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Internationell vibrationskonferens

I maj var det dags igen for en inter-
nationell konferens om hand-arm-
vibrationer. Detta var den sjitte i
ordningen. Dessa konferenser borjade
1972 i Dundee i Skottland. Initia-
tivtagare den gangen var Bill Taylor som
blivit ndgot av en nestor inom detta
omrade. Bill, som nu ar over 80 &r, ar
fortfarande aktiv som expert framfor allt
inom omrédet vibrationers inverkan pa
ménniskan.

Det ar latt att bli imponerad av Bill
Tayler, och nér han nu var med vid
denna den sjitte konferensen som ar-
rangerades av BIA (Berufsgenossen-
schaftliches Institut fiir Arbeitssicher-
heit) i Bonn fick jag tillfdlle att tala med
honom. Jag var med nir det begav sig
1972 och Bill kom ihdg detaljer och
héndelser med en hépnadsvickande pre-
cision. Bland annat frigade han mig om
jag lart mig spela pd den Chanter som
han hjilpte mig att kdpa under min
vistelse 1 Skottland. Om ni inte visste
det s dr detta den del av en sickpipa
som man har fingrarna pad. Genom
fiffiga kombinationer av Oppna och

stingda hal kan man pd s& sitt fa
séckpipan att frambringa olika melo-
dier. Jag kan faktiskt.

Konferensen i Bonn samlade deltagare
frdn mer &n 20 nationer. Japan hade
flest delegater och Sverige kom pé tredje
plats. USA hade bara en delegat vilket
kan tyckas lite med tanke pd att landet
ar en stor industrination med manga
manniskor exponerade for vibrationer.

Man lér sig alltid ndgot pa en sédan hér
konferens dels av alla kontakter med
personer med olika specialkunskaper,
dels alla foredrag som speglar kunska-
pens nuvarande stindpunkt.

I ett senare nummer av SVIB-Nytt
kommer ni att finna referat som mer i
detalj tar upp en och annan pérla som
under konferensdagarna traddes pa kun-
skapstraden.

HAV* en skon sommar!

Bo Lindqist

* Hand-Arm-Vibrationer (Vinkningar)
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SVIB-symposium pa tunn is i Riksgransen

Ett tredagars specialsymposium om
"Samverkan mellan experiment och be-
rikningar av vibrationer och ljud" holls
av SVIB, Arbetsutskott 2, pd Hotell
Riksgrinsen frén sondagen den 12 april
till tisdagen den 14 april.

De 20 foredragen var av mycket hog
kvalitet och manga deltagare var aktiva
under de efterféljande diskussionerna.
Foredragshdllarna kom frédn England,
Belgien, Danmark och USA forutom
Sverige. Det var darfor inte endast ett
tidens tecken att ett flertal av fore-
dragen, i dessa EG-anpassningens da-
gar, presenterades pa engelska.

Maltiderna bor man inte glomma att
nimna. De var av den finaste sort och
man kan bara undra var de fick tag i all
mat (Norge?). Mellan morgon- och
kvillspassen var det mycket att se och
gora, dvs fria aktiviteter. Man kunde
dka skidor, &ka snoskoter eller bara
vandra i den vackra naturen (fast inte si
fritt - det var tre meter djup sno).

Snoskotrarna attraherade oss icke-skid-
dkande mest och efter 20 sekunders
instruktioner péd svenglish om snoskoter
slipptes vi (S)VIBrerande ut i den
ororda fjillnaturen, - "fast det bara var
att kora" var det inte bara att kora da
man korde fast. En stor del av sko-
tertiden anvindes av oss delegater till att
kanka snoskotrar i 16ssn6 - "work-out" i
dess sanna bemairkelse. Att detta dess-
utom genomfordes i lagskor lar wvil

inte ses som ndgon nackdel i lokal-
befolkningens historieberédttande. En
trost for oss goteborgare dr dock att det
hela antagligen kommer att tillskrivas
08-lénets invénare.

I samband med symposiet utdelades
dven ett speciellt pris for "nya presta-
tioner inom skoter-extréme". Arets vin-
nare var Neil Stocker, SDRC Engi-
neering Services Ltd, Hitchin, UK*, for
visat mod nidr han inte lidmnade
"skeppet" nir det gick ner i en béick.
Han kan jimforas med den romantiska
vilda visterns cowboy som inte ramlar av
hésten under nagra omstindigheter och
har saledes bevisat att han 4r karl for sin
hatt (i varje fall den lila som han fick i
Riksgransen). Man kan spekulera om
vad som skulle ha hidnt om han hade
kort rakt fram pé védgen i stillet for att
svanga till vanster rakt ner i backen. Det
slutade i alla fall med att &tta starka man
med snoskotrar och mycket rep till slut
kunde dra upp Neil ur bédcken och
uppfér den branta backen s& att han
kunde fortsitta undersoka fordon-un-
derlag-samverkan igen.

Lyckligtvis var dramatiken inte lika stor
for inomhusaktiviteterna. Ett stort tack
Overlimnas till arrangbrerna av detta
intressanta och mycket givande sympo-
sium.

Reportrarma M Sanderson och C Fredo

* OBS! Neil kan vara ett fingerat namn.




International Standardization

Modal Testing

Kjell Ahlin, KM Akustikbyrdn AB, Sundbyberg

1 Background

During the 1970s the hardware and soft-
ware development within the area of
digital signal processing brought a new
tool to the mechanical engineer, Modal
Analysis. It was now possible to perform
measurements on a mechanical structure
in a practical way and to get a mathe-
matical description of the dynamic pro-
perties of the structure.

The whole procedure consisted of two
parts, measurement of frequency re-
sponse functions, and following that a
curve-fitting procedure to get the modal
parameters.

The task to measure the frequency
response functions in an accurate way
showed to be quite difficult. A round
robin study, SAMM, (State-of-the-Art
Assessment of Mobility Measurement,
Dave Ewins 1981), showed that expe-
rienced engineers could arrive at quite
different results when performing mea-
surements on the same structures.

The need of guidelines was obvious, and
one of the measures taken during the
1980s was the establishment of a
working group within ISO/TC 108, Me-
chanical Vibration and Shock, with the
task to produce such guidelines.

2 ISO/TC 108 Working Group 14,
Measurement of Mechanical Mobility
The working group has produced three
standards:

ISO 7626/1 1986: Vibration and shock -
Experimental Determination of Mecha-
nical Mobility

Part 1: Basic definitions and transducers

ISO 7626/2 1990:
Part 2: Measurements using single-point
translation excitation with an attached
vibration exciter

ISO 7626/5 1992:
Part 5: Measurements using impact
excitation (To be published)

Soon after the start of WG 14, the work
was synchronized with the International
Modal Analysis Conferences, IMAC.
The WG 14 meeting was held at the
conference, and the experts at the
conference made significant contri-
butions. After the writing of the three
parts, the group ran out of steam, and
the work was finished.

There were several proposed work items
within the area, among them the Modal
Analysis part. At the ISO/TC 108 meet-
ing in Milan, March 1990, a new working
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group, WG 18, with the scope Modal
Analysis was formed.

3 WG 18 Modal Analysis

The first meeting with WG 18 was in
London, June 1991. After the dis-
cussions there a number of resolutions
were taken. WG 18 recommended that
ISO/TC 108 establish a new WG 19,
"Modal Testing" with the scope "to de-
velop a guideline in which the means and
methods for accomplishing modal
testing and modal analysis are described
and explained, and to develop methods
for comparing the experimental and
analytical results so obtained, including
developing a standard communications
format for exchanging information and
data related to modal testing and modal
analysis of mechanical systems."

WG 18 also recommended that WG 14,
"Mobility Measurements", be reestab-
lished, with the specific scope to review
and update part 1, 2 and 5 of the
Guidelines on Mobility Measurements
already published.

WG 18 set up the scope "to develop a
terminology for the fields of modal
testing and to explore these fields for
Work Items which could be submitted to
ISO/TC 108 for its consideration".

During the summer 1991 a voting con-
cerning these questions was arranged,
and at the Plenary Meeting of ISO/TC
108, held in Kobe, Japan, September
1991, the two suggested working groups
14 and 19 were merged into one, WG 19,
under the convenorship of Kjell Ahlin,

Sweden. The scope of WG 18 was
affirmed, and David Ewins, UK, became
co-chair of this working group, together
with Douglas Muster, USA.

4 WG 18 and WG 19 meeting in San

Diego, February 1992
Now that the two working groups had
been established, the old idea of meet-
ings during IMAC was reestablished.
The first meeting was held during IMAC
X in San Diego in February 1992. A
special session during the conference
was set up concerning standardization.
Before lunch several papers in the area
were presented, and after lunch a formal
ISO meeting was held. The two working
groups had a combined meeting, chaired
by David Ewins and Kjell Ahlin. A
number of recognized experts attended
the meeting, and the work items were
discussed.

The WG 18 scope consists of two parts,
namely (1) "Terminology for the fields of
mobility measurements, modal analysis
and modal testing" and (2) "Guidelines
for identifying modal parameters for the
purpose of generating a modal model".
Prof Ewins gave information on the
on-going work in UK within D.T.A,
Dynamic Testing Agency. It seems that
much may be gained from coordinating
the WG 18 work on terminology and
notation with D.T.A. The experts
present agreed to start with the notation
part and send lists of suggested notations
to Prof Ewins. Although everyone may
send in lists, especially Jan Leuridan,
Randy Allemang, Ole Dgssing and Jim
Deel agreed to do so.
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The Modal Parameter Extraction scope
was discussed. The experts seemed to
agree, that the field is not yet ready for
standardization. The meeting decided
not to take any action for the moment
being.

One of the tasks appointed to WG 19 is
to consider an update of the work of the
former WG 14. It was decided that the
current standard ISO 7626 should be
sent out to the members. They were
asked to comment on the status on the
next meeting.

The subject "Developing a Guideline
describing the purpose, means and
methods for Modal Testing" was dis-
cussed. It was suggested that three
sources should be studied and possibly
merged together. Those three were:

a) Structural Testing from Britel & Kjzr

b) Dynamic Analysis from Hewlett
Packard

c¢) The D.T.A primer.

Copies of these will be sent out to the
members.

The subject "Developing data exchange

-10-

formats for use in the field of Modal
Testing" was discussed. It was pointed
out, that WG 19 must be aware of the
work going on within other standard-
ization organisations, especially ISO/TC
184. A "Task Force", consisting of Jan
Leuridan, LMS, Randy Allemang, Uni-
versity of Cincinatti and John Crawley,
SDRC, was formed.

The subject "Developing methods and
formats for correlating ..." was discussed.
The subject was one of the main issues
of the IMAC X. The meeting decided,
due to the fact that the field is not yet
mature, that no further action should be
taken by WG 19 for the moment.

It was decided that the next meeting
with the working groups should be at the
Modal Analysis Conference in Leuven,
Belgium, in September 1992.

5 We have started, the rest is just work...
As can be seen, the work has started.
The work items are fairly well defined,
we have succeded to tie some real
experts to the work, we have the work of
the D.T.A to lean on, we have agreed on
the first steps. Time will show if we
succeed. B




.mc__mm_ |e)sip Jo} Joraysi|low

"arefodspueqig )V, WO UOTIBULIOJUI OIS

_ UOJRRL | 0S¢ 08€-80 “AqBUIlIBA ¥0 291 ‘€ X0
| 1 /
_ SSQIpY _
| Seror9g |
I I
_ UuweN _
|
_ _
| : - Suri3 3 1A Sep | -
L rTervapm e e ~ BAU J18Y Jeuddo usyiuxysk1vd
JoyuoLONeq WYX H : il o |
U0 19 D DV IA Np IpJ uoFurulIosioyuiong « SR e = A _ owaw
“1o11eJ d 9Jn WOS JoqQR[ I N[ B[ USp , R o o
epupAUE Uy np s 5Y £ vIeq 10FeA uorefodspueqieiy b, ;
ZFP10¢-Oq pd Sugjuosuosyory SRR A L. W H
119 powl Jo[euRy § IO[[Q ‘p ‘7 Ue[[owl el[eA ue n(J o : Seal AN

"OpUR[RYIQJSNIq/TeusTs gp (L B[oY NP Tgu
QIE[pUEAWIO (TV STeNq 9T Yoo NDJ SdDINIAl POA »
“TeSUTUIEW BUIp
1 JoyuueI33ou [[e JIp I03 WOoS JIUNQ) pawl pelsnnn Ip
uareodspued “erepyguu srewruuy g i ddneiseyensp uey
D[R-IV [ pow 2xefodspueqipiu e3o1eUR BAU SOVHL

paul aiejadspueq sojeuy




SVIB Riksgransen April 12-14 1992

MOMENT MOBILITY:

A presentation of the measurement technique

Michael Sanderson and Claes Fredo
Department of Applied Acoustics
Chalmers University of Technology
5-41296 Gothenburg

Abstract

Not including both translations and rotations in theoretical analysis will often result in a
poor represenataion of a system's dynamic characteristics. In experimentally-based studies
however, information concerning rotation has often been ignored since it has been
considered difficult to measure [1].

A technique for measuring moment mobility, using standard equipment, comprising of
two symmetrical levers, two exciters, two accelerometers or one rotational accelerometer,
two force transducers and a two channel FFT analyser is suggested in the following.

A pure moment excitation is difficult to create, even with a perfect force couple acting on
the levers. There will always exist an extraneous force excitation, caused by the mass of the
set-up, and hence the quality of the measurement is often determined by how this force is
directed. The idea when applying this technique is to strategically direct the extraneous
force in a low mobile direction in order to minimise, as much as possible, bias errors in the
measurement. Comparisons are made between measurements in low- and in high mobile
directions showing the importance in the direction of the extraneous force.

It can be demonstrated that there are two types of bias errors involved in the
measurement of moment mobility: in the rotation and in the measurement of the
moment acting on the structure. It is shown that it is possible to correct for these bias
errors.

Previously the measurement of rotational acceleration has been considered troublesome.
Today accelerometers particularly designed to measure rotational acceleration exist.
Rotational accelerometers are convenient to use and diminish some of the problems
previously encountered such as spacing- and positioning errors.

Applications of moment mobility in experimental modal analysis and coupled analysis
will give additional insights to old problems and greater aid in the understanding of new
problems.

1. INTRODUCTION

The measurement of moment mobility is necessary for complete characterization of
dynamic systems, since a full representation requires consideration of all six degrees-of-
freedom. Given a feasible tool for the measurement of moment mobility, many
applications can be found in areas such as experimental modal analysis, coupled analysis,
verification of Finite Element (FE) models, and the characterization of structure-borne
emission [2].

Previously, moment mobility was indirectly obtained from sets of measured frequency
response functions [3, 4]. Approaches of this type, however, tend to be highly sensitive to
measurement errors which are manifested as numerical problems during subsequent
matrix operations. Due to these difficulties, this approach has found limited practical use
and previous work has also not included an adequate study of the inherent bias errors.
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In other approaches, the moment mobility has been directly measured through the use
of special moment exciters (for example, [5]). Again, bias error analysis was not included in
the formulation.

There have been a few attempts to address the problems in moment mobility
measurements and a brief presentation of some secondary publications is therefore
justified: [7] uses a special moment exciter based on magnetostrictive rods and [8] is a
statistical approach for band-averaged mobility measurements at high frequencies. An
initial study is presented in [9].

With the direct technique, two main bias errors arise: errors in the rotational velocity
and errors in the measurement of the moment applied to the structure. Both bias errors
can be compensated for, but in order to adjust for bias errors in the rotational velocity a
separate measurement must be performed.

Bias errors in the measurement of the moment can be corrected for by rotational inertia
cancellation. In considering the bias error involved in the rotational velocity a ratio
between the force- and moment-excited rotations is employed. Such a ratio allows for
assessment of the measurement's sensitivity to false excitation and of the quality of the
moment excitation itself.

In general, the measurement's sensitivity to false excitation is dependent on both the
measurement object and the selected measurement configuration. When attempting to
measure moment mobility, the best measurement configuration is considered as that for
which the erroneous force excitation is in a direction of low mobility.

2. THEORY

The mobility of a single point on any structure contains six degrees-of-freedom: three
translational and three rotational. Figure 1 defines the directions and terms used and it is
noted that 75% of the terms in the mobility matrix involve either rotational velocities or
moment-induced frequency response functions. For this reason alone, it is apparent that a
workable method for the measurement of moment mobility is of great necessity.

z
Ve | T Y Yoo Yo Yo Yo Y [ B
! . Wi W Yo Yoo, W o M ',
 Ya Yy Yo Yo Y Yo I F,
5 ba | 1 Yex Yoy Yoz You Yap Yoy || Mo
« % | 1 Yox Yoy Yo Yoo Yop Yoy || Ms
. Lo | Y Yo Yo Yo Yo Yo || M4

Figure 1. The coordinate axis system defining the translational and rotational directions and the complete six
degree-of-freedom mobility matrix at a single point.

With reference to the matrix given in Figure 1, extracting the equation for rotational
velocity in the y direction yields

0y= Y Pyt Y FotY Fo+Y M+ YgMp+ Y M, 6))

A moment can be generated by exciting two forces in diametrically opposite directions,
separated by a distance 2-d. Two configurations for attaining this physically are shown in
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intermediate or final results. MAC/RAN is available for micro—
computers, workstations, and mini and mainframe installations.

39 SEGHENTS

g (PECTHO OF Suesp ¢ W

|

AW -4W 28 WM 20 4
V2 6 (UNITS4u2) /HZ X: FREQUENCY. (H2)

Digital Multi-
Channel Data

User Control

(T ——
— 5| PORT
—_—
l F===-=| SDF
In-Line Methods
MAC/RAN
Multiplexed ———--»
Binary Data File

Program Module

SYSTEM PHILOSOPHY

MAC/RAN systems consist of a set of computational
processor modules designed around a system execu-
tive, sharing the same user interface, data base, and
graphics subsystem. Each module is comprised of
user controllable in-line methods necessary for its
function. The modules can work together or indepen-
dently, providing flexibility, maximum efficiency, and
minimum of complexity.

Automatic parallel processing on multiple chan-
nel data frames makes production runs as easy as
“quick look” analysis. The high level of integration
and consistent architecture make MAC/RAN pow-
erful, yet exceptionally easy to use. Utility processor
modules provide data file editing, display, and 1/0
with external or user data.

MAC/RAN PROCESSORS:

AMSTAT .. ..Amplitude Statistics
CONFIL ... ..Convolution and Correlation
ENSAV Ensemble Averaging
FOUR... Fast Fourier Transform

PHLOOP.. Tracking Filter
PLUG ..Signal Math / Plugboard Simulation
PREP ... Data Preparation / Digital Filtering
PSD .ciciisiisinnss Auto and Cross Spectra, Coherence,
Transfer Functions
SHOCKS ............ Shock Spectra
SPEC ...cccsensissas Time and Frequency Analysis
(Auto and Cross Correlation / Spectra)
THROCT .. One Third Octave Spectral Analysis
TRANS .... Linear Systems (Multiple Input / Output)

TRIDEE ....ccocaias Spectra vs. Time and Frquency

The following utility processors handle Standard Data Files (SDFs)
from any of the above processors.

Input / Output Port
Data File Manager
Display

MAC/RAN

EXECUTIVE DFM

-
_ PnggllstlTsBRs
C
-
K-
.
—
— EGED)
-
-

THROCT [y
mm "RANS
TRIDEE [

COMPUTATIONAL PROCESSORS

Power
Consult

ENGBER

Postboks 194, DK-3400 Hillrad
Telefon +4542 2517 77. Telefax +45 48 24 08 48




-16 -

figure 2 and are referred to as T-like and I-like configurations, respectively. The levers for
both configurations are assumed to have a mass m and a rotational inertia J.

F2

Joo

A
k
i

b

Figure 2. The T-like (left) and the I-like configurations (right). The rotational inertia J, is calculated about the
0-0 axis.

With reference to Figure 2, the force and moment excitations applied to the system are

wE
FA=(F1-F2)-m§E, and  M=(F+F,)d-]e @,3)

where the erroneous force FA acts in the x-direction and the moment M acts on the
structure in the 6 direction at the excitation point E, defined as being coincident with centre

of rotational inertia J.
If only one force and one moment are applied to the structure and loading effects can be

neglected, the rotational velocities at the excitation and response locations can be written
using equation (1) as:

+E E E E R R R

. . E . . . R R
0 =6F+BM=Y9FFA+Y9MM and © =6F+6M=Y9FFA+Y9MM (4a,b)

where the rotational velocities can be regarded as comprised of both force- and moment-
induced components and the simplified indexes according to Figure 2 have been adopted.
Equations 4(a) and 4(b) can alternatively be viewed as equivalent to an erroneous input of
rotation due to false force excitation, as schematically pictured in Figure 3.

B | Yer

Figure 3. Schematic representation of the moment-induced rotation as consisting of two components: one due to
the moment excitation M and the other due to an erroneous force Fa.

If loading effects are again neglected, the velocity in the x-direction can be expressed as:
.E E E E E
x =xp+Xy=Y gFa+ Y, yM . ()

For equations (4) and (5), it should be noted that, due to symmetry, YgF is equal to Yxm-
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Defining a force quotient as F, /Fy, the ratio between force and moment can be expressed
using equations (2), (3), (4a) and (4b) as:

(1+jm]YeM - jomY, (1 + Fo7y)

Fy _ M(1-Fy/F,)
M (1+F/F)d E )
. E 2+1 %
(LlﬂmmYXF)_(’lTZ/FT -joTYqe

for use in subsequent analysis. The ratio in equation (6) represents the quality of the
moment excitation and tends to zero in the limit of perfect moment excitation. The force
quotient F, /F;, is used when adjusting the exciting forces experimentally.

Using the definitions of equations (4a) and (4b), the ratio between force- and moment-
induced rotational velocities, termed the F/M-induced rotational velocity ratio, can be
written as:

P P
O _Yor Ta &
N M )
OM oM

where p = R or E is introduced to account for either transfer or point mobility
measurements.

It should be noted that in equation (7), the F/M-induced rotational velocity ratio is
comprised of two separate parts: the measurement object's sensitivity to false excitation and
the quality of the moment excitation.

The maximum error £m,y, When not correcting for the moment or for the rotational
velocity, is obtained as:

.p
P 8
e .E .p .E
M (Fy+ Fy)d . E F 6g| [. _® Yz;: Fy
e |————| =liel Yo+ ||I*| T 1FlO M T | @
YP F e MI1yP M
oM max eM eM oM

The maximum bias error in a moment mobility measurement can thus be attributed to two
main types: errors in the measurement of the moment acting on the structure and errors in
the rotational velocity.

E
From equations (6) and (8) it is deduced that ll‘”]YeMl << 1 is required and,
simultaneously, that the F/M-induced rotational velocity ratio should be as small as
possible in order to minimize bias errors in moment mobility measurements. However,
equations (6), and (7) imply that considerable bias errors can be introduced in a moment
mobility measurement, even in the limit of a perfect force couple, since

s p : E

6 Yer -jomY,y

P P . E\ . ©
Oy YoM (1+]m meF)
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The size of the bias error in the rotation is mainly determined by the measurement object,
by the chosen measurement configuration, and by the size of the mass m.

From equations (2), (3) and (4), the fully-corrected moment mobility can be derived as

.p P p .E
P e_M_e—YeF 1~ Fy-mx

MM .E
(Fy+F,)d-joJe

(10

It should be noted that when correcting the measurement according to equation (10), the

rotational force mobility Yer is assessed separately; other terms used are employed from the
actual measurement.

3. EXPERIMENTS

The experimental set-ups are shown in Figures 4(a) and (b) and details regarding the
physical parameters of the structure tested given in the Appendix. Pseudo random noise,
filtered below 10 Hz to suppress excitation of rigid body modes, was used as the input

signal. For measurements where post processing was necessary, the output signal was used
as the reference.

e 3
transducer
E 3§ ]

= | ]
Charge
Signal D T amplifier
Analyser

Force transducer

Figure 4. Experimental set-ups for (a) the T-like configuration and (b) the I-like configuration.

The levers' resonance frequency was established in a separate measurement to be
approximately 1200 Hz. Measurements are thus presented at most up to one third of this
value, i.e., up to 400 Hz, and since the resonance frequency is affected by the pretensioning
of bolts and the condition of the mounting surface, care was taken to avoid strong
influence of these effects in order for the frequency limit to remain valid.

4. RESULTS AND DISCUSSION

The first experiment was to show the effect of the erroneous force F5 when using the I-
like- and T-like configurations. A free-free beam is used as it has both a low- and high
mobile direction and that its' dynamic behaviour can be calculated analytically. In figure 5
it can be seen that better results are achieved using the I-like configuration because the
erroneous force is strategically aimed in a direction of low mobility. The theoretical curve
was calculated using Euler-Bernoulli theory [6].

The second experiment was to assess if the method is suitable for experimental modal
analysis. The moment mobility was measured at 8 equally spaced points on the centerline
of the beam. Figure 6 is one such measurement compared with Euler-Bernoulli theory.
Two Briiel & Kjer mini-shakers were used to create the force couple and a rotational
accelerometer was used to measure the rotation. The two force signals were summed with
a Briiel & Kjer charge amplifier type 2635 by using both signal inputs. This charge
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A zoom in the frequency range 60 to 380 Hz was used so that the first resonance
frequency was not measured. The reason for this was that since the beam has such low
damping too great of a measurement range would have been required.

5. CONCLUSIONS

The measurement of moment mobility should be as basic a tool in dynamic analysis as is
the measurement of force mobility. It can be measured for beam and plate like structures
when using the I-like configuration applying only a simple correction for the lever's
rotational inertia.

The problem at present are the effects caused by the erroneous force which in turn are
caused by the mass of the experimental set-up. These problems introduce bias errors in the
moment and in the rotational velocity. The error in the moment can be corrected for using
data from the actual measurement but to fully correct the rotational velocity a separate
measurement must be conducted.

The rotational accelerometer measures both angular- and linear acceleration at the same
time which is helpful in error estimates of the moment mobility. It also reduces the effects
of positioning errors which arise when using two accelerometers to derive the rotational
acceleration by the finite difference method.

Since this method is direct it is almost as similar and as quick to use as when measuring
ordinary driving point mobilities. M
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Akustik- och vibrationsarbetet inom SEK

far 525 kkr i statligt bidrag

For det tredje och sista aret i en for-
soksperiod, under vilken staten anslagit
5 miljoner kronor per ar till vardera
konsument- och arbetsmiljdomradena
inom standardiseringsarbetet, har Sven-
cka Elektriska Kommissionen, SEK, fatt
sin ansokan till SIS Arbetsmiljorad
bifallen. Arbetsmiljoradet har darutéver
begirt en Oversyn av hela akustik- och
vibrationsarbetet i samband med avrap-
porteringen som skall goras under
hosten 1993.

Detta besked ger det rddsrum som
behovs for att astadkomma en langsiktig
losning av finansieringsfragan. I de sam-
tal som forts med industrin har frén
SEKs sida framhallits att dven andra &n
elindustriforetagen, vilka endast ugor
259 av intressenterna i akustik- och
vibrationsarbetet, maste bidra till SEKs
overhead-kostnader. Detta innebar att
andra former for finansiering av den
framtida  SEK-verksamheten  méste
skapas som ersittning for det mélre-
laterade statsbidrag som svarat for en
betydande del av kansliets kostnader.

For SEKs del vore ett mindre antal re-
presentanter med uppdrag att forhand-
la for samtliga deltagare i de 10-tal
kommittéer, i vilka ingdr 85 experter
fran 60-talet foretag och institutioner,
det absolut enklaste och biasta alter-
nativet.

Elindustrins intressenter i SEK-arbetet
har redan nimnts som en av dessa

parter. Verkstads- och byggnadsindu-
strin vilka tillsammans representerar lika
ménga experter ar tvd latt identifierbara
och mojliga parter.

For den andra hilften av experterna,
vilka kommer frin statliga forsknings-
institutioner och hogskolor samt frén
statliga verk och myndigheter, saknas
det for nirvarande identifierbara repre-
sentanter.

En overenskommelse som gick utdver
villkoren for statsbidraget skulle dppna
mojligheten for tex hogskolorna att
fortlbpande folja utvecklingen inom
standardiseringsarbetet. ~ Vissa institu-
tioner har for tillfallet 1angt framskjutna
positioner medan andra &r helt avskurna
fran dokuments- och informationsflodet.

Utvecklingen inom Europa och EG som
inom samhillsdebatten framhdlls som
avgorande for Sveriges framtida indu-
striproduktion har inte astadkommit
nigon avldsbar fordndring av forsknings-
institutionernas installning till standardi-
seringsarbetet. Andd erbjuder det
tviartekniska akustik- och vibrations-
arbetet inom savil de europeiska som de
internationella  standardiseringsorgani-
sationerna den bista mojligheten for att
skapa sig en god overblick over pro-
blemkoncentrationen  inom  samtliga
teknikomraden, t ex maskin-, bygg- och
farkostomrédena.

Om enskilda kunder och centrala
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inkopare borjar kréva lagre ljud- eller
vibrationsnivier hos hushalls-, kontors-
och industrimaskiner pé grund av att
EG-direktiven frdn och med den 1
januari 1993 1 storre utstrackning
uppméarksammat buller- och vibra-
tionsproblemen s& medfor detta att helt
andra faktorer 4n de traditionella faller
avgorandet  vid val mellan olika
maskiner, driftkallor, monterings- och
anvandningssatt.

Mest kanslig ar naturligtvis industrin
som redan har investerat 1 en viss
produktion. Mindre kinsliga #r forsk-
nings- och utbildningsinstitutionerna vil-
ka utan storre kostnader kan &ndra sina
kursplaner och kurslitteratur. Darfor ar
det viktigt bl a for hogskolorna att ha ett
eller ett par kanselsprot med i stan-
dardiseringsarbetet s& att utvecklingen
pa detta omréde inte kommer som
nagon overraskning. Risken #r dock att
det bland studenterna upplevs som ett
svek och en brist i utbildningen nér de
kommer ut i arbetslivet och far sin forsta
arbetsuppgift att forbereda foretagets
policy i standardiseringsfragor och da
uppticker att de inte har mer kdnnedom
om standardiseringens betydelse an vad
den lektion i litteratursokning lamnat
efter sig.

Den som vant sig vid och lever kvar i
den uppfattningen att standardiserings-
arbetet gir for langsamt har kanske inte
uppfattat med vilken oerhord snabbhet
som tex de nya bullermit- och buller-
deklarationsmetoderna tagits fram inom
ISO och CEN. Industrins snabba an-

passning till marknadens nya krav pd
kvalitet och kontinuitet har okat efter-
frigan pa olika former av certifierings-
och kvalitetssikringsprogram.

Fn annan indikation pd den Okande
aktiviteten ar de forhallandevis férre
nationella kommittémotena. Den allt
snabbare processen och det Okade
antalet internationella renden har gjort
det svarare att fi tid att samla till
nationella moten. Inte for att det saknag
fragor till dagordningen - det 4r snarare
for manga drenden och for lite tid att §
diskutera varje specialfréga enskilt som
medfort att det ar farre experter som
kommer till métena.

Experternas medverkan maste istallet
inriktas pa ett direkt deltagande i det
europeiska och  det internationella
arbetet. Inom akustik- och vibrations-
kommittéerna finns det for narvarande
arbetsgrupper med ndrmare 200 ar-

betsuppgifter.

Jag skulle inte rekommendera négon att
tillverka en forarstol idag utan att forst
ta reda pa hur den provas och godkénns
enligt CEN och ISO. Samma giller for
tillverkning av dack, handverktyg, el-
maskiner och turbiner. Det finns stan-
darder for det mesta och de kommer att
anvindas antingen for att visa aft man
kan nigot eller mdjligen for att bevis
att nigon annan inte kan det han sagt si
kunna. Har han i det senare fallet saf
CE-mirket pa sin maskin med fore
stillningen att det inte betyder mer &
att sitta CE-mirket pd en lapp iet




band runt halsen pé en nallebjorn s kan
det straffa sig. Det maste finnas ett
CE-mirke pa en maskin for att den skall
fa siljas. Den som satt dit mérket har
visat att han kéant till att direktivet
existerar. Dérmed har kunden ritt att
anta att maskinen ar siker och att den
uppfyller alla gillande europeiska stan-
darder (EN) for produkten och dess
sakerhet, detta enligt principen om
presumption.

SEK och elindustrin har genom det sitt
man hittills understott standardise-
ringsarbetet pd akustik- och vibrations-
omrédena bidragit till att 4stadkomma
den breda nationella bas som har varit
forutsattningen for att uppnd de léngt

Sven Eskilsson pensioneras

Sven Eskilsson gick i pension den 31
mars i ar. I och med detta har han
avsagt sig sina uppdrag inom SEK och
ISO/TC 108. Han kvarstar dock som
sarskilt priviligierad och mycket upp-
skattad medlem i SVIB.

Sven har forutom sina gedigna insatser i
standardiseringsarbetet, vilka resulterat i
over 20 godkinda men #nnu inte pub-
licerade ISO-standarder, ocksa tagit sig
tid till sérskild omtanke om SVIB och
dess verksamhet. Jag hoppas nu att det
frin svensk sida sténdigt Aaterkom-
mande eftermilet: "For Ovrigt anser
Sverige att de 19 delarna av ISO 5347
skall publiceras" kommer - "likt droppen
som urholkar stenen" att ha avsedd
verkan pad de ansvariga ISO-funktio-
nérerna.

Sven lit under sin tid p4 SAAB tillverka
ett antal modalplattor i plexiglas. P&

framskjutna positioner som svenska
experter uppritthdller i det inter-
nationella arbetet. Det 4r mot denna
bakgrund inte annat &n troligt att
finansieringsfrdgan kommer att kunna
losas den dagen man funnit den formel
som far stérst uppslutning. SEK har
inget eget intresse av att driva vare sig
dessa eller andra standardiseringsfragor
pé egen hand utan ir helt beroende av
intressenternas instéllning och stod. Det
ar darfor visentligt for alla som &r
verksamma inom akustik- och vibra-
tionsomrddena att Overviga vad det
skulle kosta att antingen f& jobbet gjort
som nu genom SEKs forsorg eller
alternativt att gora det sjalv.

Alf Olsson

dessa skulle man kunna utféra egna
métningar och jimfora med andras tidi-
gare erhallna och publicerade resultat.
Hogskolorna och ndgra av de storre
intressenterna gav sig omedelbart till
kénna. Kanske visade denna enkla
struktur hur svart det var att fa
repeterbarhet i métresultaten.

Om efterfrigan varit begrénsad pad dessa
tvd specialistinsatser s& har den varit
storre pd SVIB-ndlen vilken ocksd haft
Sven som sin upphovsman.

Numera pryds ordforandeklubban -
ytterligare ett av Svens bidrag och vib-
rationsddmpad som sig bor - av SVIBs
signum: massan, fjidern och damparen.
M3 denna klubba med sin dova duns ge
det djupa eftertryck som ankommer
SVIBs goranden och 14tanden.

Alf Olsson




Idag finns 35 system i Sve
Bygg upp ditt proviaborat

CADA-X Test:

CADA-X Analys:

CADA-X Modal:

CADA-X Link:

Avancerad signalanalys
Signaturanalys
Vibrationskontroll

Opererande svingningsformer
Animering i realtid
Ljudintensitet

Modalanalys
Kinslighetsanalys
Strukturmodifiering
Kraft-responsanalys

Fortestsanalys
Korrelationsanalys mellan FEM och mitdata

Uppdatering av FEM modell



rige hos 20 foretag.

Krium med LMS produkter.

|

CADA -X

Gemensam databas for alla programmoduler
Baserat pd HP 9000 arbetstationer under UNIX.
Nitverkskoppling av flera system.

Flerkanalig insamling med HP Paragon eller DIFA.
Hanterar flera utsignaler

Meny eller kommandostyrda instruktioner.
Anvindarvinlig grafik

SO SO O

DNV Ingemansson AB

DNV Ingemansson AB ansvarar for forséljning och support av LMS
produkter i Skandinavien.

Ingemanssons grundades 1956 och ir Skandinaviens storsta ljud- och
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Press Release

Kalibrering av accelerometrar och

=

i e {

I januari 1992 tog ABB STAL, Finspang,
i bruk ett nytt Kalibreringssystem for
kalibrering av accelerometrar och has-
tighetsgivare. Matsystemet ar av fabri-
kat Britel & Kjer typ 9610.

Systemet bestér av tva vibratorer med
tillhérande effektforstirkare, tvd satser
referensaccelerometer / laddningsforstar-
kare kalibrerade med spérbarhet till
NIST och en tvi-kanals FFT-analysator
plus diverse kringutrustning. En PC och
programvara B&K WT 9301 admini-
strerar och automatiserar kalibrerings-
forfarandet.

Kalibreringsprincipen ar baserad pé den
s k back-to-back metoden, och for att
ytterligare ~ forbattra kalibreringsnog-
grannheten anvinder man sig av sub-
stitutionstekniken.

Principen med att anvinda brusexci-
tering och FFT-analys for bestdmning av

hastighetsgivare
T’E 7> " G i R

frekvensresponsfunktionen innebar att
man gdr en samtidig kalibrering over ett
brett frekvensomréde.

Resultatet presenteras 1 diagramform.
Typiskt redovisas givarens kénslighet
och/eller fasging som funktion av fre-
kvensen.

Typiska varden for mitosiakerheten &r
13 9% fran 5 till 10 Hz; 1.2 % frdn 10 Hz
till 4 kHz; 1.8 % frén 4 till 7 kHz och
2.6 % fran 7 till 10 kHz.

Investeringen ar ett led i att uppfylla de
kommande kraven inom olika kvali-
tetssystem, t ex ISO 9000. Systemet &r i
forsta hand avsett for kalibreringar av de
vibrationsgivare som ABB STAL hand-
har, men det finns &ven mojligheter att
kopa kalibreringstjanster for externa
kunder.

Jan-Ivar Joelsson
ABB STAL AB
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Har du kért nagot bra program?

SVIB Oppnar en spalt under rubriken
"Léstvért om dataprogram". Vi har 4nnu
ingen redaktor for spalten, men jag tar
girna emot forslag. Forslaget skall at-
foljas av en bild pa den foreslagna.

Om du har last ndgon bra bok si vet jag
att Ronnie Lundstrom girna tar upp det
under "Lastvart".

For dem som vill l4sa en bra bok gir det
bra att hora av sig till SVIB och begira
tex ett recensionsexemplar av ndgon
bok man vill lisa och recensera i
SVIB-Nytt.

Alf Olsson

PS Guldaccelerometern

Nomineringar skall vara inne senast
den 30 oktober 1992.

Akustik, buller och
vibrationer

Lydteknisk Institut & Skandinaviens ledande nér det géller att faststalla,
mata och atgarda alla typer av vibrationsproblem. Institutets aktiviteter om-
fattar konsulentverksamhet undervisning, provning och forskning.

Lydteknisk Institut forfogar 6ver en avancerad utrustning som gor det
mojligt att 16sa alla tdnkbara uppgifter inom omréadet.

Lydteknisk Institut &r ackrediterat enligt den danska ackrediteringsférordnin-
gen.

Lydteknisk Institut &r det enda skandinaviska laboratorium som &r bemyn-
digat att utféra samtliga EG-typprov rérande buller.

Lydteknisk
Institut

Bygning 356, Akademivej  Gregersensvej 3 Sonder Boulevard 29
DK-2800 Lyngby, Danmark  DK-2630 Tastrup, Danmark  DK-5000 Odense, Danmark
Tel.: +454593 12 11 Tel.: +45 42 99 77 55 Tel.: +4566 14 14 50
Fax.: +45 4593 19 90 Fax.: +45 42 99 79 89 Fax.: +45 65 91 33 75




Lonar det sig med vibrationsmatningar?

28 amerikanska foretag bidrog under
hosten 1991 till en undersokning som
syftade till att visa hur periodisk vibra-
tionsmitning kunde effektivisera och
minska kostnaderna for maskin under-
héllet.

Andelen kraftverk, kemiska fabriker och
pappersbruk var lika stor som de ovriga
7 st eller 25 % vardera.

Artikeln som foljer har forfattats av Ron
Moore, USA. For den svenska oversatt-
ningen svarar Arne Lindholm, Vikbo-
landet.

Undersoékningens omfattning
Undersokningen omfattar totalt 121 6383
maskiner. Varje fabrik hade i medeltal
4346 maskiner vilka i alla fall utom i ett
kordes dygnet runt. Medelaldern hos
an- liggningarna var 37 &r. Over hilften
av de ursprungligen installerade maski-
nerna var fortfarande i drift.

Typ av maskin Yo

Elmotorer 45,5
Pumpar 23,0
Flaktar 8,0
Kompressorer 33
Turbiner 2,2
Andra maskiner 18,0

Maskinernas betydelse for driften rang-
ordnades sélunda:

Liagsta Medel- Hogsta
véirde
% %o %o

Kritiska 2 29 55
Viktiga - 31 -
Hjilpmaskiner - 17 -
Oviktiga 3 20 45

Hur tillstandskontroll utférs och
vilket stod det har i foretags-
ledningarna

Fran uppgiftslimnarnas data gr det att
utlisa att underhallspersonalen i medel-
tal gor 5 500 vibrationsmatningar, tar 58
oljeprov och kontrollerar 84 elmotorer
med stromanalys per ménad samt gor
tvd omfattande termografiska kartlégg-
ningar per ar.

19 foretag (32 %) var foretagsledningen
inte medveten om tillstdndskontrollens
stora betydelse for anldggningens drifts-
ekonomi.

I fem foretag (17 %) var man déremot
mycket medveten om tillstdndskon-
trollens betydelse och uppmuntrade tyd-
ligt sina underhéllsavdelningar att arbeta
enligt dessa metoder. Man visade sin
uppskattning pa olika sétt, t ex genom
bonus, loneforhdjningar, beldningar,
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Oneinstrument

is all you need!
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— Level vs. Frequency Measurements

— Level vs. Time Measurements

— Sound Intensity Measurements

— Reverberation Time Measurements

— Absorption Coefficient Measurements

— Internal NE-BASIC Software Programming Facility
— Built-in Floppy Disk Drive. PC-readable

— RS-232 and IEEE Interfaces

All this and Dual Channel FFT too!

®
—

NORWEGIAN
ELLECTRONICSab

Box 9006 - S-70009 OREBRO - Tel 019-245080




utvidgad budget for avdelningens arbete
och forbattrade arbetsforhallanden.

Av den sammanfattande statistiken
framgar att man i:

21 9% (6 st) av anléggningarna var
medveten om sambandet mellan till-
standskontroll och produktkvalitén.

35 % (10 st) av anliggningarna erkiande
betydelsen for dkad sikerhet.

42 % (12 st) anvande tillstindskontroll
for att kontrollera maskiner i nya an-
laggningar och vid start efter revision.

14 % (4 st) ansdg att tillstandskontroll
var viktig for foretagets JIT-strategi (JIT
— Just In Time) enligt vilken varje del-
moment i en produktionskedja skall vara
Klart i ritt dgonblick; inte for tidigt - det
skapar onodig lagerhallning; inte for
sent - det skapar produktionsforluster i
senare led.

25 % (7 st) ansdg att tillstandskontroll
var ett viktigt led i rapportsystemet.
Underhallsmetoder, kostnader och
besparingar

Det forekommer tre olika "metoder" for
tillstindskontroll. Den numera néstan
utddda "kér till haveri" och den tra-
ditionella tidsbaserade metoden med att
kora planerade revisioner samt den #ll-
stdndsbaserade metoden.

De tva staplarna i diagrammet hénfor sig
till de foretag som nyss bdrjat mata
vibrationer och de som sedan en tid haft
ett etablerat system for tillstandskontroll
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Vanligt
férebyggande
underhall

Tillstandsbaserat
férebyggande
underhall

Ko till
haveri

Figur 1 Fordelning av underhdllsmetoder
i procent

och visar skillnaden mellan dessa tva
kategorier anvandare. Det finns alltid
de som hiller fast vid metoden "kor till
haveri", men de som anviander till-
standsbaserat underhdll tenderar - allt-
eftersom resultat kan avldsas - att lita
allt mer till detta.

Vibration e T T e e

Smorjteknik | e

Termografi |jg

Elmotor |[ESsssess
strémanalys

Ultraljud | e

Elektrisk

Okulér- |}
besiktning

Angtille- |[-2
analys

[E Etablerat W Nystartat

Figur 2 Fordelningen av antal arbetsdagar
per ménad mellan olika underhdlls-
metoder

Av de kontroller som gdrs visar figur 2
att vibrationkontroll &r den domine-
rande men ocksi att man i etablerade
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ﬁﬂ Scandinavia AB

Box 89 « 610 24 Vikbolandet

CSi Scandinavia AB, ett dotterbolag till CSI i USA, har nu startat sin
verksamhet med Arne Lindholm, Jan Svensson och Hasse Andersson! Vi arbetar
med vibrationer, ett av de vikigaste stvrmedlen i det férebvggande under—
hallet. Var malsdtining &r att marknadsféra CSi's produkter och anpassa dem
till nordiska férhallanden, samt stédia och utbilda nva och gamla kunder.

CSi Scandinavia AB arbetar fér en offensiv satsning pa tillstandsbaserat
forebvggande underhall med Produkter, Utbildning och Konsulttjénster:

— Produkter -

* Portabla, datorbaserade instrument fér 1-4 kanaler. Manuella och automa-—
tiska analys— och utvérderingsprogram fér bade vibrationer och elektrisk
strém for tillstandmdtning och analys av alla slags roterande maskiner.

* Kontinuerlig, datorbaserad &6vervakning med fast monterade givare fér
frémst kompressorer, pappersmaskiner, védxellddor samt vatten—, gas— och
angturbiner.

* Fast monterade vibrationsgivare fér matning med portabla instrument.

For dessa produkter har vi mycket tillbehdr, fullsténdig teknisk support
och ett aktivt anvéndarstod.

— Kurser -

* Grundkurs i vibrationer.
Praktisk svdngningslé&ra, givare, instrument, FU-m&tning, normer,
vibrationsskador. Vibrationsteknisk friskvard av maskiner.

* CST T.
Kort repetition av grunderna. Vibrationer som styrmedel i FU-arbete.

Datorkunskap och handhavande av CSi-instrument. Genomgang av MasterTrend-
programmets olika delar. Vibrationsteknisk friskvard av maskiner.

- CSI 1II.
Férdjupning av MasterTrend med frekvensanalvs, trendbedémning, larmtek-—

nik. Analvs av vibrationsskador och problemlésning. Vibrationsteknisk
friskvard av maskiner.

— Balansering.

— Konsulttjdnster -

Manga vibrationsproblem kan vara svara att 16sa. Vi har mangarig
erfarenhet av problem av alla slag. Vi gér skadeutredningar och ger
konkreta férslag till &atgdrder och ar behjélplig med férhandlingar med
leveranttrer eller kunder.

Vi hadlsar dej vdlkommen till CSi Scandinavia AB och ett gott samarbete dar
du far tillgédng till erfarenheter fran 6ver 2500 féretags anvadndning av
CSI-svstem.

CSi Scandinavia AB, Box 89, 610 24 VIKBOLANDET
Tel. 0125 50350, 0125 50660 och Fax 0125 50200, 0125 50365




Utbildning

Arbetskraft |

system féaster stor vikt vid visuell
kontroll. Samme person som gor vib-
rationsmitningen far ju en god mojlig-
het att utfora okulirbesiktning nér han
stir vid maskinen nigra minuter vid
varje matomgéng.

Bland de etablerade gors dubbelt si
manga ultraljudmétningar som hos de
nystartade.

I allminhet anvinder de etablerade
brukarna fler av de olika kontroll-
metoderna 4n de nyetablerade gor. Det
verkar som om varje forebyggande
metod har goda mojligheter att forsvara
sin stillning, bara man en ging tagit den
i bruk och latit den visa vad den gér for.

Det ir ocksi tydligt att etablerade
brukare anvinder mer &n dubbelt sa
mycket arbetskraft i systemen an de
nyetablerade. Diérav kan man dra den
slutsatsen att tillstindskontrollen hos
dessa foretag verkligen fungerar.

Allteftersom  mitsystemen ~ kommer
igang och foretagsledningen far bevis for
att de lonar sig oOkar ocksd bered-
villigheten att investera i nya system.

|

Material |y

<34 =

Totaltfor || SRR i S
hela 1980

-
\‘l 'l

Totalt |

uzoAnsoanmuammnm:mzmzwasozsow

Etablerat W Nystartat

Figur 3 Utgifter i KUSD
(300 = ca 1,8 Mkr)

Man kan av figur 3 sc att medelnivan for
investeringarna 13g pa 300 000 dollar
eller ca 1,8 miljoner kr for typiska redan
etablerade system.

En investerad krona gav i medeltal 10:-
tillbaka i etablerade system. En inves-
tering pd 1,8 Mkr i redan etablerade
system gav  enligt rapporten  en
Konservativt beriknad vinst pd 13,2
Mkr. Nyetablerade system med en
medelinvesteringsniva pé 0,8 Mkr gav en
vinst pé 10,8 Mkr.

Besparingen  pa reparationer ~ var
sammanlagt 270 Mkr for de foretag som
deltog i undersokningen. Se aven figur 4.

il

de etablerat Ml

nystartat

Figur 4 Kostnadsbesparingar totalt 1990

Var gors besparingarna?

Den storsta forandring som sker ar okad
tillganglighet i form av produktions-
effektivisering med 56 % och minskade
arbets- och reservdelskostnader med 37

%. Dessa forbattringar utgdr samman-
lagt 93 % av besparingarna.
Tillganglighetsokningen ~ &r sannolikt

mycket betydelsefull. Varje del av en
procents Okning av tillganglighet betyder
mycket pengar i slutinden. Dérmed
foljer &ven Okad leveranssakerhet, ett
nog s viktigt konkurrenshjélpmedel.

Den minskade &tgingen av reservdelar
har kanske storre betydelse 1 ut-

f f ) f f f f f f o
2 14 1 19 21 23 26 2 3 3 %




A [ Mindre snglickage

Produldions-
8 B ({hivisering

Figur 5 Fordelning av kostnads-
besparingar i procent

vecklingsldnderna dar tillgdngen pé
hérdvaluta for reservdelar ofta iar s&
knapp att viktiga maskiner far sti stilla

langa tider ndr de gatt sonder. Till-
stindskontroll ar alltsd viktig dven for
andra linder 4n de stora industri-
landerna.

Minskade reservdelslager, mindre ener-
giforluster och en aning farre olyckor
star for 7 % av besparingarna.

Enligt anvindarna uppfyller sjdlva
mittekniken ganska vdl de uppstéllda
kraven. Rapporteringsrutinerna beho-
ver forbattras speciellt for nyetablerade
system. Den tydligt o©kade tillgéng-
ligheten och de minskade underhélls-
kostnaderna blir starkt beroende pa en
konsekvent, lattillgénglig och tydligt
avgiven rapportering till alla delar och
till alla nivéer inom fOretaget, inte minst
till foretagsledningen. m

=

Tel. 08-38 09 11

SONTECH &Y

Det nya namnet nir det giller Jjudisoleringsmaterial &t industrin.

e Femtio ars erfarenhet att l6sa problem inom vibration och buller.
e Hog teknisk kompetens (i bade teori och tilldimpning).

¢ Heltdckande produktsortiment

e Agent for bl.a. Soundcoat Inc.

¢ Egen konfektionering av ljudisoleringssatser.

Sontech AB ¢ Box 5095 ¢ 162 05 VALLINGBY

Fax. 08-38 47 99




The Dynamic Testing Agency, DTA

Under besoket i Riksgransen berittade
David Ewins om DTA. Vi aterger ne-
dan texten i den informationsfolder som
han tillhandaholl. Det var andra géngen
som David Ewins besokte Riksgrinsen
och hans tilltagande aptit pa anblicken
av de fria fjallmassiven och den for en
engelsktalande allt mer lattillgéingliga
foreslasningarna har fatt SVIB AU 2 att
borja planera SVIBs forsta interna-
tionella konferens i Riksgransen den 26 -
29 mars 1994.

A 4-Day Short Course:

Advanced Structural
Dynamics

28 September - 1 October 1992

Organised by the
Departments of Aeronautics and
Mechanical Engineering
at Imperial College

Se vidare sidorna 38 och 39.

"Call for papers" och annan information
kommer att sindas ut redan i host eller
senast under viren 1993.

Nista &r planerar SVIB AU 1 ett nytt
tvidagars seminarium under rubriken
"Givare och konditioneringsutrustning".
Olle Backteman kommer att halla i 4ven
detta evenemang, men han har antytt att
han si sminingom tinkte limna ord-
forandeskapet for AU 1.

AO

DTA

The Dynamic Testing Agency

7

The Dynamic Testing Agency (DTA) is an industrial club {
which has been set up to develop and establish independent,
uniform quality assurance standards in the field of engineering |
testing, measurement and data analysis in structural and
machine dynamics. Membership is highly advantageous to
all organisations with interests in these areas.




=37 -

Nybheter fir anaiys

Litta birbara
Modell 2800
1 Ch. SLM/Analyzer

* Accelerometeringang

* Varvtalsinging

o Oktav/Tersband med tidsfunktion

o 100-200-400-800 linjers FFT

av vibrationer

och ljud.
5

LARSON-DAVIS
LABORATORIES

Vikt, 3 kg

analysatorer frin L&D

Modell 2900
Dual Channel Analyzer

* Modal Analys e Koherens

oV al al °
o Mikrofoningéng. FAST, SLOW, Legmm | o L;%Fﬂ;ﬁié’: : {’%&u}gfs pois

* Magnitud/Fas

ACOUTRONIC AB
Box 39017, 10054 STOCKHOLM
SVERIGE
Tel: 08-664 40 80, Fax: 08-664 1080




-38 -

MAIN OBJECTIVE OF THE AGENCY

The fundamental aim of the DTA is to help com-
panies involved in structural dynamics testing or
plant monitoring to improve performance and
efficiency through the preparation and distribution
to members of authoritative documents on best
practice and practical quality assurance guidance.

The Advantages of Joining the Agency

@ Acquisition of expert knowledge via collaboration or
participation in club activities.

@ Time saved in trying to find solutions to problems that
have already been solved elsewhere.

@ Information on the latest developments in equipment,
software and research, and on market and standards
initiatives which may affect the competitive environment.

@ Demonstration to customers of a company’s intention to
employ best practice and ensure the quality of its testing
and data analysis activities.

@ Cost sharing for the development of best-practice
documentation.

@ Exclusive access to key documentation and a reduced
price for open publications.

® Reduced rates at selected workshops, seminars,

conferences and training courses.

@ Influence on the formulation of standards and the way
that the Agency evolves.

@ Participation in events, facilitation of contacts, sharing of
experiences, discussion of problems, access to expertise
and consultancy.

@ Accreditation of technical staff to provide confirmation of
their competence to customers.

The Need for a Quality Assurance Agency in
Dynamic Testing

Dynamic testing and associated measurement and analysis is
increasingly an indispensable tool in the design and development
of cost competitive, safe and reliable engineering structures and
components. Dynamic testing and plant monitoring are wide
ranging, complex, and often the methods used and the results
obtained are dependent on the experience and judgement
of the tester. The lack of specific quality assurance standards
for the analysis and measurement of dynamic data is a cause

for concern, particularly when increasingly the development
of sophisticated and robust computer-aided methods enables
relatively inexperienced engineers to carry out testing previously
recognised as requiring experienced personnel.

The Role of the Agency

The Dynamic Testing Agency addresses the need for quality
assurance standards in the analysis and measurement of dynamic
data and provides practical and authoritative guidance on
best practice. Reference to such accepted standards improves
experimental and analytical practice in dynamic testing and
provides protection against possible accusations of poor practice.

The Nature of the Agency

The Agency is demand led by industry and is non-bureaucratic.
It is non-profit making and is controlled by and acts on behalf
of its members. The Agency takes the form of a club, of mutual
benefit to all who participate, and which will evolve as required
by its members. Direction of the Agency is undertaken by
a steering committee made up of representatives from major
companies and leading universities.

Technical Scope

The Agency is concerned with testing procedures, instrumentation,
measurement, and experimental data analysis techniques in the
area of structural dynamics testing, plant reliability and main-
tenance planning. The technical subject areas include:

@ Instrumentation

@ Data acquisition and signal processing

@ Structural Integrity Assessment

@ Modal testing and analysis

@ Validation of theoretical models using experimental data
@ Condition monitoring of vibrating or rotating plant
@ Shock and vibration testing

@ Laboratory simulation of dynamic service loading
@ Testing of non-linear structures

@ Dynamic testing of materials

@ Acoustic excitation

@ Flow induced vibration

An important activity of the Agency is to review specification
standards relating to structural and machine dynamics. An
authoritative body is needed to represent the views of users
to standards organisations, to reconcile differences and to draw
together diverse specifications.
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Existing Standards i

Present ISO and BSI standards are of limited usefulness, since
they are restricted to the mechanics of test measurement. Key
matters of interpretation, analysis, and applications of the data
in conjunction with particular test structures are not being
addressed by current standards. Although a number of learned
societies and informal technical groups are providing valuable
contributions, no authoritative documentation is being pro-
duced for dissemination and no organisation is taking a
strategic initiative in relation to quality assurance in dynamic
testing.

Co-ordination of the Technology

The Agency sponsors and co-ordinates evaluations and
studies in key areas. Working groups are established to
advise and set standards for particular specialist sectors. A
register of systems, users, key documentation, and research
publications is being maintained by a secretariat who collate
information and provide the interface for contacts between
members.

Promotion of, and Support for, the
Technology

Activities to enhance the status and the perceived value of
the technology are being undertaken. The Agency represents
the views of the specialist community and provides leader-
ship. Independent advice is available from the Agency to
enable potential customers for equipment and services to
make better informed decisions and to have more collective
influence. A formalised system for quality assurance in
experimental techniques encourages theoreticians to have
more confidence in the use of experimental data for model
validation and refinement.

Technology Transfer

The Agency promotes standardisation and the expanded use
of the technology through improved acceptance of the accuracy
and reliability of the techniques. Workshops and seminars are
organised to promote best practice and familiarise users with
new developments. Key areas of research are identified and
publicised. The practical exploitation of university research is
encouraged. Expert knowledge is made available, codified and
disseminated to a wider community.

Training and Accreditation

The Agency encourages practitioners of dynamic testing and
machine health monitoring to develop greater expertise and
familiarity with current specialist hardware and software, to
exploit the full potential of current techniques, and to extract
the maximum benefit from their efforts. The Agency also aims
to provide a means of personal accreditation of user com-
petence through the development of accreditation bench-
marks, recognition of relevant experience and linking to
approved training courses.

Management and Secretariat

Although policy matters are decided by the steering committee
which provides the leadership, guidance and executive
control of the Agency, general management and secretariat
functions are undertaken by NEL. Information to subscribers
is provided by a regular bulletin, and a user and specialist
register are being compiled together with a register of impor-
tant documentation and a bibliography of key scientific papers.
The office forms the hub of a communications network which
is useful, for example, in making contacts and in assisting
engineers to locate information or particular experts for problem
solving in specialist areas.

The Agency is funded jointly by industry and the DTI. The
industrial funding is provided by subscriptions from members.
The annual subscription is £900 per company, limited to a
single site*. The annual subscription is reduced to £500 for
SMEs*"*.

*

Multi-site discounts are available.

** Small or Medium sized Enterprise (ie a company with fewer
than 400 employees).

Steering Committee

The DTA steering committee are listed below:
Dr D. Adams, GKN

Dr R. Bellamy, Rolls Royce

W. Dunn, Rover Group

Prof D. Ewins, Imperial College (Chairman)

Dr J. Fairbairn, NEL

B. Gasper, Nuclear Electric

Dr H. Goyder, Harwell

T. Henry, Wolfson Maintenance

A. Maclntosh, MOD

N. Manning, GEC Alsthom

M. Neale, British Aerospace

Prof G. Tomlinson, University of Manchester
Prof R. White, Institute of Sound and Vibration
Dr G. Wright, Siemens-Plessey

+A member elected by the general membership
+A member elected by the SME membership

For further information please contact:

Mr N. Harwood
NEL
East-Kilbride G75 0QU

Tel: 03552 72363



Kurser och konferenser

Condition Monitoring & Diagnostic Engineering Management
Tid och plats: 15 - 17 juli 1992
Senlis, Frankrike

Arrangor: CETIM - Centre Technique des Industries Mécaniques
Att: Pierre Collette
BP 67
F-60304 SENLIS Cedex
Frankrike

Acentech Workshop - International Electric Power Industry Noise
and Vibration Abatement Engineering
Tid och plats: 17 - 18 juli 1992

Toronto, Canada

Upplysningar: Mr Eric W Wood
Acentech Incorporated
125 Cambridge Park Drive
CAMBRIDGE, MA 02140
USA
tel: 617-499-8000
fax: 617-499-8074

International Electric Power Industry -
Noise and Vibration Abatement Engineering Workshop
Tid och plats: 17 - 18 juli 1992

Toronto, Canada

Forfragningar: Eric W Wood
Acentech Incorporated
125 Cambridge Part Dr.
CAMBRIDGE, MA 02140, USA
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AKUSTIKBYRAN

Aktuella kurser

Signalanalys
e Grundkurs med PC-workshop
Solna 29 september - 1 oktober

e Fortsattningskurs |
Solna 10 - 11 november

e Fortsattningskurs Il
Solna 2 - 3 december

Buller

e Externt industribuller
Linképing 9 - 10 september
Goteborg 4 - 5 november

KM Akustikbyran AB
Box 3029
172 03 SUNDBYBERG

Tel: 08 - 764 72 40 Fax: 08 - 98 25 88
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INTER-NOISE 92 - The 1992 International Congress on Noise Control
Engineering
Tid och plats: 20 - 22 juli 1992

Toronto, Canada

Forfragningar: INTER-NOISE 92 Congress Secretariat
P O Box 2469
Arlington Branch
POUGHKEEPSIE, NY 12603
USA

New Reciprocating Machinery Analysis Course
Tid och plats: 28 - 31 juli 1992
Houston, Texas

Arrangor: Update International Inc.
2103 S. Wadsworth Blvd.
Denver, Colorado 80227
USA

6th International FASE - Congress 1992
Tid och plats: 29 - 31 juli 1992
Ziirich, Schweiz

Arrang0r: Swiss Acoustical Society for the Federation
of Acoustical Societies of Europe

Forfragningar: FASE Congress 1992
Swiss Acoustical Society
P O Box 251
CH-8600 DUBENDORF
Schweiz

Underwater Acoustics
Tid och plats: 3 - 5 augusti 1992, Singapore
16 - 18 november 1992, Cambridge, England

CEI-Europe/Elsevier arrangerar ovanstiende kurs och en del andra kurser i sommar och |
under hosten i signalbehandling, informationsteknologi m m. Vi hanvisar direkt till:
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Dr Birgit Jacobson
CEI-EUROPE/EISEVIER

Box 910

612 01 FINSPANG
tel 0122 - 175 70

International Symposium on Fan Noise
1 - 3 september 1992
Senlis, Frankrike

Tid och plats:

Forfragningar:

Fan Noise Congress Secretary
CETIM - Acoustical Department

BP 67

F-60304 SENLIS Cedex

AUTOMATISERA ERA RUTINMATNINGAR

..... med styr- och analysmjukavaror under Microsoft-WINDOWS

Givare Signalanpassning Datainsamling Datorer

tryck [~
accel
kraft

ttg Programmerbara
last forst./filter

>

-

Transientrecorders [
Pty
Végforms-Analysatorer e
PC-kort
[= = = = | E—

Vi levererar fardiga systemlSsningar
—fran givare till fardig rapport-
PCB - BAKKER ELECTRONICS- ZIEGLER - DLI- SHINKEN- CELTRON

DA

peLil

DIATECH Instrument AB
Box 751, 191 27 SOLLENTUNA

Tel.08-35 92 50 Fax. 08-35 92 70
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Buller - Externt industribuller

Tid och plats:

Upplysningar:

9 - 10 september 1992
LinkOping

Lars Holmberg

KM Akustikbyrdn AB
Box 3029

172 03 SUNDBYBERG
tel 08 - 764 72 40

Euronoise ’92 in London

Tid och plats:

Anmilningar:

Upplysningar:

14 - 18 september 1992
London

Institute of Acoustics

PO Box 320

ST. ALBANS, Herts. ALI IPL
England

Briiel & Kjear Sverige AB
Box 1244
141 25 HUDDINGE

Nonlinear System - Analysis and Identification

Tid och plats:

Kursledare:

Upplysningar:

15 - 17 september 1992, Washington DC
20 - 22 oktober 1992, Los Angeles, CA

Dr Julius S Bendat

University Consortium for Continuing Education
16161 Ventura Blvd. M/S 752

ENCINO, CA 91436

USA

Acoustical Noise Control

Tid och plats:

Upplysningar:

21 - 25 september 1992
Orlando, Florida

Briiel & Kjar Sverige AB
Box 1244
141 25 HUDDINGE
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FORTSATT VIDAREUTBILDNING
- en nyhet fran Arbetsmiljéinstitutet

Ulf Landstréom och Lennart Lawin, Arbetsmiljinstitutet

Arbetsmiljdinstitutet introducerar 1992 langre utbildningar som
motsvarar 20 hogskolepoang. Utbildningarna har utformats som en

systematisk kompetensutveckling for féretagshalsovardens personal.

Detta utbildningsprogram har fatt bendmningen fortsatt vidare-
utbildning. Utbildningsprogrammet utgor er direkt fortsattning pa
vidareutbildningen i féretagshalsovard (t ex skyddsingenjors-
utbildning). Samtliga kurser innehdller inslag av metodkunskap.

For skyddsingenjorer introduceras hosten 1992 en fortsatt
vidareutbildning som behandlar fysikaliska miljéfaktorer.

Utbildningen bestar av 4 delkurser som kan genomgas var for sig.
Delkurserna &r till stor del upplagda som distansundervisning, dar
handledning kommer att ges under kursens gang.

Under 1992/93 kommer 4 delkurser att genomféras och dessa ar:

A Synergonomi och belysning HT 92
B Elektromagnetiska falt HT 92
C  Atgarder mot buller och vibrationer VT 93

D Bedomning och atgarder av klimatproblem inomhus VT 93
Kurserna syftar till att ge:

En fordjupning och breddning av kunskaper om fysikaliska
miljéfaktorer,

god fardighet i metoder som tilldmpas inom féretagshalso-
véarden for bedéomning och atgarder av fysikaliska miljofak-
torer,

forméga att sjalvstandigt insamla, bearbeta och goéra
sjalvstandiga beddmningar av atgarder.

Ytterligare upplysningar liksom prospekt och ansdknings-
blankett kan erhdllas av Lennart Lawin, Arbetsmiljoinstitutet,
Box 7654, 90713 Ume3, tfn 090-165020.
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Human response to vibration

Tid och plats:

Forfragningar:

28 - 30 september 1992
University of Southampton, England

Miss D Janney

Human Factors Research Unit

Institute of Sound and Vibration Research
University of Southampton

UK - SOUTHAMPTON SO9 5NH

Analytical & Experimental Structural Dynamics

Tid och plats:

Forfragningar:

28 september - 1 oktober 1992
Imperial College, London

Mr David Robb

Mechanical Engineering Department
Imperial College

Exhibition Road

UK - LONDON, SW72BX

Signalanalys - Grundkurs med PC-workshop

Tid och plats:

Upplysningar:

29 september - 1 oktober 1992
Solna

Lars Holmberg

KM Akustikbyrddn AB
Box 3029

172 03 SUNDBYBERG
tel: 08 - 764 72 40

Transport Noise and Vibrations

Tid och plats:

Forfragningar:

6 - 8 oktober 1992
St. Petersburg, Ryssland

Symposium Secretariat
Eastern-European Acoustic Association
Moskovskoe shosse, 44

196158 ST. PETERSBURG
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Recent advances in surveillance using acoustical and vibratory methods
Tid och plats: 27 - 28 oktober 1992
CETIM, Senlis, Frankrike

Forfrigningar: Société Francaise des Mécaniciens
Maison de la Mécanique
39/41 rue Louis-Blanc
F-92400 COURBEVOIE
Frankrike

Buller - Externt industribuller

Tid och plats: 4 - 5 november 1992
Goteborg
Upplysningar: Lars Holmberg
KM Akustikbyrdn AB
Box 3029

172 03 SUNDBYBERG
tel: 08 - 764 72 40

Signalanalys - Fortséttningskurs |

Tid och plats: 10 - 11 november 1992
Solna
Upplysningar: Lars Holmberg
se ovan
Vibrationsdagen 1992 \Y [/[
Tid och plats: 24 november 1992 B)B) )

Rotundan i Operahuset, Stockholm

Signalanalys - Fortséttningskurs Il

Tid och plats: 2 - 3 december 1992
Solna
Upplysningar: Lars Holmberg

S€ ovan
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International Noise and Vibration Control Conference
Tid och plats: 31 maj - 3 juni 1993
St. Petersburg, Ryssland

Forfragningar: Conference Secretariat/Russia
St. Petersburg Mechanics Institute
1-st Krasnoarmeyskaya str., 1
198005 ST. PETERSBURG

Structural Serviceability of Buildings

Tid och plats: 9 - 11 juni 1993
Goteborg
Forfragningar: Serviceability Colloquium Secretariat

c/o Chalmers Konferensbyra
41296 GOTEBORG

Structural Dynamics Modelling -

Test, Analysis and Correlation

Tid och plats: 7 - 9 juli 1993
Cranfield, England

Sponsorer: Dynamic Testing Agency (DTA)
och NAFEMS

Forfragningar: Mr Neil Harwood
DTA Conference Office
NEL
East Kilbride
GLASGOW, G750QU
Skottland

INTER-NOISE 93
Tid och plats: 24 - 26 augusti 1993
Leuven, Belgien

Forfragningar: INTER-NOISE 93 - Conference Secretariat
Christine Mortelmans, TI-K VIV
Desguinlei 214
B-2018 ANTWERPEN
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Lasvart

Structural Vibration Analysis
Modelling, Analysis and Damping of
Vibrating Structures
C F Beards Imperial College of Science and Technology

1983 160 pages 13-852997-3
An Ellis Horwood publication

Principles of Dynamics
SECOND EDITION

Donald T Greenwood University of Michigan

Now in its Second Edition, Principles of Dynamics is
ideal for students studying either a first or second course
in dynamics. This edition includes extended coverage of
conservation principles, an introduction to the generalised
forms of d’Alembert’s principle applied to systems of
rigid bodies and the application of perturbation theory in
bodies. There is revised coverage of the dynamics of
systems of rigid bodies and additional material on the
determination of the orbital elements in the analysis of
orbital motion.

1988 576 pages 13-710120-1
A Prentice Hall International Paperback Edition

A Solutions Manual is available

Computer Aided Kinematics and
Dynamics of Mechanical Systems
Volume [: Basic Methods

Edward ] Haug University of Iowa

This text presents basic methods for analysis of
kinematics and dynamics of planar and spatial systems,
using a Cartesian coordinate approach that is applicable
to broad classes of mechanisms and machines. The text
emphasises systematic methods that are used in computer
formulation and solution of the governing equations of
kinematics and dynamics, focusing on kinematic and
dynamic analysis of moderate and large scale mechanical
systems.

1989 500 pages 205-12097-0
An Allyn & Bacon International Student Edition
A Solutions Manual is available

Vibration with Control,
Measurement and Stability

Daniel J Inman Szate University of New York

This volume presents and develops problem-solving
techniques and demonstrates principles of vibration
effects by example. It provides coverage of recent changes
in vibration analysis, measurement, design and control
applications, covering topics such as the use of control
methods, the single degree of freedom oscillator,
distributed mass systems, modern vibration design and
redesign, stability (Liapunov) properties of vibrating
systems and realisation theory.

1989 351 pages 13-941642-0

A Prentice Hall International Paperback Edition

A Solutions Manual is available

System Dynamics
SECOND EDITION
K Ogata University of Minnesota

For futher details see page 5.

1992 656 pages 13-880428-1
A Prentice Hall International Paperback Edition

Dynamics of Mechanical Systems
SECOND EDITION

J M Prentis University of Cambridge

1980 486 pages 13-221706-6
An Ellis Horwood publication

Mechanical Vibrations
Theory and Applications
SECOND EDITION

Francis S Tse
Iran E Motse University of Cincinnati
Rolland T Hinke Michigan State University

1978 464 pages 205-06670-4
An Allyn & Bacon International Student Edition
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Introduction to the Finite
Element Method

N S Ottosen
H Petersson Lund Institute of Technology, Sweden

An introductory text on the finite element method for
students in various fields of engineering. The text
demonstrates the formulation of the finite element
method — and encourages the student to formulate the
finite element approach for arbitrary differential
equations. The book will enable the student to obtain a
survey of important parts of engineering mechanics, and
will enable the appreciation of the wide field of
applications for the finite method.

Features:

* the physical significance of the various differential
equations is discussed

all differential equations of the physical problems are
derived

* the exposition is self-contained and with detailed
derivations — thus the book can be used for
individual studies ;

a modest background in introductory mechanics,
matrix algebra and differential and integral calculus is
required

*

*

Contents: Introduction; Matrix Algebra; Direct Approach — Truss
Analysis; Strong and Weak Formulation — One-Dimensional Heat Flow;
Gradient — Gauss’ Divergence Theorem — Green Theorem; Strong and.
Weak Forms — Two- and Three-Dimensional Heat Flow; Choice of
Approximating Functions for the Fe-Method — Scalar Problems; Choice of
Weight Function — Weighted Residual Merhods; Fe-Formulation of One-
Dimensional Heat Flow; Fe-Formulation of Two- and Three-Dimensional
Heat Flow; Guidelines for Element Meshes and Global Nodal Numbering:
Stresses and Strains; Linear Elasticity; Fe-Formulation of Torsion of Non-
Circular Shafts; Approximating Functions for the Fe-Method — Vector
Problems; Fe-Formulation of Three- and Two-Dimensional Elasticity; Fe-
Formulation of Beams; Fe- Formulation of Plates; Isoparametric Finite

Ele 5; Ni ical Integ . Index.

Summer 1992 350 pages 13-473877-2
A Prentice Hall International UK Original Edition

Finite Elements in Engineering
Science

C T F Ross Consultant Stress Analyst, University of
Surrey and Portsmouth Polytechnic

This book bridges the gap between books in applied
mechanics and specialized books on finite element
analysis. Written by an author with extensive lecturing
expetience on finite element methods, the book is
presented in the way that he has successfully taught this
aihiect to his students over a period of twenty years.

The many special features of the book include

* the listing of computer programs on the statics and
dynamics of structures

network analysis

discussion of acoustics and non-linear vibrations under

*

*

water

* network theory on electrical circuits and hydraulic pipe
systems

* steady state field problems dealing with heat transfer,
fluid flow, and the torsion on non-circular sections

1990 561 pages 13-318197-9
An Ellis Horwood publication

MECHANICAL ENGINEERING

Dynamics

Vibration for Engineers

A Dimaragonas Washingion University

S Haddad Staznford University

This broad based text covers the basic aspects of vibration
analysis and design of machines, mechanical systems and
structures, and provides extensive and in-depth coverage
of classical subjects such as single and multiple degree-of-
freedom and continuous systems.

Features

* an extensive historical introduction

* includes modern topics in nonlinear systems, random
and chaotic vibration

* offers a thorough introduction to signal processing
identification and vibration diagnostics

* discusses the importance of using vibration analysis to
monitor and diagnose machinery conditions

* provides a large number of practical examples and

problems

offers accompanying software (SIMULAB) manual

*

C : Historical Introduction; Kij tics of Vib Natural

Vibration about Equilibrium; Energy Methods-Stability; Nonbharmonic

Excitation; Coupled Vibrating Systems; Natural Vibration; Lumped Mass
Systems — Forced Vibration; C 5 Systems; Ni ical Methods for
System Modeling; Rotor Dy jes; Vibration of Nonli Systems;
Vibrating Systems Design; Machinery Vibration Monitoring and Diagnosis.

Appendices. Index.
Spring 1992 672 pages 13-952680-3

A Prentice Hall International Paperback Edition
A Solutions Manual is available




INDUSTRIELL
VIBRATIONSOVERVAKNING
OCH ANALYS

BENTLY N\
NEVADA

BENTLY NEVADA's
produkter anvands
av ledande féretag
inom tillverknings-
och processindustrin
dver hela varlden.

Sortimentet bestar
av allt fran enkla
givare till avance-
rade datorstyrda nat-
verkssystem.

Nyfiken? - Ring oss sa
far Du veta mer.

Vibrationsgivare

Vi ger Dig kunskap, service och kvalitet - i tid

ORBIT.

ORBIT Monitoring AB, Box 1567, 171 29 Solna, Tel: 08-73030 50
Besoksadress: Klippgatan 12A. Fax: 08-83 92 92
Representerar BENTLY NEVADA's produkter och tjanster i Sverige och Finland




Sprangteknik
och vibrationskontroll

UVS 1504 &r vart senaste tillskott till raden
av kvalificerade matinstrument. UVS 1504 &r
ett 4-kanaligt instrument, som kan hyras eller
képas, féor matning och analys av vibrationer
fran gruv- och byggverksamhet.

Véra specialister har hela vérlden som
arbetsfalt fér avancerad sprangradgivning,
vibrationskontroll, riskanalyser, synef6rratt-
ningar och skadeutredningar.

Nitro Consult AB

Box 32058, 126 11 Stockholm
Tel 08-744 25 20, Telefax 08-744 12 59, Telex 13269 nitcon s

DYN @ Explosives
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