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One important operational aspect of the SP-AS/RS, which contributes to the system
response time, is the dwell point policy of the platforms. There are several dwell
point policies for SP-AS/RS and an effective dwell point policy may reduce the
response times of this system. The travel time analysis for SP-AS/RS has not been
adequately investigated in previous research and only one reliable travel time model
can be found in literature, which is under stay dwell point policy. But it is not logical
to select this travel time model as the base, without any analysis of travel time
models under other dwell point policies. In this research, two continuous travel time
models are developed for SP-AS/RS under return to middle and return to start dwell

point policies.

In the previous design of SP-AS/RS, hand-over stations and input/output (I/O)
station are located at the same end of the rack. In this study a new configuration

alternative for SP-AS/RS is introduced by shifting the position of hand-over stations
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and I/O station to the middle of the rack. Using this configuration, the average
handling time for a range of shapes can be greatly reduced. A continuous travel time

model is also developed for this new configuration.

To evaluate all continuous models for their accuracy, the models are validated by
using the computer simulations. A user interface computer program is developed to
computerize the calculation of travel times under varying dwell point policies and

find the best policy, for different configurations.

Comparing the results of new models which were developed in this thesis with
previous ones, showed that for the shapes of the racks that have shape factors (b)
more than 2 (b > 2), stay dwell point policy is more preferable. While, for the shapes
that have shape factors less than or equal to 2 (b<2), a new configuration of
SP-AS/RS gives the better results in the case of average operation time. The most

preferable shapes for AS/RS are those that their shape factors are less than or equal

to 2 (b=2) Therefore in many cases the new configuration performs better than
previous design under varying dwell point policies, but generally the optimal rack

design will largely depends on the characteristics of different applications.
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PEMBINAAN MODEL-MODEL MASA PERGERAKAN
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February 2006

Pengerusi  : Tang Sai Hong, PhD

Fakulti : Kejuruteraan

Satu aspek operasi penting SP-AS/RS yang menyumbang masa tindak balas sistem
ialah polisi titik tetap platfom. Wujud beberapa polisi titik tetap “dwell point
policies” untuk SP-AS/RS dan satu polisi titik tetap yang efektif boleh
menggurangkan masa tindak-balas sistem ini. Analisis mengenai masa pergerakan
untuk SP-AS/RS belum dikaji secukupnya oleh kajian terdahulu. Cuma ada satu
model masa pergerakan dalam sorotan persuratan iaitu mengenai polisi titik tetap.
Memilih model masa pergerakan sebagai asas, tanpa menganalisa model-model
pergerakan lain dalam polisi titik tetap adalah sesuatu perbuatan yang tidak
munasabah. Dalam kajian ini, dua model masa pergerakan yang berterusan telah
dibina untuk SP-AS/RS telah dibangunkan di bawah polisi titik tetap iaitu ‘balik ke

titik tengah’ dan ‘balik ke titik mula’.

Rekaan terdahulu SP-AS/RS stesen penyerahan dan stesen input/output (I/0O) adalah

terletak di penghujung yang sama. Dalam kajian ini, kajian mengenai konfigurasi



baru SP-AS/RS telah diperkenalkan dengan mengalih posisi stesen penyerahan dan
stesen input/output (I/O) kepada rak adalah di bahagian tengah. Dengan
menggunakan konfigurasi ini, ianya boleh mengurangkan dengan banyaknya masa
pengendalian bagi purata bentuk. Masa pergerakan yang berterusan juga dibina

dalam konfigurasi baru ini.

Untuk menilai model-model berterusan secara tepat, pengesahan model ini dibuat
dengan menggunakan simulasi pengkomputeran. Pengguna program komputer
antaramuka dibangunkan untuk mengkomputerkan kiraan masa pergerakan di bawah

pelbagai polisi titik tetap dan polisi terbaik dicari bagi konfigurasi yang berlainan.

Perbandingan keputusan model-model berlainan menunjukkan rekabentuk rak yang
mempunyai faktor bentuk yang lebih daripada 2 (b > 2) kedudukan polisi titik tetap
adalah lebih banyak dipilih, sementara faktor bentuk yang kurang daripada atau sama
dengan 2 (b <2) dalam rekabentuk baru SP-AS/RS memberi keputusan yang terbaik
dari segi purata masa operasi. Antara bentuk yang paling diminati untuk AS/RS
adalah fakta-fakta bentuk yang kurang atau sama dengan 2 (b <2 ). Kesimpulannya
dalam kebanyakan kes, konfigurasi baru boleh mengatasi rekabentuk semasa dalam
pelbagai polisi titik tetap, tetapi kebiasaannya rekabentuk rak yang optima banyak

bergantung kepada ciri-ciri aplikasi yang terlibat berlainan.
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CHAPTER 1

INTRODUCTION

1.1 Preface

This chapter recalls the scientific environment of this thesis. Among the topics it
covers are brief reviews of some main subjects used in this research, problem

statement, objectives and scope of study.

1.2 Brief reviews of current concepts and interpretations

Material handling is defined simply as moving material. It is the function of moving
the right material to the right place, at the right time, in the right amount, in
sequence, and in the right position or condition to minimize production costs.
Material handling can be broadly defined as all movement of materials in the
manufacturing environment. A great variety of material handling equipment is
available commercially. One category of material handling equipment is the fixed-
area equipment such as automated storage and retrieval systems (AS/RSs) (Meyers

and Stephens, 2005).

In the broadest sense, an AS/RS is one that automatically stores incoming material
and extracts material from storage without direct handling by a human worker

(Eastman, 1987 and Lindkvist, 1985). Groover (2001) has defined AS/RS as ‘“a

storage system that performs storage and retrieval operations with speed and



accuracy under a defined degree of automation”. Automated storage and retrieval
systems (AS/RSs) are major material handling support systems that have been widely
used in automated factories and distribution centers. The basic components of the
AS/RS are storage racks, storage/retrieval (S/R) machines, input/output (I/O)
stations, and interface conveyors. AS/RSs are operated and controlled by a computer
that can collect important information and provide a high degree of inventory
visibility, which can then be used by manufacturing, distribution, accounting, sales,

etc, (Meller and Mungwatana, 1997).

Stacker cranes used by the conventional AS/RS are inadequate for handling heavy
loads such as container cargos which are typically above 20 tons. However, for such
applications, to handle extra heavy loads at high speed, a split-platform AS/RS (SP-
AS/RS) is proposed by Hu et al. (2005). High lifting capacity enables the SP-AS/RS
to deal with all the different types and sizes of containers which pass through the
interchange point. Unlike stacker cranes, the S/R mechanism in SP-AS/RS has one
vertical platform (VP) and N horizontal platforms (HP) to serve N tiers of an AS/RS

rack (Hu et al., 2005).

In AS/RS, dwell point policy is the policy to decide where the S/R machine will stay,
or dwell, when it becomes idle. This policy for SP-AS/RS can be defined as the
policy to decide where the platforms will stay when they become idle (Hu et al.,
2005). An effective dwell point strategy may reduce the response times of the
AS/RS, since the S/R machine typically performs a sequence of operations following
an idle period. Hence, if the first operation is advanced, then all operations within the

sequence are completed earlier (Van den Berg, 1999). In this thesis three prevalent
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