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BASIC PRINCIPLES IN DESIGN OF LARGE CONTAINER CRANES (pART I):
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I IIpeme,llHH pa.n

E$eKTHBHa xoarejaepcsa nasanana Mopa na 6Y,lle npojesrosaaa TaKO na 6Y,lle nonecaa sa TpeHYTHe H6y.nyne norpeoe
xpajaer KopHCHHKa. MamHHCKe KOMrrOHeHTe Mopajy na sanosorse nponace y craanapnaaa sa MOCHe nasanane, ana
cy BeJIHKe ofiarrcxe xotrrejaepcxe nasanane CyIIITHHCKH pa3JIH'lHTe y O,llHOCY na npyre THIIOBe JIY'IKHX ,llH3arrHna.
H360pnasanasaax KOJIHna je snaxajaa ca acnexra ycaajaaa Hnpopasyaa aocehe cTpYKTYPe, TOqKOBa, Hozpscasaaa.
MeXaHH3MH aa KOJIHnHMa MOry 6HTH nororseaa J)l(a,llHMa (PIT), HJIH ca aYTOHOMHHM noroaaxa (MOT). XH6pH,llHO
Meijy-pemeIbe npaxaaheao je on nojenaaax npoasaohasa, Y pany ce pasxarpa ynopeheae MaillHHCKHX CHCTeMa
KOJIHna, yKJl>yqyjynH IbHXOBe rrepoopxaace, H ,llaje ce esanyannja y nponecy H360pa KOHCTpyKnFlOHOr pemersa. Y
pany ce aHaJIH3Flpa HCMaIbeIbe yranaja (6yKe) KOHTejHepcKHX nasanana aa OKOJIHHY.
KJLy'lHe pexa: xoarejaepcxe zrasanane, rrpojeKTOBaIbeMaillHHe.KOJIHna.eBarryaI.Ui.ia. 6yKa

An effective container crane must be designed to suit the present and future needs 0/ the end user. The mechanical
components complied with overhead bridge crane standards, but large quayside container cranes are significantly
differentfrom other types ofdockside and bridge cranes. The selection ofa crane's trolley system type is significantfor
the structure 0/crane, for wheel loads, and for maintenance considerations. The trolley can be rope towed (RTI') or
machinery type (MOT). A hybrid of the two systems, commonly known as a fleet-through machinery trolley (or semi
rope trolley), was adopted by some manufacturers. The paper discusses a comparison ofmechanical systems oftrolleys,
including their performances, and gives the evaluation ofselection process in design. Also, the paper analyses the ways
ofreducing the environmental impact - noise ofcontainer cranes on neighboring communities.
Keywords: container cranes, mechanical design, trolley, evaluation, noise

1. YBOjl;

KOHKYPeHTHOCT y csercxoj eKoHoMHjH H oaexaaarsa
KYIIaua sa nosehaaaa nepqiopaaacaaa, nosena cy no
saxresa sa HH)l(HM TpomKOBHMa, 6P3HM H rroysnaaax
ornpeaarsea .repera. Pa3BOj aYToMaTH30BaHe H
e$HKacHe nperosapae xexaaasanaje osroryhao na ce
saa-rajao nosehajy rreprpopuaace onepanaja aa
TepMHHaJIY. Hanpenax y TeXHH'lKHM pemersaxa
BeJIHKHX 06arrcKHX KOHTejHepcKHX nmanana, KaO
rnasaor nena, H aajsehe HHBeCTHnFlje, y cHCTeMY
nperosapa H csnanarrrrersa, HMao je snasajaa erpexar
sa rrpO.nyKTHBHOCT repMHHarra, yKOJIHKO je nonecao
npaxeuea [1]. Tozraaaaa cy 1fJlaHOBH rrpojeKTHHX
THMOBa, HH)l(eIbepH cnerrajanasosaaa sa MamHHCKe
CHCTeMe, crpyxrypy, eJIeKTpoHHKY H ynpaarsaa,e,
panana sajenao na 6H OCTBapHJIH eKOHOMH'lHY
KOHCTpyKnFljy xoja rpetia na 3a.nOBOJl>H panae 3aXTeBe H
soja MO)Ke na ce ycnemao npoassene H MOHTFlpa.
AH3arrHna HHje CaMO rrO,llCHCTeM repuaaana, Ben
npencrasna Hsacefiaa CHCTeM. Kao HYBeK, "aajfiorse"
("OIITHMllJIHO") npojexmo penrerse Mopa na 6Y,lle
H36arraHCHpaHO. A06pe H nome crpaae CBaKe
anrepaaraae sropajy ce nerarsao carnenara, Kon

1. INTRODUCTION

The competitive world economy, and the increasing
performance expectations of customer lead to a demand
for low cost, rapid and dependable shipping of cargo.
The development of efficient, automated, high
technology loading/unloading equipment has the
potential of considerably improving the performance of
terminal operations. Advances in large quay container
cranes technologies, as the major part and the biggest
investment of the cargo storage and retrieval system
have a significant effect on the efficiency of terminal
operations once properly implemented [1]. For years the
design team members - the mechanical, structural,
automation, and electrical engineers have worked
together to produce economical design that meet
operational demands and can be efficiently fabricated
and erected. The crane is not only part of the terminal
system, but is also a system in its own right. As always,
the "best" ("optimum") design requires balance. The
cost and benefits of each alternative should be
considered in concern. For each crane purchase, the
owner will need to evaluate each design and then
choose the design which best suits the site and all-round
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xynosaae nasanaue Hap)"IHJIaU rpetia na oueaa
npojexrna penretsa H H3a6epe OHO xoje lie sa
HajnoBOJbHHjH HaqHH onroaapara MecT)' MOHTaIKe H
cBeo6yxBaTHHM yCJIOBHMa pana [2]. Ha CJIHUH 1
npaxasaaa je IIIeMa TepMHHarra [3].

operational needs [2]. An outline of a port terminal
system is presented in Figure 1 [3].

Planiranje opsluZivanja broda
Ship operation planning

~

Vertikalna mehanizacija na doku - Obalske kontejnerske dizalice
Quayside equipment Quayside container cranes

~ t
· Masinski sistem - pogonski mehanizmi

Ostala lucka mehanizacija Mechanical system - driving mechanisms
Yard equipment · Strukturui sistem - noseca konstrukcija

Structural system - supporting structure

· Elektro - upravljacki sistem / Electrical and
Control System

Cnusa 1. Illeuamcxu npuKC13 cucmeua xoumejuepcxoe mepuunana Figure 1. An outline ofport terminalsystem

2. KOHCTPYKII,HJA KO.JI:ImA

JI360p ~3arr~HHX KOJIHUa je saasaiaa ca acnexra
ycsajaaa H npopasyaa aocehe CTpYKTYPe, TOqKOBa, H
o~IKaBalba. 1I36op KOJIHUa ce spma npeaa norpeoaaa
na onpeheaoj JIOKaUHjH, xao Haa OCHOBy onpenersersa
BJIaCHHKa H KopHcHHKa TepMHHarra [4]. OCHOBHH
THnOBH KOJIHua cy PIT - KOJIHUa ca noroamra nasarsa
Hxperaaa OCTBapeHHM npexo CHCTeMa YIKa~H, HMOT
- KOJIHUa ca ayToHOMHHM noroaaaa CMeillTeHHM aa
lbHXOBOM PaMY. XH6p~o pemerse npencraarsa
KOM6HHaUHjy nperxonaa nsa pemeaa Hnpaxsaheao je
on crpaae nojenaaax npoaaaohasa [4, 5, 6]. Kon PIT
CHCTeMa noroaa xperarsa KOJIHUa, nasarsa repera H
npenycra CMeIIITeHH cy y MaIIIHHCKOj KYhHUH xoja je
clJHKcHpaHa 3a' paM nasanane [7]. YIK~ sa noroa
xperaaa KOJIHUa H nasarsa repera cnposone ce H3
MaIIIHHCKe KYhHUe npesra spxy KOHTpa nperrycra,
nponase Kp03 KOJIHua, HclJHKcHpajy ce sa BpX nperrycra
[4,7]. OBO pemerse oxoryhasa nJIHTKY H JIaKY
KOHCTpyKUHjy KOJIHua, xao H Belie BnCHHe ~llH>a H
MllH>a orrrepehersa aa aocehy KOHCTpYKUHjy nasanane
H ~OKa [8]. Kozt KOHcTpYKUHje PTT KOJIHUa rrpotinex
npencrasrsa H3~IKelbe YJKeTa H nojaaa yrH6llH>a 
erpexra JIa~aHHUe, qHMe ce CMllH>yje npO~HBHOCT
nasanane, To ce cnpesasa YBoljelbeM ~o~aTHHX KOJIHUa
sa ysraa.ea,e erpexra naasaaane, CJIHKa 2 [9, 10].
MeljYTHM, qaK ce H ca THM KOJIHUHMa y cnysajy
~ra'!KHX rryresa BOIKlbe jasrsa H3paJKeH erpexar
naasaaane. Perynacaae ym6alba YJKeTa ocrsapyje ce
yrpa~oM MeljyoCJIOHaua, xoja ce rtocraarsajy aa
pacrojarsy on OKO 25 M. Y TOM cnysajy cy nonaraa
KOJIHua aenorpefiaa, H npO~KTHBHOCT ce rrosehaaa.
Maaa osor penrersa omena ce y CJIOIKeHOM cHcTeMY

2. MECHANICAL DESIGN OF TROLLEY

The selection of a crane's trolley type is significant for
the structure,as well as for the wheel loads. The trolley
selection should be based on the needs at a particular
location, as well as the preference of the owner and
operators [4]. Basically the trolley can be Rope Towed
Trolley (RTT) or Machinery On Trolley type (MOT). A
hybrid of the two systems, commonly known as a Fleet
Through Machinery Trolley (or Semi-Rope trolley [4,5,
6]), was adopted by some manufacturers. With a Rope
Towed Trolley (RTT) system the trolley drive, main
hoist, and boom hoist drums and machinery are located
in the machinery house, fixed on the crane frame [7].
Trolley and main hoist ropes run from the machinery
house to the end of the trolley girder, through the
trolley, and to the tip of the boom [4,7]. This
arrangement allows the trolley to be shallow and
lightweight, permitting greater lift height and smaller
loads on the crane structure and wharf [8]. With the
Rope Towed Trolley design, there was concern that the
rope would stretch and that catenary effect would
reduce productivity. The catenary trolley is the typical
solution for reducing the catenary effect, figure 2 [9,
10]. But even with the catenary trolley, the long
runway will result in a big catenary effect. Intermittent
rope supports spaced at about 25 m are used to control
the rope catenary. The advantages of the rope supports
are improved productivity, and no catenary trolleys are
needed. The disadvantages include a more complex
reeving system, more sheaves, and a potential shorter
life of rope [4, 7]. For the Fleet Through Machinery
Trolley the main hoist machinery is placed on the gantry
frame, but the trolley is self-driven [11]. Machinery On
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HaMOTaBaIba, BelieM 6pojy KOTYpOBa, H rrOTeHIJ;HjaJIHO
xpahea BeKY rpajaa,a yacera [4, 7]. Kozt XH6pH)J;HOr
pemersa rJIaBHH noron nasarsa CMeWTeH je y
MawHHcKoj KYliHUH, arm je noron speraisa KOJIHIJ;a
aYToHoMaH [11]. IIpH nerarsaajo] KJIaCHlpHKaUHjH,
xonaua ce paaspcraaajy y cnenehe rpyrre:

1) PIT - ca )];o)];aTHHM KonHUHMa sa YMalbHBalbe
erpercra JIaHtIaHHue;

2) PIT - ca KOHTHHYaJIHHM OCJIOHUHMa yJKa)J;H;
3) XH6pH.LJ:Ha - Caaonororseaa xonana;
4) MOT KOJIHUa (o6a norona na PaMY KOJIHUa);
5) MOT KOJIHUa ca yJKeTHHM norOHOM xperaa,a,

3. OTIIIITE MEXAffiIlIKE KAPAKTEPHCTIIKE
KO.JmIJ:A

OCHOBHe KapaKTepHCTHKe PTT KOJIHIJ;a ca )];o)];aTHHM
KonHUHMa sa YMalbHBalbe eQ.>eKTa naH'IaHHUe cy (CJIHKa
2):
• yseneaa cy )];O)];aTHa KOJIHUa nOTPe6Ha aa BeJIHKe
.LJ:Y:>KHHe pacnoaa;
• o6e36eljeHH cy MeljyoCJIOHUH aanojaax BO)];OBa;
• rrOTPe6HH cy )];O)];aTHH KOTYpOBH H 3aTe3HH ypehaja,
CnOJKeHHje je HaMOTaBalbe.

Trolley has the trolley and main hoist machinery on
board. In a more detailed subdivision the types of
trolley can be classified as follows:

1) Rope Towed Trolley - Fleet Through 
Catenary Support Trolleys;

2) Rope Towed Trolley - Fleet Through 
Continuous Catenary Support;

3) Fleet Through Machinery Trolley - Self
Powered Trolley;

4) Machinery On Trolley;
5) Rope Towed Machinery On Trolley - Semi

Machinery Trolley.

3. GENERAL MECHANICAL FEATURES OF
TROLLEYS

Basic features of Fleet Through Rope Towed Trolley
with Catenary Trolleys (Figure 2) are:

• Catenary trolleys necessary for long spans;
• Provides intermediate festoon support;
• Additional sheaves, reeving, tensioners, and trolley
machinery.

Cantenary Trolley

CJlUKa 2. KOJIu1/a noeotseua yotcaouua - nOZOH ousatea Y uatuuncxoj xyhuuu - KOJlU1/a sa yuanene eipexma nauuauuue
Figure 2. Rope Towed Trolley - Fleet Through - Catenary Support Trolley

Haaorasaae YJKeTa rJIaBHOr noroaa nasaaa KO)];
pemeaa ca )];O)];aTHHM KOJIHUHMa IIpHKa3aHO je na
CJIHUH 3.

Main hoist reeving of Fleet Through Rope Towed
Trolley - Catenary support trolley is presented in Figure
3.

CJlUKa 3. Illeua nauomaeateaY:JICema MexaHU3Ma sa oU3albeKOO KOHcmpYK'l/uoHOZ peucetea ca oooamuuu «onuuuua
Figure 3. The outline ofmain hoist reeving ofFleet Through Rope Towed Trolley
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CIICTeM HaMOTaBaIha yacera ITOrOHa xperarsa KOJIHIJ;a
KO~ penrersa ca ~O~aTHIIM KOJIIIIJ;HMa npaxasan je aa
CJIIIIJ;II 4.

Trolley reeving of Fleet Through Rope Towed Trolley 
Catenary Support Trolley is presented in Figure 4.

TENSIONER
SHEAVES

CJlUKa 4. llleua nauomaeatea yacema MexaHU3Ma sa xpematee KOJlUlIa KOO peuceHYa ca oooamuuu xonuuuua
Figure 4. The outline oftrolley reeving ofFleet Thru Rope Towed Trolley - Catenary Support Trolley

"CATENARY
TROLLEY

195'

CATEN.t<RYJI TROLLEY

Catenary Support Trolley reeving of Fleet Through
Rope Towed Trolley is presented in Figure 5., with
overall dimensions in feet, for the mega crane servicing
a ship with 22 containers across deck.

MAIN
TROLLEY

'\

195'

"1~DIAMETER

TENSIONER I
SHEAVES --"

CJlUKa 5. illeua uauomaeatea ooaamuux KOJlUlIa sa nouuuonaeateeeipexmananuauuue
Figure 5. The outline ofCatenarySupport Trolley reeving

CIICTeM aaaorasaa,a YJKeTa KO~ KOJIHl(a aa YMaIhHBaIhe
erpexra JIaHtIaHIIIJ;e npaxasaa je na CJIHl(II 5., ca
,lUiMeH3HjaMa (y CTOITaMa) sa Mera-~aJIHl(y xoja
oITcJIYJKYje 6po~oBe ca 22 xoarejaepa ITO IIIHpHHII.

OCHOBHe KapaKTepHCTIIKe PIT KOJIHl(a ca
KOHTHHYaJIHHM OCJIaIhaIheM yJKMII cy:
-HeMa nonaraax KOJIHl(a IIHaMOTaBaIha;
-ca MaIhHM yrII6aIheM YJKa~ ocrsapyje ce 60lbe
ynpaaisaa,e xperaaea repera;
-36or seher 6poja KOTYPoBa KOJIHl(a cy TeJKa H
saxresajy eJIeKTpOMOTope Belie caare,
IIIeMa OBliX KOJIHIJ;a npasaaaaa je na CJIHIJ;II 6.

SNAG,TRIM, UST, TENSIONER SHEAVES,
AND SKEW SHEAVES"--

Basic features of Fleet Through Rope Towed Trolley
with continuous catenary support are:
-No catenary trolleys or reeving;
-Smaller catenaries = more control;
-More sheaves = heavier trolley and larger trolley
motor.
The Fleet Through Rope Towed Trolley reeving with
Contionous Support is presented in Figure 6.

CJlUKa 6, Illeua PIT KOJlUlIa ca KOHmuHyaJlHWW ocnouuuua (neeo - Mex. OU3aHYa, oecuo - Mex. «pematsa KOJlUlIa)
Figure 6. The outline ofRIT trolley with ContinuousSupport (left - hoist reeving, right - trolley reeving)

Ha CJIHIJ;II 7 rrpIIKa3aHII cy KOHTHHYaJIHH OCJIOHIJ;II
yzcera KO~ osor rana KOJIHl(a.

In Figure 7. are presented continuous supports of Fleet
Through Rope Towed Trolley.
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C1UKa 7. Konmuuyannu 0C.10Hl/URITKOJ1Ul/a

Figure 7. Continuous Support ofFleet Thru Rope Towed Trolley

OCHOBHe KapaKTepHCTID<e caMOIIOfOlbeHHX XH6pH,nHHX
KOJIHua cy:
"je.n:HoCTaBHO HaMOTaBaIbe;
"HeMa B)"IHHX Y'A<aJJ:H sa xperarse KOJIHua H3aTe3HHX
ypehaja;
"MorynHoCT rrpOKJIH3aBaIba TOQKOBa;
"MaIbe Bpe.n:HoCTH y6p3aIba.
CaMOIIOfOIbeHa KOJIHUa npaxasaaa cy aa CJIHUH 8.

Basic features of Fleet Through Self Powered Trolley
are:
" Simple reeving;
"No trolley tow ropes or tensioner;
" Possibility ofwheel slip;
" Slower acceleration rates.
The Fleet Through Self Powered Trolley is presented in
Figure 8.

C1UKa 8. CaMOn020l-beHa xutipuona KOJ7Ul/a

Figure 8. Selfpowered Semi - rope Trolley

OCHOBHe KapaKTepHCTID<e MOT KOJIHlla cy:
" aajnaxme HaMOTaBaIbe;
" najreaca on CBHX THIIOBa KOJIHlla;
" MorynHocT rrpOKJIH3aBaIba TOQKOBa;
" MaIbe Bpe,UHocTH ytipsaa.a;
" Mana MamHHCKa xyhana;
"KOn: rrpojexrosarsaje saxao na ce o6e36e.n:H npacryn
KOJIHUHMa 360r fbHXOBOf onpxaaaa,a.
MOT KOJIHua H IbHXOB CHCTeM HaMOTaBaIba yxana
rrpaxasaaa cy aa CJIHUH 9 [9, 12].
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Basic features of Machinery on Trolley are:
" Least amount ofreeving;
" Heaviest trolley;
"Possibility of wheel slip;
" Slower acceleration rates;
" Small machinery room;
" Design for maintenance access is important

The Machinery on Trolley and its reeving system is
presented in Figure 9 [9, 12].
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Total Rope Lsnglh: 1600It.
No.ofSheaYes: 12·16

Cnuxa 9. MOT KOJlUl/a ca ute./IIOM «auomaeassa Y:JICaou
Figure 9. Machinery On Trolleywith reeving system

MaIn Holst

Kon one xnace KOJIHlJ,a, uenoxyrraa MeXaHH3aM sa
naaarse Moryne je nOCTaBHTH aa paa KOJIHIJ,a H y HCTO
speae rrpeaynpemrra npOKJIH3aBaH>e TOtIKOBa,
xopacreha Y:lKeTHH CHCTeM sperarsa KOJIHua. OBaKBa
KOJIHIJ,a aasaaajy ce H nony-uamaacsa KOJIHIJ,a. Kon
TaKBOr CHCTeMa KOJIHua Mopajy ce npenysera Mepe
KojHMa 6H ce OHa 3aIJ.ITIITHJIa on e4JeKTa yrH6aH>a
Y'A<a,llH H MorynHX ynapa. MexaHH3aM sa xperarse
KOJIHua canpaca MOTop(e), penyxrop H .u060m sa
HaMOTaBaH>e senasnor Y'A<eTa, KOjH MO:lKe .ua 6y.ue
HHCTaJIIipaH y MamHHcKoj KYliHuH, aJIH rana HHje
jezmocrasuo OCTBapHTH OCJIaH>aH>e yacera [13].
OCHoBHe KapaKTepHCTHKe OBliX KOJIHIJ,a cy:
• jenaocrasaaja meaa HaMOTaBaH>a yscana;
• aesra npOKJIH3aBaH>a TOqKOBa;
• MaKCHMaJIHe Moryne spenaocra y6p3aH>a;
• saxreaajy ce Y:lKa.u sa ByqeH>e KOJIHua Hypehaja sa
IbliXOBO aaresaa,e;
• CMaH>eHa je ,llY:lKHHa Y:lKa,llH MeXaHH3Ma sa nasaa,e.

4. OIIIIITA CTPATErnJA 1I360PAKO~

i'I360p KOHCTpYKIUIje KOJIHIJ,a zraje CJIHKY esonynnje
xoarejaepcxax .uH3aJIHIJ,a. YCJIe.u nosehaaax .llHMeH3Hja
,llH3aJIHUa, onpenersyjyha KpHTepHjYMH sa H360p cy ce
H3MemL'IH, npB06HTHa penrersa cy H3ry6HJIa TPKY ca
apexeaou, re cy rrOTPe6Ha HOBa penrersa [9]. t:(a 6H
HIlllIH Y xopax ca BeJIHKHM 6po.uoBHMa H nosehaaaa
KarraUHTeTHMa, naaannse nasanaue cy .uOCTHfJIe CKOpO
TP0CTpYKo nosehaae .uHMeH3llja y onaocy na npsy
.uH3aJIHUY OBaKBe BpCTe carpaheay 1959. OBaKaB Pa3BOj
H3MeHHO je OCHOBHe npexace y npojexroaaay
mnanana. 3a noaomea,e O.llJIYKe 0 H360py KOJIHua
rrOTPe6HO je rraAUbHBO Pa3MOTPHTH cxyn 4JaKTopa
Be3aHHX aa npojexar CTpYKTYPe, rrpO.uyKTHBHOCT,
onpacaaarse, pesepsae .ueJIOBe YKJbyqyjyliH H yscan,
onpenerseise nasanmapa II npoaaaohasa (rpeanose y
aanycrpuja), Te:lKHHY, yrauaj aa OKonHHY H'rponrsose
[14]. Ca acnexra aocehe cTPYKTYpe, Maca je rnasaa
paanaxa H3Mefjy PIT HMOT KOHCTPyKIUIje. Maca PIT
KOHCTPyKIUIje Malba je sa aame on 3 nyra y OAHOCy aa
~IOT. t:(BorpeAe .uH3aJIHue ca TParre3HlIM norrpesaaa
rrpecexosr rrpioaersyjy ce KO.u zraaanana ca PIT

It is possible to install the complete hoisting mechanism
on the trolley and to prevent the slip of the trolley wheels
by using wire ropes. This type oftrolley is so called Rope
Towed Machinery Trolley or Semi-Machinery Trolley. In
the trolley travelling mechanism for driving the trolley,
measures have then to be taken to prevent the sagging and
slapping of these wire ropes. The trolley travelling
mechanism comprising the motor(s), gearbox and wire
rope drum, can be installed in the machinery house on the
bridge. However the wire ropes are then not easy to
support [13].
Basic features ofSemi-Machinery Trolley are:

• Simple reeving;
• No concern of wheel slip;
• Full acceleration rates;
• Requires trolley tow ropes and tensioner;
• Reduced hoist rope length.

4. STRATEGY OF TROLLEY SELECTION

The choice of trolley design reflects the evolution of the
container crane. Due to the increased size of container
cranes, the governing conditions have changed, the
original solutions have been outgrown and the new
solutions are needed [9]. To keep up with the larger
ships and the increase traffic, today's container cranes
are three times the size of the first crane built in 1959.
These developments has changed the basic premises of
crane design. The decision which type of trolley design
should be used requires careful consideration of many
factors including design of structure, productivity,
reliability, maintenance, necessary spare parts including
ropes, operator preferences, manufacturers' preferences
(industrial trends), weight, environmental concern and
cost [14]. For the structural design, weight is tha main
difference between RTT and MOT. The weight of RTT
is less than More a third of a MOT. The choice of the
trolley will also affect the boom design. Generally, twin
trapezoidal girders are used on cranes with RTT because
it makes rope reeving relatively simple. For machinery
trolleys, with fewer ropes, rectangular or trapezoidal
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KOJIHUIlMa, nOK ce MOT KOJIIlua npaveayjy KOn
jenaorpeznrx nmanaua rparresaor HJIH rrpasoyraoaor
rrpecexa, c.1HKe 10 H 11. AneKBaTHo rrpojexroaaaa
jeznrorpena llI13aJIHUa, 6e3 06311pa aa ycsojea THn
KOJIHUa, JIaKIUaje OD; naorpeae llI13aJIHue [15].

Cnuxa 10. RTToeoepeoa 0U3tL1UlIa
Figure 10. Twingirder boom

Kon KOHTejHepcKIlX TepMHHaJIa saxrea sa 6P3HM
npeaomersex Tepera BOllI1 xa noaehatsy 6p3HHa II
yfipaarsa y nOrOHCKHM MeXaHIl3MHMa aIl3aJIHUe. Haxo
noaeharse OBlIX neptpopaaaca yspoxyje He nperepaao
BeJIHKa nosehaaa npOayKTllBHOCTII (0.11 5 D;O 20 %), .110

cana ce sanamrrer nperosapa npBeHCTBeHO nonehaaao
6am aa osaj HaqHH [16]. Hnycrpana]e paaa, aexe
apezmocra 6p3HHa II ytipsaaa noroacxax MeXaHH3aMa
KOD; BeJIHKIlX KOHTejHepcKlIX D;H3aJIHua nare cy y
m6eJIII 1 [17].

mono-girder booms are genarally used, Figures 10. and
11. Aproperly designed mono-girder boom crane
weights less than a properly designed twin girder boom
crane, for both RTf cranes and MOT cranes [15].

C1UKa 11. MOTjeoHozpeoa0U3tL1UlIa
Figure II. MOT Mono girder boom

In the container terminal the requirement of faster
cargo handling leads to higher speeds and higher
accelerations in the crane's mechanisms. Increasing of
speed and acceleration performances produces
incremental improvements of productivity (from 5 up
to 20 %), although, up to now the primary emphasis to
increase the throughput has been in increasing speeds
and accelerations [16]. For instance, some of these
value for large container cranes are given in Table 1
[17].

BpCTa xperarsa Ep3HHa Bpesrey6p3alba Bpexe ycnopeaa
Mode Speed Acceleration times Deceleration times
,lVnme ca MHMIIHaJIHOM aocasomhy
Hoisting with rated load 70 mlmin 2,0 s 1,5 s
,l(Il3albe xosrejaepa Mace 40 T
Hoisting with 40 t container 100 mlmin 2,0 s 1,5 s
,I:(H3me npasaor cnpenepa
Hoisting with spreader only 180 mlrnin 4,0 s 3,0 s
nOrOH xperaisa KOJIllUa
Trolley drive 250 mlmin 5,0 s 5,0 s

Tatiena I. Ilepdiopuauce nOZOHa 6e1UKUX xoumejnepcxux 0U3tL1UlIa
Table I. Speed and accelerationperformancesoflarge container cranes

RTf CHCTeM je csenpacyran y CA,I:(. ,I:(aJIeKO seha 6poj
npoassoha-ra RYall RTf KOHCTpyKUHjy Y onaocy na
MOT KOHUeITT. RTf KOHcTpYKUllja je acrrpofiaaa II
HCnHTaHa, H MHom KBapoBH cy Ben HD;eHTllq,HKOBaHH,
aOK je sa MHore KOpHcHIlKe H npoassohase MOT
KOHUern nornyna aosnaa, To CaMO no ce6H He aae y
npanor MOT aH3aJIHUaMa sana KYnUH OBlIX MamHHa
rpeca aa nonecy OLLiIYKY 0 aaaecranajaaa y orrpevy
xoja ce srepa MHJIHOHllMa ztonapa. Arm, BHCOKH
I1HBeCTHUl10HH TpOIIIKOBH HCToBpeMeHo ztajy noncrauaj
rraA<JbIlBOM paaaarpaa.y CBlIX anrepnarnaa. MOIKna he
ce noxaaarn na je MOT KOHuenT noysnanaja on PTf
xonuerrra [9]. Komparypairaja MOT xomnia IDIa same
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The RTf system is ubiquitous in the USA. Many more
crane manufacturers worldwide have produced RTf
cranes then MOT cranes. The RTT is tried and tested
and the bugs have been worked out. For many users and
manufacturersthe MOT crane is a new concept. This, in
itself, speaks against the MOT crane when purchasers
are making decision involving millions of dollars worth
of equipment. But the high cost is also a stimulus to
keep an open mind and carefully examine alternatives.
It may be that MOT cranes are more reliable then RTT
cranes [9].

The configuration of machinery trolley has several



rrpennocra ca acnexra onpacasarsa [15]. KOLl OBIIX
KOJIIIl~a liMa MaIhe nOKpeTHIIX LleJIOBa II HeMa
onpxasarsa rtnarrpopsre aa yjenaaxaaaa,e aa BPXY
noxsara, npeaojaax xoryposa aa crpaan LlOKa, KOJIIIUa
aa YMaIhIIBaIhe erpexra JIaHtIaHIIlie, II ypehaja sa
aareaarse yscera. EmIMIIllliCaIheM YiKaLlII KojIIMa ce
noroae KOJIIIua LlII3aJIIIue, II 3HaTHO MaIhOM LlYiKIIHOM
YiKaLlII MeXaHII3Ma aa LlII3aIhe, CMaIhellli cy Tp0lliKOBII
onpxaaaa,a, OLlHOCHO, CKJIaLlIIillTeIha II aasteae YiKaLlII.
MIIHIIMII3oBaHO je nerpanapaa,e OKOJIIIHe yCJIeLl
rrpOCIIIIaIha yrsa ca nOLlMa3aHOr yscera. Kaxo cy yiI<a,LJ; y
cIIcTeMY sa LlII3aIhe 3HaTHO spaha II HeMa IICTe3aIha
YiI<aLlII xoja norene KOJIIIUa, MOT CllCTeM ossoryhyje
60Jbe ynpaarsarse KpeTaIheM repera [15]. C npyre
crpaae, MOT CllCTeM IIMa reace Ka6JIOBe y cacresry sa
aanajarse CTpyjOM, lliTO MOiI<e ,LJ;OBeCTll LlO
npexoaepnor xariarsa. KOLl CIICTeMa sanajaaa ynone ce
KOJIIIua aa xperan,e Ka6JIOBa, xoja cy noroa.ena
MOTOpIIMa peJIaTIIBHO MaJIe caare, TPOlliKOBII 3aMeHe
MOTopII30BaHor cacreaa aanajaa,a rpa nyra cy Belin y
O,LJ;HOcy aa KOHBeHlillOHaJIHll CIICTeM KO,LJ; PIT KOJIllUa
[9]. YCJIOBII pana zrasanasapa cy 60Jbll KOn nII3aJIIIlia
ca MOT KOJIIIUllMa, C063IIpOM sa sehy Macy JJ:II3aJIIIlie
II xpyhy KOHCTp)'KUlljy, na je sperarse KOJIIIUa
"MeKille", a JJ:II3aJIffiap ce ocelia KOMljJopHHje npa
TaKBOM pany [18]. Bpara 0 yranajy ll360pa TIIIIa
JJ:II3aJIllUe - KOJIIIlia na OKOJIHHY, npeztcraarsa caapesrea
II saacaa neo y npojexroaaa.y, nocefiao y CA,D;, II 6nlie
paaxarpaaa na xpajy osor pana [9]. Y Ta6eJIII 2
rrpaxasaae cy peJIeBaHTHe ynopenae xapaxrepacraxe
JJ:II3aJIIIlie aa oncnyscasarse 22 xoarejaepa no mapana
6pona, aa o6a cacresra KOHCTp)'KUllje KOJIIIUa [10].

advantages from a service standpoint [15]. The MOT
system has fewer moving parts. The maintenance of
boom tip equalizer platform, landside turning sheaves,
catenary trolley, rope tensioners, deflector sheaves, and
slap blocks is eliminated. The elimination of the trolley
drive ropes and shorter main hoist ropes reduces costs
for stocking and replacing wire rope. Pollution from oil
spilling from ropes is also minimized. Operationally,
because hoist ropes are much shorter there is no stretch
of trolley tow ropes, the machinery trolley provides
better load control [15]. On the other hand, the MOT
system requires more and heavier cables in the festoon
system to power the main hoist and trolley. The shock
loads in the festoon system can cause excessive wear.
To avoid this problem we can select motorized festoon
systems. With this system, small motors drive some of
the festoon trolleys. The replacement cost of the
motorized festoon can be three times greater than for the
conventional festoon system with the RIT [9].
Since the difference in weight between the trolley with
and without the lifted load is reduces, and the crane
structure is heavier and stiffer, the trolley motion is
smoother for MOT crane in comparison with RTT
crane, and the operator is more comfortable [18].
Improved operator comfort reduces his fatigue and
increase productivity [9]. Environmental concerns are
important and modern issues in selecting a crane
system, particularly in the USA, and will be considered
in the last part of this paper [9].
In Table 2 are presented some comparison features for a
22 wide container crane, with both systems of trolley
[10].

Kapaxrepncraxe ,LJ;II3aJIIIUe sa oncJIYA<IIBaIhe 22 xoarejaepa, HOCIIBOCTll72,8 T
Features of a 22 wide crane with lift capacity ofup to 65 LT / 72,8t RTT MOT
Maca KOJIIIlia
Trolley weight 25 t 90 t
Maca JJ:II3aJIIIlie
Crane weight 1300 t 1600 t
nOKpeTHO orrrepehea,e (KOJIllUa + cnpenep + OCTaJIll neJIOBH + TepeT on 72,8 T)
Moving load (Trolley + Spreader + HB + 65 LT/72,8 t) 110 t 175 t
nOKpeTHO orrrepehea,e aa npopasyn onrreheaa ycnen aaxopa
Moving load for fatigue damage 80 t 145 t
Onrrehea.e yCJIe,LJ; sassopa
Fatigue damage 1,0 6,0
Ilparacax sa TOqKOBe aa crpaaa Bone 783 kNhoqKY 900 kNhoqKY
Waterside wheel loads 783 kN/wheel 900 kN/wheel
Ilparacax aa TOqKOBe aa crpaaa xonaa 427 kNhoqKY 592 kNhoqKY
Landside wheel loads 427 kN/wheel 592 kN/wheel
YKYIIHa JJ:YiI<HHa yacera
Total rope length 3627m 488m
YKYnaH 6poj xcrypoaa
Total number of sheaves 50 4
Bpesreozrpxasaa,a no nII3aJIHlill sa ronIIHY naaa
Maintenance time per crane per year 156,5 h 87,2 h
BeK rpajan,a yscera MeXaHII3Ma sa LlII3aIhe
Main hoist rope life 1500h ~3000 h
Tpomxosa aaxreae yacera MeXaHII3Ma aa JJ:II3aIhe
Hoist rope replacement cost 21,000 $ 5,700 s

Tatiena 2. Hexe ynopeoue xapaxmepucmutce OU3a.RUIJe sa oncityxcuaeanje 22 «onmejuepa no lUUpUHU 6pooa

Table 2. Comparison ofsome features for a 22 wide quay container crane
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MaTPHua ynopehetsa CBID: THrrOBa KOHCTPyKUHja
KOJIlIua npaxasane je y Taoe11H 3[10, 13].

Trolley type comparison matrix is presented in Table 3
[10, 13].

1 2 3 4 5
PTTca PTTca XH6pu~Ha MOT MOT xonaua

KOHTIIHY:L;lHlIM KO..'UIUUMa sa casso- K011uua ca yacerunsi
OCJIOHUIiMa YMalbliBalbe nororseaa norOHOM

YjKeTa JIaHqaHlIue KOJIUua xperan.a
Fleet Through Fleet Through Fleet Thr Machinery Rope Towed
Rope Towed Rope Towed Self On Trolley Machinery
Continuous Cat. Trolleys Powered On Trolley

Maca KOJIlIua Cpemsa Hajaaaa Cpeznsa Hajseha BeJIllKa
Trolley Weight Moderate Lowest Moderate Highest High

-22736 T -22736 T -26T -52780 T >40 T
Bpoj MOTopa KOJIlIua

Trolley Motors Number 1 1 2-4 2-4 1
Caara MOTopa KOJIHua Cpemsa Cpemsa Cpemsa Hajseha BeJIHKa
Trolley Motor Power Moderate Moderate Moderate Highest High

Y6p3albe KOJIHua BeJIllKo BeJIllKo HajMal'be Cpemse BeJIHKO
Trolley Acceleration High High Lowest Moderate High

max 1,2 m/s2 max 1,2 m/s2 max 0,5 m/s2 -0,6 m/s2 max 1,2 m/s2

YjK~ sa sysy KOJIlIua,
aaresaa,e, KOTYpOBH )J;a )J;a He He )J;a
Trolley Tow Ropes,
Tensioner, Sheaves Yes Yes No No Yes

KOJIHua sa JIaHqaHHUY,
sareaarse, KOTYPOBII He )J;a He He He
Catenary Tow Rope,
Tensioner, Sheaves No Yes No No No

Y~e aa ~H3albe TepeTa ,lOTal.J:KO ,nyraQKO Cpemse Kparxo Cpenrse
Hoist Rope Length Long Long Medium Short Medium
llpu6JIJljKHII 6poj

KOTYpoBa MeLsa ~1I3.

Approximate Number 40 20 20 12 12
OfHoist Sheaves

OCJIOHU TOqKllli1l sa
JIaHqaHHUY ~eTa aa

~H3albe ,D;a ,D;a )J;a He He
Hoist Rope Catenary

Support Rollers Yes Yes Yes No No
Maca ~1I3aJIlIue Cpemsa Cpemsa Cpemsa BeJIUKa BeJIllKa
Crane Weight Moderate Moderate Moderate High High

Xa6albe umue II
TOqKOBa KOJIlIua YMepeHo YMepeHo BeJIllKo Hajsehe H3H~YMepeHor

Trolley Wheel
and Rail Wear Moderate Moderate High Highest Above Moderate

Ilpneryn MexaHII3MY sa
mnarse ,D;o6ap ,D;o6ap ,D;o6ap Orpaaaxea Orpaaasea

Hoist Machinery
Access Good Good Good Limited Limited

Ilpncryn MexaHII3MY sa
xperarse KOJIHua ,D;o6ap ,D;ooap Orpaaasea OrpaHWIeH ,D;o6ap

Trolley Drive
Machinery Access Good Good Limited Limited Good

Ka6.10BH sa nanajaa.e JIaKH JIaKH Cpemse Hajrexa TeIllKH.
xomma CTpyjOM TeIllKH.
Trolley Festoon Light Light Moderate Heaviest Heavy

Tatiena 3. Mampuua ynopehensa munoea xonuua
Table 3. Trolley type comparison matrix
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Kao aorryaa nonameaa H3 Ta6eJIe 3 MOry ce HaBeCTH H
cnenehe QIDbeHHue [13].
Y aapnjanraaa 3 If 4 TOQKOBH KOJ1J:llla cy norOHCKH Hy
TIfM cnysajesaaa MO;.Ke llonH no n.axceor
nposnasasarsa, lUTO ce He MO;.Ke neCHTH KOll OCTaJIHX
sapajaara, IIyT xperarsa KOJIHua je, npaKTH'lHO,
aeorpaamea y sapajarrra KOJ1HUa 4, ilOK je xon CBIiX
OCTaJIIiX pemersa orpaHH'leH ycnen eBeHTYaJ1Hor
yrH6alba qeJIH'lHHX yacazra.
MaIIIIfHCKa xyhaua yrpaheaa aa paxry llH3aJ1HUe ca PTT
CIfCTeMOM canpzor MexaHH3Me sa nasarse repera,
xperarse KOJIHUa, H rrozraaarse rrpenycra, xao If
KJllfMaTH30BaHY enexrpo-cotiy. Kon MOT CHCTeMa
IIorOH llH3alba csrenrrea je aa KOJIHUHMa. Ynopezrae
illfMeH3Hje MaIIIHHCKe xyhaue aa o6a rnasaa CHCTeMa
rrpaxasanecy aa CJIHUH 12, Mepe cy y CTOIIaMa [11].
Taxo, aa npHMep xon PTT CHCTeMa MaIIIHHCKa KYllHua
3ayJHMa npOCTOp aa paMy nasanane Oil 1060 ~, nox ce
KO,lJ; MOT CHCTeMa ra] rrpocrop ,lJ;eJIH aa oaaj aa pasry
on 52 I M3

, If aa KOJ1J:lllHMa 0,lJ; 196 M3
, IIITO ztaje YKYIIHH

npOCTOp 0,lJ; 717 M3
•

As the supplement of data mentioned in Table 3. we
should notice the following facts [13]:
Trolley wheels of variants 3 and 4 are driving wheels,
while they are non-driven for other variants. So, wheel
slip is possible for only for variants 3 and 4. Trolley
traveling length is unlimited for variant 4, for variants I,
2, 3, 5 is limited through the eventual sagging and
slapping of the wire ropes.
The frame mounted machinery house for RTT systems
consists of the main hoist machinery, trolley travel
equipment, boom hoist machinery and the climate
controlled electrical room. For MOT system, the main
hoist is moved to the trolley, and the trolley travel
machinery is eliminated. The sketch of machinery house
enclosures is given in Figure 12 [II]. The measures are in
feet.
So, for instance, we have the volume of machinery house
of 1060 M3 for RTT system, and total volume of717 M3 for
MOT system, divided into part on crane's girder (521 M\
and the part located on trolley with the amount of space of
196 M3

•
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Cnuxa 12. Ynopeoue ouueusuje MaUlUHCKe «yhuue
Figure 12. Machinery house enclosures and machine area comparison

5. JEMIl TIPUCTYII H3liOPY THIIAKO~

I1CTOpHjCKIf nocsrarpaao, rrpsa 06aJICKa xoarejaepcxa
nasamma sojy je KOHCTpyHcao IlAI(EKO 1959.
KOpHCTlfJIa je PTT CHCTeM. OHaje OCMHIIIJ1>eHa aa pan
aa nocrojehax rrpHCTaHHIllTHMa, KaKO je y TO spesre If
6lfJIO y06H'1ajeHo [5, 8]. Maaaaasaparse orrrepeheaa
xoja nenyjy aa ,lJ;OK 6HO je npmrapna q,aKTop KOjH je
q,aBOpH30BaO OBaKBO penrerse, HTaKaB npacryn je 6HO
Y30P sa cnenehy reaepauajy )lH3aJIHUa y sehaaa
CBeTCKIiX rryxa, H3yJeB HeKOJIHKO eBpoIIcKIfX. PTT
nasanaue cy ce, Y3 rrpOIIHCHO onpxaaaa,e, IIOKaJa.'le
BeOMa IIoyJllaHHM y pany y TOKY zryroroznmnse
eKCIIJIOaTaUHje. MeljYTHM, BeJIHKe .!IY'JKHHe y)l{allH If
noaehan 6poj KOJIHUa cy ysaanne osaj CHCTeM TaKO
CJ10)l{eHHM, ,lJ;a cy rrojenaaa esponcxa npoassohaaa
yCBOjlfJIH MOT KOHueIIT sa lbliXOBe 1IH3aJ1Hue. <I>HpMa
KOKC je aanpasana rrpsy eBpoIIcKY MOT lIH3aJIHUY
1968., H no naaac je OCTaJIa sepna OBOj q,IfJI030q,HjH.
Taxohe, HeMaqU rrpoassohas HoeJI je sacaaje
npnxsarao IfCTH KOHueIIT sa csoje nasanane [5, 8].
IIpe OKO 10. romraa KOMnaHHja AIIJI (AMepHKeH
IIpe3ulIeHT Jlajnc) je aanosena nperosope ca ''IYKOM
JIoc AHljeJIOC, aa asrpazusy HOBor rrysxor nocrpojen,a.

5. ONE APPROACH OF TROLLEY SELECTION

Historically speaking, the first quayside container crane,
built by PACECO in 1959, utilized a RTT. This crane
was conceptualized for operation on the existing wharf.
This was common in 1959 [5, 8]. The minimization of
wharf loads was the primary factor favoring the RTT
cranes for other existing facilities. This design became
the model for the next generation of container cranes for
most ports in the world, except for a few European
ports. These RTT cranes have provided excellent
service over the years and, with proper maintenance,
have exhibited high reliability. However, the resulting
maze of ropes, sheaves and trolleys has become
complex. Some European crane manufacturers adopted
the MOT design concept for most of their cranes. Kocks
introduced the first European machinery trolley
container crane in 1968 and have since used the same
basic philosophy for most of their cranes worldwide.
Another German manufacturer, Noell, later introduced
their machinery trolley cranes [5, 8].
About 10 years ago, American President Lines (APL)
concluded negotiations with the Port of Los Angeles for
construction of a new port facility. APL developed a
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IIpBOOIITHO je oarro npennaheao zta ce KYIIe llII3<L'UIue
ca PIT KOJUIllIlMa. MeljyTlIM sa KOHKYPCy je CBOjy
noayzty H3HeO II Hoell, soja je IIOHYlllIO lla npojexryje
nasanany ca MOT KOJIIIUlIMa. Y IlpBO speste je AIUI
ollolIjaJ1a II na pasuarpa TaKBy spcry nonyne, aJ11I je sa
spajy IInaK <jJopMlIpaJ1a excneprcxn TlIM ca 3allaTKOM
aa H3BpllIlI esanyanajy narax nonyna, Excneprcxa TIL\1
je sparepajya sa esanyauajy <popMlIpaO npexo
cneaeher IIIITalha [5, 9, 11]:
YKOJIIIKO Oil npernocrasana na 110 rana HlIje owa
xoacrpyncaaa Hll jenna xorrrejnepcxa llH3aJ1IIUa, II na
je IIIITalhe sanosorsea,a nosasa tIBpCTOne 1l0Ka y
OllHOCY aa MaKClIMaJ1He spennocra IlpHTIlCaKa rosxoaa
acnyrseao, na JIll Oil ce OilJ1Y'IWIl sa PIT ana MOT
cacrex? 3aqyljyjyne, ana ueo excneprcxa TlIM je
aaraisao xa ycsajarsy MOT pemea,a. Y cnenehesr
KOpaKY AIUI je II03Bao jom jenny rpyny P;H3aJ11i'lHllX
escnepara aa "pa3MeHY MHIIIlbelha" ca THMOM sa
enanyanajy. Ilopen IlpeTXOP;HO nocraarseaax mrrarsa,
OHlI cy y paaxarpaae Y3eJlH H'IHlheHHuy H na je llHJb

na ce ycsoja KOHCTpYKllHja ca OmlIMH3npaHoM
e<jJlIKacHoIIIliy, BeJJHKOM noyananomhy IIjellHOCTaBHlIM
o.upiKaBalheM nasamnre. TIpoIIIHpeHa excneprcxa rpyna
je JlaKO II Op30 3aKJbY'IlIJla na je ycsarse MOT somma,
cnpax PIT rana, nortrsan H300P H TO H3 cnenehax
paanora :

• eJIHMHHllCaHO je npexo 1,650 m Y'IKalllI;
• eJlHMHHlICaHO je 36 xerypoaa Pa3Jl1i'lHTllX

llHMeH3lIja;
• ypehaja aa XH.upayJ11i'lKO sareaarse YiKa.ull cy

eJIHMHHlICaHH;
• lIHBeHTap peaepsaax nenosa je penysoaaa;
• HHTeH3HTeT onpxasaaa]e penyxosaa;
• noysnaaocr je noaehaaa ycnen cxaaeaa 6poja

KOMIIOHeHTlI nasanane;
• nonxaaasaae QeJl1i'lHllX yacazmje cxaaeso.

6. YTII:nAJ HA OKOJIIffiY - liYKA

Henpecraaa pacr nossopcxax xonrejaepcxax
TepMHHaJ1a Y3PoK)'je nosehaay 6pnry sa npoonexe
yranaja sa OKOJlHHY. Pacryha norpefia sa nperosapoa
BeJJlIKor 6poja xorrrejaepa saxresa cse Bene H 6p'IKe
nasanane [19]. Kozt BeJlHKHO 06aJ1CKllU zraaanana
noaehaa je mrrepec aa CMalhelheM HHBa 6yKe, IIITO je
npaxasaao Y OBOM neny pana, 3a csoje oxpyxerse
ooancxe nasamme npencraanajy rnasaa H3BOp 6yKe.
Byxa HaCTaJJa ycnen OCTaJ1llX aKTHBHOCTlI, xao IIITO je
pall crpean xepajepa II nocraarsarse cnpenepa aa
KOHTejHep, yrJlaBHOM ce He pacrrpocrnpe H3BaH
TepMHHaJ1a. Tamrsaa nasanana oe3 yMalhelha HHBoa
6yKe renepame 3ByK HHTeH3HTeTa on OKO 110 dB(A) aa
1I3BOPIIIIITY, urro je eKBIIBaJ1eHTHO HHBOy on 65 dB(A)
aa 60 m OP; H3BOpa 3BYKa, OllHOCHO IlpH6JlHiKHO
onrosapa HHBOy caoopahajae 6yKe. fJIaBHe 1I3Bope
fiyxe KOll ofiancxnx ;:J;H3aJlllua npeacraarsajy norona
nasarsa II BeHTWaTOpH y MalllIHcKoj KYnHllH, noroa
xperarsa KOJIlIua KO,ll MOT CIlCTeMa, sao II BlIopauHje
yxpybeaa - MeM6paHa aa rJJaBHlIM HOCa'iIIMa II

nperrycra [19].
TeXHOJIOflIja CMalhelba 6yKe aenasao je rrpaaerseaa aa
HOBlIM nasananaaa y Axcrepnaay II HeKUM .upynThI
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new Post-Panamax crane specification written for the
traditional RIT design. Bids were received from many
international crane manufacturers. But one
manufacturer, Noell, offered an MOT - type design. At
first, APL did not consider changing from the traditional
RIT - perhaps this was because the traditional design
was familiar and worked well. But on second sight, the
design began to intrigue the evaluation team. APL's in
house evaluation team looked at it this way [5, 9, 11]:
If no container cranes had ever been built and there
were no dock wheel load constraints, would the team
recommend a crane with a RTf system or as a MOT?
Interestingly, the group was inclined toward the MOT.
As a next step, APL invited a small group of crane
experts to join the evaluation team. The team was asked
to keep in mind the basic criteria: that no container
crane had ever been built, no design constraints exist,
and the goal is to optimize efficiency, reliability and
maintenance of the crane. The interesting result was
how easily the group concluded that, with these criteria,
the MOT design was the logical choice. Prior to making
the final decision, the APL team visited sites where
Noell had installed cranes of similar design. Why was
the MOT system chosen?

• Depending on the design, approximately 1,650 m
of wire rope is eliminated from the main hoist,
trolley drive, and catenary trolley;

• Approximately 36 sheaves of various sizes are
eliminated;

• Hydraulic rope tensioning devices are eliminated;
• The spare parts inventory is reduced;
• The intensity of maintenance is reduced;
• Up-time reliability is increased because of the

reduced number ofcrane components;
• Wire rope lubrication is reduced.

6. ENVIRONMENTAL Il\1PACT - NOISE

The continuing growth of marine container terminals is
causing increasing environmental concerns among
neighboring communities. The increasing container
volumes have resulted in larger and faster container
handling equipment [19]. The larger cranes have raised
concerns about noise levels. This part of the paper
focuses on reducing the noise levels. For the
neighboring communities quayside cranes are a primary
source of noise in a container terminal. Noise generated
by other activities, such as the straddle carrier
operations and setting spreaders on containers, is mostly
contained within the terminal. A typical quay crane with
no noise abatement treatment generates a sound
intensity level of approximately 110 dB(A) at the
source, which is equivalent to 65 dB(A) at 60 m from
the source, approximately the noise level of freeway
traffic. The primary noise sources for a dockside crane
are hoist equipment and fans in the machinery house,
trolley drive equipment for machinery trolley cranes,
and web vibrations of the girder and boom structure
[19].
The noise reduction technology was recently applied to
new cranes in Amsterdam and other European ports.



eBpOnCKHM nyxaua. Kaxo je nyxa y Aacrepaaxy
JIOWIPaHa y aenocpezraoj 6JIH3HHH (rrpexo nyra
KaHaJIa), CJIHKa 13, y O,nHOCy na nacerse, KO,n rrpojexra
KOHTejHepcKHX ,nH3aJIHUa sa pan aa repsraaany Ilepec
saxreaaao je nparynrasaa,e 6yKe. Osaj 3aXTeB HMao je
BemIKH yrnnaj sa H3MeHY npB06HTHOr npojexra
,nH3aJIHue. Hnp., O.nyCTaJIO ce on MOT xoanerrra y
KOpHCT PTT CHCTeMa. Ilornyao je OCHOBaHO oqeKHBaTH
zta lie ce MHore JIYKe yrnenara na Axcrepnaacxy, Hsa
HOBe .n:H3aJIHUe nOCTaBIITH saxrene sa perynucarsesr
HHBoa 6yKe [7].

Because the Port of Amsterdam is located within close
proximity of a residential neighborhood (across the
channel), the container cranes in the new Ceres
Terminal (Figure 13) are subjected to a noise abatement
requirement. This requirement had a big impact on the
cranes' design, resulting in some design changes. For
instance, the trolley design has been changed from
MOT to RTT concept. It is reasonably to believe that
many ports will follow Port of Amsterdam and impose
noise abatement requirements on new cranes [7].

CJlUKa 13. Aucmepoaucxa nyxa - Ilepec mepuunan
Figure 13. Port ofAmsterdam - Ceres Terminal

Ha repxaaarry Ilepec npaaerseae cy nocrojehe
TeXHOJIOnIje na 6H ce pezryxoaana 6yKa. CBaKoM
nojezraaaxaoa neny onpeae H csaxoj aKTHBHOCTH y
nperosapy je npensahea HHBO 6yKe KOjH MO)l(e na
nocrarne. 3a ,nH3aJIHUe je npOITHCaHO zta H3HOCH 55
dB(A) sa 60 m pacrojaaa on IbHX, Ta6ena 4. To je
3HaQHJIO pe.n:yKUHjy 6yKe sa 10 dB(A) Y onaocy aa
YKYITHY 6yKY CBaKe o.n: .n:H3llJIHUa. KaKO cy .n:eUH6eJIH
JIOrapIITaMCKe Mepe, OBaKBa pe,nyKUMja sanpaso
npencraarsa CMaIbelbe HHTeH3HTeTa sa 1010 [19].

In Ceres terminal are used existing technologies applied
in new ways to reduce the noise. Each piece of
equipment and each container handling activity at the
Ceres Terminal were assigned a certain noise level.
Each dockside crane was required to meet a noise level
of 55 dB(A) at 60 m from the crane, Table 4. This
meant a reduction of approximately 10 dB(A) in the
total noise level of each crane. Decibels are a log
measure, so a 10dB reduction is a 1010 reduction of
intensity [19].

Paerojan,e / Distance HHBO 6yKe/ Noise Level

HHBo Hey6JIa3CeHe 6yKe KonH3BOpa 6YKe / Source 110 dB (A)
Noise levels without abatement 60 m /200 feet 65 dB (A)

HHBO y6JIa3CeHe 6yKe Kon H3BOpa 6YKe / Source 100 dB (A)
Noise levels with abatement 60 m / 200 feet 55 dB (A)

Ta6eJ1a 4. Humensumem 6)lKe tta mepuuuany Ilepec
Table 4. Noise level at Ceres terminal

,D;H3aJIHUe aa Ilepec TepMHHa.rry cy aajrame on CBHX
naaanana sa onnyacraarse 6po.n:oBa ca 22 xoarejaepa
no nrapaaa. Crpareraja nparymasaaa 6yKe
pe3yJITHpaJIa je MHHOpHHM TpollIKOBHMa no csaxoj
.ll:H3aJIHUH. ,D;a 6H ce HHBO 6yKe CHH3HO sa 3axTeBaHHX
10dB(A)npaaeaeaaje cneneha crparernja [7, 19]:

1. H30JIOBaHa MaIIIHHCKa xyhaua: IIoCTaBJI,eHH cy
H30JIaUHOHH naHeJIH y 3H.D:OBHMa, KpOBy, H
cnpary; yJaHH H30JIOBaHH OTBOpH sa ysce;
H30JIaUHOHH jacrynn aa MaIIIHHepHjy H sarrymasa
aa npouerraaa 6pO,nCKHX orsopa;

2. Iloroa KOJIHua: RTT je ycsojea yxecro MOT,
nojrohy 8 TOQKOBa penyxyje ce orrrepeherse na

The Ceres cranes are the quietest cranes capable of
serving 22-wide vessels. The noise abatement strategy
resulted in only a minor increase in the cost of each
crane. The following noise abatement strategy was used
to reduce the noise level by 10dB(A) [7, 19]:

1. Insulated Machinery House: Sound-absorbing
panels in the walls, roof, and floor; narrow
insulated rope openings; isolation pads for
machinery and plugs for hatch openings;

2. Trolley Drive: RTT instead MOT, eight wheels to
reduce wheel load, and buffers to reduce wheel
noise, Figure 14 [19];
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I:bliX, a 6acPepoM ce pezryxyje HlffiO fiyxe, CJIHKa 14
[19];

3. rJIaSHH HOCaq H npenycr: MeM6paHe cy
yxpyheae nanemoaa, IIITO HHje rrpaKTH'IHO;

4. KOJIuna sa Bo~elbe Ka6JIOBa aa nanajarsee
nonyperancxa (CHHTeTH'IKH) TO'IKOBH H
H30JIOBaHH OCJIOHUH;

5. Ka6HBa XOJIaHIl:CKOr npoaaaehaxa MeP4Jopll::
MaIbe on 70 dB(A) y Ka6HHH.

3. Girder and Boom: Stiffened web panels (not
practical strategy);

4. Festoon Trolley: Polyurethane (synthetic) wheels
and isolated supports;

5. Merford cabin: less than 70 dB(A) inside cabin.

CJlUKa 14. Cxnon mouxoea KOJlUl1a ua Llepec mepuuuany
Figure 14. Ceres terminal Trolley Bogie

7.3AKJbYlIAK 7. CONCLUSION

Y 3aBHCHOCTH on cPopMHpaIba KpHTep~YMa KOjH
BJIaCBHUH repsraaana nocraarsajy npen 'IJIaHOBe
npojexraor THMa, a KOjH cy 'IeCTO Me~yc06Ho

cynporcrasrseaa, BpIIIH ce H360p KOHCTpYKUH.ie
KOJIHna. Taxo ce HIIp. y [20], sa BeJIHKe 6p3HHe
xperarsa npenopysyje PIT xoanerrr, H xao OCHOBHa
MaHa MOT KOUUeDTa aasozre ce nyrasxa BO):(OBH
eJIeKTpH'IHHX Ka6JIOBa, KOjH 360r IbHXaIDa H caaaiaaa
xory 60TH YJpOK OTKaJa. MOT xoanerrr, H3Me~y

ocranor, HMa xpahy )')Ka):(, MaIDH 6poj CaBHjaIDa )')Ka):(H
npexo KOTYPoBa, BeMa npofineaa ca BepTHKaJIHHM
OCUHJIOBaIbeM npasaor XBaTa'Ia xoarejaepa 360r
nyrasxe naasaaane )')Ka):(H H3Me~y KOJIHna H
npesojaax KOTYPOBa, rra ce y cnysajy eBaJIYaUHje
npaxasaaosr y rJIaBH 5 IbeMY naje npemrocr.
CaBpeMeHH npacryn npojexroaarsy saxreaa H sehy
rrIDKIbY sesaay sa YTHUaj pana MaIIIHHe aa OKOJIHHY,
rrpBeHCTBeHO sa BMBO 6yKe, nocefiao yKOJIHKO je
repaaaan nouapaa y 6JIH3HHH aacersa. Taj saxrea
yTH'Ie H aa H360p xonnerrra KOJIuua. Kon MOT
KOuueIITa KOJIHna npencraarsajy rJIaBHH H3BOP 6yKe,
KaKO on norona, TaKO Hon TO'IKOBa KOJIHUa. IIaHeJIH sa
arrcopfionarse 6YKe H BH6po-H30JIaUHOHH jaCTYUH
CMaIbyjy HMBO 6yKe 0):( MamHHepHje MOHTHPaue aa
KOJIHUHMa, ana Te:>KHHa H30JIaUHOHHX MaTepHjarra
nosehaaa orrrepeherse aa TO'IKOBe, a CaMHM THM H6yKY
npn IbHXOBOM xorprsassy. OBH rrp06JIeMH 'IeCTO
aasrehy ycnajarse RTT xoanerrra yxecro MOT. 06a
xonnerrra, naxne HMajy csoje npenaocra H MaHe, H
6Htie cnocofiaa na ce pasnajajy H Y 6ymhHocTH. Kon
CBaKe xynosaae znrsanarre, BJIaCHHK repxaaana tie
MopaTH na oueaa nonyheaa pemersa soja tie Haj60Jbe

22

Depending on the criteria imposed by the terminals'
owners to the members of design team, which are often
in collision, the selection of trolley design is performed.
For instance in [20], the RIT concept is recommended
for the high values of velocities. The main drawbacksof
MOT concept are mentioned long electrical cables in
the festoon system, which can be the causationof failure
to operate due to their slapping and sagging. MOT
concept, in addition to other reasons, has fewer ropes,
less flexure of ropes on turning sheaves, there is no
problems concerning vertical vibrations of empty
spreader due to the catenary between trolley and turning
sheaves. For those reasons MOT concept is beneficial
comparing RTT system in evaluation presented in
chapter 5. Modem approach in design requires a
particular attention concerning environmental impact of
machinery on neighboring communities when the
terminal is located within close proximity of residential
community. The noise abatement requirement resulted
sometimes in decision to use a RIT system instead
MOT system. With the MOT concept, the biggest noise
source is the trolley, either from machinery inside the
trolley or from the trolley wheels rolling on the rail.
Noise absorbing panels and vibration isolation pads
would reduce the noise from the machinery inside the
trolley. But, the weight of these materials would
significantly increase the trolley wheel load. The higher
wheel load would then increase the rolling noise. Both
types of trolley systems, RTT and MOT have beneficial
site-specific applications, and are viable. For each crane
purchase, the owner have to evaluate each design and
then choose the design which best suits the site and all-



onroaaparn MecT)' yrpamse H cBeo6yxBaTHHM
norpeoaxa eKCIIJIOaTall,Hje. AHaJIH3a rponrxosa H
npensocra csaxe on arrrepnaraaa 6H:l:ie paaaarpaaa on
c.rryqaja no c.rryqaja.
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