto: Ulf Nilsson, KTH]

Vigverket Konsult har i ett pilotprojekt med
den nya ambulansmetoden mitt in tjélrela-
terade vdgojdmnheter pa over 300 km tjal-
skadade végar i bl a Visternorrland, Jamt-
land och Norrbotten. Vigbanornas exakta
geometri méttes med en uppldsning pa en
tiondels millimeter i normal landsvégsfart
med Vigverket Konsults Profilograf laser-/
troghetsmitbil. Viggeometrierna jimfordes
genom fardsimuleringar med den nya am-
bulansmodellen. Efter frekvensviktning jam-
fors beriknade ambulansvibrationer mot obe-
hagsskalan i SS-ISO 2631-1, vilken &r gra-
derad fran ”inte obehagligt” till “extremt
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obehagligt”. De tolkade resultaten visar dér-
med dels vigavsnitt som ger oacceptabel
fardkvalitet, dels sdna avsnitt som ger avse-
virt simre fardkvalitet under véren. Nu kan
Vigverket ta stod i dessa data nér man ska
besluta vilka vigavsnitt som ska repareras,
samt bedéma om det ricker med en ytlig re-
paration (végbanan &r lika dalig éret runt)
eller om man behéver ta till dyrbara tjdlsék-
ringsatgirder ned till 2 meters djup.

En grupp erfarna vigbyggare och geotekni-
ker har utvirderat métresultaten. Slutsatsen
4r att metoden ger métresultat av en mycket
bra kvalitet. Darmed kan man till rimligt pris
identifiera och noggrannt avgrénsa tjilska-
dorna, samt prioritera mellan vagstréckor i
olika delar av landet. Detta gor att vidgpro-

jekten nu kan budgeteras mer traffsakert,
samt att man minskar risken att asfalten pa
en nylagad vig bryts sénder redan vid forsta
tjallossningen for att vattensjuka material
rékat bli kvar i vigkroppen.

Vetenskapligt sett har utvecklingen av den
nya ambulansmodellen &ven bidragit till att
oka den allmidnna kompetensen inom for-
donssimulering, konstruktion av vagfordon,
ambulansbarar och barstativ. Detta kommer
sikerligen att ge avtryck i undervisningen
av framtida K TH-teknologer. Eftersom arbe-
tet gick sa bra, har nyutexaminerade KTH-
civilingenjoren UIf Nilsson fatt anstillning

vid Vigverket Konsult.ll
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Exempel pd redovisning av berdkningsresultat for vibration i ambulansbil, berdknat enligt
SS-ISO 2631-1 (1998) och med indikativa obehagsgranser enligt standardens annex C.
Resultaten visar ldpande firdkvalitet lings vigen, och graferna ger gott stod for att dra
slutsatser om var lings vigen som beliggning respektive véiigkropp/undergrund behdver

atgdrdas.




Ingemansson

Vi méater, analyserar och féreslar
praktiska konstruktionslésningar for att
minimera och motverka vibrationer i
byggnader och anléggningar.

Ingemansson har stor erfarenhet inom
omradet och utreder bl.a. vibrationer fran
tag, tunnelbanor, vagtrafik, kompressorer,
pumpar och andra installationer.

Vi arbetar med markvibrationer och utfér
besiktningsarbeten.

Leading expertise - Sound and Vibration

Ingemansson Technology AB. www.ingemansson.se

Byggnad - Samhille

Vibrations from railways, subways and road
traffic often cause problems in urban areas
today .
The problems can usually be avoided by
good engineering but sometimes further
actions have to be made such as placing
whole buildings on vibration isolators.
We perform measurements, vibration
analysis and provides design solutions to
minimise vibrations in buildings, plants and
at construction sites.
Ingemansson has a long experience in the
field and we have the know-how from our
approximately 100 noise and vibration
experts to provide customized and cost- 4
effective solutions to our customers. 2=
G5

\/J

INGEMANSSON




AVSKARMNING AV MARKVIBRATIONER MEDELS

GASFYLLDA KUDDAR
e T i
J“f
o 9 e =
))) E snuonel o) 5
il ",o 5
x =t [ AR d

-

Radgivning vid:
%§§ VlBlSOL . u’f:dlnirgg avlvibrationsfrégor

Ferievigen 25 — 168 41 BROMMA

Tel. +46 (0)8 87 1990

 dimensionering av isoleringsatgirder
e projektering

www. vibisol.com

Huller om Buller?

um«ecssaﬂ

NOISE
PROWIBITED

Stockholm: 08-555 233 00, Géteborg 031

WSP Akustik ingar i WSP Group med ca 80 akustiker i koncernen.

Det gér akustikenheten inom WSP till en av Europas storsta aktorer
i branschen. | Sverige ir vi ett 40-tal medarbetare med &ver 40 ars
erfarenhet av specialisttjanster inom omradena akustik, buller och
vibrationer. Vi har vilutrustade ljudlab och programvaror som ticker
de flesta behov inom alla branscher.

WSP Akustik har kontor i Stockholm, Géteborg, Malmé,
Helsingfors, Oslo, Bergen, Kristiansand, Stavanger, Tansberg,
London, Birmingham och Bristol.

Vi 4r ackrediterade av Swedac att utféra mitningar inom akustik-
och vibrationsomradet. Vi tillhandahaller kundanpassad utbildning
och 4r ocksa aktiva inom standardiseringsorgan for att bista med var
expertis och for att vara med och styra utvecklingen at ratt hall.

Vilkommen att kontakta oss!

-72 72 634, Malmé 040-699 63 33

WWW.WSpgroup.se

WSP Akustik
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NEKROLOG - Sven Tyrland

En kollega och sann vén sedan 30 ar tillba-
ka har gétt ur tiden.

Sven foddes i Jonkoping 1946 men eftersom
hans far var "vattenrallare” pa Vattenfall flyt-
tade familjen runt till olika orter i landet.

Under sin utbildning till civilingenjor vid
Chalmers Tekniska Hogskola i Goteborg kom
Sven att intressera sig for akustik och gjorde
bl a ett examensarbete “Konstruktion av en
monitorhdgtalare” som blev en bestseller pa
institutionen. Detta genuina intresse gjorde
att han med férsk examen i bagaget anstéll-
des hos akustikkonsulten Ingemanssons In-
genjorsbyra. Efter introduktion pa foretagets
huvudkontor i Goteborg flyttade Sven med
famil;j till Ornskéldsvik och han blev lingre
fram dven ansvarig for Ingemanssons kon-
tor dar.

Svens outsinliga intresse for teknik i allmén-
het och ljud och vibrationer i synnerhet gjor-
de honom snabbt aktad och respekterad i in-
dustrin, av byggentreprendrer, arkitekter och
allménhet. Sven kom att bli en av foretagets
hornstenar genom sin breda inriktning och
stora allménbildning. Inget problem var f6r
litet och ingen fraga for obetydlig for att 4gna
tid och intresse at. Sven var ett levande boll-
plank for alla och envar som behdvde hjilp
med nagot besvérligt akustiskt problem.

Sven var en gener6és ménniska som frikos-
tigt bjod pé sina kunskaper och erfarenheter
men ocksa en analytiker och sanningssdgare
som inte tvekade att ta till orda nir han upp-
fattade att nagot var fel eller orittvist.

Trots problem med hjértat under de senaste
aren dgnade han sin fritid bland annat 4t att
systematiskt ldsa igenom argang efter drgdng
av facktidskriften Journal of the Acoustical
Society of America bara for att komma fram
till att det inte hént s& mycket inom bygg-
nadsakustiken sedan 1950-talet. Detta var
Sven i ett notskal; hans vetgirighet och in-
tresse visste inga granser. Timslanga telefon-
samtal med kollegor pa Ingemanssons olika
kontor hérde till rutinen och gjorde att alla
vi andra fick del av hans kunskaper.

Nar Sven nu r borta kénns det véldigt tomt.
Livet kommer att gd vidare men det saknas
en dimension. En humanist och inspirations-
kélla har gatt ur tiden. Forlusten ar tung for
oss alla, men 14t oss speciellt dela vara tan-
kar, var saknad och sorg med Svens familj
och nédrmaste.

Sonny Berndtsson och Leif Rydén for Inge-
mansson Technology AB
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Kurser, Konferenser och Lasvart

SVIB Vibrationsdagen 2005 i
Helsingfors

22 — 23 november 2005.

Suomalainen lihestymistapa isku- ja
virihtelyongelmiin
The Finnish approach to Shock and
Vibration problems

Hanaholmen — Kulturcentrum fér Sverige
och Finland
02 100 Esbo, Finland

Anmilan via www.svib.se eller
svib.ntab@swipnet.se

Telefon till kansliet 0533 68 35 90 eller Alf
Olsson 070 717 29 15,

Hanaholmens konferenscenter
+358 (0) 9 435020

I anslutning till Vibrationsdagen arrange-
ras en utstillning med bl a foljande
medverkande:

Briiel & Kjaer, LMS, Acoutronic, Christian
Berner, Ingamansson PAK, Center of
Vibration Comfort och Axiom EduTec.

NAFEMS, 1st NAFEMS Seminar:

Component and system analysis using
numerical simulation techniques, - FEA,
CFD, MBS -

23 - 24 November 2005, Gothenburg,
Sweden

Anmdlan: Schillerstarafle 6,
D-85567 Grafing,

Tel: +49 (0) 8092 83550
e-post nordic@nafems.org

Arbetslivsinstitutet UMEA och

Hogskolan i Gavle

»Minniskan och Bullret”
28 november 2005,

Norra Latin, Plan 4, Musiksalen,
Drottninggatan 71 B, Stockholm
Anmilan:
barbro.bjorklund@arbetslivsinstitutet.se

Cranfield University
1. Vibration Testing - 3 day short course
18-20 January 2006,

2. Climatic Testing - 3 day short course
15-17 February 2006,

Anmélan: Andy Tomlinson, School of
Engineering, Cranfield University,

Cranfield, Bedbord, MK 43 OAL
Tel: +44 1234 754631

E-mail: m.a.tomlinson@cranfield.ac.uk
eller www.cranfield.org.uk

BNAM 2006

Baltic-Nordic Acoustics meeting
”Sound and vibration”
9 — 10 November 2006, Goteborg, Sweden

The Conference is organized by the
Swedish Acoustical Society, SAS

and sponsored by the Scandinavian
Vibrations Association, SVIB
Call for papers contact Leif Akerl6f:
leif akerlof@ingemansson.se

Sponsors contact Lars Landstrém, Box
276, 401 24 Goteborg:
lars.landstrom@ingemansson.se
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VDA, Verband der Automobilindustrie  The 1st World Congress on

Engineering Asset Management
Technischer Kongress 2006, Umwelt und
= un (WCEAM),

Energie, Fahrzeugsicherheit und Elektro-

nik Inaugural conference and exhibition to be
22 und 23 Mirz 2003 in Miinchen, im held at the Conrad Jupiters, Conference
Forschungs- und Innovationszentrum /FIZ) ~ Centre, on the Gold Coast, Queensland, in
Deutschland. Australia from 11 to 14 July 2006.
Anmilan: VDA, Westendstrasse 61, Information and contact person:

D-60325 Frankfurt/Main Professor Joseph Mathew,

Tel. +49 (0) 699 7507 0 WCEAM 2006 Chair, Chief Executive
) dad Officer, CRC for Integrated Engineering
Tt W vis. e Asset Management (CIEAM)

Level 7, O Block, Gardens Point Campus,
Queensland University of Technology

Vilka givare behdver Ni?

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

Tryckgivare

Mikrofoner

. L Ring 08-444 38 70
£ /| AB  E-post: info@pcbscandinavia.se
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Kommentarer till foredrag: ”Skadeorsakande resonanser firan betongbjilk-

lag i villa” av Ingvar Bogdanoff.

Foredraget holls pa AU 3's, Trafik- Mark-
och Byggnadsvibrationer, seminariedag i an-
slutning till SVIB's Vibrationsdag i novem-
ber 2004.

Kontentan av foredraget ér att vibrationerna
som alstras frin springning i ex.v en berg-
takt filtreras med avstdndet i berget pga
sprickor och jordlager mm. De fran borjan
transienta vibrationerna nira sprangkdllan
antar med avstindet en mer harmonisk r6-
relse (sinus-formad) och vid ett speciellt av-
stand dér egenfrekvensen i byggnaden och
végens frekvens blir harmoniserad och lik-
formig utgdr en forstérkningsfaktor i betong-
golvet och dirmed péverkar bdjpakanninga-
rna i viggar och tak. Till detta sd kommer
dven den luftstotvag, som gér ca 1/10 sa sakta
(360 m/s mot 3000-4000m/s) att ~hjilpa” till
och &ka resonansfenomenet upp i byggna-
den.

Skadeutredningar

Att s4 #r fallet kan undertecknad halla med
om, men att detta fenomen skulle vara s&
kraftigt att man frin dessa sprangningar, med
de vibrationsnivéer som tillats enligt Svensk
Standard, skulle i si omfattande vibrations-
svingningar att hela golvet kommer i sé sto-
ra svingningar si att vdggar och tak sprick-
er ar mycket 1&ngsokt. Att vibrations ampli-
tuden mitt ute pa bjilklaget och mitt pa vig-
gen ir storre dn i en husgrund &r ett vélként
begrepp och ligger ocksd med i berédkningen
av virdena enligt standarden. ”Vibrations-
standarden”, SS 460 48 66, togs fram i slu-
tet pa —80-talet med hjélp av experter med
lang erfarenhet och med underlag frin 10
000 tals sprangningar dér registreringar av
springvibrationens tids- och frekvensinne-
hall dokumenterades mycket omsorgsfullt.
Dessa erfarenheter finns och har tagits med
vid berdkningen av de tillatna virdena vid
springarbeten. For bergtikter, pga oligen-
heten, finns dven en tids- och verksamhets-
faktor som reducerar virdena med hinsyn
till omgivningen. Det &r snarare sd att de
virden som numera tillats for bergtékter lig-
ger normalt mycket under dessa berdknade
virden pga att myndigheterna, Lansstyrel-
sen samt Milj6-och Hélsa, halverar dessa
virden ytterliggare pga komfort héinseende
till ménniskorna som bor i huset. Det ér all-
maént kint att ménniskan dr det skoraste i
huset och som “’skadas” forst.

I foredraget dir ett hus med en inkommande
vibration p4 0.7 mm/s i grunden skulle ge s&
omfattande skador i viggar och tak pga dessa
forstarkningsfaktorer tror jag inte pa.

Jag har sjilv mitt upp 0.7 mm/s i grunden
frén springningar och andra vibrationskél-




T

- 57-

lor och varit med om dessa forstarkningsfe-
nomen bade fran langviga spriangningar och
fran andra vibrationskéllor som trafik.

Nedan fig 2. visar en registrering frén sprang-
ningarna for Grédingebanan december 1991.
Markvibrationerna fran sprangningen var
0.29 mm/s i grunden och fran luftstétvagen
0.84 mm/s. P4 viaggen horisontellt mattes
vibrationen till 0.85 mm/s fran markvibra-
tionen och 4.05 mm/s fran luftst6tvagen som
var 71 Pa och kom 3620 ms senare. Avstan-
det fran salvan var ca 1.3 km. Detta var i ett
radhusomrade och dom som bodde dér trod-
de att balkongerna skulle ramla ner.
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Fig 3 visar forskjutningen i en vigg frdn en
bergtiiktsalva i Overhornds i Ornskéldsvik
juni 1988. Vibrationerna i véggen fran luft-
stotvagen var

ca 7 mm/s. Forskjutningen var 0.12 mm dvs
den rorelse som viggen far utav tryckvigen.
I bilden ser man dven rorelsen fran markvi-
brationen som &r ca 1/10 i storlek.

Nitro Consult AB 606 ORNSIGLOSVIK Selva 2
BERGTAKT OVERMDRNAS w6l
VIBRATIONSANALYS Gaval Sat
1969.96.16 H-E geo.

TIME HISTORY RECORD

- Displosesent

%8 .5 18 L5 28 25 38 25 48 45 &8
Tine @

fig 3

Dessa rorelser ar alldeles for sma for att or-
saka skada, men helt klart obehagliga for
ménniskan.

Kan berdtta om en dam pa Hornsgatan 1
Stockholm som bodde hogst upp i en fastig-
het (5 vén) och kénde si stora vibrationer d&
och dé under dygnet och hade klagat ldnge
hos hyresvirden. Det visade sig vid vibra-
tionsutredningen att ett ojamnt brunnslock i
gatan fororsakade vibrationer 10 ggr storre
daruppe mitt pa golvet (ca 7 mm/s) dn i grun-
den (0.7 mm/s) da en speciell buss passera-
de detta brunnslock pa vdg mot héllplatsen.
Detta kunde dock avhjilpas litt genom att
avjdmna med asfalt runt brunnslocket. I den-
na utredning var det dock inte “’sprangstan-
darden” som angav kriterierna utan komfort-
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standarden SS 460 48 61 som anvands vid
mer kontinuerliga stérningar som trafik och
sitter en ”grans” vid 1 mm/s RMS som san-
nolik storning. Jag kan forsté att damen som
utsattes for detta da och da dygnet runt kin-
de sig stord.

Kan dven beritta om spridngningarna i
Malmberget dir det inte dr s& ovanligt att
vibrationerna nir 25 mm/s i grunden klock-
an ett pa natten! och dir ringer man och
undrar om det dr ndgot fel om inte salvan
har gatt.

Av detta brukar jag i tilldgg gora en lite frick
anekdot, for att litta upp stdmningen hos
mina &horare nir jag ar ute och haller kur-
ser, nimligen att det bar sig inte battre dn att
konsulten hamnade i horisontallige med
kvinnan 1 hennes sing, vilket i sdg ger dom
bésta forutsittningarna for att kdnna vibra-
tionerna. Efter en liten stund kommer dock
kvinnans man hem och finner de tu i séng-
en. Mannen blir naturligvis alldeles ursin-
nig och skriker 4t konsulten va f-n han gor
dir. Konsulten svarar da férsynt att han vén-
tar p& bussen. Jag tror att jag i min

anekdot hddanefter skall byta ut bussen mot
sprangsalvan.

Skimt asido det finns sdkert mycket att stu-
dera i dessa sammanhang och debatten ar
iging. Jag tror att det &r viktigt att vi som
Ingvar siger att man bor dokumentera frek-
vensforloppet vid mitningarna och dirmed
f4 ytterliggare information och bygga ut er-
farenhetsbanken. Det ér ocksa viktigt att luft-
stotvigen mits vid sprédngsalvor som frén
bergtikter, dagbrott och hoga skirningar dar
man normalt inte brukar ticka salvan med
gummimattor. For visst dr det sa att det of-
tast 4r den “andra vibrationen” som kom-
mer via luften som oftast skakar till och
kénns, dven om det skall mycket till for att
orsaka skador. Nagot man bor tdnka pé i detta
sammanhang &r att toppregistrerande instru-
ment har en registreringsperiod efter trigg-

ning och fir normalt inte med denna “andra
vibration” fran luftstétvigen eftersom den
intraffar si tidigt efter den forsta registre-
ringen ( ca 3-4 sek).

Som upplysning finns dven en “luftst6tvags-
standard” SS 02 52 10 och en "besiktnings-
standard” SS 460 48 60.

De standarder jag hdr ndmnt har nu anvénts
i ca 10 &r och mer och jag fir nog siga att
dom fungerar fortfarande viéldigt bra.

Kommentarer frin en som har varit med gan-
ska lange, drygt 25 &r, och satt med i de grup-
per som skrev standarderna samt under &ren
gjort ett antal vibrations- och skadeutredning-
ar.

Good vibrations
Donald Jonson

VD Nitro Consult
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Kommentarer till Ingvar Bogdanoff,
WSP Samhallsbyggnad’s artikel

»Skadeorsakande resonanser ifran be-
tongbjalklag i villa”

Artikeln #r baserad pa en utredning angden-
de patalade byggnadsskador i ett en-familjs-
hus uppfért pd fastigheten Vévknuten 7,
Sundsvalls kommun. Bogdanoffs utredning
ir saledes en partsinlaga i en skadetvist, Ost-
ersunds tingsritt, miljo-domstolen, dom
2001-10-12 i Mal nr M 183-99.

Malets vibrationstekniska bevisning bygger
pa ett kiint fenomen, att inkommande mark-
vibrationer kan forstirkas i en byggnads
bjilklag om dominant frekvens samman-fal-
ler med bjélklagets resonansfrekvens. Met-
rons mitningar, vilka ingdr i Bogdanoffs ar-
tikel, visar att dven smd influenser av luft-
stotvagor kan ge resonanser i ett bjélklag.
Effekten kan forklara varfor boende dven pa
langa avstdnd frén exempelvis en bergtikt
tydligt kan uppleva en sprangning.

Ingen av effekterna ar obekanta eller unika
fenomen. Effekten resonans behandlas utfor-
ligt i en bilaga till Svensk Standard SS 460
48 66.

Standarden har varit utgiven och aktiv se-
dan 1989 och vidare godkidnd av Boverket
1990, typgodkinnande nr 3071/90. Att med

den bakgrunden kategorisera Svensk Stan-
dard som en schablon och att standarden inte
ar relaterad till verkliga forhéll-anden sank-
tioneras inte av Metron Miljokonsult AB.

Det ir djupt beklagligt att artikeln fatt s stort -
genomslag, trots att Svea Hovratt miljéover-
domstolen, Mél nr 8010-01, i maj 2003, an-
sag att den tekniska bevisningen inte var tro-
vardig.

Vir uppfattning 4r att grinsvéirden som be-
staims utifrdn SS 460 48 66 dr relevanta for
att forhindra att byggnadsskador uppstr av
springningsinducerade vibrationer. I stan-
darden sigs “Grdnsvirdena dr satta sd att
skada inte skall uppstd pd nérliggande bygg-
nader. Standarden gdller alla slags spring-
ningsarbeten, sdsom tunnlar, gruvor, och
bergtiikter, grund- och anliggningsarbeten.”

Eiolf Bjelkstrom
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Multianalys-system, ar resulta-
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Ingemansson
Automotive

Ingemansson Automotive provides specialized
NVH (noise-vibration-harshness) engineering
services to vehicle manufacturers and suppliers
throughout the product development process,
from the concept design to final hardware testing
and refinement.

We cover all NVH areas such as:

- Full NVH attribute responsibility for vehicles,
systems or components

- Advanced NVH simulation and testing

- NVH troubleshooting and problem solving

- NVH education and technology transfer
projects

- Qualified NVH engineers on site

Ingemansson NVH specialists have helped a
large number of leading manufacturers of
vehicles, including cars, trucks, buses, trains,
aircraft, ships and more.

Leading expertise - Sound and Vibration

Ingemansson Technology AB. www.ingemansson.com

With more than 40 years of accumulated experi-
ence, we excel in a track record of providing
customized and cost-effective engineering
solutions to any NVH issues.

Automotive NVH engineering is a highly complex
discipline. Our large, well-trained specialist staff is
therefore our most valuable asset. By using our
advanced, state-of-the art simulation and
multichannel testing resources, they always strive
to deliver specialist services with the highest
quality and productivity.

Being part of Ingemansson Technology AB also
means that we can use the know-how of any of its
nearly 100 noise and vibration experts and the
network of qualified sub-consultants to deliver the
best possible service value to our customers.
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