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PREDGOVOR

Buka i vibracije su fenomeni koji se na Fakultetu zastite na radu izucavaju sa ciljem da se studenti
osposobe za prepoznavanje fenomena vibracionih i akustickih procesa u inzenjerskoj praksi i
ovladaju vestinama za dijagnostiku, metrologiju i upravljanje rizikom koji ti procesi generisu pri radu.
Struktuiranje programskog sadrzaja ostvareno je nakon visegodisnjeg rada sa studentima i resavanjem
prakticnih problema koje je praksi zastite na radu nametala tehnoloska realnost.

Obzirom na cinjenicu da generisanje fenomena buke i vibracija ima mehanicku prirodu, nastavna
materija je u uvodnom pledojacu struktuirana u dva dela. Prvi deo obuhvata mehanicke, a drugi deo
zvucne oscilacije.

Vibracije kao problem u inzenjerskoj praksi je sustina koja se razraduje u prvom poglavlju. Autori
objasnjavaju osnovne pojmove vezane za vibracije, koriste¢i se terminima koji su definisani
medunarodnim standardima.

Fizicke veli¢ine za opisivanje vibracionog signala su predstavljene kroz profil kinematike vibracija u
drugom poglavlju, opisivanjem 1 vektorskim predstavljanjem prostih i slozenih harmonijskih
oscilacija. Autoti se u ovom kao i u drugim poglavljima trude da s§to jednostavnije, na pragmatican
nacin, predstave materiju. Matematicki aparat nije izbegavan, ali je u svakoj prilici koriSéen sto
jednostavniji model.

U tre¢em poglavlju se tretiraju problemi vibracija kod sistema sa jednim stepenom slobode kretanja,
definisanjem mehanickih parametra — sistema sa kombinacijom elemenata masa — opruga - prigusivac¢
u uslovima slobodnog i prinudnog oscilovanja. Namera autora je da stvori platformu za usvajanjem
znanja koje ¢e kod mnogih izvora (masina i konstrukcija) objasniti pojavu rezonancije, omoguditi
izra¢unavanje sopstvene frekvencije i objasniti problem oslanjanja i izolovanja vibracija. Na taj nacin
ostvarena je pretpostavka za upoznavanje vrste signala karakteristicne velicine vibracije.

Pored toga tretiraju se sistemi sa vise stepeni slobode, kao realni sistemi koje praksa zastite na radu
prepoznaje. Medutim, imperativ u razmatranju su sistemi sa dva stepena slobode kretanja, koji realno
u generalisanom sistemu predstavljaju polozaj rukovaoca u odnosu na osciluju¢u masu konstrukcije.
Poseban znacaj se posvecuje dinamickim apsorberima, svodenjem problema na jednostavniji
analiticki pristuo definisanja karakteristicnih frekvencija oscilovanja.
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Po svom sadrzaju cetvrto poglavlje objedinjuje stecene informacije u procesu ocene stanja i
implamentaciju standarda za opste “humane” vibracije, vibracije sistema $aka-ruka i dijagnosticke
procedure za ocenu stanja tehnoloske opreme radi odrzavanja, definisanja rizika i upravljanja
oznacenim procesima.

U petom poglavlju se ukratko opisuju fizicke osobine zvuka i buke kao nezeljenog zvuka. Osnovna
teorija se prosiruje diskusijom matematickog alata za izvodenje 1 reSavanje talasne jednacine. Date su
osnovne jednacine za zvuéni pritisak 1 intenzitet zvuka u zavisnosti od rastojanja do izvora.
Koris¢enjem termalne analogije objasnjava se razlika izmedu zvucnog pritiska i zvucne snage.

U sSestom poglavlju se razmatraju subjektivni fenomeni percepcije zvuka, pocev od mehanizma sluha
do frekvencijsko-dinamickog opsega cujnosti ljudskog uha. U drugom delu poglavlje se uvode
osnovne velicine i jedinice za opisivanje jacinebuke.

Sedmo poglavlje opisuje instrumente za merenje buke i vibracija i opste tehnike za merenje i analizu,
pocev od jednostavnih mernih sistema sa filtarskim jedinicama (oktavnim, tercnim i uskopojasnim),
pa do slozenijih instrumenata i sistema za analizu. Opisani su osnovni elementi mernog sistema sa
njthovim glavnim osobinama. Naglasena je neophodnost pazljive kalibracije i u kratkim crtama su
opisane procedure koje dovode do najpreciznijih mernih rezultata.

U osmom poglavlju se objasnjava ponasanje zvuka u zatvorenom prostoru primenom talasne i
statisticke teorije. Prikazana analiza zvuka u prostorijama ne ukljucuje samo objasnjenja reflektovanja
zvuka u prostoriji, ve¢ 1 kakav efekat imaju razli¢iti materijali pri apsoprciji i kontroli buke u
prostoriji. Kao metode za kontrolu buke, posebno se naglasavaju akusticka obrada prostorija i
zvucna izolacija.
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PREFACE

Noise and vibration are phenomena studied at the Faculty of Occupational Safety in order to train
students to recognize the phenomena of vibrational and acoustical processes in engineering practice
and to get skills in diagnostics, metrology and risk management.

The content of this book has been structured after a long work with students and solving the
practical problems in the occupational safety practice. As the noise and vibration generation has
mechanical nature, the book subject matter is divided in two parts. The first part describes
mechanical oscillations while the second describes acoustical oscillations.

Chapter 1 deals with fundamental concepts of vibration as the problem in engineering practice, using
the terms from the international standards.

In the chapter 2, the physical quantities used for describing vibration signal are presented based on
the vibration kinematics by describing and vector presentation of the simple and complex
harmonically oscillations. The explanations in this chapter, as in others, are not restricted to
mathematical formulas but also use many practical and experimental examples. Mathematical results,
physical and practical explanations go hand in hand.

Chapter 3 presents the theory of free and forced steady-state vibration of single degree-of-freedom
systems. Undamped systems and systems having viscous damping and structural damping are
included. The resonance phenomenon, the natural frequency calculation and the basic principles of
foundation and vibration isolation are all explained. The multiple degree-of-freedom systems are
discussed as the real systems with emphasis to two degree-of-freedom systems. Two degree-of-
freedom systems represent an operator position regarding oscillating mass of construction. Special
attention is given to the dynamic absorbers by defining the characteristic oscillation frequencies
therefore simplifying the problem.

The chapter 4 summarizes the most important effects of vibration on man including the effect on
comfort, performance and health. The hand-arm and whole body vibration are discussed with review
of international standards, limits and criteria. In this chapter the diagnostically procedures for
estimation of technological equipment condition are included. The aim of the preventive
maintenance and condition-based maintenance is explained.

XI



XII

Buka i vibracije

Chapter 5 briefly describes the physical properties of sound and noise as unwanted sound. The basic
theory is expanded by the discussion about the mathematical tool for deriving and solving wave
equation. The basic equation for sound pressure and sound intensity in relation to distance from
source are given. The difference between sound pressure and sound power is explained by using the
thermal analogy.

Chapter 6 deals with psychoacoustics matters, beginning with the mechanism of hearing, and going
on to masking, the perception of noise and the adverse noise effects on human beings. The
subjective effects of noise are then dealt with and the most common measurement units currently in
use are defined and their development and areas of application described.

Chapter 7 describes noise and vibration measurement instrumentation and general measurement and
analysis technique, beginning with the simple measuring system and filter sets (octave, third-octave
and narrow band) and progressing through more comprehensive instruments to analysis system. The
basic elements of measuring system and the main specifications are described. The necessity for
careful calibration of the set-up is stressed and procedures are outlined which should produce the
best possible measurement.

In chapter 8, the behavior of sound within rooms and enclosures is examined using the wave and
statistical theory. The shown analysis of sound in rooms involves not only a search how sounds ate
reflected backward and forward in a room but also investigations into how the effect various
materials have in absorbing and controlling noise in the room. Attention will be also focused on
sound insulation and acoustical treatment as the main noise control methods.

ACKNOWLEADGEMENTS

The authors would like to thank the Austrian Cooperation and WUS Austria that made possible the
curriculum innovation of subject Emvironmental Noise and publishing of this book, within a financial
support of the CDP+ 105/2004 project.

Also, the authors would like to thank the reviewers - Petar Pravica PhD, full professor at the Faculty
of Electrical Engineering in Belgrade and Nikola Lili¢ PhD, full professor at the Faculty of Mining
and Geology in Belgrade, for useful suggestions and time investment in preparation of peer review of
this book.



CIP - Karanormzauuja y mnyOaukauuju
Haponna 6ubnuorexa CpOuje, beorpan

534.83(075.8)

IOBETKOBUHUR, [Aparan

Buka i vibracije = Noise and Vibration /
Dragan Cvetkovi¢, Momir Prascevié. - 1.
izd. - Ni§ : Fakultet zastite na radu, 2005
(Ni§ : Unigraf). - VI, 293 str. : graf.
prikazi, tabele ; 25cm

Na nasl. str. : Univerzitet u Nisu. - Tekst
Stampan dvostubacno. - Tiraz 100. -
Bibliografija : str. 289-293.

ISBN 86-80261-45-9

1. I[TpamrueBuh, Momup

a) byka 6) Bubpamuje
COBISS.SR-ID 127576332




