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HPEAT'OBOP

OBa nmokTopcka aucepTaiyja je ypahena Ha Karenpu 3a KOHCTpyKLIHjE U
MIPOJEKTOBAKE Y MallIMHOTpamu PDakynrera 3a MAIMHCTBO U I'pal)eBUHAPCTBO
y KpameBy VuuBep3surera y KparyjeBily u 1npeacraBba pe3yaTaT
BUIICTOJAMIIET HAy4YHOI M CTPYYHOT ycaBpuiaBama y OkBupy Llentpa 3a
rpalleBUHCKY W TPAHCIIOPTHY MEXaHHM3aIM]y, W3 O00JIaCTH MEXaHW3aluje |
HOocehux KOHCTpYKIIHja.

Ha mpBom Mecty, aAy0OKy  3axBalHOCT AYryjeM  MEHTOpY,
npod. np Munomupy [Mammhy 3a cBecTpaHy M KOHTHHYUpPAaHY MOMOh TOKOM
u3pajze oBe aucepranuje. Takohe, moceOHy 3aXBaTHOCT >KEJIUM J1a UCKAXKEM U
npod. np JoBany Bnamuhy ca ®akynrera TexHuukux Hayka y HoBom Cany,
npo¢. ap parocnaBy Janomesuhy ca Mammunckor ¢akynrera y Humry, kao u
npodecopuma ca MaTHUHOT ¢akynrera npod. np Muny CaBkoBuhy u npod. ap
Hparany IletpoBuhy Ha KOpUCHUM CaBeTHMa M CyreCTHjaMa.

3axBaJIHOCT AyryjeM U cBUM uiaHoBuMa KaTteape 3a KOHCTpyKIiMje U
MPOJEKTOBAKE Y MAIIMHOTPAIbH, KA0 M CBUM OCTalIMM Koserama Ha dakynrery
3a MalIMHCTBO U rpaheBuHapctBo y KpasbeBy Ha mocpenHoj UM HEMOCPEIHO]
NOJPUIIH Y JOCAIAIIHEM PaLdy.

3axBajbyjeM C€ MCKPEHO CBOjOj TMOPOJUIM Ha CTPIUBEHY U
pa3yMmeBarmy TOKOM U3pajie IucepTaluje.

VY KpasmeBy, dhebdpyap 2015. He6ojma 3apaBkoBuh



YTULHAJHU TAPAMETPH 3I'J/IOBHO BE3AHUX CET'MEHATA HA
EJACTO-AUHAMHNYKY CTABUJIHOCT CTPEJIA AYTOJAMU3AJIMIA

PE3UME

AyTonu3anuiie UMajy jeHy O KJbYYHHUX yJora TOKOM H3TPallibe U OpKaBamka CBHX
BHJIOBA cTaMOeHe, caoOpahajHe n uHIyCcTpUjcKe MHGpacTpykType. UecTe mpomMeHe Jokaruje
yTOBapa W HCTOBapa, MaHUMYyJalHja Pa3HOBPCHHM TEPETOM Yy YCIOBHUMA OTrPaHHYEHOT
MaHEBAPCKOT IPOCTOpa, MoBehamke HOCHBOCTH, BHCHHE [U3amba M J0XBaTa, ONEpaTHBHA
0e30eHOCT M CTa0MIIHOCT, €proHOMCKO U e(QUKaCHO YIpaBbame, Y3 BHCOK CTEIEH
uckopuinhema eHepruje (opMHpajy KOMIUIEKCAaH CKYIl CYINPOTCTaBJbEHUX 3axTeBa U
OTpaHUYEa MpPH HHHUXOBOM IPOjEKTOBamy. Y ULWbY J00Hjama JIAKIIUX, EHEPreTCKH
e(hUKaCHUJUX U CKOHOMUYHH]UX pelleHha, HHKCHEPU Cy MPUMOPAHU Ja ONTUMH3Y]y Hocehy
CTPYKTYpy CTpena ayroau3anuia. JlupekTHa Tmocieania OBe TEHJCHIH]e je ToBehame
€JTaCTUYHOCTH W TI0jaBa OCHMJIAIIM]a, KOj€ HEMOBOJHHO YTHUY Ha PAJHHM BEK CTpese yclen
M0jaBe 3aMopa U OTEXKaBajy yMpaBJbamkbe TU3AIUIIOM. Y Paay je MPEe3eHTOBAaH KOMOMHOBAHU
IOPUCTYI MOJEIHpamy JAWHAMHYKOI TOHAIIamka 3IJI00HO BE3aHMX CErMeHaTa cTpele, MpH
CaBOJHMUM OCLWJIallMjaMa, Ha TPUMEPY jelHe pealHe KOHCTPYKIMje, CacTaBJbeHEe O JIBa
CerMEeHTa U XUAPOLUMIMH/pPA Ca BEIIajHUM CKoroBUMa. CerMeHTH CTpesie Cy TPETUPaHU Kao
Euler-Bernoulli-jese rpene ca qucTpuOyrpaHUM UHEPIHjaTHUM U €JIaCTHYHUM MapaMeTpruMa,
JIOK je 30MpHU YTHIQ] XUIPOUMJIWHIpPA W BEIIaJHUX IOJCKIONOBA y3€T Y 003Up MPEKo
KOHIICHTPHUCAHUX Maca y BeIIajHUM Tadkama. Takohe, mpu neduHHCcamy Mojena y3eTa je y
003up aKkcHjaJiHa KPYyTOCT CaMOT XUAPOLMIUHAPA. Maca TepeTa je KOHIICHTPUCAaHA Y KPajiboj
Tauku aekcuOuHor MaHumynaropa. C 003upoM ja 1macuja BydHOT BO3HJIA HU]E arliCOTyTHO
KpyTa, €JacTUYHOCT Ocllamama je yrpaheHa y Mozen mpeko ompyre y ocioniy. ITocebna
naxxma je nocseheHa KOHCTPYKTUBHO] CHEUM(UYHOCTH CTpesia ayTOoIM3alIHla Koja ce TUYe
eKCIEHTPUYHOCTH BEIIAJHUX Tauaka XHJIPOUWJIMHApPA Yy OIHOCY Ha HEyTpalHe IMHU]e
cermMeHara. Be3a XMIOpOIMIMHApPAa U CerMeHaTa je MOJENIMpaHa CIEHUjaTHUM CHCTEMOM
JaKUX, aKCHjaTHO KpyTuX mTanoBa. Kao reHepanucane KOOpIMHATE CIOOO0IHHMX CaBOJHHUX
ocCLIMIallMja YCBOjeHa Cy TIONMpEeYHa MOMEepama CKBUAMCTAHTHUX Tadaka Ty HEyTpPaTHUX
JUHUja. YCIOCTaB/b€HA j€ aHAJUTHUYKA 3aBHCHOCT CWIEC y XUAPOUWIMHAPY Y (QyHKIHjH
TPaHCBEP3ATHUX TIOMEpama KapaKTePUCTHYHUX Tadaka HA CETMEHTHMA, YHje Cy aKCHjaHe
nedopmarmje 3anemapene. llema 3riio0Ha CTpyKTypa je W3Je/beHa Ha CEKIMje Tadykama y
KOjuMa Jielyjy TpaHcBep3anHe cwie. JudepeHnujanau oOIUIM TUHAMHYKHX E€IaCTUYHHX
JUHH]a CEKIMja W TPAHUYHUX YCIIOBA CYy TUCKPETH30BAaHH METOJOM IICHTPATHUX KOHAYHUX
pasznuka. ['pannmunu npoOieMm je TpaHchopMucaH y CHUCTEM JIMHEPAaHHUX aire0apCKux
jeIHaurHa, oroJaH 3a mporpamMupame. TauHoCT J0OHjeHUX 3aBUCHOCTH €NIaCTO-IMHAMHYKHIX
napameTapa CTPyKType je moTBpheHa mopehemeM NpUPOTHUX YYECTAHOCTH MPEAJIOKEHOT
MOJIeNIa ca pe3ysiTaTiMa U3 Mojena u3rpal)eHor Ha 6a3u MeTo/ie KOHAUHUX elIeMeHaTa, 3a CBe
reoMeTpujcKke KoHpurypamuje 3riao0HOr MaHumyiaatopa. [IpobieM MmpoMEeHJBUBOCTH
MONPEYHUX TIpeceKa cermeHarta je oOyxBaheH moceOHMM mornaBbeM. Kopumnihemem uctor
NPUCTYIA, U3BPIIEHA je U (PEKBEHTHA aHAJIM3a TEJIIECKOIICKOT Jiesla CTpede.

Kibyune peuu: aymoousanuye, 32100He cmpene, QreKcUOUIHU MAHUNYIAMopu, CAaojHe
ocyunayuje, Euler-Bernoulli-jesa meopuja epeda, memooa yenmpainux KOHAYHUX pA3IuKd,
NPUPOOHe YYeCmaHoCmu, Memooa KOHAYHUX eleMeHamd.



INFLUENTIAL PARAMETERS OF ARTICULATED SEGMENTS ON
ELASTIC-DYNAMIC STABILITY OF TRUCK CRANE BOOMS

SUMMARY

Truck cranes have one of key roles in construction and maintenance of all kinds of
residential, traffic and industrial infrastructure. Frequent changes in loading and unloading
locations, manipulation with different loads in conditions of restricted maneuver space,
capacity increase, lifting height and reach increase, operating safety and stability, ergonomic
and efficient control, with high degree of energy utilization, create a complex set of opposing
demands and restrictions in their design. In order to get the lightweight, energetically more
efficient and economical solutions, the engineers are forced to optimize the carrying structure
of truck crane booms. Direct effect of this tendency is the increase of elasticity and the
occurrence of vibrations which unfavorably affect the boom’s life due to fatigue and make the
crane control difficult. In this research, a combined approach to modeling of dynamic
behaviour of boom articulated segments in bending vibration is presented, in the case of a
real-life structure which consists of two segments, hydro cylinder and mounting
subassemblies. Segments of the boom are considered as Euler-Bernoulli’s beams with
distributed inertial and elastic parameters, while the total influence of hydro cylinders and
mounting subassemblies has been taken into account through lumped masses in mounting
points. Given that the towing vehicle’s chassis is not absolutely rigid, the boom support
elasticity has been built in the model through the spring in the support. Special attention has
been given to the constructive specificity of truck cranes’ booms which deals with the
eccentricity of hydro cylinders’ mounting points in relation to segments’ neutral lines. Bond
of hydro-cylinders and segments has been modeled by a special system of light, axially rigid
rods. As generalized coordinates of free bending vibrations there have been adopted the
transverse displacements of equidistant points along the neutral lines. There has been
established the analytic dependence of the force in hydro-cylinder in terms of transverse
displacements of characteristic points on segments, whose axial deformations are neglected.
Whole articulated structure is divided in sections by points where transverse forces act.
Differential forms of sections’ dynamic elastic lines and boundary conditions are discretized
by central finite difference method. Boundary problem is transformed into a system of linear
algebraic equations, suitable for programming. Accuracy of obtained dependencies of elastic-
dynamic structure parameters is confirmed by comparing the natural frequencies of proposed
model with results from the model built on the base of finite element method, for all
geometrical configurations of articulated manipulator. The problem of segments’ cross-
sections non-uniformity is covered in special chapter. By using the same approach, there has
been also carried out the frequency analysis of telescopic part of the boom.

Key words: truck cranes, articulated booms, flexible manipulators, bending vibrations,
Euler-Bernoulli’s beam theory, central finite difference method, natural frequencies, finite
element method.
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CIIMCAK O3HAKA ITO PEJOCJIEAY IOJAB/BUBAIHA

k - KpyTOCT (PpJIEKCHOHE OIPYTe OCJIOHIIA KOH30JIHOT HOca4ya
M - KOHIIEHTpHUCaHa Maca Ha BpXYy KOH30JHOT HOocaya

B - KOHCTAHTHA IIMPHUHA IPAaBOYTa0OHOT TAHKO3UIHOT Mpoduia
0 - ne0sprHa 3U]I0Ba MPABOYTAOHOT TAHKO3HUIHOT Mpoduia
H(x) - BUCHHA MPABOYTAOHOT TAHKO3UTHOT TIpoduia

Hy - BUCHHA IIPECEKa KO/ OCJIOHIA

H; - BICHHA TpeceKa Ha cI000THOM Kpajy

m(x) - Maca 1o JeJUHHIN AY>KHHE KOH30JIHOT HOocaya

El(x) - caBojHa KpyTOCT

E - Young-oB MOIlyNT €1aCTUYHOCTH

I(x) - aKCHjaJJTHX MOMEHT MHEPIIUje MOMPEYHOT MpeceKa

L - Oy’KMHA KOH30JIHOT HOCada

f(x,t) - pacmolieJbeHO TPaHCBEP3aJIHO onTepeheme

M(x,t) - MOMEHT caBHjama
Q(x,t) - TpaHcBep3aliHa cUjia

C - aMIUTMTY/Ia OCIHJIOBaba

Y(x) - COIICTBEHHU OOJIMK (MOJI) OCIUIOBAa

) - Kpy>KHa MPUPOJIHA YIECTAHOCT

o - (hazHm yrao

n - 0€31MMEH3MOHH JIEKPEMEHT BUCHHE MOIPEYHOT MTpeceKa

W - 0e3MMMEeH3MOHN KoeUIIUjeHT Harnba KOHType Hocadya

A(x) - TIOBPILIMHA MOMPEYHOT Mpeceka

p - ciennUYHa Maca MaTepujaia

Iy - aKCHjaJJHX MOMEHT MHEPIIHje MOMPEYHOT MpeceKa KoJ OCIOHIA
1 - aKCHjaJJTHU MOMEHT MHEPIIUje MOMPEYHOT MpeceKa Ha CII000THOM Kpajy
n - Opoj eneMeHTapHUX CerMeHaTa

As - Iy)KUHA €JIEMEHTApHOT CETMEHTa

i - pennu 6poj yBOpa

Y; - IONIPEYHO NTOMEPALE [-TOT YBOPA

P; - KOHJIE30BaHU H3pa3

or - KOHJI€30BaHU U3pa3

- KOHAC30BaHU U3pa3

- KOHAC30BaHU U3pa3

- KapaKTCpUCTUIHa BpCAHOCT
- KOHAC30BaHU U3pa3
- KOHAC30BaHU U3pa3

N -

- corncTBeHa (peKBEHIIN]ja



q - 0e31MMEH3HOHAIHA KPYTOCT

r - 0e31MMEH3HOHAIHA Maca

m - YKyIIHa COTICTBEHa Maca Hocaya

A; - pEIIaTUBHO OJICTYNAME i-T€ CONICTBEHE KPYKHE YU€CTaHOCTH
MKE - MeToJla KOHaYHMX €JIeMeHaTa

l; - Iy’)KHHa cTy0a

17 - Iy’)KHHA T0JIyTe

A - MMOBPIIMHA MTOTPEYHOT Ipeceka cTyda

I - aKCHjaJTHM MOMEHT UHepIHje cTy0a

Ay - MOBPIIMHA MMOTIPEYHOT MPeceKa Moryre

b - aKCHjaJTHU MOMEHT HHEPIIHje TOJIyTe

k - KPYTOCT OCJIOHIIA 3TJIO0OHOT MaHUITyJIaTopa

Mp - Maca KOpHUCHOT TepeTa MaHHUITyjaTopa

a; - yrao usmely oce cty0a U BEpTUKAJIHOT MpaBlia

a2 - yrao usmely oce mnosyre 1 XOpM30HTAIHOT ITpaBIia

h; - KpakK CITpera KoJi JOH€ BelllajHe TauKe XUAPOLMIHMHIPA

h; - KpaK crpera Koj TOpH-e BelllajHe TauKe XUAPOIMINHIPA

e - eKCLIEHTPULIUTET JIOWHE BEIIajHE TAYKe O] TeKHIIHE JIMHUje cTyOa
e -eKCIICHTPHIIUTET TOPH-E BEIIAjHE TAYKe O] TE)KHUIIHE JIMHHU] € TIOTYyTe
F. - cWJIa y XUAPOUUIIUHIPY

c - aKCHjaJIHa KPYTOCT XUAPOLMIHH/PA

T)(Tp) - TpaHCBEp3aIHA CHJIA KO IOHET BEllamka O]l CUIE XUAPOLMINHIpA
T>(Tp) - TpaHCBep3aaHa CHJIA KOJ FOPH-Er BEllama O CUIIe XUIPOLMINHAPA

N, - aKCHjaJIHa CUJIa KOJ JOHET Belllarba Koja MOTHYE O] CUJIe XUAPOLMIHHIIPA
N - aKCHjaJIHa CUJIa KOJ| TOPH-ET Belllamka Koja MOTHYE O] CHJIe XUAPOLMINHAPA
Ty - TpPaHCBEp3aJiHa CHJIa IOET Belllama YCJe | pa3iiarala MOMEHTA Ha CIIper
T, - TpPaHCBEp3aJiHa CHJIa JIOWET Belllama YCJe | pa3jiarala MOMEHTA Ha CIIper
Tx - TpaHCBEp3aJlHa CUJIa TOPH-ET Belllamba ycie]l pa3jiaralba MOMEHTa Ha CIper
Ty - TpPaHCBEp3aJlHA CHUJIa TOPH-ET BElllamba yCle I pa3jiaralba MOMEHTA Ha CIIper
01 - yrao usmely oce XuApoIIIMHIpa U 0ce cTy0a

02 - yrao usmely oce XuApOIMIIMHIpA U OCe TIOJIyTe

M, - YKyIIHa Maca XUAPOLMINH/IPA Ca BEIIajHUM MOACKIONOBUMA

Mg - KOHIIGHTPHCAaHa Maca

Mp - KOHLIEHTPUCAaHa Maca

l; - Iy’)KMHa j-Te CEeKLje 3III00HOT MaHUITyIaTopa

A; - MMOBPIIMHA MMOTPEYHOT MPECeKa j-Te CeKIH]je 3MT00HOT MaHUITYIaTopa

m; - IOAYKHA Maca j-Te CEKIIHje 3rII00HOT MaHUITyIaTopa

Yi(xj) - dyHKIMja mOMepama j-Te CeKluje 3I00HOI MaHUITyIaTopa

I - aKCHjaJTHU MOMEHT MHEPIIMje TIpeceKa j-Te CEKIMje 3TI0OHOT MaHHUITYJIaTopa
El; - CaBOjHA KPYTOCT IpeceKa j-Te CEKIMje 3MI00HOT MaHUITyIaTopa

L - YKyIIHa OJYy>KWUHaA 3I100HO BE3aHUX CerMeHara



Alp
AZG
r;
r;
@B
®D

- Opoj eneMeHTapHUX Aenuha Mpu TUCKPETU3ALHjU CTPYKTYpe

- KOpak JUCKPeTU3alije CTPYKType

- (pUKTHBHO TOMEpamEe i-TOT YBOpa

- Iy’KUHA ONPYyre XUAPOIMIIMHAPA Y Hele(hOPMUCAHOM CTamby

- pactojame Tauke B o kpaja cTyba

- pactojame Tauke D of kpaja momyre

- Ty)KUHA ONPYre XUAPOIMIMHAPA Y 1€(OPMHUCAHOM CTamby

- IpOMEHa JIy)KHHE oIpyTe (IPOMEHa pacTojama KpajibuX Tayaka XuIPOUMIHHIPA)
- MapiMjajiHa MPOMEHa Ty>KUHE ONPYyTe KO JOHE BElllajHe TauKe
- MapIMjajiHa MPOMEHa JTy>KUHE OIPYTe KO FOPHE BEIIajHE TauKe
- Koe(DUIIHMjeHT eKCIICHTPUIIUTETA JOHE BEIlIajHE TauKe

- Koe(DUIIMjeHT eKCIIEHTPUIIUTETA TOPHHE BEIlIajHE TauKe

- yrao Haru0a eJacTU4He JUHHU]e CTyOa KO/ JOHE BEIllajHe Tauke
- yrao Haru0a eJacTU4He JJMHHU]e CTyOa KO/ TOPH-E BEIIajHE TauKe

H,B,J,C,D,Q,P - penau 6pojeBd HCTOMMEHUX YBOPOBA y CUCTEMY jeIHAYMHA

B;+ B3 - XOHIE30BaHU U3pa3u

01, 02, 03 — pEJaTUBHE TPEIIKe MPUPOAHUX HPEKBEHIIH]ja

l;, b, I3 - ny)xuHE cerMeHara TeJaecKona

S7, $2

L

- KOH(HUTypaIMoHe KOOPAMHATE TeJecKomna (M3BY4eHOCT CETMEeHATa)
- TPEHYTHU YKYIHU JOXBaT (Jy>KMHA) TeJecKomna

A; +Ay - IIOBPIIVHE MOTPEYHUX MPECEKA CEKINja TeIECKOoma

I =1y

- aKCHjaJTHU MOMEHTH MHEPIIM]€ MOTIPEYHNX MpeceKa CeKIrja TeJlecKomna

L; +Ls - ny)X"HE CEeKIfja TeJeCcKoIa

my <+ my - TIOAY>KHE Mace CEKIIHja TeJIeCcKoma

A,B,C,D,F,G - penuu OpojeBU HCTOMMEHHUX YBOPOBA Y CUCTEMY jeIHAUMHA

a,b
cd
ef
g.h

B;+Bs

- 0€3IMMEH3HOHU KOS UIIMjEHTH KPYTOCTH U Maca MPBE U JPYre CEKINje

- 0e31MMEH3HOHU KOe(UIIMjeHTH KPYTOCTH U Maca JIpyre u Tpehe cexuuje

- 0e3MMMEeH3MOHN KOS UIIMJEHTH KPYTOCTH U Maca Tpehe u 4eTBpTe cekiuje
- 0€3IMMEH3HOHH KOS(DUIHjEHTH KPYTOCTH U Maca YeTBPTE U METE CEKIIH]je
- KOHJIC30BaHH M3Pa3H



