


HIGHER TECHNICAL INSTITUTE 

Mechanical Engineering Course 

Diploma Project 

OPTIMIZATION OF A GAS CYLINDER 

PRODUCTION LINE 

M/969 

Lambros Kyrlitsias 

June 2003 

.. -.::-~...:.:....~-=-.... 

1 H!GJ-lER I PROJECT NO. ! 
1 Tr-r'i-lNif",?,1 r 3~ . Cv. I~ ·1·.J!"""l,~ j . 

I· !f',!STITUd: --
I . ____ ""'i" __ --=- ~ 



OPTIMIZATION OF A GAS 
CYLINDER PRODUCTION LINE 

By 

Lambros Kyrlitsias 

Project Report 

Submitted to 

the department of Mechanical Engineering 

of the 

Higher Technical Institute 

Nicosia Cyprus 

in partial fulfillment of the requirements 

for the diploma of 

TECHNICAL ENGINEER 

in 

MECHANICAL ENGINEERING 

June 2003 



HIGHER TECHNICAL INSTITUTE 
NICOSIA-CYPRUS 

MECHANICAL ENGINEERING DEPARTMENT 

DIPLOMA PROJECT 2002/2003 

Project Number: M/969 

Title: "Optimization of a gas cylinder production line" 

Objectives: 

1. Study the theory of Production Management and optimization techniques in 
working industries. 

2. Identify problematic areas in the existing production line and highlight the 
source ofthese problems. 

3. Use flow charts to demonstrate the flow of the work. 

4. Make suggestions to improve the production line. 

5. Support your argument by quantifiable justification. 

6. Present the new layout ofthe gas cylinder production line with percentage 
optimization figures. 

Student: Lambros Kyrlitsias 

Supervisor: Dr Lazaros Lazari 

LLlAEP 
Objectives02-03(77) 



This Project is dedicated 
to my parents who offered 
me so much. 



ACKNOWLEDGEMENTS 

I would like to express my sincere thanks and appreciation to all 
people who helped and contributed in any manner to the 
completion of this project. 

First of all, my special thanks to Mr. St. Stylianou, who devoted 
time, gave me access to the company's information and facilities, 
and also gave me valuable advices which I will remember for the 
rest of my career. 

I would also like to thank my lecturer, Mr. L. Lazari for the 
support and guidance he gave, during this period. 

Also, many thanks to the management and staff of Petrolina 
(Holdings) Ltd for all kindness shown during my short training 
period with them. 

Lambros Kyrlitsias 
student in 

Mechanical Engineering 
3M 



CO~T[ \!;S 

CONTENTS 

Page 

Chapter One - Introduction ............................................................................... 1 

Chapter Two - Historical Background of Petrolina 
(Holdings) Ltd .......................................................... 3 

Chapter Three - Description of the structure and 
process machinery atthe LPG section ..................................... 6 

3.1 Description of Filling Unit No.1 (Carousel fully automated) .......... : ............ 6 

3.2 Description of Filling Unit No.2 (Semi-Automatic Carousel) ....................... 9 

3.3 Description of Filling Unit No.3 
(Manual Station for Industrial Cylinders) ......................................................... 12 

3.4 Description of the Maintenance Unit.. ................................................................. 14 

3.5 Comparison of the characteristics of the Filling Processes ............................. 17 

3.6 Supply Network of the LPG Cylinders ................................................................ 17 

Chapter Four - LPG Theory, Applications & Safety Review ...................... 20 

4.0 -Itltroduction to LPG ..................................................................................... 20 

4.1 - Meet LPG!!. ...................................................................................................................... 20 

4.2 - Why is it called Liquefied Petroleum gas (LPG) ......................................... 21 

4.3 - Where does LPG come from? ................................................................................... 21 

4.4 - LPG constituents and character ................................................................................ 22 



l.i \ fI'N( ) . A.. rIU 11 \'I/,\ 

Page 

4.4.1 - COllllllercial Propalle ................................................................................................ 22 

4.4.2 - COllllllercial Butane ................................................................................................... 23 

4.4.3 - The main characteristics of the Liquefied Petroleum Gas ........................ 25 

4.5 - LPG Operations ............................................................................................................. 27 

4.5.1- LP Gas Transportation and Distribution System ...................................... 27 

4.5.2 - Storage Containers and Equipment. ......................................................... 27 

4.6 - LPG Standards and Safety ........................................................................... 28 

4.6.1- Safe use of LPG cylinders for domestic premises ...................................... 29 

4.6.1.1 - hltroduction ............................................................................................ 29 

4.6.1.2 - Hazards - Are there any hazards in using liquefied 

petroleunl gas? ......................................................................................................... 29 

4.6.1.3 - Precautions taken for: .............................................................................. 30 

4.6.1.3.1 - Fixed cylinder installations ................................................................... 30 

4.6.1.3.2 - Cylinders not fixed in pOsition ............................................................. 31 

4.6.1.3.3 - ID all cases ............................................................................................. 32 

4.6.1.3.4 - H fire or leak occurs .............................................................................. 33 

4.6.1.3.5 - Fire figllting .......................................................................................... 33 

4.6.1.3.6 - Safe use of LPG cylinders for industrial premises ................................ 34 

4.6.2 - LP Gas Codes and Standards ...................................................................... 36 

4.7 - LPG nlajor usages ........................................................................................... 37 

4.7.1- LP Gas as a Transportation Fuel. ................................................................ 38 

4.7.2 - Residelltial. .................................................................................................. 39 

4.7.3 - COllllllercial ................................................................................................ 39 



1.1.\ fHl<O.\ K} RI 1/ S/.4 S COl'llf:'\!fS 

Page 

4.7.4 - Agriculture ............................................................................................... 39 

4.7.5 - hldustrial Applications ............................................................................ 39 

4.7.6 - Leisure hldustry ....................................................................................... 40 

4.8 - LPG DisbibutiOll ............ " .......................................................................... 40 

Chapter Five - Literature Review .................................................................. 45 

5.1 - What is Operations Management? ............................................................ .45 

5.2 - What is meant by the word Mission for any company? ........................... .46 

5.3 - What are the operations perfomlance objectives? ........................... ; .......... 47 

5.3.1- The Quality objective ............................................................................... .48 

5.3.2 - The Speed Objective ................................................................................ .48 

5.3.3 - The Dependability objective .................................................................... .48 

5.3.4 - The Flexibility objective ............................................................................ 49 

5.3.5 - The Cost objective ..................................................................................... 50 

5.4 - What is the design activity? ........................................................................ 50 

5.4.1- Design of the Processes which produce the product or 

services ..................................................................................................... 52 

5.4.2 - What are the characteristics of the "Volume-Variety"? 

Does it affect the design operations? ....................................................... 53 

5.5 - Design of Processes- What are the process types? ...................................... 54 

5.6 - Operations Network Design ........................................................................ 56 

5.6.1 - Vertical Integration ...................................................................................... 57 

5.7 - Long - teml capacity management ............................................................. 59 



Page 

5.7.1 - Capacity leads demand ............................................................................. 60 

5.7.2 - Capacity lags denland ............................................................................... 60 

5.7.3 - 'Suloothing' with inventory ...................................................................... 61 

5.8 - Layout Design and Flow ............................................................................. 62 

5.8.1 - Layout Design and Flow Considerations ................................................. 62 

5.9 - Process Technology ..................................................................................... 66 

5.9.1 - hlformation processing teclulology .......................................................... 66 

5.9.2 - Teclmology involving customer interaction ............................................. 68 

5.9.3 - The dimensions of tec1mology .................................................................. 69 

5.9.4 - Choice of teclmology ................................................................................. 71 

5.10 - Job Desigll ................................................................................................... 71 

5.10.1 - Ergonolllics .............................................................................................. 73 

5.10.2 - Behavioural approaches to job design ..................................................... 74 

5.11 - Planning and COlltrOl. ................................................................................ 77 

5.11.1 - Which are the plamung and control activities ......................................... 77 

5.11.2 - Capacity planning and control. ............................................................... 79 

5.11.3 - Overall equipment effectiveness ............................................................. 79 

5.11.4 _ Alternative Capacity plans ...................................................................... 80 

5.12 - hwentory analysis and control systems ..................................................... 81 

S.12.1-ABC Systelll ............................................................................................... 81 

5.13 - Quality ........................................................................................................ 81 



COI\. TE \j ~ S 

Page 

Chapter Six - Problem Identification ................................................................ 83 

6.0 - Problem Identification ................................................................................... 83 

6.1- Operatiol1s Strategies .................................................................................... 83 

6.2 - Hunlall Resources Strategies ......................................................................... 83 

6.3 - Process Strategies .......................................................................................... 85 

6.4. - Invel1tory .................................. .................................................................... 87 

6.5. - Plalulillg and COlltrOl. .................................................................................. 87 

Chapter Seven - Problem Analysis and Suggestions .......................... ' ............ 89 

7.1- Mission of LPG section ................................................................................. 89 

7.1.1 - Mission of th.e Auilior ................................................................................ 91 

7.2 - The Five Performance Objectives ..................................................................... 91 

7.3 - The Quality objective ...................................................................................... 92 

7.4 - The Speed objective ......................................................................................... 94 

7.4.1 - Technological and Technical Issues ................................................................ 94 

7.4.2 - Operations Strategies and Design ofProcesses ................................................ 97 

7.4.3 - Human resources strategies .......................................................................... 1 00 

7.5 - Flexibility Objective ....................................................................................... 102 

7.6 - Dependability Objective ................................................................................. 1 03 

7.7 - Cost Objective ............................................................................................... 104 

7.8 - Conclusions ......................................................................... ......................... 105 

7.8.1 - Calculations ................................................................................................... 1 09 

PbotoAlbum 



LAMBROS KYRLlTSIAS 

FIGURE INDEX 

Chapter One - Introduction 

(No Figures) 

Chapter Two - Historical Background of the Petrolina 
(Holdings) Ltd 

Page 

Figure - 2.1 Structure of Letkarites Group Of Companies ....................................... 5 

Chapter Three - Description of the structure and 
process machinery at the LPG section 

Figure - 3.1 Carousel Fully Automatic .................................................................. 8 

Figure - 3.2 Semi-Automatic CarouseL ............................................................... 11 

Figure - 3.3 Manual Station ................................................................................. 13 

Figure - 3.4 Maintenance Unit. ............................................................................ 16 

Figure - 3.5 LPG Supply Chain ........................................................................... 18 

Chapter Four - LPG Theory, Applications & Safety Review 

Figure - 4.1 LPG Distribution Line Diagram ........................................................ .42 

Figure - 4.2 LP Gas Production by Region 1991- 2001. ......................................... 43 

Figure - 4.3 LP Gas Consumption by Sector 2001 ................................................ .43 

Figure - 4.4 Primary Energy Consumption by Region 2001 ................................... 44 

Figure - 4.5 LP Gas Consumption by Region 1991-2001. ...................................... 44 

Lambros Kyrlitsias 



LAMBROS KYRLtTSIAS 

Page 

Chapter Five - Literature Review 

Figure - 5.1 Operations Management ModeL .................................................... ..45 

Figure- 5.2 Company's Mission ........................................................ , ............... 47 

Figure - 5.3 The Five Performance Objectives .................................................... 50 

Figure - 5.4 Product I Process Relationship ......................................................... 51 

Figure - 5.5 Design Development Strategies ....................................................... 53 

Figure - 5.6 Volume - Variety Continuum Matrix ..... , ......................................... 56 

Figure - 5.7 Operations Network of a disco club .................................................. 57 

Figure - 5.8 The bottleneck stage of a four stage production process .................... 59 

Figure - 5.9 Capacity Leading and Capacity Lagging Strategies ........................ : .. 61 

Figure - 5.10 Smoothing with inventory ............................................................... 61 

Figure - 5.11 Processes Layout ..................................................... . ...................... 66 

Figure - 5.12 Direct interaction with technology ................................................... 68 

Figure - 5.13 Use of technology through an intermediary ...................................... 69 

Figure - 5.14 Behavioural approaches to job design ............................................. 75 

Figure - 5.15 ABC System ........ ................................................................... ....... 81 

Chapter Six - Problem Identification 

(No Figures) 

Chapter Seven - Problem Analysis and Suggestions 

Figure -7.1 Goal and Objective ......................................................................... 90 

Figure - 7.2 Polar Representation of Performance Objectives .............................. 92 

Figure - 7.3 Petrolina Holdings Quality ............................................................. 94 

Figure - 7.4 Process Technology ....................................................................... 95 

Figure - 7.5 Process-Product Matrix .................................................................. 98 

Lambros Kyrlitsias 



LAMBROS KYRLlTS/AS FIGLRF I'\JDF,( 

Page 
Figure - 7.6 Company Structure ...................................................................... 100 

Figure -7.7 Planning and Control. .................................................................. 104 

Figure - 7.8 Importance-Performance Matrix "An 
................................................ 106 

Figure - 7.9 Importance-Performance Matrix "B· ................................................ 106 

Figure - 7.10 Improvement-Performance Matrix ................................................... 107 

Figure -7.11 Capacity Planning .......................................................................... 108 

Lambros Kyrlitsias 



HIGHER TECHNICAL INSTITUTE REFERENCES 

REFERENCES 

1. Darrie G. Dale Managing Quality ~ Edition 

2. Ernest Dale Management Theory and Practice 4tl1Edition 

3. Franklin G. Moore & Thomas E. Hendric Production Operations 
Management 9~ Edition 

4. James B. Dilworth Operations Management Design, Planning and 
Control for Manufacturing and Services 

5. Jay Heizer & Darry Render Operations Management 6th Edition 

6. Nigel Slack & Stuart Chambers & Robert Johnson Operations 
Management 3ni Edition 

7. Richard L. Daft Management 3ni Edition 



I;EFIEI- CHAFfER. O'ff 

CHAPTER 1 

INTRODUCTION 

This thesis is aiming to identify the potential problems of the present Gas 

Filling cylinder's Line, located at Petrolina (Holdings) Ltd and at the end, the 

student will attempt to propose options to the existing problems allowing the 

management of the company to identify what is the best solution for optimum 

performance of the plant. 

The second chapter presents a brief historical background of the company 

as a whole, its position in the local market and the operation procedures that are 

associated with the LPG section. 

The third chapter presents in more detail the cultural and structural links 

of the specified department under examination. Organizational charts and flow 

diagrams will present the flow of work and decision making of the section. 

The fourth and fifth chapter deal with the LPG theory, and the literature 

review of operations management respectively. Blending of these theories is 

derived from a variety of books. From the Literature review a selection of 

methods is made, that are applicable with the working practices of the company 

under examination, and presented in the suggestion section. 

The sixth chapter is the problem identification. Observations on the 

production line of filling gas cylinders and its tasks and procedure were made. In 

this chapter the aim is to expose the existing problems and to identify the causes 

of low efficiency and effectiveness during the process. 
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The Last chapter, seven, deals with the possible scenarios suggesting to the 

company ways that will help in increasing the efficiency and effectiveness of the 

LPG filling production line. 

The aim of the writer of this thesis is to be objective, critical and analytical 

as possible, allowing all parties involved to realize their share of responsibility 

and to see more clearly what is the best not only for improving the overall 

performance of the plant but also for better working practices and better 

relationships among employees in the company. 
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