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Abstract— This paper dealswith the control of maintenance of a
container handling equipment in seaport terminal. In the
category of the seaports concerned by this paper, the operations
have temporal constraints which must be imperatively respected.
The violation of these constraints can affect the production rate.
The objective of this study is to integrate failure rate and
machine age to decide about the selective maintenance decision.
The proposed maintenance approach will increase the
availability of the studied seaport terminal and reduces the
labour costs of terminal operators. In the proposed model, the
failure rate of a machine depends on its age, hence, the
maintenance policies are machine-age dependent.

Keywords— maintenance scheduling, seaport terminal, failure
rate, age.

I. INTRODUCTION

Many products or systems deteriorate with age awed gy

also subject to random failures. Therefore, forenexpensive
and critical systems, it is important to determihe optimal
maintenance and replacement policy to reduce
catastrophic breakdown risks and operating co$ts [1

The main objective of this paper is to integraftufa rate,
cycle time of elementary circuits and the machige &o
decide about the selective maintenance decisionthef
handling equipments in seaport terminal.

The seaport container transport is assumed heoeiret
described by P- time Petri Nets. In our approdoh,decision
variables are the cycle time of elementary circaital the
machine age. In seaport container transport eaathima is
subject to a maximum machine age M. Machine agefined
as the cumulated operating time. If the machineragehes M,
various maintenance policies have to be carriedight after
the completion of the operating operation.

The paper is organized as follows. Section 2 pewid
brief overview of related work in maintenance ofXble
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Manufacturing Systems (FMS). A functional descdptiof
container terminal is detailed in Section 3. Tharflo Section,
introduces the maintenance approach based on neaalig
Afterward, the problem of maintenance of seapouimgents
is tackled. An original recovery approach basedPehime
Petri Nets is presented. Finally, section 5 provide
conclusion and summary of the study.

Il. LITERATURE REVIEW

There have been many works proposed for maintenafince
FMS. Some researchers adopted the machine agelitate
measure and estimate the machine condition.

Among many related researches, Proschan et al. [2]
introduced a traditional age replacement maintemagmalicy
which replaces a system at failure, or at age Tichéver
occurs first. Several extensions of this policy néeen made
Chien [3].

Kenne [4], presented an improved replacement policy
based on preventive and corrective maintenances rate

tf?r(gntrol : By controlling both production and maimice, a

stochastic optimization model with three decisicariables
(production rate, preventive and corrective maiatexe rates)
and two state variables (age of the machine aruk)st® built.

Chang [5], presents a replacement model with age-
dependent failure type based on a cumulative rejesi limit
policy, whose concept uses the information of @flair costs
to decide whether the system is repaired or reglace

Recently, Shey et al. [6] proposed a discrete oepleent
model for a two-unit system subject to failure raieraction
and shocks. The objective is to determine the atimimber
of minor failures before replacement that minimizée
expected cost rate.

Other treatment models for imperfect maintenancee ha
been proposed. The most relevant efforts among theing
the probabilistic approach [7], [8], the cumulatidamage
shock model [9], and the other applied models [[], [12].
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I1l. SEAPORTCONTAINER TRANSPORT

A. Presentation of Seaport Container Transport

It is admitted that the container terminal is a ptar
system including the berthing of the vessel, theexioring
(unloading or uploading) of containers, the trarmid the
stacking of containers [13].

Any factor can influence the stay time of shippart. In
this paper, we focus on three important factoesvesioring of
containers, transit, and container stacking. Gélyerthese
tasks are performed by some specific handling eneigs.
We assume that three types of equipment are usdchfmrt
or export container as shown in Fig. 1, such asyQ@ilranes
(QCs), Automated Intelligent Vehicles (AIVs), an
Automated Yard Cranes (AYCs).

container terminal, the import containers are diftey

QCs and moved to an AlV. The full AlV is used for

activities that can be repeated for infinite numbértimes
[14]. More precisely, if X(n) is the starting tin{er ending
time ) of one activity, and n means the repeat remnbthen
there is a constant C (called the cycle time whihthe
inverse of the periodic output rate) and one intégeuch that

1)

It is assumed that, in our work, only the 1-cyqlic1)
scheduling technique is studied. Factually, theydlic
container transit can be described as a P-timenglyo
connected event graph (PTSCEG). Here, the PTSCEGPis
time Petri net in which each place is assigned wittime

X(n+k)= X(n)+k*C for rON, kON', C=0

dNindow. If the sojourn time of tokens is out of thiene

window, the transitions cannot be fired.
B. Modelling of Seaport container terminal

1) Definitions
In the model, two kinds of elementary circuits atedied.

Import operation: when a ship arrives at a quaw in

transporting the container from the QCs operatiddne is the process circuit, and the other is tleeshspace

space to the container stacks. Near the contaiaeks

status circuit.

an AYC picks up the container from the AIV andDefinition 1. Elementary circuit of PTSCEG is the path

stacks it to the storage place. Fig. 1 illustraties

which can connect all the nodes of this path agcheavithout

process with two ships full of import containersepeating any nodes of this path.

berthing by the quays.

Definition 2: Process circuit is a kind of elementary circuit

Export operations: When one empty AlV arrives &t thwhich represents the operation cycle of containérahsit

container stacks, an AYC picks one export containgprocess between QCs and AYCs.
from the stacks and put it on the AIV. This expof€finition 3: Shared space status circuit is a kind of

container is carried by the AlV to the approprigt€
which will lift the container to the ship, fig. 1.
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Fig. 1 Overview of container transit in a contaitegminal

In this paper, we try to prove that the cyclic stilng
technique can be well applied to the maintenan@roédium
sized seaport. Cyclic scheduling is defined as & dfe

elementary circuit which represents the status ghaycle of
a shared space.

However, before the presentation of more contesit, uls
consider some notions.

G: the PTSCEG model

G; : ith elementary circuit represents process disculi

or shared space status CircuitsK,

pi : jth place ofG;, the places stand for the operation
space of QCs, AYCs, the intersections, the pating, a

the free status of a shared spejﬁa\’ﬁ,

tj : jth transition ofG;

g;j : the sojourn time of one token i, g; =0

&;: the lower bound aodj; , &; =20

by : the upper bound af; , b; =0

C gemand : the cycle time for cyclic scheduling
respecting the customer’s demangsfana>0

W "Mt Jimited number of tokens for all the process
circuits. Factually it stands for number of all the
available AlVs in the container terminal, &' ON*

2) PTSCEG model

The P-time Petri net is used to model the contaitransit
process with time window in shared cranes, oparasjgace
and the paths. However, the P-time Petri net herea i
PTSCEG, each place having only one input transitod
only one output transition. In this model, firstihe 5 paths
are modelled, then, the paths will be connectethbyshared
crane operation space places as shown in fig. 2.



U6 pl6 115 pls (1

(1

pl2 tI2
p6 125

pl3
A

(2
p22 122
pd6 135

pi 123

Cf2l pd (34

(2
31 pdd t32 pdd
t46  pd6 t4d  pdd

33
t44

pd2 142 pdd 143

(f31 t56  pb6 tdd  phd 54

thl ph2 th2  phd  th3
Dbusy o @Free 0§ Busy Me @ Free 41
@ Path .Waiting huffer at the end of path

Fig. 2 PTSCEG model for container transit

operations, each machine (Quay Cranes,
Intelligent Vehicles or Automated Yard Cranes) lieggl a
time for maintenance. The conceptual idea of thipep is
represented in Fig. 3.
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Fig. 3 The flow sheet for the maintenance of sgapmtainer terminal
B. Framework of the proposed maintenance approach

1) Replacement over age

In the distributed FMS, each factory has Minber of
machines that each machine can produce limited aurab
products [14]. Each job has up tqg hNumber of operations,

and each operation can be performed on more than on

suitable machine with different processing timeolr study
we considered that the seaport terminal is consittdhree

Let us denote the process circuits C1-S1, C2-S1SZ2 factories:

C3-S2, and C3-S3 &3;, G,, Gz, G4 andGsrespectively. The
QC operation space is the first placeGyf Firstly, let us take
the process circuitG,;= pl11, t11, p12, t12, p13, t13, pl4, t14, .

pl5, t15, pl6, t16 as an example to explain hownoalel a
path. P11 is the busy QC place which stands foutieel QC
operation space C1, and Cfll is the QC free stplase
which stands for C1 is available for a unloadingrkvcAnd

pl4 is the busy AYC place which stands for the ua¥C

operation space. P12 is the path place in diredtmm C1 to
S1, and pl5 is the path place in direction from&C1. P13
and pl6 are the waiting buffer places in the engaih. So
when a AlV finishes the passage of a path anddtgainer
loading or unloading place is still used, the ARbald wait a
while until the cranes are available.

IV. MAINTENANCE OF SEAPORT CONTAINER TRANSPORT

A. Problem description

The main objective of this paper is to integraitufa rate,
cycle time of elementary circuits and the machige #@o
decide about the selective maintenance decisionthef
handling equipments in seaport terminal.

In the seaport terminal, the machine age equalsuhmilated
processing time of operations. After doing a numioér

» Factoty 1: Stevedoring of containers,
» Factory 2: Transport of containers,
Factory 3: Container stacking.

Each factory has one machine:

* Quay Cranes (QCs) associated to factory 1. The job

allocated to QC is uploading/unloading containers

Automated

» Automated Intelligent Vehicles (AlVs) associated to
factory 2. The AIV is used for transporting the
container from the QCs operation space to the
container stacks.

e« Automated Yard Cranes (AYCs) associated to
factory 3. His job is to pick up the containeorfr
the AIV and stack it to the storage place.

The following notations are used to describe the
problem studied throughout the papers [15] and.[16]

In Table 1 there is shown how to formulate the
problem. The machine age is given by the following
expression:

m N

AMFZZ zNi*(rEij_TSj)+MTMF @

j=1 i=1



TABLE 1. FORMULATION OF PROBLEM 2) Replacement over failure rate

Generally, in FMS, most components will not faitidenly

Mf | Number of machines in A | Age of machine M in but deteriorate from a good condition to unaccdptab

N ﬁctogyf r - - Iagtoryf ; B condition. In studied system, the operation moddivéded
! umber of operation | ] ;ndex 0 199:1into  three phases; normal, triggered and unacckptab
of jobj j=1,...,m, where m ig

the number of job operating condition, as shown in Fig. 5.

TS | Staring  time  ofl T | Ending  time  of The triggered operating is the deteriorated polti) that

operation i of job | operationiofjobj | can be detected by existing methods and devices.thgu
MTys | Maintenance timg A | Maximum maching component would be functional in the triggered dtoa
allocated to a maching age until it deteriorates to the unacceptable operatingde.
M in factory f Normally, the interval between triggered and unptaigle

operating, called time window, is uncertain.
Refer to the above definition each machine is subje a i i
maximum machine age A. The machine age is defisethe C- Maintenance of seaport equipments
cumulated operating time. If the machine age reachge 1) Determination of temporal intervals

maintenance has to be carried out right after tmepdetion of Factually, the model in Fig. 2 is a P-time Petrt,N® the

th_e operating operations. A_fter_ maintenance, thehina age time window for each place should also be giverstasvn in
will be reset to 0 as shown in Fig. 4. Table 2

In seaport container transport, each machine caforpe
various operations with different operating leadnds
(deposit, lifting, transport,...). After doing a nuetb of
operations, each machine requires a time for maamee. The
machine age equals the cumulated processing time of) Determination of sojourn time

For each place, let us denotg, [g;°, b;] the lower bound of
the time window, the expected sojourn time of takeand the
upper bound of the time window, respectively.

operations and cumulated time allocated to the t@aamce. Now let us suppose that there are 5000 containeri®

Agg ) ship to be imported in, and for each path 1000 aosts
Ma|nteninc_wmw should be transported. The demanded cycle time of

AlL_____ L e elementary circuits, femang IS 7 Minutes (Gemanda =7 Min).

T And there are 5 paths, so the demanded producii@nis 5
containers per 7 minutes for the system.

We suppose W™ =15, 15 AlVs are available for the 5000
containers task. We could give a 1-cylic scheduith whe
: expected sojourn time respecting the time windaws#g 10
. AlVs, as shown in Table 3.

.. Operating machir TABLE 2. TIME WINDOWS [, bj] FOR PLACES(UNIT IN SECOND)

Time
> From QCto AYC|From AYCto QC
. . . . Busy | Free | Busy | Free - .
Fig. 4 Modelling of the maximum machine age A QCs | QCs | AYCs |AYCs| Path Waiting Path Waiting
buffer buffer
8 p11 |G} p1g | STI1| p12 | P13 | P15 | P16
7 / [90, 10400, +=][80, 90][0.+=][210, 220]| [0, 360][210, 220| [0, 360]
Unacceptable operation
6 sl - p21 |C21 | pog | ST1Z| P22 | P23 | P25 | P26
e 190, 10400, +=<l|[80, 90][0.+=2][300, 350| [0, 360][300, 350|[0, 360]
%4 Triggered operation / P31 Cf22 P34 sf21 P32 P33 P35 P36
g v [90, 100[0.+==][80, 90][0.+=l[210, 220] [0, 360][210, 220 [0, 360]
=3
:‘E-J Normal operation P41 Cf31 P44 Sf22 P42 P43 P45 P46
£’ /r’ 190, 10400, +=l[80, 90][0.+=2]|300, 350| [0, 360][300, 350| [0, 360]
1
. == p51 | Cf32| psg | SBL| psp | P53 | P55 | P56
. . : T D1, s [0 1040, +=][80, 90][0.+=11210, 220] [0, 360]]210, 220| [0, 360]
Year

Fig. 5 Operating mode



TABLE 3. EXPECTED SOJOURN TIME}; FOR PLACES(UNIT IN SECOND)

From QC t
AYC

From AYC tq
QC

Busy |Free |Busy |Free

QCs |QCs |AYCs|AYCs \Waiting

buffer
P13 0

\Waiting
buffer

P16230

Path Path

P11100Cf11/320P1480/Sf11] 0 |P12220 P15210

P21100Cf21120P2490 Sf12250P22300 P23| 30|P25300P2§ 20

P31100Cf22{100P3480 Sf21260P32220 P33| 0 |P35210P36230

P41 90|Cf31240P4480/Sf22) 0 |P42300 P43| 70|P45300P46

P51 90|Cf32| 0 |P5480Sf31)340P52210 P53| 0 |P55210P56250

3) Determination of cycle time

The total make-span for the 5000 containers task is

(5000/5)*7=7000 minutes with the demanded productate.
But sometimes, the AIVs are in waiting buffer wittho
running, and the cranes are in free status withaling

containers. So the age of the AIVs is only relatteethe
sojourn time in path places without considering tedting

buffer places, and the age the cranes only dependthe
sojourn time in Busy QCs places or Busy AYC plas@hout

considering the free status places

A/l AlV cycletime

In fig. 6, the 1-cyclic schedule for the path plcsed by
10 AlVs is shown.
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Fig. 6 The 1-cyclic schedule for the paths plaeigls path directions and
sojourn time

B/ QC cycletime
In fig. 7, the 1-cyclic schedule for busy QCs iswh.
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Fig. 7 The 1-cyclic schedule for busy QCs placihk path directions and
sojourn time

C/ AYC cycletime
In fig. 8, the 1-cyclic schedule for busy AYCs fsvn.
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Fig. 8 The 1-cyclic schedule for busy AYCs parkirgicles and sojourn
time
Based on the fig. 7, 8 and 9, we can easily caeulae
age for AlVs, QCs and AYCs in one cycle time 420csgls.
For example, the age of v1 is (210+220)/2=215 sgsoifi we
can get the age of vl in one cycle time 7 minut20 (
seconds), then we can get the age of v1 in 50003-tycles
or in the make-span 1000*7=7000 minutes. In thetimgi
time of AlVs or the free status of cranes, the raiance can
be inserted.

V. CONCLUSIONS

In this paper, we have proposed an approach for
maintenance of the transit equipments in seaportinal. The
new recovery approach is based the study of machine age
the cycle time of elementary circuits. Our studykesathe



assu
Petri

mption that the supervised system is modeled-tiyme
nets.

dedicated to the maintenance of manufacturing systeith

time

constraints based on machine age.

At the occurrence of a dysfunction in seaport hiagd|
equipment, it is important to react in real timemaintain the
productivity and to ensure the safety of the systéimas been
shown that the knowledge of the effective sojoimetof the
token has a significant contribution regarding thype of

prob

lem, since it allows the computing of machige.arhis is

quite useful for the maintenance task.

It

is interesting as further research to incorpothe issues

of maintenance and repair strategies in order tdalss in

prod

uction due to equipment failure. This last peabneeds a

specific approach, because of the production lossciw
occurs when maximum time constraints are not fatfil
anymore.
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