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Abstract – In an attempt to survive the worst, the research looked at ways to harness the modern 
techniques of increasing productivity and reducing operating costs in a fabricated metal manufacturing 
organization. The development of design systems, which ensure economic feasibility, has been the focus of 
recent research in the manufacturing area. Some traditional approaches have been cited as having 
shortcomings, to which a variety of modifications and enhancements were made to the case study 
company by seeking integrating economic analysis within the design process. Application of techniques 
such as value analysis, time study, work measurement, redesign and layout design and analysis were 
employed in this work to generate optimum solutions. And the Extend simulation package was used for 
varying decision variables. 
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I. INTRODUCTION

     Today’s manufacturing industry is unforgiving.  Manufacturing is both increasingly fast-paced and 
internationally competitive. New products can become obsolete within months. The competitive landscape is in 
a constant flux as new market entrants keep downward pressure on profit margins. The metal products segment 
is characterized by minimal entry and exit barriers, which allow low cost providers to enter the market at any 
time. To remain competitive the existing players have a tall order to control operational costs, improve 
manufacturing processes while strengthening customer relationships [1]. 
     The fabricated metal industry – including metal service centres, suppliers, and consumer products 
manufacturers – is dominated by small to midsize enterprises.  Many of these in Zimbabwe are wrestling with 
how to accomplish long term opportunities for growth while contending with outdated, non-integrated computer 
systems that manage their critical manufacturing, human resources, supply chain, and financial information. 
     There is a realization that past practices of under investing in technology puts them at a disadvantage and that 
their limited technology infrastructure can actually prevent them from operating efficiently across the 
geographies and from reaching profitable goals. The way forward would be to rely on leading best practices to 
gain control over all aspects of their business – from streamlining manufacturing to taking aggressive measures 
to continue to improve operational efficiencies that reduce material waste, inventory, and working capital as 
well as provide value-added services that command wider margins. 

II. JUSTIFICATION

     At the case study company which is into pressure vessel manufacturing as its core business, its niche market 
is becoming so small each day and more players are coming in to compete on the remaining island. During the 
survey, it was found that more players from outside the country are making in-roads in the local market. It is for 
this reason that it was established that there is need to change the manufacturing system and provide a 
framework for continued qualitative and quantitative performance with the view to maintain production of 
quality goods and services that meet customer needs at a much lower cost [2]. 
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     Changing from traditional ways of manufacturing to modern manufacturing processes improves the quality 
delivery of goods and services while at the same time maximising resource utilization and building of the 
company, and the shareholder’s wealth.  

III. LITERATURE REVIEW
A. Manufacturing overview

Manufacturing is a complex activity in which raw materials or components and energy are brought together
to make saleable products. This is done through involving people who have a broad range of disciplines and 
skills, and a wide variety of machinery, equipment, and tooling with various level  of automation, including 
computers, robots, and material-handling equipment. The efficiency with which raw materials or components 
can be brought together affects the amount of profit the manufacturer can make when the product is sold. And as 
such all these activities must be responsive to product user demands and trends [3]. 
     Modern methods of manufacturing involve use of computers to control machines that make and assemble 
components. Use of computer controlled machines to cut and form a product is referred as computer numerical 
control (CNC) machining in metal fabrication industry. The same facility can control the movement of 
materials, components, and finished products around the factory floor and distribution to the points of sale. 
Computers can also be used to design a product through a technique known as CAD (computer-aided 
design).Use of CAD, CNC and computer controlled logistics together is called computer-integrated 
manufacturing (CIM) [4]. This method of manufacturing allows designers, engineers and marketers to decide on 
how a new product looks, works and how it may be made more quickly than before. 

B. Traditional manufacturing methods
These are mainly based on the use of historical cost accounting and justification methods, which are mainly

focussed on direct labour because it is easy to measure and understand. The equipment is replaced with similar 
one with no thought given to any changes in the manufacturing method. 
     Delay in moving to advanced manufacturing technologies can results in a competitor gaining a market 
advantage that may be difficult or impossible to reverse [5]. Hence such a migration from traditional methods is 
justified based on resultant productivity savings, reduced warranty costs, reductions in scrap and rework costs. 

C. Advanced manufacturing systems (AMS)
When AMS was originally conceived, its goal was to improve productivity by creating a fully automated

factory, often referred to as the factory of the future, where the operator’s role on the manufacturing shop floor 
would be minimized or eliminated [6]. 
     Advanced Manufacturing Systems (AMS) encompasses manufacturing technologies such as CAM (computer 
aided manufacturing), FMS (flexible manufacturing systems) as well as CIM (computer integrated 
manufacturing). Initially the systems were involved to address lack of compatibility and limitation of various 
automated manufacturing tools and machines [7]. AMS is set to revolutionize the nature of manufacturing 
industry, and its capability in the development and utilization of automated and automatic systems of 
production. This is in line with the fast shortening life cycle of products on the market. Advanced manufacturing 
technologies are a source of strategic competitive benefits, such as improved quality, greater flexibility and cost 
reduction [8]. 
     The benefit of AMS entails the short time from development, manufacturing, distribution to marketing of 
new products. As it coordinates all key processes there is increased manufacturing productivity and improved 
quality deployment as a result of its implementation. On the marketing front, product shorter lead times will 
delight the customers as improvement in deliveries and customer services are the good outcomes due to the 
ultimate flexibility and responsiveness of operations. Reduced inventory cost will also in turn lower total costs 
in the plant. By examining the non-technical aspects such as group technology (GT) or just-in-time (JIT) 
manufacturing, a given facility can become more productive with very little capital investment [9].  
     A number of areas of contemporary manufacturing are undergoing rapid evolution. Intelligent manufacturing 
and solid modelling are basic technologies that underlie other emerging manufacturing technologies. Rapid 
proto-typing, molecular manufacturing and bio manufacturing are such technologies. 
     One element getting wide application is rapid prototyping. This process involves use of laser, 
photochemistry, optical scanning and computer technology to make a three dimensional prototype model from a 
CAD file one layer at a time. This can drastically reduce model making time and costs [10]. 
     It is the ability of the AMS to enable designing of new and improving existing manufacturing systems in line 
with advanced and more efficient production operations, which makes it a unique contribution in any 
manufacturing entity. 
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D. Keys aspects of AMS 
     Human-centred AMS – this element outlines that the actual manufacturing processes would be computer 
controlled; but set up, programming, monitoring, intervention, maintenance, diagnosis, rectification, innovation, 
and optimization will be the responsibility of the operating and supervisory staff. For these tasks the operating 
and supervisory staff will have the recourse from the information and technical systems to aid their decision. In 
essence, it stresses on a re-skilling perspective for operator control through good job design [11]. It is related to 
job characteristic of autonomy at the core of individual and group work design models. The degree of control 
and breadth of influence exerted by operators is determined by the skill, rule or knowledge that is the task 
interface will support. The success of human centred AMS is significantly dependent on the effective integration 
of people, organization and technology. 
 
     Multi-tasking – this refers to the mental workload and human performance perspective of operations 
involved. As the level of system automation increases, the role of human is shifted from manual controller to 
system supervisor. Thus human operators in AMS make their way among machines, inspecting parts, observing 
displays and modifying control settings or keying in commands, most of it through computer-mediated control 
panels adjacent to various machines. 
 
     Human supervisory control – this refers to one or more human operators programming and receiving 
information from computer that interconnects through artificial effectors and sensors to the controlled process or 
task environment. In this case an operator is responsible for a group of complex machinery where the operations 
require intermittent attention and depend on the higher-level perceptual and cognitive functions. For the main 
supervisory functions the computer provides decision aiding and implementation capabilities. Job scheduling, 
inventory planning and problem solving(disturbance control) have been among the supervisory control 
responsibilities commonly assigned to human operators in AMS to fine-tune standard operating procedures to 
compensate for unplanned events and unexpected contingencies 
[12]. 
 
     Modelling and simulations - Statistical analysis reduces data from manufacturing processes and systems to 
meaningful forms. Modelling manufacturing problems to quantitative relations and equations suitable for attack 
by algorithmic methods. Thus manufacturing processes can be improved through quantitative analysis, 
mathematical modelling and computer simulations in metal processing like at Met Engineering Co. Specific 
improvements in software packages like Extend LT include graphical user interfaces to facilitate model 
building, integration with spreadsheets and data bases for better data management, and powerful capabilities to 
visualise and animate the model execution. Simulation modelling of manufacturing discrete – event is one of the 
most widely used methods to study, model, analyse, design and improve manufacturing systems 
 
E. Benefits of AMS 
     Some of the AMS contributions to manufacturing entities include achieving high flexibility in product 
design, mix and fabrication of units. Also rapid response to changes in market demand can be easily achieved. 
The manufacturing organization through AMS can as well achieve greater control, accuracy and repeatability of 
processes. As the material handling is optimized, faster through put is also achieved in the plant. 
     In AMS, JIT and TQC are the most recommended production strategies for visibility and elimination of 
waste, the cutting of required lead times, and optimization of manufacturing activities [13]. 
     The rapid increase of computational capabilities and increasingly quantitative approach to problem solving is 
transforming the manufacturing world. Expensive and time-consuming traditional manufacturing cycles are 
being displaced by more quantitative methods which increase the chances that a product will be built right the 
first time it is built [14]. 

IV. CASE STUDY 

     This research was done at Met Engineering Co based in Harare. The organization undertakes all forms of 
heavy engineering fabrication. It has heavy plate rolling machines, sub-arc welding, hot pressing and heat 
treatment furnace. The machine shop is equipped with two CNC machine centres for batch machining of similar 
parts. It is involved with Class1 shell boiler design and pressure vessel manufacturing. The company also 
manufactures pressure vessels like heat exchangers, gasifiers and many other specialized items used in the plant 
to specific BS, ASME and DIN codes. Met Engineering Co imports about 80% of its raw material requirements. 
Its main processes are drilling, machining, welding, drilling, cutting, rolling, bending, assembling, pressing, tube 
expanding and pressure testing. 
     There being no other pressure vessel manufacturer in Zimbabwe, the organization sees no need to change the 
manufacturing systems.  
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     This research aims to explore ways of modernising the current traditional manufacturing system that is 
characterised by jobbing, batch manufacturing, project manufacturing and quality control; with the view to 
adopt advanced  forms of manufacturing like computer integrated manufacturing (CIM), flexible manufacturing  
(FMS), total quality management (TQM) and operations management to improve productivity and efficiency of 
operations. 
     Of late the company has been failing to meet delivery dates of major contracts and actual manufacturing 
activities have slowed down, with regular customers developing negative perception due to low quality 
standards and poor service delivery. 
     Manufacturing system change can only be achieved when the components of the system are changed as well. 
This includes changing the technology in use and in some instances, changing the manufacturing processes, the 
methods and management system. The background to achieving this, is to refocus and instill a driving force in 
management thinking on the benefits that are to be achieved. Emphasis will be on tracing activities that are 
linked to raw materials from time of order until a finished product is delivered to the customer. 
 
 

V. METHODOLOGY 

     Effort was made at the case study organisation to assess the current traditional manufacturing systems in 
place and establish potential opportunities available for the implementation of AMS. Interviews, observations, 
historical experiences and questionnaires were employed to assist in the evaluation of the organization’s 
capabilities. In reviewing manufacturing systems, the objective was to understand the operations and processes 
step by step, the systems and technology in use with a view to finding the best out of the total systems in terms 
of quality, throughput, flexibility and cost reduction; with a view to reconfigure the existing the existing 
facilities or recommending purchase of more efficient equipment. In this project Extend 4.0 was used to do 
simulation on discrete model basis. The sensitivity analysis were done to investigate parameter change impact 
pattern on the behaviour of the entire model to guide on what course of action to be done to move from 
traditional to AMS. 

VI. RESULTS AND DISCUSSION 

     This section gives the information gathered from Met Engineering Co customers and employees. 

A. Overall level of performance 
     Going by the key performance indicators level given by Table I and Fig 1 below, it was found that there were 
a lot of manufacturing inefficiencies within the plant. These would be the important points for improvement in 
this particular factory. 

TABLE I 
POSITION IN ADDRESSING OBJECTIVES 

Objective Current 
Level 
(%) 

Desired 
Level 
(%) 

Productivity 37.5 95 

Product quality 75 100 

Service quality 62 100 

Equipment utilization 55 95 

Cost reduction 67 95 

Efficiency 50 95 

Throughput time 56 95 

Customer lead times 60 100 

Flexibility 25 100 

Employee motivation 66 100 

Sustain & expand current market 78 95 

Open new foreign markets 5 100 
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Fig. 1 Organization’s position in addressing key objectives 

B. Man-hours for major operations 
      The main products manufactured at Met Engineering Co were Class 1 Shell and tube boilers (S8000 model). 
It was these key products’ manufacturing processes which were analysed from plate marking up to painting of 
the finished product. The Table II and Fig 2 below give time comparison of various processes of each operation 
under both existing and when using modern systems (which include operations, machinery and equipment). A 
number of processes could benefit from time reduction if modern systems and equipment could be introduced in 
the plant. 

TABLE II 
MAJOR OPERATIONS 

Major Operation Time using existing 
machinery and technology 

(man-hours) 

Time using modern 
machinery and 

technology 
 (man-hours) 

Marking 650 350 

Oxy-Acetylene (cutting) 1500 200 

Plasma cutting 0 100 

Guillotine(cutting) 0 50 
Drilling 
 

1700 700 

Rolling 600 600 

Sub arc welding 2300 2344 

Machining 132 70 

Assembling 2942 2000 

Handling 528 352 
CO2  welding 352 110 

TIG welding 88 88 

Stick welding 1144 890 

Pressing 1100 350 

Bending 18 36 

Tube expanding 1100 220 

Pressure testing 90 27 
Lagging & cladding 352 88 
Painting 54 54 
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Fig.2 Major operations analysis 

C. Cost of major operations 
     The cost of major processes were compared to reveal and analyse the processes in terms of cost, which was 
reflected in the product price. These are given by Table III and Fig 3 below. The overall costs of the two 
scenarios indicated the need to migrate to AMS for the shop floor processes. 

TABLE III 
MAJOR OPERATIONS COST COMPARISON 

Major Operation Cost using 
existing 

machinery 
/technology 

(US$) 

Cost using 
modern 

machinery 
/technology 

 (US$) 
Marking 4 767 2 567 

Oxy-Acetylene 
(cutting) 

9 500 1 267 

Plasma cutting 0 633 

Guillotine(cutting) 0 317 

Drilling 
 

10 767 4 433 

Rolling 3 800 3 800 

Sub arc welding 19 167 19 533 

Machining 968 513 

Assembling 21 575 14 667 

Handling 3 344 2 229 
CO2 welding 2 933 917 

TIG welding 733 733 

Stick welding 8 389 6 527 

Pressing 8 067 2 567 
Bending 114 228 

Tube expanding 6 967 1 393 

Pressure testing 570 171 
Lagging & cladding 2 229 557 
Painting 342 342 
TOTAL 104 232 63 394 
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Fig. 3 Major operations cost analysis 

D. Missing key functions and lack of coordination
Some critical functions were found to be not existent at all in practice. Also there is lack of Production

Planning, Quality Management Policy and integration of CNC machines with AutoCAD for drawing generation. 
This resulted in some inherent inefficiencies of the manufacturing plant as depicted by the Table IV and Fig 4 
below. 

TABLE IV 
FUNCTION UTILISATION AND ADPOTION 

Function Current 
Level 
Utilisation/ 
Adoption 
(%) 

Desired 
Level 
Utilisation 
/ Adoption 
(%) 

CAD 80 100 

Quality assurance 25 100 

Final product 
inspection 

65 25 

Adoption of ISO 9001 0 100 

Production planning 25 100 

Production scheduling 25 100 

Integrating CAD & 
CNC 

0 100 

Integrating Sage & 
other Dept. 

40 100 
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Fig. 4 Selected function analysis 

E. Simulation with Extend LT
It was based on simple approximation of a process and gradually refining the model as the understanding of

the process improves. The step wise refinement of the model enabled good approximations of the system 
quickly to get the model to be more and more accurate for selected parameters under investigation. Aspects such 
as effects of modification, integrity and feasibility of plans were evaluated. The key objectives were to increase 
productivity, reduce operating costs, increase equipment utilization, increasing efficiency as well as reducing 
throughput and customer lead times. 
     After a number of simulations, a simulation model was generated for shop floor process redesign like the one 
given by Fig 5 below. 

Fig. 5 Simulation model 

     Also based on simulations a number of possible improvement increases in percentage terms were picked as 
indicated by the graph in Fig 6. 
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Fig. 6 Summary results 

     Overall productivity could be increased by 40%. While equipment utilisation increased by 25% from the 
current system to the proposed system. The cost of producing a Class 1 S8000/1100 boiler was reduced by39.2 
%. Operational efficiency was improved by 14%. Production throughput time could also be reduced from 5 
months to 3 months. During which time, new products could be designed and penetrate new foreign markets. 
Customer lead time could as well be reduced from 6 months to 4 months, and this time would allow other 
ancillary items for the boiler to be made. 

 

VII. RECOMMENDATIONS 

     For marking and drilling, acquisition of new equipment would go a long way in reducing time taken in the 
two processes. While on the other hand the underutilised CNC machines due to small batches, the organisation 
can explore other companies for contract jobs to fully utilise the machines for large batches.  
     Also on cutting, new universal equipment can be acquired which can cut both stainless and carbon steel 
plates; such as plasma machines which can produce clean cuts thereby minimises grinding process as the 
machine is accurate and produces high quality work, as well as reducing marking to a minimum. A guillotine 
has also to be acquired for used even by Grade B labour unlike Oxy-acetylene which only requires Grade A 
labour. 
     To avoid errors on the manual bending machine, a CNC or PLC controlled plate rolling should be purchased. 
These programmable logic controls would allow operators to fine tune the rolling process to fit a free-wheeling 
conveyor, a palletized set up or any other material handling system, thereby saving time. 
     Currently bending is out sourced, thus need to acquire a bending machine to save on costs of taking jobs to 
the sub-contractor and time taken for the process. This also reduces unnecessary welding as well as cutting 
when making and assembling duct. 
     Bowling hoops for boilers are formed by pressing, which is now expensive as it takes one full day to produce 
half a bowling hoop. Also the pressing capacity has been reduced due to wear and tear of existing 400 ton press 
machine. Thus, a new press is required for up to 1000 ton capacity to upgrade this facility. 
     Introducing new and modern technology would significantly reduce assembling time of the sub-assemblies 
and final assemblies in the plant through part routing and process alterations such as the bending and welding 
bench. 
     Also the existing welding turn table has to be adapted to weld tube plate to shell in a vertical position with 
sub-arc machine for improved quality welds. The resuscitation of the turntable will also reduce the amount of 
stick and CO2 welding currently being employed. Flux Core Wire Welding machine is recommended as it 
would result in high quality welds in a shorter period of time compared to non-uniform manual welding. Hence, 
therefore there is need to keep manual welding operations to a minimum. 
     There is need to establish a strong Production Planning Department to spearhead  effective production 
through surveying the capacity of the organization in meeting targets and map way forward on how the 
organization should achieve this at any given time. The organization should be viewed in total perspective 
instead of the various separate functions. There is need to see the co-ordinated functions of the company, and 
simulate them the processes to identify bottlenecks for solutions in advance. Also an accounting package like 
Sage Line or Accpac can be used to integrate functions like Accounts, Purchasing, Stores, Sales and 
Manufacturing for overall system effectiveness.  
     Technology is an important vehicle for organization to transform into high-tech and knowledge based with 
low value-added operations. This is only possible if it equips itself with necessary IT and supply chain 
management facilities to coordinate its functions. On design and manufacture front, technical department and 
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CNC machines have to be linked through CNC Software to interface drawings and writing of programs which 
normally take a long time for operators as they spend most of the time on the computer. 
     The case study company should place the highest levels of importance on improving product quality, 
reducing manufacturing lead times, reducing unit production costs and improving responsiveness to changing 
customer needs. The existing quality assurance department is basically is in essence an inspection department. 
The organization should adopt Total Quality Management (TQM), Total Quality Control (TQC) but still acquire 
certification to ISO 9001 as standard quality procedure. A strong Quality Assurance (QA) should be established 
to oversee the adherence of procedures by all levels of the organization’s personnel. 
 

VIII. CONCLUSION 

     The work study noted the need to adjust the processes at the case study organization as well as replacing 
some pieces of equipment in the plant for anticipated improvement on production efficiency. The automation on 
welding machine and upgrading of the press machine were recommended for quality as well as time saving on 
the major plant operations and processes. Upgrading of machinery and training of personnel has been 
highlighted as key in achieving AMS in any organization, as operators have the critical role of supervising the 
technological systems. 
     The successful implementation of AMS requires far more than just the automation of production and 
manufacturing activities. It necessitates a complete a complete transformation of the organisation. In addition to 
the integration of all phases of production life cycle, effective application of AMS demands great reduction in 
the product and process development cycles, continuous improvement of the manufacturing function and the 
institutionalise of change throughout the organisation, It requires philosophy, leadership style and creation of 
adaptive organisational structure, revitalisation of relationship between the  organisation and its customers, and 
the adoption implantation of AMS in other functions such as human resources, engineering R & D, and 
marketing must be rejuvenated. 
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