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OCHOBHH IIPMHIAIINA MIPOJEKTOBAIA BEJIMKUX KOHTEJHEPCKHUX
JU3AJALA (AEO 1): MAHIHMHCKHA HPOJEKAT KOJIHMIIA Y1 YTUIIAJ HA OKOJIMHY

BASIC PRINCIPLES IN DESIGN OF LARGE CONTAINER CRANES (PART I):
MECHANICAL DESIGN OF TROLLEY AND ENVIRONMENTAL IMPACT

Henan 3p}ml'11, 3opan Herxornh, Cphan bommak
Nenad Zrnié, Zoran Petkovié, Srdan Bosnjak

IIpernenuu pan

EdexTrsHa kOHTE]HEPCKa IU3aINLIA MOpa fa Oyze PojeKToBaHa Tako Na Oyne mopecHa 3a TpeHyTHe U Oynylie notpebe
Kpajiber KOPHCHHKA. MamMHCKe KOMIOHEHTE MOPajy [a 3al0BOJbe TIPONKCE Y CTaHAapAMMa 32 MOCHE IU3aJuLE, aid
cy Benmke obalcke KOHTEJHEPCKE AM3ANHIE CYIITHHCKY Pa3MduTe y ONHOCY HAa ApYre THIOBE JYYKHX NW3AJIHIA.
H360p ausammMENX KOIMIA je 3HadajaH ca acleKTa yCBajama U IpopadyHa Hocelie CTPYKTYpe, TOIKOBa, ¥ OAPXKaBarba.
MexauusMy Ha KOIHMIAMa MOTY 6uTH noromeny yxammma (PTT), min ca ayronomurM norormMa (MOT). XuGpunro
mehy-pememse npuxpalieHo je of NojenuHyX mpousBohada. ¥V pafy ce pasMarpa ynopeleme MalIMHCKHX CHCTEMa
KONHLA, YKbyuyjylin muxoBe nepdopMaHce, U Jaje ce eBayamyja y mpouecy w30opa KOHCTPYKIFOHOT pemiena. Y
pamy ce aHAM3NPA U CMakbekhe yTHHaja (Oyke) KOHTejHEPCKUX IW3aiHIia Ha OKOINHY.

KibyuHe peun: KOHTejHepCKe IU3ATIHALE, NPOjeKTOBamkhe MaIIMHe, KOJINIA, eBaTyalyja, Oyka

An effective container crane must be designed to suit the present and future needs of the end user. The mechanical
components complied with overhead bridge crane standards, but large quayside container cranes are significantly
different from other types of dockside and bridge cranes. The selection of a crane’s trolley system type is significant for
the structure of crane, for wheel loads, and for maintenance considerations. The trolley can be rope towed (RTT) 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 of mechanical systems of trolleys,
including their performances, and gives the evaluation of selection process in design. Also, the paper analyses the ways

of reducing the environmental impact - noise of container cranes on neighboring communities.
Keywords: container cranes, mechanical design, trolley, evaluation, noise

1. YBOJ

KOHKYPEHTHOCT y CBETCKOj €KOHOMHjH M OYEKHBaBa
Kynaua 3a nosehianmM meppopMaHcama, HOBeNa Cy IO
3aXTeBa 33 HIKVM TPOIIKOBMMA, Op3MM W NOY3IaHNM
oTrpeMameM TepeTa. Pa3Boj ayTOMaTH30BaHE H
eduxacHe mpeToBapHe MeXaHM3alMje omoryhmo ma ce
sHadajuo  mosehajy mepdopmaHce omepamdja Ha
TepMEHaTy. Hampesak y TEXHMYKHM pememHMa
BEMKAX OOAJCKMX KOHTSJHEPCKHX JAM3aiMIa, Kao
[MIaBHOT fHefla, X HajBelie MHBECTHUHMjE, Y CHCTEMY
IpeToBapa M CKIaJUIITeRHa, UMao je 3HagajaH edekar
Ha NPOZYKTHBHOCT TEPMHHANA, YKOJIHMKO j& TMONECHO
npuMmerbeH [1]. TompHama Cy WIaHOBM NPOjeKTHHX
THMOBA, HIKSIEDH CIELHjaTd30BaHd 33 MAIIAHCKe
CHCTEME, CTPYKTYDY, €JEeKTPOHHKY H YIPaBJbambe,
pamwin 3ajefHo Oda OH OCTBAapHIH €KOHOMHYHY
KOHCTPYKUHjy Koja TpeDa 1a 3aX0BOJbH PaiHE 3aXTEBE U
Koja MOK€ Ja Ce YCNEeIDHO NpOH3BEAE H MOHTHpA.
Iuzanviia HUje caMO WOACHCTEM TepMHMHANA, Beh
npenctaBika U 3aceban cucteM. Kao u ysek, "Hajoosne"
("orrTMaHO™) TPOjEKTHO pememe Mopa Ja Oyxne
uzbanancupado. JloOpe ¥ Jolle cCcTpaHe cBake
anTepHaTHBE MOpajy ce JHeTa/bHO carienard. 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

! Kontakr anpeca ayropa (Address of authors): assistent Dr.-Ing. Nenad Zmié, Mammucku ®axynret Beorpaa / Faculty of Mechanical Engineering,
University of Belgrade, Kraljice Marije 16, 11000 beorpaa / Belgrade, Cp6uja u Lipna Fopa / Serbia and Montenegro, E-mail: nzmic@mas.bg.ac.yu
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KYNOBHHE [U3aJiMUe Hapydwnal T1pefa na olleHn
npojekTHa penlema U usabepe oHO koje fhe Ha
HAjOBOJGHMjY HAYMH OATOBapaTd MECTy MOHTAXKE H
cBeoGyxBaTHHM ycnosuMa pana [2]. Ha cmmm 1
[pUKa3aHa je meMa TepMuHana [3].

Planiranje opsluZivanja broda
Ship operation planning

operational needs [2]. An outline
system is presented in Figure 1 [3].

of a port terminal

Vertikalna mehanizacija na doku
Quayside equipment

Obalske kontejnerske dizalice

Quayside container cranes

Ostala lucka mehanizacija
Yard equipment

Cnuxa 1. llemamcxu npukasz cucmema KOHMEHEPCKO2 MEPMUHANA

2. KOHCTPYKIIMJA KOJIMIIA

H360p mm3aIrdHEX KOJWIA je 3HadajaH ca aclexTa
ycBajara W mpopadyHa Hocelie CTPYKType, TOYKOBa, ¥
oIpkaBama. M360p KoiHLA ce BpHIM IipeMa motpebama
Ha ojipeljeHoj JIOKaIujH, Ka0 i HA OCHOBY ONpPEAebemha
BIACHWKAa M KOpHCHHKa TepMuHanma [4]. OcroBHH
TUIOBY Koymua cy PTT - kouia ca MOTOHAMA HH3amba
M KpeTamha OCTBapEHUM Ipeko cHcTeMa yxany, # MOT
- KOJWLa ca ayTOHOMHHM IOTOHHMAa CMEITEHHM Ha
BHUXOBOM paMy. XHOpMAHO pEmeHme IPEACTaBiba
KOMOWHAIWjy IIPeTXOIHa [Ba pelieha U npuxsalieHo je
OX CcTpaHe mojenuHUX npoussofaga [4, 5, 6]. Kox PTT
CHCTEeMa IIOFOHM KpeTama KOoJMla, Au3ama TepeTa H
mperycra CMEIITeHH Cy y MamuHCKo] KyhuIm xoja je
¢ukcupaHa 3@ paM awsanmne [7]. Yxkam 3a morod
Kperamha KONHUR W Au3ama TepeTa CIOPOBOAE CE M3
MampHCKe Kylivlle npeMa BpXy KOHTpa HpeIycTa,
IpoJiase Kpo3 Komuua, i GUKCHpajy ce 3a BpX mperycTa
[4,7]. OBo pememe omoryhaBa I1UIATKy W JaKy
KOHCTPYKLIMjy KonMIa, kao W Belie BHCHHE nu3ama M
Mama omrepeliea Ha Hocelly KOHCTPYKIMjY AM3aluie
u goxa [8]. Kox xorcrpyxuuje PTT xommma mpobiem
IpefcTaB/ba H3YyXKeme yXKeTa W I0jaBa yrubama -
eekTa JIaHIaHWUIE, GUME Ce CMamyje MPOXYKTHBHOCT
mmamie. To ce cnpedasa yBoljelbeM I0JaTHUX KOJIvLa
3a yMmameme edekra JaHdaHune, cimka 2 [9, 10}
MehyTuM, bak ce W ca THM KOJHIMMA Yy CIy4ajy
OyraukvX IyTeBa BOXIbE jaB/ba H3PaXKEH edexar
nmapgannne. Perynucame yrubama yxeTa ocTBapyje ce
yrpammoM MeljyocnoHana, koju ce MOCTaBisajy Ha
pacrojamy on oko 25 M. Y TOM ciydajy cy DOZaTHa
KONMIIAa HemoTpeOHa, W MPOAYKTHBHOCT ce moseliaBa.
Mana OBOr pemierha OmIela Ce y CIOXKEHOM CHCTEMY

J

y

Masinski sistem - pogonski mehanizmi
Mechanical system - driving mechanisms
Strukturni sistem - noseca konstrukcija
Structural system - supporting structure
Elektro - upravljacki sistem / Electrical and
Control System

Figure 1. An outline of port terminal system

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,
61), 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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HamMoTaBama, Beliem Opojy KOTyposa, W NOTCHUMjalHO
kpafiem Beky Tpajama yxera [4, 7]. Koa xubpuzmsor
pemiera TJIaBHH [OFOH AW3amba CMEMTEeH je Yy
MamuHcKoj Kyhuim, amm je TOroH KperTawma KOJMia
ayromoman [11]. Tlpm peraspHHjoj KIacudUKaiHju,
KOJHIIA ce PasBPCTaBajy y cnedehe rpyne:

1) PTT - ca gogaTHUM KOJHIIMa 32 YMAbUBaHE
e(eKTa TaHYaHULE;

2) PTT - ca KOHTHHyaJIHHAM OCJIOHIIMMA YKaIu;

3) Xwubpuana - CaMONOroskeHa KOINNa;

4) MOT xosuua (06a HOTOHa Ha pamMy KOJIMUA);

5) MOT xonuia ca yKETHAM ITOTOHOM KpeTama.

3. ONIUTE MEXAHNYKE KAPAKTEPHUCTUKE
KOJIMOA

OcHoBre Kkapaxrepuctuke PTT xommua ca mogaTHHM
KONWIMMA 33 yMabHABamke e(eKTa TaHdaHulle Cy (CImKa
2):

* yBe#eHa Cy HOZaTHAa KOJHIA NHOTpeGHA 3a BeJMKe
Oy)XHHE pacioHa;

* 00e36eljern cy MeljyOoCIOHIM HAIIOjHUX BOZOBA,;

* motpeOHH Cy JOJATHH KOTYPOBH H 3aTe3HH ypeljaju,
CIOXKEHH]j€ je HaMOTaBame.

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

Cnuxa 2. Konuya nozoreena yscaouma - nO20H Ou3area y MAuuHcKoj Kyhuyu - Konuya 3a ymareerse epexma 1aHuanuye
Figure 2. Rope Towed Trolley - Fleet Through - Catenary Support Trolley

HamoTaBate yxera [I7aBHOT IOTOHA HOW3amkba KON
pememna ca NONAaTHWM KONHIMAa IPHKA3aHO je Ha

CITHIH 3.

TRIM, LIST, SKEW, )
AND SNAG SHEAVES ~ "

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

Cruxa 3. Lllema namomasarea yscema mMexanuama 3a Ousaree K00 KOHCMPYKYUOHOZ peulersa ca O0OAMHUM KOTUYUMA
Figure 3. The outline of main hoist reeving of Fleet Through Rope Towed Trolley
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CucreM HaMoOTaBama YXKeTa IIOroHa KpeTama KOoJMIA
KO pelierma ca ZONATHHM KOJHIUMa DPHUKa3aH je Ha
caamu 4.

TENSIONER
SHEAVES

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

Cnuxa 4. Lllema namomasarea yixcema MexanuamMa 3a Kpemaree KoMuya Koo peuwierba ca 000amHumM KORUyuma
Figure 4. The outline of trolley reeving of Fleet Thru Rope Towed Trolley - Catenary Support Trolley

CncTeM HAMOTABamba yxKeTa KOJ KOJIMIA 33 YMAaLHBabe
edekTa JIaHJaHWOE MpHKA3aH je Ha CIMiM 5., ca
ouMensdjaMa (y CTOmaMa) 3a Mera-JAm3amiy Koja
omciyxyje Opofose ca 22 KOHTEjHEPa O MHUPHHA.

\,

WATERSIDE_ SR
CAT. 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.

MAN

CATENARY TROLLEY
/ TROLLEY

1 DIAMETER CATEMARY
TROLLEY
LANDSIDE a ,
CAT. TROLLEY 195 e 168 >
TENSIONER / kit
SHEAVES »

Cnuxa 3. lllema namomasarea 000amuux KONUYa 3a NOHUUIMABAFbe eexma NaHYaHuYe
Figure 5. The outline of Catenary Support Trolley reeving

OcHoBHe  Kapaktepuctuke  PTT
KOHTHHYJIHAM OCJIABakeM YXKAIH CY:
*HeMa JOJATHHX KONHMIA H HAMOTABambha;
*ca MamHM YrubameM YXagd ocTBapyje ce Oolse
YTIpaBJbame KpeTameM TEpeTa;

*30or Beher Opoja KOTypoBa KONHMIIA CY TeXa H
3axTeBajy eleKTpoMoTope Behe CHare.

ITlema oBHEX KONHMIa IPHKA3aHa je Ha CIMIM 6.

SNAG, TRIM, LIST,
AND SKEW SHEAVES
> 3

oy

Konnia ca

TENSIONER SHEAVES~

Basic features of Fleet Through Rope Towed Trolley
with continuous catenary support are:

*No catenary trolieys 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.

Cnuxa 6. Illema PTT xonuya ca KOHMUHYQIHUM OCICHYUMA (1€80 - MEX. OU3ArLd, OECHO - MeX. Kpemara Konuya)
Figure 6. The outline of RTT trolley with Continuous Support (left - hoist reeving, right - trolley reeving)

Ha cmium 7 OpukasaHH CY KOHTHHY&IHH OCJIOHIHM
yKeTa KO/ OBOT THIIa KOJIHLA.

In Figure 7. are presented continuous supports of Fleet
Through Rope Towed Trolley.
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Cauxa 7. Konmunyanuu ocionyu RTT xoauya
Figure 7. Continuous Support of Fleet Thru Rope Towed Trolley

OCHOBHE KapaKTePHCTMKE CaMOMOrOBEHNX XUOPHIHIX
KOIIWIIA CY:

* jeIHOCTaBHO HAMOTABAILE;

*HEMa BYYHHX YKaJy 3a KpeTame KOIHIA H 3aTe3HUX
ypehaja;

*MOryfiHOCT NPOK/IH3aBa®ka TOYKOBA;

*Mam€ BpPeAHOCTH yOp3ama.

CamormoromeHa KOJIMIAa HpHKa3aHa Cy Ha CIHIH 8.

Basic features of Fleet Through Self Powered Trolley
are:

* Simple reeving;

* No trolley tow ropes or tensioner;

* Possibility of wheel slip;

+ Slower acceleration rates.

The Fleet Through Self Powered Trolley is presented in
Figure 8.

Cauxa 8. Camonozorena xubpuona xonuya
Figure 8. Self powered Semi - rope Trolley

OcHosHe kapaxtepuctrke MOT konuua cy:

* HajjaKlle HaMOTaBabE,;

* HajTeKa OJl CBHX THIIOBA KOJIHIIA;

* MOTylIHOCT NMPOKJIH3aBamba TOUYKOBa;

* Mabe BPEIHOCTH yOp3ama;

* Maj1a MamMHCKa Kyhna;

*KOJ MPOj€KTOBamba je BaXKHO Ja ce 0b6e30eny mpucTym
KONMUIMMa 300T BUXOBOT OIp:KaBamka.

MOT konuMua ¥ HBHXOB CHCTEM HaMoOTaBama Y:KaOu
npuxazaHa cy Ha cauue 9 [9, 12].
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Basic features of Machinery on Trolley are:
* Least amount of reeving;

* 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].



Ropa Drum
[(puuni!&mmndlhum)
)

Total Ropa Length: 1600 fL.
No. of Sheaves: 12-18

Cnuxa 9. MOT ronuya ca wiemMom HaMomasarea ysicadu
Figure 9. Machinery On Trolley with reeving system

Kox oBe KiIace KOJMMLA, LEIOKYITHM MEXaHH3aM 3a
gu3ame Moryhe je mocTaBHTH Ha paM KOJHI@A M ¥ HUCTO
BpeMe  NpeyNpeauTH  NPOKIM3aBamke  TOYKOBA,
kopucTeli Y)KETHH CHCTeM Kperama Kojmua. OBaksa
KOJMUA Ha3uBajy ce ¥ Moiy-MamuHcKa kommua. Kox
TaKBOT CHCTEMa KONMIA MOpajy ce MNpedy3eTd Mmepe
kojuma On ce OHa 3amiTHTINZ OX edexTa yrubama
yxaagd @ Moryhumx ynoapa. MexadusaM 3a KpeTame
KojHMua caapkd Motop(e), pemykTop M Jobom 3a
HaMOTaBab€ JeNUYHOI yXKeTa, Koju Moxe na Oyne
HHCTAAMpAaH Y MamMHCKOj KyAWIM, anm Tajga Huje
jexHOCTaBHO OCTBApHMTA oOcnamame Yywxkera [13].
OcCHOBHE KapaKTEPUCTUKE OBMX KOIHLA CY:

* jeIHOCTABHH]a MeMa HaMOTaRamka YiKaau;

* HeMa NpOKIN3aBaka TOIKOBa;

* MaKcUMaJHe Morylie BpeqHoCTH yOp3ama;

* 3aXTeBajy ce yKaj 3a Byueme Koiaula H ypehaju za
HUXO0BO 32TE3AMBE;

* CMambeHa je MyXKHHA Y:Kaad MEXaHU3Ma 33 JH3abe.

4. OONIIITA CTPATETAJA U350PA KOJIMIIA

Hz0op KOHCTpYKIMje KONHMIZ Faje CIMKY €BOJyHHje
KOHTEjHEPCKHX Ausayvua. Ycien noeehannx numensuja
Au3aIMLE, onpenessyjyhin kpurepujyMmu 3a u36op cy ce
M3MEHIIH, MPBOOHMTHA pemema cy u3ryOmna Tpky ca
BpeMeHOM, Te cy morpeOHa HOBa pemesa [9]. [a On
HULTH y KOpak ca BeaukuM OpomoBuMa u rosehanmM
KanalyTeTHMa, JaHallbe QU3ATUIE Cy AOCTHIIE CKOpO
TpocTpyko nosehame IuMeH3Wja y OJHOCY Ha MpPBY
Juzanuity oBakse Bpcte carpahjeHy 1959. OBaxas pa3Boj
M3MEHHO je OCHOBHE TMpeMHCE Y IIpOjeKTOBamy
omsamuua. 3a JOHOmeme OomIyke o M30opy komuma
noTpebHO je NaiUBHBO PasMOTPUTH cKyn daxropa
BE3aHMX 3a TMpojekaT CTPYKType, HPOXYKTHBHOCT,
OIp:KaBale, pe3epBHE OeJioBe YKbYWyjyhm # yxaz,
oTipene/behe AM3aNIM4apa W npousBojada (TpeHmose y
MHIYCTPHjH), TEXKHUHY, YTUIIAj HA OKOJHHY U TPOIIKOBE
[14]. Ca acnexrta Hocehe cTpyxType, Maca je IiiaBHa
paznuka wsmeljy PTT u MOT xosctpykumje. Maca PTT
KOHCTPYKLMj€ Mama je 3a BUllle 0X 3 MyTa y OAHOCY Ha
MOT. [sorpene muzajidie ca Tpane3BHM [MONPEYHHM
fpecexoM MNpHUMemYjy ¢e€ ko awsamuaua ca PTT

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 of trolley 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 of Semi-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

f—
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romuuuMa, ok ce MOT komuma npumemyjy KoAd
JeAHOrpeAnx AU3AIMLA TPAINEe3HOT WIH HpPaBOyraoHOr
mpeceka, cauke 10 u 11. AJexsaTHO npojexToBaHa
jeanorpefa om3anmuua, 6e3 o03uMpa Ha YCBOjeH THI
KOJNIHLA, aKia je ox ABorpeie amanuue {15].

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 RTT cranes and MOT cranes [15].

Cnuxa 10. RTT 0sozpeda ousaruya
Figure 10. Twin girder boom

Koa KOHTEjHEpPCKHX TepMHHANa 3axTeB 33 Op3mM
OpeHolIeleM Tepera Bomu ka mnoBehamy Op3uHa u
yOp3ama y MOTOHCKAM MeXaHW3MuMa Ausanzne. Haxo
nosehate oBuX mepdopMaHCcH Y3pOKyje He IpeTepaHo
BesvKa noseliama apoxykrusHocTH (0 5 A0 20 %), no
caja ce KalalWTeT IpeToBapa NMpBeHcTBeHo noseharao
fam Ha oBaj HaumH [16]. Hiayctpamuje panmd, Heke
BpefHOCTH Op3uHa U yOp3ama MOTOHCKUX MeXaHH3aMa
KOA BEeJUKHNX KOHTEjHEPCKHX HNM3aIMla jgare €y Yy
Tademn 1 [17].

Cnuxa 1. MOT jednozpeda ouzanuya
Figure 11. 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

[171.

Bpcra kperama Bp3una Bpewme yOp3ama BpeMe ycriopena
Mode Speed Acceleration times | Deceleration times
Ju3ame ca MEMHHATTHOM HOCHBOIIRY

Hoisting with rated load 70 m/min 20s 1,5s
Jmsame koHTejHepa Mace 40 T

Hoisting with 40 t container 100 m/min 2,0s 1,5s
Juzame npasHor crpezepa

Hoisting with spreader only 180 m/min 4,0s 30s
Tloron xpeTama Koauna

Trolley drive 250 m/min 5,0s 5,0s

Tabena 1. Ilepdhopmarce nozoHa 8eTUKUX KORMEHEPCKUX Ou3ANUYA
Table 1. Speed and acceleration performances of large container cranes

RTT cuctem je ceenmpucytad y CAJl. Hanexo sehu Opoj
npomssohasa Hymu RTT KOHCTPYKUHMjy Y OZHOCY Ha
MOT xonuent. RTT koHcTpykumja je ucrnpoGasHa H
UCIIUTAaHa, ¥ MHOI'M KBapoBH cy Beh mIeHTH(UKOBAHH,
IOK je 3a MHOTe KOpPHCHHKE H TpousBohade MOT
KOHIIENT HOTIYHa HOBHHA. TO camo no cebu He Hie y
mpunor MOT nusanuuama Kaja Kymuu OBAX MalTHHA
Tpeba Ia DOoHeCY OMUTYKY O HHBECTHLMjaMa y ONpeMy
Koja ce MepH MWIHOHHMMA J01apa. AJM, BHCOKH
MHBECTHLHOHY TPOIIKOBH HCTOBPEMEHO Aajy MOACTHLA]
MaK/BUBOM pa3MaTtpaiby CBHX altepHatuBa. Moxaa he
ce moxasatu 1a je MOT xoHuent noyszauuju ox PTT
kouuenTa [9]. Kondurypanuja MOT xosuna mva saIle
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The RTT system is ubiquitous in the USA. Many more
crane manufacturers worldwide have produced RTT
cranes then MOT cranes. The RTT is tried and tested
and the bugs have been worked out. For many users and
manufacturers the 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 aiternatives.
It may be that MOT cranes are more reliable then RTT
cranes [9].

The configuration of machinery trolley has several



NpedHOCTH ca acmekTa oapikasama [15]. Kom oBux
KOAHLIA #MAa Mambe M[OKPeTHMX MejI0Ba X HeMa
onpxasama miarhopMe 3a yjenHadaBame Ha BPXY
J0XBaTa, IPEeBOjHUX KOTypOBa Ha CTPAaHH JOKa, KOJIHLA
3a yMamuBame edekra JjJaHYaHuUe, H ypehaja 3a
3aTesambe yxKera. ENuMUHHCameM YKald KojuMa ce
HOTOHE KOJML@ AM3AJIULE, W 3HATHO MamoM Oy:KHHOM
ViKadd MeXaHM3Ma 3a Au3arbe, CMameHH Cy TPOIIKOBH
0/piKaBarba, OJHOCHO, CKIAAUIITeha U 3aMeHe Y:KaiH.
MHUHEMU30BaHO je [erpagupambe OKOJHMHE YCIex
TPOCHIaka yiba ca rmoaMasaHor yxera. Kako cy yxan y
cucTeMy 3a Au3amkheé 3HATHO Kpalia M Hema HCTe3ama
yxaau koja moroHe koamuma, MOT cucrem omoryhyje
foje ympaBmame kperameM Tepera [15]. C apyre
crpare, MOT cucreM HMa Teke kabnose y cucTeMy 3a
Hamajake  CTPYjoM, IITO MOXE  HOBECTH  JO
mpexoMepHor xabama. Koa cuctema Hamajama yBOJE ce
KOJNMIA 3a KpeTame KaOioBa, Kkoja Ccy MHOTOHEHa
MOTOpUMA peaTUBHO Mane cHare. TpomkoBH 3aMeHe
MOTODH30BAHOT CHCTEMA Hamajama TpH iyTa cy Befin y
OHOCY Ha KOHBEHIMOHAIHH cHcTeM kol PTT komima
[9]. Vcnoru pana nuzanmiapa cy Oo/bH KOJ IM3aIHUIA
ca MOT konuinMa, ¢ 063upoM Ha Belty Macy au3aHile
W Kpylly KOHCTpYKIHjy, Ma je KpeTame Konuua
"mexkme”, a muzammdap ce oceha xomdopuuje mpa
TtakBoM paxy [18]. Bpura o ytmmajy msbopa TtHma
IDu3aiTALe - KOIMIa Ha OKONHHY, IIpecTaBiba caBpeMeH
4 BaKaH Je0 y MpojeKToBamy, nocebHo y CAJI, u 6uhe
pasmaTpaHa Ha Kpajy oBor paga [9]. ¥V Tabemn 2
NPUKa3aHE Cy DENIEBAHTHE YIIOpEOHE KapaKTEPHCTHKE
IOU3ATALE 3@ ONCIYKUBamke 22 KOHTEjHepa Mo MIHMPHHH
Gpona, 3a 06a cucreMa KOHCTpykuHje komuua [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 troiley. 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 RTT [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].

KapaxTepicTiKe IH3ATALE 32 ONCIy)RKUBake 22 KOHTEjHEpa, HOCUBOCTH 72,8 T

Features of a 22 wide crane with lift capacity of up to 65 LT/ 72,8t RTT MOT
Maca konnna

Trolley weight 25t 90t

Maca guzanuue

Crane weight 1300t 1600 t
ToxpetHo onrepelieme (konuna + cHpenep + OCTaIH NENOBH + Teper ox 72,8 T)

Moving load (Trolley + Spreader + HB + 65 LT/72,8 t) 110t 175t
[ToxpetHo onTepehieme 3a NpopadyH omTeliemsa ycieq 3aMopa

Moving load for fatigue damage 80t 1451
Omreliere ycnen 3amMopa

Fatigue damage 1,0 6,0

[TpuTHCcak HAa TOYKOBE HAa CTPaHH BOJE 783 kN/Touxy | 900 kN/Touky
Waterside wheel loads 783 kN/wheel | 900 kN/wheel
[MpuTHCak Ha TOYKOBE HA CTPAHHU KOITHA 427 kN/Touxy | 592 kN/Touky
Landside wheel loads 427 kN/wheel | 592 kN/wheel
YKymHa AyXKHHa yKETa

Total rope length 3627 m 488 m
Vkynan 6poj KoTypoBa

Total number of sheaves 50 4

BpeMe ogp:kaBama 00 JH3AIHULHA 33 TOLUHY JaHA

Maintenance time per crane per year 156,5h 872h

Bek Tpajama y:keTa MeXaHH3Ma 32 qu3ame

Main hoist rope life 1500 b >3000 h
TpoMmIKOBH 3aMeHe y:KeTa MeXaHU3Ma 32 IH3abhe

Hoist rope replacement cost 21,0008% 5,700 8

Tabena 2. Hexe ynopeoune xapaxmepucmuke Quzaiuye 3a oncryxcuasanje 22 konmejuepa no wiupunu 6pood
Table 2. Comparison of some features for a 22 wide quay container crane



Martpuna ynopeljema CBUX THIOBA KOHCTpYKUHja

Trolley type comparison matrix is presented in Table 3

KOIMUA pyKasaHe je y Tabenu 3[10, 13]. {10, 13].
1 2 3 4 5
PTT ca PTT ca XuGpuana MOT MOT kosnua
KOHTHHYLTHHM | KOJHUMMA 32 camo- KoaMuAa €a Y:KeTHHM
ocJIoHIHMA yMamHBame HOroibeHa HOTOHOM
yKeTa JIaH4YaHu1e KoJMua Kperama
Fleet Through | Fleet Through Fleet Thr Machinery Rope Towed
Rope Towed Rope Towed Self On Trolley Machinery
Continuous Cat. Trolleys Powered On Trolley
Maca xoanna Cpenma Hajmama Cpemba Hajpelia Bemmka
Trolley Weight Moderate Lowest Moderate Highest High
~22:36 T ~22+:36 T ~26 T ~52+80 T 240 t
Bpoj moTopa xouna
Trolley Motors Number 1 1 2-4 2-4 1
Cuara MOTOpa KOJIHIA Cpemma Cpeama Cpenma Hajgefia Bemixa
Trolley Motor Power Moderate Moderate Moderate Highest High
Yop3ame KOJIHLA Bemiko Bemixo Hajmame Cpemme Besmxo
Trolley Acceleration High High Lowest Moderate High
max 1,2 m/s® max 1,2 m/s’ | max 0,5 m/s’ |  ~0.6 m/s® max 1,2 ny/s?
Y:xaj 3a Bydy KoJIHLa,
3are3ame, KOTYpOBH Ha Ha He He Ha
Trolley Tow Ropes,
Tensioner, Sheaves Yes Yes No No Yes
Koanna 3a nanuanuny,
3are3ame. KOTYPOBH He Ha He He He
Catenary Tow Rope,
Tensioner, Sheaves No Yes No No No
Y:xke 3a An3ame TepeTa Hdyraaxo Hdyrauxo Cpenme KpaTtxo Cpenme
Hoist Rope Length Long Long Medium Short Medium
Hpu6mnkuu 6poj
KOTYpOBa MeX. 3a AHu3.
Approximate Number 40 20 20 12 12
Of Hoist Sheaves
Ocironn Touknlin 3a
JIAHYZHHNY Y’KETa 32
AM3ambe Ha Ha Ja He He
Hoist Rope Catenary
Support Rollers Yes Yes Yes No No
Maca qu3anune Cpenma Cpenma Cpemma Bemika Bemxa
Crane Weight Moderate Moderate Moderate High High
XaGame niAHe H
TOYKOBA KOJIHIA YMepeHo YMmepeso Bemixo Hajgehe H3nan ymepenor
Trolley Wheel
and Rail Wear Moderate Moderate High Highest Above Moderate
IIpueryn mexanuszmy 3a
An3ame Jo6ap Hobap Hobap Orpanu4eH OrpanideH
Hoist Machinery
Access Good Good Good Limited Limited
IIpucTyn MexaHuzmy 3a
Kperame KOJHLa Hobap Hodap Orpanuded Orpanu4eH Hobap
Trolley Drive
Machinery Access Good Good Limited Limited Good
KadsaoBH 32 Hanmajame Jlaxu Jlakm Cpemme Hajrexu Temxu
KOJIHIA CTPYjoM TEHKU
Trolley Festoon Light Light Moderate Heaviest Heavy
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Tabena 3. Mampuya ynopeheroa munosa xonuya

Table 3. Trolley type comparison matrix




Kao gomyHa nojamiMa 13 Talesie 3 MOTY ce HaBeCTH A
crenehie gmmennue [13].

V BapujanraMa 3 ¥ 4 TOYKOBHU KOJHLA Cy HOTOHCKH U Y
THM  CiaydajeBuma MoKe oM H0  EBHXOBOT
OpOKIM3aBamka, MTO C& HE MOXKE AECHTH KO OCTATHX
Bapujauti., I[Iyr Kperama KOMHLA je, NPaKTU4HO,
HeorpaHwdeH y BapHjaHTH Koadua 4, IOK je KOO CBHX
OCTAINX pellelna OrpaHHueH YClIed eBeHTYalHor
yrubama YeNUYHUX Y:KaIH.

Mamuscka kyhuua yrpaljesa Ha pamy ausaiuue ca PTT
CHCTEMOM CaAp:KH MEXaHM3Me 3a [U3amke TEpeTa,
KpeTame Kojula, M [OAu3ame MpelmycTa, Kao H
KIuMaTu3oBady enexkrpo-coby. Kom MOT cuctema
HOTOH JM3amba CMEINTeH j€ Ha KOJMHMIIMa. YIOpemHe
IMMEH3Hje MalluHCcKe Kyhuue 3a o6a riaBHa cucTeMa
IpHKa3saHe cy Ha CauIHM 12, Mepe cy y cronama [11].
Tako, na opuMep xox PTT cucrema mammmrbcka Kyhuna
3ay3uMa MMpoCcTop Ha pamy ausammue ox 1060 M, IIOK ce
ko1 MOT cucTeMa Taj NpoCTOp HAEiM Ha OHaj Ha pamy
0x 521 »°, 1 Ha xosmIMa o 196 M°, mTo Iaje yKyTHH
npoctop ox 717 M.

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 1,
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 [11]. The measures are in
feet.

So, for instance, we have the volume of machinery house
of 1060 M’ for RTT system, and total volume of 717 & for
MOT system, divided into part on crane's girder (521 M),
and thf part located on trolley with the amount of space of
196 &,

| N S I°7 -1 I S - o
i ’\\
Rope Towed Trolley Machinery Trolley A
%
$(:1 3 50f

we -3 G-
R ks
E1 on Girder e __1

B on Glrder R
e ies

8%

50 on Trolley | 03 ]

Ciuxa 12. ¥Ynopedune Oumensuje mawuncke kyhuye
Figure 12. Machinery house enclosures and machine area comparison

5. JEJAH ITPUCTYII U3BOPY THUIIA KOJIHALA

Hcropujcku nocMaTpaHo, MpBa obajicka KOHTEjHEpCKa
omsamna  kojy je kouctpyucao ITAITEKO 1959.
kopuctuna je PTT cuctem. OHa je ocMuIUBeHa 3a paj
Ha focTojefiM MpUCTAHUINTHMA, KaKO je Y TO BpeMe U
ouno yobuuajeno [5, 8]. Munnmmupame onrepeliema
KOja medyjy Ha ROK OWo je mpumapHU (axTop KOju je
(aBopH30Ba0 OBAKBO PEIIEHE, H TAKaB INPHUCTYN je OHo
y30p 3a cregehy reHepauujy Amsanuua y Behusu
CBETCKHUX JyKa, H3Y3€B HEKOIHMKO eBpornckux. PTT
IU3QTHLE Cy ce, Y3 MPOMMCHO OZpPXKaBame, IoKazale
BEOMAa MOY3NAaHHM Y paZy Y TOKY QyrorOAMIIbE
excruioataugje. MephyTHM, BelHKe Oy:XKHHE Y:Kald H
nosefian Opoj KonMIla €y YYHHHJIE OB3j CHCTEM TaKo
CJIOEHNM, Ja CY MOjelHHH eBpOICKH mnpousBolhain
yeeojwin MOT koHUenT 3a Buxose mmsamune. Pupma
Kokc je Hanpasmna mpBy esponcky MOT agusanuiy
1968., u 1o manac je ocTasa BepHa oBOj diozoduju.
Takolje, memaum mpomsBohaw Hoem je xacHmje
NPUXBATHO UCTH KOHUENT 3a CBOje mu3anule [3, 8].

[lpe oxo 10. romuna xomnasuja AILUI (Amepuxex
[Ipesunenr Jlajuc) je 3amodesia NperoBope ca JYKOM
Jloc Anfjestoc, 3a U3rpaamy HOBOT JYYKOT MOCTPOjema.

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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[MpeoduTHO je Ouno npensuljeHo Aa ce Kyne AU3ATHLE
ca PTT xomuumma. MehjyTuM Ha KOHKYpCY je CBOjY
nouyxy usHeo U Hoen, xoju je MOHYyAHO Ja MPOjeKTyje
amzanuy ca MOT xonpuuma. ¥V npso Bpeme je AILI
onfujana 1 Aa pa3Marpa TakBy BPCTY NOHYZE, Al je Ha
Kpajy umak ¢opMupana €KCHEepPTCKH THM Cd 3aJaTKOM
Ja M3BPIIM eBaTyallljy JaTHX NoHyId. ExcrepTcku tum
je «kpurepwjyM 3a eBaTyamdjy ¢QopMupao rmpexo
creneher nuTama [5, 9, 11]:
Vkonmko OM HpeTnocTaBwid Aa A0 Tada Huje Ouna
KOHCTPYHCaHa HU je[Ha KOHTEjHepCKa Au3aiHia, K 1a
je muTame 3aZOBOJBEHA JOKa3za uBpcTohe goka y
OJHOCY HA MAKCHMAaIHE BPEIHOCTH PUTUCAKA TOYKOBA
HCOymeHo, fa i ou ce ommywwid 3a PTT wm MOT
cucreM? 3adyhyjyhe, aid meo eKCHepTCKH THM je
HArMKA0 Ka ycBajamy MOT pemema. Y cnepeliem
kopaky AIUI je 1mo3Bao jom jexHy rpymy AHM3ajJHaHMX
eKcrepaTa Ha "pasMeHy MHULLBema"' ca THMOM 34
epanyaunjy. Tlopen mpeTXOAHO IOCTABJLEHUX MUTARA,
OHM CY y pa3sMaTpame y3€i4 W YHILCHULY K A3 je Wb
Ja ce YCBOjU KOHCTPYKUHja €a ONTHMH3HPAHOM
eduracuomhy, BEJIMKOM NOy3JaHowmly 1 je HOCTaBEUM
oIpkaBameM Ausamuue. [IpomupeHa excrepTcka rpyna
je mako u 6p30 3akpyuria ga je ycsame MOT xommna,
cnpam PTT Ttuna, norudad m3bop H 10 M3 caexelinx
pazora :
® eTMMUHKCAHO je npexo 1,650 m yxanu;
® eJIMMHHHCAHO je 36 KOTypoBa pPasIHIUTHX
IAMEH3H]a;
e ypehlaju 3a XmapaynHuKo 3are3ame yxKam|m Cy
€IIMMHUHHUCAHN;
¢ MHBEHTAp PE3ePBHMUX JEJIOBA je PEXYKOBaH;
® UHTEH3UTET OAPXKaBamka je PEXYyKOBaH;
¢ Oy3/1aHOCT je moBehiaHa ycled cMmamema Opoja
KOMIIOHEHTH H3aTHIE;
 NI0Ma3MBaK¢ GEMTHHX YKaIN j& CMABbEHO.,

6. YTULIAJ HA OKOJIMHY - BYKA

Hempectanm  pacT  TOMOPCKMX  KOHTEjHEPCKHX
TepMHHaia Yy3pokyje mnosehady Opury 3a mnpobieme
yTHilaja Ha okonuHy. Pactyha motpe6a 3a mperosapom
BenuKor Opoja KoHTejHepa 3axteBa cBe Belie u Opxe
mamune [19]. Kog Benukuu obanckun mu3aidna
noseliad je HHTEpec 3a cMamemheM HHBa Oyke, mMTO je
MpHKa3aHO y OBOM [Aedy pada. 3a CBOj€ OKpPYXEeme
o0ajicKe AW3aIMLe NMpeACTaBlpajy ITIaBHU W3BOp Oyke.
Byka HacTaya ycnen ocTanuX aKTHBHOCTH, Kao MTO je
pal cTpelsl Kepujepa M MOCTaB/hame CIpelepa Ha
KOHTEjHEp, YTJIaBHOM C€ He paclpocTHpe H3BaH
TepMHHana. TumpdHa ausanuia 0e3 ymamema HHUBOA
Oyxe resepuine 3Byk uHTeH3uTeTa o oK0 110 dB(A) Ha
H3BOPHINTY, IITO je eKBHBAJIECHTHO HUBOY o 65 dB(A)
Ha 60 m on u3BOpa 3BYKa, ONHOCHO NPHONIDKHO
oAroBapa HuBOY caoGpahajue Oyke. I'maBHe u3BOpE
Oyke KOx 00alCKuX AM3AIMLA NPEACTABIBA]Y ITOTOHHU
IM3amba | BEHTWIATOPH y MAIMMHCKOj KyRHuM, moroH
kperama komuna kog MOT cucreMa, kao u Bubpamyje
ykpyhema - MemOpaHa Ha DJIaBHUM HocauuMa H
npemycta [19].

Texnonorvja cMamenha OyKe HEJABHO je MPUMEHEHA Ha
HOBHM Ju3aTnilama y AMcTepIaMmy M HEKHM IpYIHM
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new Post-Panamax crane specification written for the
traditional RTT 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
RTT - 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 RTT 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? )

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

e Approximately 36 sheaves of various sizes are
eliminated;

e Hydraulic rope tensioning devices are eliminated;

¢ The spare parts inventory is reduced;

o The intensity of maintenance is reduced;

e Up-time reliability is increased because of the
reduced number of crane components;

¢ Wire rope lubrication is reduced.

6. ENVIRONMENTAL IMPACT - NOISE

The continuing growth of marine container terminals is
causing increasing environmental concems 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.



esponckiM JTykama. Kako je myka y AmcTepaamy
JOUMpaHa y HEmocpemnHoj Onu3MHH (IIpeKko IyTa
KaHana), cimka 13, y oXHOCY Ha Hacelbe, KoJ MpojeKTa
KOHTEJHEPCKHX JU3AIMIA 33 pal Ha Tepmunany Llepec
3axTeBaHo je npurymmnsame Oyke. OBaj 3axTeB UMao je
BEIVMKH YTHIQj Ha W3MEHY IpBOOMTHOr IpoOjexTa
mmamune. Hop., omycrano ce onq MOT konmenra y
xopuct PTT cucrema. IIoTIyHO je OCHOBAaHO OUEKHBATH
na hie ce MHOTe JIyke yrileJaTH Ha AMCTepAaMcKy, H 3a

HOBE AM3QTIMIE [OCTABUTH 3aXTEBE 3a perylucameM
HuBoa Oyxe [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].

Cnuxa 13. Amcmepdamcka nyka - Llepec mepmunan
Figure 13. Port of Amsterdam - Ceres Terminal

Ha Ttepmumany Ilepec mnpmMemeHe cy mocTojehe
TexHoNOTHje xa Ou ce pegyxoBara Oyka. CBaxom
[OjeIMHaTHOM ANy OlpeMe M CBaKOj aKTHBHOCTH Y
nperosapy je npemsuljen HWBO OyKe KOjH MoXe na
OOCTHTHE. 3a JH3QIHMIE j€ NPOIMCAaHO Ja H3HOCH 55
dB(A) Ba 60 m pacrojama oI BHX, TaGema 4. To je
3Haumno penykumjy Gyke 3a 10 dB(A) y omHocy Ha
yKkymHy Oyky cBake o mmsamuua. Kako cy menmbGerm
JlorapHTaMCKe Mepe, OBakBa peIyKIMja 3ampaBo
Tpe/ICTaBIba CMakEbe HATeR3HTeTa 33 10™° [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 10" reduction of
intensity [19].

Pacrojame / Distance Hugo 6yxe / Noise Level
Hugo neyb/axene Gyke Kon n3sopa Oyke / Source 110 dB (A)
Noise levels without abatement 60 m /200 feet 65 dB (A)
Hugpo yonaxene Gyxe Kox m3sopa Oyke / Source 100 dB (A)
Noise levels with abatement 60 m /200 feet 55 dB (A)

Tabena 4. Humenzumem 6yxe na mepmunany Llepec
Table 4. Noise level at Ceres terminal

Juzamuue Ha [lepec TepMHHATy Cy HajTHIIE O CBHX
Iu3AMNLE 33 OIUTYKHBame OpofoBa ca 22 KOHTEjHEpa
no mmpumad. Crparerdja npurymmBama Oyxe
pesyiTHpaia je MUHODHHM TPOLIKOBHMA IO CBAaKOj
mzanvii. [Ja 61 ce HuBO Oyke CHU3HO 33 3aXTEBaHUX
10dB(A) mpumemena je caexeha ctpaterwja [7, 19]:

1. MzonoBana MmamuHcka kyhuna: [Toctasbenu cy
H30JMALMOHA TaHeaHW Yy 3HAOBHMA, KpPOBY, H
ClpaTy; Yy3aHd W30JIOBAaHM OTBOPH 32 YKe;
M30MAIHOHM jaCTYLH 3a MAIIMHEPH]yY W 3aITyIIaqu
Ha npouenuMa GpoAacKHX OTBOPA;

2. Ioron xoauma: RTT je ycsojen ymecto MOT,
momohy 8 ToukoBa peaykyje ce omnrepeheme Ha

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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BUX, a 6adepoM ce pexykyje HMBO Oyke, ciuka 14
(195

3. l'nagun Hocay m mpemycr: MemOpane cy
ykpylieHe naHeIuMa, IITO HUje IPaKTHIHO;

4. Kotnna 3a BoOXeme KaGJioBa 3a Hamajame:
NOJypeTaHCKd  (CHHTETWYKH)  TOYKOBH M

H30JI0BaHHU OCJIOHLH;
5. Kaéuna Xonamackor npousBohaua Mepdopa:
Mame ox 70 dB(A) y xkaGurmu.

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.

Cauxa 14. Cxnon mourosa xonuya Ha Llepec mepmunany
Figure 14. Ceres terminal Trolley Bogie

7. BAKJbYYAK

V 3aBucHOCTH o0X ¢opMHpama KpHTepHjyMa KOjH
BIACHWIM TEPMHMHANA MOCTaB/bajy Npex TWIAHOBE
IPOjEKTHOT THMAa, @ KOjH ¢y dHecto MeljycoOHO
CYNPOTCTaBJbEHH, BpmM ce H300p KOHCTPYKIHje
koymna. Tako ce Hmp. y [20], 3a Bemike Op3umHe
Kpetama mpenopydyje PTT KOHIENT, H Kao OCHOBHa
mama MOT KoHuenTa HaBORE C€ Oyradk| BOIOBH
eJIEKTPUIHIX KabloBa, KOju 360T HBHXama W CaBHjamba
Mory Omru y3pok orkaza. MOT xoHument, m3melhy
ocranor, iMa kpahy yxan, MamH 6poj caBHjama yxKamu
Opeko KOTypoBa, HeMa mpoOieMa ca BEPTUKAIHHM
OCUWJIOBalbeM Mpa3sHOT xBaTada KoOHTejHepa 300r
Oyradke JlaHgaHWOe Yyxamm wMmely kommma u
OpEeBOjHHX KOTYpOBa, IIa ce y Ciydajy eBaiyanuje
IpHKa3saHOM Yy TJIaBH S5 HeMy Jaje IpexHOCT.
CaBpeMeEH IPHCTYIl NpOjeKTOBamY 3axTeBa H Behy
DaXiby Be3aHy 3a YTWIAj pajla MallvHe Ha OKOJNHHY,
IpPBEHCTBEHO Ha HHUBO Oyke, MOCeOHO YKONHKO je
TepMHHAJN JlouppaH y OnmsuHE Hacejpa. Taj 3axTeB
yrade ¥ Ha u3bop koHuemra kommma. Kox MOT
KOHIIENTa KONMIa MpeJCTaBJbajy INIaBHA H3BOD Oyke,
KaKo OJf OrOHa, Tako M OJ] TOuKoBa konwua. ITanens 3a
arncopboBatbe Oyke H BUOPO-M3OJAIMOHH jacTYIH
cMamyjy HHBO Oyke O MamMHEpHje MOHTHpaHE Ha
KOJHITNMa, ald TeXHHA M3OJAIMOHUX MarepHjana
noBehaBa onTepelier-e Ha TOYKOBE, a CAMUM THM H 6yKy
MpH HHXOBOM KOTpibamy. OBU npobieMH 49ecTo
mamehy ycBajame RTT xommenra ymecto MOT. O6a
KOHIENTA, NakKjie HMajy CBOje HPENHOCTH W MaHe, H
Gulie ciocoOHu ma ce passujajy u y Oymyhroctn. Kox
CBAKe KYTOBMHE IM3ANMIE, BIACHHK TepMHHANA fie
MOpaTH Aa OIeHH NoHyhena pemema koja fie HajOome
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7. CONCLUSION

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 RTT concept is recommended
for the high values of velocities. The main drawbacks of
MOT concept are mentioned long electrical cables in
the festoon system, which can be the causation of 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. Modern 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 RTT 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-



OOroBapaT MECTy yrpalilhe M  CBeoDyXBaTHUM round operational needs. The cost and benefits of each

norpebaMa eKcIUIoaTamuje. AHamu3a TPOWIKOBA H alternative should be considered in respect of specific
MpeIHOCTH CBaKe Of arrepHaTHBa Onlie pasMaTpana o case.
Ciry4aja oo ciydaja.
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