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Abstract

Container transportation has gradually become the main direction of the/d ment of
shipping today. With the ship's large-scale, specialization and rgodernizati & velopment
of handling capacity of modern container terminal %ﬂa ke in low-cost
transportation, and efficient circulation. Automated con t only improve
the utilization rate of equipment, reduce operati but atly improves the
efficiency of terminal. This paper analyzes the effici d econb%afautomatlon container
terminal based on the frame-bridge handlmg teghpology of t t vehicles independently
developed by the ZPMC And on this b forwa? improvement of handling
technology, and compare models created ate the rlty of its improvement plan.

Keywords: Automated container t &% muI@ frame bridge, handling technology,
performance analysis A

1. Introduction

With the container s?&volu sed significantly all over the world and the trend
of large container ow t ver improve the efficiency of stevedoring vessels,
reducing operatln as be?@ focus of the industry's workers [1]. In this situation,
planning per ave alsg-accepted the idea of automation container terminal design and
many domes forei rts and scholars who contribute positively to the automated
terminal handling tec research has also focused on it, such as Zhu Minghua [2]
analyzed in detail b %&)Ie 40ft container gantry cranes, low bridges and rail distribution
system consistin new type of handling technology in automatic container terminal.
Analysis of operation characteristics of quayside and low-bridge loading and unloading

operations new technology system, and calculate the operating efficiency of critical
process e ents. Finally, the simulation proved its effectiveness. Liu C | [3] analyzed the
world ajor ports in the application of advanced handling equipment, and analyzed

nd ALV-based automated container terminal handling process by the simulation. Shi

ang Xinyan, et al. [4] for the port's future expected amount of work to calculate the
automated container terminal handling equipment inside each number, and determine the
overall layout of the pier, on the basis of the pier, the unloading processes were simulated,
and verify that the average working time of unloading meet the pre-set amount of port
operations. Wang Wei, et al. [5] based on the traditional container terminal handling
technology, introduce the combination of line-based automated bridges and rail gantry.
Automatic carrier (AGV) cooperates with rail gantry crane; DRMG and CRMG based

% ependent research for efficient economical automated container terminals, AGV-
ba!
F h
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handling technology of automated container terminal. Zhaoyan Hu [6] described a new type
of structure, characteristics, work process of bridge crane, automated container stacking
technology and some several key technical issues. Presents a new automated warehousing
technology automated container handling technology. Lu Zhen, et al. [7] analyze two
different kinds of automated container terminal, and transport systems were compared and
analyzed by establishing evaluation index. Finally, advantages and disadvantages of these two
solutions are verified by simulation. Hyo Young Bae [8] the level of transport system based
on AGV and ALV are compared and analyzed. By adjusting the mechanical equipment
operation rate obtain the compared model of these two transportation system. When the
double trolley quayside container cranes are adopted, the efficiency of ALV is much higher
than that of AGV.

Based on the previous studies, this paper presents a new type of horizontal tkansport
system based on multi-layer frame bridge. Wharf Apron mainly utilize the co i of
high and low frame bridges, and the yard also adopt multi-layers frame brrd transport
vehicles can interfere with each other freely on these layers between the yard. And
in this transport system, the adjustment of the layout of afrd taé? the moving
distance of the ARMG, so as to improve operating effj s of G. It also can
improve the utilization of the yard. Finally, thr e ca i obtarn handling
efficiency of these two terminals with the different I’of fra S, and prove that the
new type of handing technology can improve the handling eff%rc

2. Automated Container Termrnat Irng ology Analysis

2.1. Design and layout

The new handing technolog e ACTd s>erent from the technology developed
by the ZPMC. Its frame brid &Amultr I the frame bridge layers coordinate with
the number of transport icles eacg\' in order to achieve maximum operational
efficiency.

A half track Iay e in es%storage yard is not only occupying the yard space
resource, but a erlng travelling of horizontal transport equipment. The
multilayer i 0 assu the loading, unloading and collection operations are
processing @same nd the transport vehicles can travel with no interference
on the fram idges, effeptively avoid Relay operations, reducing the field of bridge
carts running distan also effectively avoids the relay operation of yard crane, and
reduces the runni tance of yard bridge crane. Moreover, a plurality of transport

channels can b&sélected from the front to the container yard areas. It effectively
reduces thNEt.ing situation, so as to reduce the loading and unloading time. The frame
bridge of@ and yard area are shown in Figure 1:
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Figure 1. Schematic diagram of the frame bridges
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Yard layout is also improved by utilizing the scheme, which adopt left and right
stacking plan and set multistory frame bridge rail intermediately from the quayside to
the yard area. Such as the external trucks can complete the collection without entering
the yard, it directly put the container on the behind of the container yard, then the
vehicles transport to the inside yard. Frame bridges of the yard setting in the middle can
reduce the moving distance of the trolley of yard crane in the horizontal direction. A
multi-layers frame bridge replacing one and a half of single track improve the space
utilization, especially when the longitudinal length of the pier is relatively long. The
layout of new type of automated container terminal is shown in Figure 2:
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2.2. Introdu ndlln techriology
The Ioadlmd unlo '@rocess as an example, container ship berthing firstly, the

crane will hoisted c s from the ship and then sent to the crane frame platform
while unlocking ¢ er lock artificially (it was only manned operation of automated
terminal). Then andside trolley lift the container to the low bridge transport vehicle
(LV), the tainer will be transported to the designated position of transfer container
area, the ridge crane is responsible for shifting the container to the yard transport
vehicl . YV carry the container into the designated slit of yard area. When the
e arrives, the container will be transported to the specified position. The
g and unloading process is similar to the inverse process. The flow chart of one
loading and unloading cycle is shown in Figure 3.
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Figure 3.

Handling and transp @n equi f automated container terminal are shown in
Table 1. Quay qu @opt container crane with dual 40 ft double-trolley, it can also
grab two 40-foot aﬁ ers o 0-foot containers. Horizontal transport equipment
along the coa 'V§iopts low ge cranes and low bridge transport vehicles, and the
perpendicul ection 4S d transport vehicles. In the back yard, gantry cranes are

adopted. Its dewice para s as follows:

&Table 1. Parameters of equipment
EY

Type uipment Running speed Acceleration time
2N Load lift | Unload lift Trolley Crane Trolley Crane
Liftin “| Dual 40ft QC 1.25m/s 30m/s 4m/s 0.75m/s 6s 6s
Equ@‘) YCs 0.5m/s 1m/s 2m/s | 1.67m/s 3s 65
% Low bridge crane 0.5m/s Im/s 2m/s 6s
izontal LV 5m/s ' 8s
transport vehicle YV 5m/s 3s

2.3. Features of Handling Technology

(1) In the actual operation process, loading, unloading, collection and fetching are
simultaneous. Using of multi-story frame bridges, the transport vehicles can shuttle on
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the arbitrary story, which can avoid the waiting problems caused by operation of
equipments at the same time.

(2) The utilization rate of yard space is improved obviously. Yard adopt symmetrical
layout of each block, and arrange multi-layer frame bridge in the middle of each block.
This layout is not only improving the utilization of storage space greatly, but also
reducing the moving distance of trolley of the yard crane in the direction parallel to the
shoreline.

(3) The external trucks do not enter the yard during collection but directly lift the
container to the yard transport vehicle by yard crane behind the container block. So the
yard need not set the lanes, not only improves the utilization of yard, reduce cost, but
also conducive to the realization of full automatic operation in the yard.

\/‘
3. Performance Analyses QQ

3.1. Comparison of stockpiling capacity

Suppose area of two ACT is equal to each g two kinds of

automated container terminal is shown in Flgur pan W, Cs is W, vertical
length of the block is L, the length of the cont pef is Lreu, th and height of the
container are equal is Wygy. The number of tamergl Wrey along the shoreline;
the number of containers is L/Lrey vertic reline. T\Q mber of container is H in

the height direction. Then the two yar S the ber of containers are:
Crm =E. L ( w -3)-H & (1)

W I-TEU WTEU
O

B \ @)

Cr'=

. ( LU ‘H
W| TEU WTEU é ®

Which Cgg me @[he original proposal storage capacity, CFB' means the new
type storage cap& Q

: - A

N £ ) U |
Maas: 7T %
Height Length eight Length
4 B S b /
&; I;EW—FB—ACT ‘T 'idFBL—ACT }

@igure 4. The number of containers contained by two kinds of block

=

For fair comparison, the number of bay of two ACT is equal, and then the two

container storage capacity ratio is Ces _ W /Wrey =3 |f we take the number of container
CFB' W/WTEU -2

in each row is 14 within one block, the annual container throughput of traditional plan
is 2 million TEU, the new can accommodate 2.18 million TEU, stockpiling capacity
increased by 9%.
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3.2. Comparison of Horizontal Transport Efficiency
(1) Establish transport efficiency indicators

In order to complete a container a cyclic process of handling operations, regardless
of shipping or unloading operations, must go through this cycle. The cycle time
required can be expressed as follows:

T=hocthy s+ Ty, + Ty 3)
Which, hqoc represents the handling time of QCs as well as the waiting time of LVs for QC

complete the operation. hycs represents the handling time of YCs as well as the waiting trme
of YV for YC complete the operation. Tyy indicates the travelling time of YV to cofhplete'a

handling cycle, ie Tyw=2ty, + Wyy. Tpy indicates the travelling time of LV to te a
loading/unloading job cycle, ie T,y = 2ty + Wyy. Wyy and wyyare the wartrng YV and
LV for the TP. The cycle can be split into two parts, one is Y tg com cycle and
the other is LV to complete a job cycle. These two parts ca presse
OYV:2tYV+WYV + hYC )
OLV:2tLV+WLV + th (5)

1) Calculate tyy, which compute A and B&ce betwe@ points in Figure 5. As the
transport vehicles parked in the desrgnate onb he frame bridge in each block, it
should adopt a discrete variable meth{ Iculzv\ pected value. Lyg is calculated as
follows:

OAzii-LFB-% A \6 (6)
o &
os:ér Luey -~ \Q

Where n | er of cogrs in the vertical direction of shoreline, n=L/Lgy; Lgg iS
dy

()

each column framework and Lgg=F/r; r is the number of columns of the
bridge frame, v and an be expressed as follows:
, . 1 <. 1
dy, =d'y, = OAF ::ZI'LFB'F+ZI'LTEU'H )
i=1 i1

Accordin
2)

e formulation tyy=dyw/vvy, We can obtain ty, and ¢ ’yy.

e t.v, assuming the lifting and fetch occurred in the A point. The running
d om an arbitrary point P to point A is d.y, A and P are respectively with N kinds of
p@ positions, so (A, P) have N?possibilities. The means distance between two points A,
P is Calculated as follows:

i=1

—i{(inik)-—-—}- ©
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Similarly, we have d’ 1 :

2N 2N—i_ i-1 B 1 1
d,'= +3yYK) —. — L= 10
- le{(,zéj kzll )N ZN} 2N (10)

According to the formulation t,,=d,\/v_y, we can obtain t,y and. t’,y.
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Figure 6. The calculation of d’vyand d’.y

@alculate the waiting time of wy, the running process of LV is simplified as Figure 7.
Queuing theory is established to solve the model [9]. This process can be expressed as M/M/S
model, the first M mean that the arriving process of LV (Poisson) is Poisson flow, second M
represents the LV service process time obey negative exponential distribution, S presents the
service system include S service platform, and, where syy is the layer of the rail in the yard.
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WLy
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Figure 7. Service processes of LVs

According to mean waiting time formula of M/M/S queuing theory model, we can get the
average waiting time wy:

(Sp) - “ st \/11
W= :O n! S! (1-p)-S 0 D

0

Where, p=(1-t)-S indicates the traffic intensity of \ s the average

arrival rate of LV; t = 2t,,, + h, indicates the time ©® ea\@)@ coming TP once

again
Assuming in a long period of operation ti , the nuu%} job cycle that one LV
complete is T/Opy. Then the total number cles in % olumn of frame bridges is
My Siy- T/ Oy, at the same time one T to co v Sy T/ (Mrpr Opy ) cycles.
Wherein, M,y is the number of LV |n story; s.v is the number of umber
of stories of frame bridge in qua s averag% of LV can be got through the above
€ac he TP & a unit of time is shown as:

A=My, sy (M -Opy ) (12)

>

analysis, i.e. the number of LV r

The traffic |nten3|ty nts th nu of object reaching a service platform within a
certain period of t| canb sed as:

=,1~t/ Ly 13
o TP (ZtLV+WLV +hQC) S ( )

Combined with for 12), (13) and equation (4), waiting time of LV, i.e. wyy can be
obtained.

4) Calcula 'orQin the long period of time, Myy - syw- N YVs and My - r - sy LVS

ales=0f loading and unloading should be equal. Since the average efficiency of
ehicle respectively are 1/Oyyand 1/0yy, then Myy - Sy - N/ Opw=Myy - 1 - Spv /
O, des of the equation can be expressed that the horizontal transport efficiency of the
S% ‘e. Myy - Syw- N /(2tyv+Wyv+hyc): M- T - Sy /(ZtLV+WLV+hQC)- Wyy Can be obtained
fromythis equation.

(2)Comparison of horizontal transport efficiency

Horizontal transport efficiency of the system can be presented as Myy - Syv - N / Oyy and
Myy - I - Sy / Opy, and Opy =2t y+wyy+hqc, then 7 s can be expressed as :

=My TSy /OLV =M, 'r’SLv/(ZtLv + Wy +th) (14)
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Useing the same method to solve # g, replace syy,S.vMyy and hyewith sy, s Ly, My 7 ye.

4. Case Study

Through the efficiency obtained by the above, transport efficiency of two terminals
can be compared in different conditions. Before the comparison, we determine the value
of each parameter first [9], show as follows:

Table 2. Values of the parameters of two kinds of ACT

Original plan New plan Explanation

Variable values Variable values

N=10 N=10 Number of blocks \

Sw=1; s,v=1 s'w=1,2,3,4; s’ =1 Number of stories of frame bridge

r=5 r=5 Number of rows of frame bridge in qyaéi%

Mrp=2 Mp=2 Number of TP on eacficolumn ofﬁww

Myy=2 M'y= 2*s Number of YV |

Mpy=1 Mpv=1,2,3,4 Number of frame bridge

Lrg=5m Lrs=5m width QWe brid

hoc=1min hoc=1min Hangling time of QCof NEW FB-ACT and FB-ACT

hyc=1min hvc=f(s)min ng time of G'?IEW FB-ACT and FB-ACT,
¢ @ue is related number of YV

U
According to the setting of parar@g in Tabl Table 2, it could obtain comparison
of transportation efficiency of t SO using Matlab when the frame bridge with
different layers and dlfferent n rof LV |® layer of the frame bridge. But because the
layers of frame bridges are lispited by t of yard crane and the quay crane, the layer of
track in the block adopt Iayers :%g iciency ratio values are shown in the Table 3:

Table @pansﬁ@t horizontal transportation efficiency

n're/Nr8

\ 0 Mre=1
Layer Myp=2 Mp=3 Mu=4
s'w=2 1.498 1.531 1536
s'w=3 &669 2.104 2.142 2.154
sw=t N 71782 2.548 2.695 2.649

Mrp=2
Layer "\ Mu=1 Mu=2 M=3 Myy=4
%V 0.933 1.155 1.251 1.310
s’y 1.528 1.896 1.993 2.109
sy =4 1.586 2.063 2.188 2222

In order to analyze the data more intuitive, the line chart is as follows:
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Figure 8. Comparison chart of I@ontaktr@port efficiency

The two chart shows, increasing the n \Q f st frame bridges and the trolleys the
level of transportation efficiency ratg mp% a certain extent, because of the

increased number of frame brldg e the traffi situation. But with the increasing of
the number of frame bridge I trang| hlcles in each story and each column the
ratio of transportation efficiency mcrea , Which can be analyzed, the waiting time of
transport vehicles for r service t the main bottleneck. In the presence of the
number of yard cr uay cr re the same, the average time that transport vehicles
wait for the cran me Io d transportation efficiency will decline. When the
number of vehlcl ot large, efficiency was not improved significantly by
increasing th ber of cause the main bottleneck of the system is not the number of

TP. On the contrary, % ng the equipment generate idle situation thus reducing the ratio

of transport efficie&\
S

5. Concl

This @ presents a new type of layout and transport systems in automated container
teprmin he index of storage capacity and the transportation efficiency are utilized to
e this system. Finally, through the case study, with the different frame bridge layers
and the number of transport vehicle, comparison of transport efficiency is obtained. It proves
that the scheme not only can improve the utilization rate of storage space, but also improve
the efficiency of transportation equipment, so as to improve loading and unloading efficiency,
and provides the reference and help for the equipment of selection in future port construction.
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