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Sazetak

U radu je provedena trodimenzijska analiza nastanka i rasta pukotine kao i rast hipotetskih
pukotina na prolaznim i troputim kuciStima ventila s razli¢itim debljinama stijenki. Linearno
elasticnom analizom kucista ventila odredeno je stanje naprezanja na kuciStima optere¢enih
unutarnjim tlakom. Numeri¢ki model je verificiran eksperimentalnim ispitivanjem, pomoc¢u
metode tenzometrije, mjerenjem deformacija troputog kucista ventila DN100 i prolaznog
kuéista DN50, optere¢enih unutarnjim tlakom. Poznavanjem stanja naprezanja te pomocu
ovisnosti amplitude deformacije o broju ciklusa do nastanka pukotine odredeno je
potencijalno mjesto i broj ciklusa do nastanka pukotine na homogenim kucistima ventila.
Nakon toga je provedena analiza rasta nastale pukotine do kriticne duljine inkrementalnim
povecéavanjem duljine pukotine i odredivanjem koeficijenta intenzivnosti naprezanja za svaki
inkrement. Na osnovu odredenih koeficijenata i poznavanjem karakteristika materijala
odredeni su brojevi ciklusa rasta pukotine koriStenjem numericke integracije Parisovog
zakona. Koristenjem dijagrama procijene loma za vrijednosti kriticnih duljina pukotine
uoceno je da nece doci do sloma kucista ventila, nego da ¢e se pojaviti slu¢aj propustanja prije
loma.

Kako je u praksi rijetkost da se procesom lijevanja dobije homogena struktura, proveden je
postupak odredivanja najveée dopustive greske u stijenci kuéista ventila. Pukotine koje su
smjestene u podrucju na kojima su najveca glavna naprezanja imaju najbrzi rast a time i
kuédista s tim pukotinama imaju najkra¢i radni vijek. U cilju definiranja najvece dopustive
greSke s kojom ¢e kuciste imati trazeni radni vijek, odredeni su brojevi ciklusa potrebni za
rast hipotetskih pukotina do kritine duljine i na kuciSta na kojima nije doslo do nastanka
pukotine. Na osnovu brojeva ciklusa rasta pukotine, grafickim putem odredene su najveca
duljina pukotina ¢iji daljnji rast do kriticne duljine nece biti kra¢i od radnog vijeka kuéista
ventila. Na greSkama koje imaju duljine najvecih dopustivih pukotina, proveden je postupak
odredivanja nastanka ostre pukotine, na osnovu ¢ega je uoceno da je broj ciklusa do nastanka
ostre pukotine kod ovakvih greSaka jako kratak i da se u odnosu na traZeni radni vijek moZze

zanemariti.

Kljuéne rijeci: Kuciste ventila, nastanak pukotine, rast pukotine, zamor materijala, metoda

kritiénih ravnina, MKE, X-FEM.
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Summary

Three dimensional numerical analysis of fatigue crack initiation, initiated cracks and
hypothetic cracks growth were performed on two and three-way valve bodies with different
wall thicknesses. Linear elastic finite elements method was used to determine stress states on
valve bodies which were loaded by inner pressure. The numerical model was validated
experimentally using strain gages and measuring strains on three-way valve body DN100 and
two-way valve body DN50, loaded by inner pressure. The time to fatigue crack initiation and
potential crack location on homogenous valve body were determined using stress state and
local strain-life. After that, analyses of crack growth from initial to critical size were
conducted by incremental increased crack length and calculated stress intensity factor for
every increment. The time for crack growth was determined using numerical integration of
Paris law and material characteristics. Using failure assessment diagram, it was noticed that

would happened leak before break.

Since a homogenous structure is very rarely obtained by sand casting, the biggest allowable
failure size in the valve body wall was determined. The cracks, which were located in the area
of maximum principal stress, had fastest growth and valve bodies with those cracks had
shorter life. To define the biggest allowable failure for which valve body would have defined
life, the number of stress cycles needed for hypothetic crack growth to critical size was
determined. According to this number of cycles, the biggest allowable crack size for which
the growth wouldn’t be shorter then valve body life was graphically determined. A procedure
was conducted determining number of stress cycle for crack initiation on the valve bodies
with failure which had size of biggest allowable crack and it was noticed that this time was

very short according to valve body life.

Keywords: Valve Body, crack initiation, crack growth, fatigue, critical plane method, FEM,

X-FEM
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Zagrebu, studij: Motori i motorna vozila

od 2003, poslijediplomski studij strojarstva na Fakultetu strojarstva i

brodogradnje Sveucilista u Zagrebu, smjer: Teorija konstrukcija.

Zaposlenje
11/2002 konstruktor ventila i pneumatskih motora, ATM, Zagreb,
07/2009 asistent na Zavodu za konstruiranje, Katedra za elemente strojeva i
konstrukcija na Fakultetu strojarstva i brodogradnje Sveucilista u
Zagrebu.
Strani jezici
Engleski jezik.

Broj objavijenih znanstvenih radova

1 rad u medunarodnom Casopisu indeksiran u CCu (eng. Current
Contents),

2 rada objavljena u ¢asopisima s medunarodnom recenzijom,

3 rada u zbornicima radova s medunarodnih znanstvenih skupova,

1 rad u zbornicima radova sa znanstvenih skupova,

1 poglavlje u knjizi.
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Curriculum vitae

Born on 26% November 1975.

Education
1982-1990,
1990-1992,
1992-1994,
1994-2001,

2001,

since 2003,

Employment
11/2002
07/2009

Foreign languages

10" primary school ,,Brac¢a Ribar“, Mostar, BiH,

“Masinska Skola”, Mostar, BIH,

“Srednja strukovna i tehni¢ka $kola”, S. Brijeg, BIH,

studies in Faculty of Mechanical Engineering and Naval Architecture,
University of Zagreb,

graduated in Mechanical Engineering at the Faculty of Mechanical
Engineering and Naval Architecture, University of Zagreb,

doctoral study in Theory of Structures and Design at the Faculty of

Mechanical Engineering and Naval Architecture, University of Zagreb.

designer of valves and pneumatic actuators, ATM, Zagreb,
assistant at Department of Design at the Faculty of Mechanical

Engineering and Naval Architecture, University of Zagreb.

English language.

Number of scientific publications

1
2
3

paper published in CC (Current Contents) journals

papers published in other international journals

papers published in proceedings of international conferences
paper published in proceedings of conferences

chapter in book
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