
 

  
Abstract — The proper layout and efficient utilization of 

resources; human, machinery and space can have a positive 
bearing on the productivity of manufacturing companies. A 
case study was carried out at a furniture manufacturing plant 
in Harare, Zimbabwe and this paper presents the findings and 
proposals for an optimized plant layout and materials handling 
system. Inherent problems within the manufacturing setup 
were identified through the use of questionnaires and the 
company’s available documentation. These ranged from 
crisscrossing process flows, undocumented production plans 
and inadequately planned materials processing and handling. 
Following a detailed work study, production planning and 
control techniques for materials handling, processing and 
assembly were introduced to improve production throughput 
times. Three alternative models were conceptualized and the 
best model was selected using the payback period method while 
optimization of the plant was achieved through a novel 
approach of process mapping of the layout, available space and 
materials handling machinery. Results obtained from the 
assessment of the selected model revealed that transportation 
distances can be reduced significantly while production 
throughput time decreases.  
 

Index Terms— Materials Handling, Optimization, Plant 
Layout, Process Mapping, Workstation 

I. INTRODUCTION 

HE key objective of any manufacturing company is to 
maximize on profit margins [4]. Thus the production 

function of manufacturing companies holds the key to the 
success of the organization, coupled with the advancement 
and rapid changes in technology, the rising costs of 
production and related factors. Most multinational 
companies have realized the importance and adopted new 
manufacturing techniques to enhance profitability, 
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competitiveness and efficiency, especially in view of the fact 
that the majority of these companies have the financial 
capacity and ability to implement such new techniques and 
systems. However, the same cannot be said for indigenous 
owned manufacturing companies in Zimbabwe. They have 
undoubtedly lagged behind in embracing the latest in 
technology and systems because of limitations in financial 
capacity. This was compounded by the global recession that 
affected many developed and emerging economies from 
around 2008. At that time many thought Africa would not be 
affected as much as the developed world because of their 
relative weak global linkages but it turned out otherwise [1].   

This recession probably affected Zimbabwe the worst in 
the region resulting in a difficult economic environment that 
unleashed many challenges to the business community and a 
number of organizations in Zimbabwe suffered dramatic 
consequences such as collapse and liquidation. Some of 
these organizations were key and obviously very valuable to 
the community at large and with help, could be rehabilitated 
and put back on the road to recovery [10]. During this period 
most companies in Zimbabwe were surviving on ‘hand to 
mouth’ leaving very little or no funds set aside for research, 
new techniques or systems. Without proper systems and 
plant layouts, some of the work was being carried out 
haphazardly with little or no scheduling or planning. A team 
of engineering academics from the University of Zimbabwe 
set out to assist and rehabilitate some of these companies by 
setting up operating systems and plant layouts as part of 
research at minimal or no cost to the company but with the 
ultimate objective of improving efficiency and productivity 
to enhance profitability. This paper reports on the work 
undertaken at the holding company for its two subsidiaries 
specializing in furniture manufacture and wood processing. 
The team focused on the plant layout, scheduling of 
production, movement and handling of parts and materials 
and operating systems. 

Manufacturing operations transform inputs such as raw 
materials, labour, overheads in the form of machinery and 
resources through processing into products for sale. For a 
good manufacturing system, such inputs must be well-
organized and formulated in order to produce the output at 
the best efficiency [5]. Understanding what a business does 
and how it does it, requires documenting the inputs, 
processes, outputs and resources [7].  For this research, it 
was achieved by a detailed work study carried out by 
engineering students who were also undertaking their own 
projects. A number of problems were identified during the 
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process. In general, critical documents such as Plant Layout 
Design, Production Flow Charts, Bills of Materials, 
Manufacturing Planning Documents, Work Standing 
Procedures, Safety Procedures and Quality Control 
Procedure were either unavailable or inadequate resulting in 
production being carried by instructions from management 
and in most cases materials and parts were observed to be 
moved back and forth (crisscrossing) in the plant and 
thereby travel long distances before the final product was 
ready for dispatch. Evidently it was clear that the materials 
handling and movements needed to be improved and 
optimized. Although it is not a subject or focus for this 
paper, the technology employed was largely manual and this 
resulted in delays in meeting customer orders. Competence 
of most of the staff was based on experience of having 
operated some of the machines for many years but evidently 
lacked the ability to change or adapt to new technologies. 
This ultimately created problems for the team of researchers 
in that the available skilled staff would not be trainable for 
new techniques as they lacked the basic education 
requirements. This challenge also resulted in incidences of 
reworking and scrapping in production, sometimes arising 
from customer returns and thus it left quality of the products 
questionable. 

All these problems generally result in costly production. 
The research therefore focused on and aimed at optimizing 
the distances through which parts travelled between 
workstations, minimization of materials handling costs, 
rearrangement of machinery for an optimum and safe 
working environment and economic utilization of space and 
machinery. Production planning and scheduling were also 
considered with the ultimate aim of not only improving 
quality of the furniture but a reduction in throughput times as 
well as inventory. The manufacturing operations would thus 
be improved in terms of machinery and labour utilization, 
safety of operations and quality of products whilst reducing 
scrap and reworks with the overall objective being to 
minimize the cost of manufacturing while meeting customer 
specifications and needs, thus enhancing profitability and 
viability of the business. 

II.  BACKGROUND AND LITERATURE ON MODELLING AND 

OPTIMIZATION IN MANUFACTURING 

In their research on modelling and simulation for a Just-
In-Time (JIT) optimization of automotive component 
manufacturing using ProModel, Reference [9] demonstrated 
that variables such as inconsistent task distribution, variation 
on operator performance, misconception of total quality 
management philosophy and lack of set-up time elimination 
plans disrupt ideal JIT production and thereby affecting the 
company’s productivity and efficiency and hence 
profitability. In recent years, JIT has become synonymous 
with Total Quality Management (TQM), time based 
manufacturing and business re-engineering [2]. Even for 
small scale manufacturing, proper planning is necessary to 
realize a reasonable return on the business investment. The 
case study company is a relatively small holding company 
with subsidiaries that manufacture a wide range of furniture 
products. One of the objectives to carry out the research was 

to demystify the misconception that such a company had in 
that planning and optimization of the nature that the team set 
out do was a preserve of multinational companies and that it 
would be costly, hence the approach and use of readily 
available tools such as Microsoft Excel and AutoCAD, the 
only available CAD software at the company at that time.  

A fundamental concept that forms the foundation for agile 
manufacturing is that of the need for appropriate and 
supporting production and operating systems and a 
manufacturing company’s ability to produce customized 
products at reasonable cost within short lead times [6]. This 
can only be achieved by integrating the many dimensions by 
carefully planning the production flow, thus the layout of the 
production factory is critical to this end. The layout design 
of a plant significantly affects the performance of a 
manufacturing company. While this research compiled a 
very competitive selection of an ideal process flow layout 
for agile manufacturing in their case study company, the 
major limitation was that it was not generic but company 
specific and thus the model may not be interchangeable or 
useful in a different organization. In this particular research, 
the team set out to develop a generic process layout design 
using the readily available tools but also took into account 
the possible adaptation of the same technique by other 
similar organizations. This was achieved by using the same 
set-up in the different subsidiaries of the holding company 
that are involved in timber processing of a wide range of 
different products using different processing techniques with 
a comparative analysis of the viability and applicability of 
the adopted process flow model. The layout of a 
manufacturing plant also significantly affects the materials 
flow for the parts or sub-assemblies and hence the total 
distances travelled by these during production. Thus, the 
layout determines its structural complexity by virtue of its 
design configuration characteristics [3]. Manufacturing 
companies often operate in very dynamic environments, the 
entropy of which is prompted and driven by market 
conditions, customer demands, product design and 
processing technology. In their research for assessing 
structural complexity of manufacturing systems, Reference 
[3] used six complexity indices based on the physical and 
structural characteristics of the plant layout, from which they 
developed a Layout Complexity Index (LCI) which assisted 
in designing systems with the least complexity and thus were 
able to compare alternative layouts. Emerging manufacturing 
techniques, systems and trends require well planned 
manufacturing platforms and more equipment to enhance 
manufacturing flexibility, which is easily attainable in 
companies that have the financial capacity to invest in 
modern methods and equipment. This research however 
focused on small and struggling companies in order to 
rehabilitate them and thus it was carried out within the 
confines of limited resources. The goal in any facility layout 
or optimization of the plant layout is principally to minimize 
material flow costs by positioning cells or equipment in 
designated positions that will result in the reduction of 
materials or parts transportation distances, a typical example 
of which was accomplished in the design of a plant layout 
using Computerized Relative Allocation of Facilities 
Technique (CRAFT) [8].  
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III.  METHODOLOGY AND DETAILED CASE STUDY 

The holding company has several divisions, all involved 
in timber processing and manufacture of various timber 
related products, but focus for this research was on 2 
divisions which share the same plant and machinery, the first 
one specializing in nursery furniture, which included bunk 
beds and baby cots while the other specialized in cable 
drums and roof trusses. Initially a detailed ‘As-Is-Analysis’ 
was carried to establish the operational setup, documentation 
available and skills and expertise in each unit. The research 
was divided into three categories, plant layout, production 
planning and operational activities.  

A. Plant Layout 

Measurements of the available space were made and setup 
and layout of equipment were superimposed on the space in 
AutoCAD by using the plant grid lines that enhanced the 
drafting process and workstation locations. Fig. 1 shows the 
layout of the plant at the inception of the research showing 
the various numbered workstations as well as alpha character 
labelled designated areas within the plant. Data collection 
involved gathering of the following information: 

 
• Products manufactured and sales trends 
• Machine positions and services distributions 
• Materials Handling Equipment and Flow Paths 
• Storage space 
• Operations flow and process times 

  
 The analysis of the plant layout involved the identification 
of idle and dangerous workstations, backtracking production 
lines, regions of interference, bottlenecks and targets for 
redesign while the plant layout redesign approach was 
mainly based on the minimization of materials handling 
costs by reducing the transportation distances in the 
production process. The minimum distance travelled method 
approximated the cost per unit meter using the average 
speed of the transportation process as well as the average 
wage rate of the particular craftsman at each workstation per 
unit time.  
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Fig. 1. Factory Layout of the Timber Processing Plant 

 

The divisional layout may also restrict the economic use 
of space. The location of the functional departments may be 
causing the problem of isolation of interacting operational 
zones. The layout of the plant at inception also showed 

evidence of backtracking and crisscrossing of process flows 
as shown in Fig. 2, the process flow for the manufacture of 
bunk beds. The positioning of departments and operational 
zones also caused interference problems between 
workstations, which invariably were a safety concern.  
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Fig. 2. Process Flow for Manufacture of Bunk Beds 

B. Production Planning  

For each of the existing production layouts, analysis was 
done by looking at the production sequence, benefits of the 
existing layout, bottlenecks, limitations, constraints to 
redesign and targets or opportunities for redesign. The main 
limitations to redesign included interference problems 
between workstations, long distances between workstations, 
backtracking and limited transportation resources. The major 
constraints to redesign included the location of the spray 
painting shop, the location of critical machines such as the 
drum sander (35) and the multi-borer (11), space 
considerations, location of power points and the position of 
outlets to dispatch. It was also noticeable that there was high 
utilization of space due to the existence of idle workstations. 
These included idle departments like the cable drum 
production line, obsolete inventory warehouse, and faulty 
machinery. A good materials requirements planning is 
essential to ensure that the right materials are acquired at the 
right time and in the right quantities [7].  

C. Operational Activities 

Operational activities are critical in analyzing and 
optimizing production layouts and redesigns [11]. Before 
processing starts, the machines are set up and regularly 
checked to ensure consistence and high quality. However the 
setup procedures are not documented but based on operator 
experience. There were quite a significant number of 
machines that had either faulty gauges or unstable 
mountings. Problems of overloading were also identified at 
workstations and these were mainly due to poor production 
scheduling. Cutting tools were sometimes used beyond their 
replacement stage resulting in poor quality products. This 
ultimately increased the amount of time required to polish 
and finalize the product before dispatch. Assembling 
activities in the factory were carried out without proper 
assembly procedures, often leading to reworks. The 
production system is a combination of production to 
customer order and to stock depending on the demand 
forecasts. As a result of producing to stock, many obsolete 
stocks exist in the plant.  
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All these challenges observed in the Plant Layout, 
Production Planning as well as Operational Activities are 
not insurmountable and do not require significant capital 
investment. The company’s potential lay in its ability to 
transform from traditional to more modern methods of 
manufacture with properly documented processes and 
schedules. This was the basis on which the proposed 
redesign of the layout, materials handling and operational 
activities was done. 

IV.  OPTIMIZATION AND REDESIGN OF THE PLANT LAYOUT 

There are various ways in which the production and 
layout of manufacturing plants can be optimized to achieve 
high yields, operational efficiencies and low production 
costs. Several such projects have been carried out in 
different manufacturing plants and this is widely reported in 
literature. Such ventures include the use of simulation in 
flow shop scheduling problems as was done in the 
manufacture of semi-conductors [12] and optimization of 
process parameters in feed manufacturing using Artificial 
Neural Networks [13]. This research focused on 
optimization through analyzing materials movement and 
handling, reducing transportation distances as well as 
reorganization of the plant and machinery. 

 

A. Materials Movement and Handling Equipment 

Materials and parts in the plant are moved by forklifts, 
trolleys or by hand and the ones available are shown in 
Table I. Forklifts are mainly used in the kitchen furniture 
department where transportation of bulk materials is 
required as well as in coffin production before the raw 
timber blocks are cross cut into shorter lengths that can be 
transported by a trolley or hand. There were seven trolleys 
available including a heavy duty one and these were 
distributed throughout the plant. Most of these were used in 
the division where small to medium size parts were 
transported. When all forklifts and trolleys were in use, 
materials and parts were often transported by hand.   

 
TABLE I 

MATERIALS HANDLING EQUIPMENT 
Materials Handling 

Equipment 

Dimensions/m 

(Length x Width) 

Quantity 

Forklift 4,50 x 1.30 2 

Trolley 3.50 x 1.50 1 

Trolley 2.45 x 0.945 2 

Trolley 2.65 x 1.22 4 

Hand   

 
The production process is done in batch quantities. 

Timber is selected on the basis of the number of products 
that have to be manufactured as per customer orders, details 
of which are obtained from the sales department. For 
instance if 10 bunkbeds have to be manufactured in a week, 
timber blocks were selected from the timber yard for each 
component of the bunked. A typical example is the number 
of each component on a bunkbed as shown in Table II, 
which gives information on the bills of materials.  

TABLE II 
BILL OF MATERIALS FOR BUNKBEDS 

Part 
Number 

Part 
Name 

Quantity Final Size Rough Size 

1 Slates 28 944 x 70 x 22 970 x 76 x 25 
2 Cleats 4 1880 x 35 x 22 1905 x 38 x 25 
3 Long Rails 6 1950 x 140 x 22 1975 x 145 x 22 
4 Short Rails 8 970 x 140 x 22 995 x 145 x 22 
5 Guide Rails 1 1950 x 100 x 22 1975 x 105 x 25 
6 Legs 8 725 x 45 x 45 750 x 50 x 50 
7 Dowels 4 L x φ 20 L x φ 25  
8 Legs 2 1250 x 45 x 22 1275 x 50 x 25 
9 Steps 4 260 x 45 x 22 285 x 50 x 25 

 

The optimization of the materials handling system was 
achieved through the use of information gathered about the 
manufacturing system and setup at inception of the project, 
hence the focus on the three handling methods. It was 
necessary to review the system design criteria and keep it in 
mind while redesigning the handling system with a view to 
increase production, reduce cost, optimally utilize space as 
well as handle as large a load on each movement as possible 
while maintaining a continuous flow of materials. The 
kitchen furniture division uses bulk timber and thus the 
forklift is the most ideal. Only in the event of a breakdown, 
then the heavy duty trolley can be used. Due to increased 
cost and frequent shortage of fuel, a trolley can substitute the 
forklift in this division. This is also made easier by the 
relocation of the crosscut (41) and the ripsaw (1) as shown 
in Fig. 1 close to the timber yard to reduce distances 
travelled by parts. Their location close to the timber yard 
also enables loads to be increased so that movement is done 
in one go thus reducing costs. The two smaller trolleys can 
thus be appropriately allocated for use in the nursery 
department as the products manufactured there require 
shorter components which can easily be accommodated.  

The coffins department is relatively small and distances 
moved by the components are minimized since machines are 
close to each other. The use of hands is increased on the 
finishing stages of production, i.e. from sanding zones to the 
assembly areas. This is mainly done to preserve the surface 
finish of the components and subassemblies, which can be 
distorted if trolleys are used. A revised reallocation of 
materials handling equipment is shown in Table III. 

 
 TABLE III 

REALLOCATION OF MATERIALS HANDLING EQUIPMENT 
Materials 
handling  
equipment 

Dimensions/m 
(length x width) 

Quantity Reallocated 
department of 
use 

Forklift 4.50 x 1.30 1 Kitchens/coffins 
Trolley 3.50 x 1.50 1 Kitchens 
Trolley 2.45 x 0.945 2 Nursery 
Trolley 2.65 x 1.22 1 Furniture 
Trolley 2.65 x 1.22 1 Coffins 
Trolley 2.65 x 1.22 2 Kitchens 
Hand   Furniture 

 
Combining the materials flow pattern and the materials 

handling equipment helped in determining the materials 
movement. The number of movements between interacting 
workstations can thus be reduced since the distance would 
have been reduced and loads increased. Using the previous 
example for the production of 10 bunkbeds, a comparison 
can be made for the number of movements and the total 
distance travelled by the product and this is shown in Table 
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IV, extracted from the number of movements among Timber 
Yard (T/Y), Workstations (W/Station) and Assembly (Assy) 
in the processing of short rails and slates for the bunk beds. 
The Workstation (W/Station) numbers/labels are machines 
as provided in Fig. 1.    

 
TABLE IV 

NUMBER OF MOVEMENTS BETWEEN WORKSTATIONS IN THE ASSEMBLY OF 

SHORT RAILS AND SLATES FOR BUNKBEDS 

Short Rails Assembly Slates Assembly 

 W/Station 1 4 8 16 20 35  W/Station 41 4 15 21 

T/Y 1           T/Y 1       

41 1 5         1 9 9     

7   7 7       7   19     

12     7 7 7 7 12   19 13   

13       7 7   35     13 13 

Assembly           7 Assembly       21 

 
 Table V shows the total distances moved by the short 

rails and slates for the bunk beds. The sum of the distances 
for all the components gives the total distance moved by a 
bunkbed, also known as index of direct materials handling.  

 
TABLE V 

TOTAL DISTANCE TRAVELLED BY SHORT RAILS AND SLATES IN THE 

ASSEMBLY OF BUNKBEDS 

 

Three options were considered for the reorganized plant 
based on related workstations and mapping of similar 
processes to avoid backtracking and crisscrossing process 
flows, using an approach between group technology and 
functional layout. This was mainly because of the different 
processing workstations and different products that resulted 
in a number of permutations and possible arrangements of 
machinery and equipment. An Excel program was developed 
to compute the total distances travelled by components for a 
wide range of selected products at the 2 subsidiary 
companies. The machine distance matrix was created and 
shows the distance between two interacting workstations in a 
symmetrical array format whose diagonal is all zero.  

  

(Aii = 0 where i=1, 2, …….n) and n represents the 
 number of workstations and (Aij = Aji for  i, j = 1, 2…… 
 and  i ≠ j 

 

The From to Matrix of materials movement is also a 
square symmetrical array similar to the previous one but this 
one shows the number of material movements between any 
two interacting workstations. The number of movements was 
calculated based on the selected products. The Total 
Distance Matrix, similar to the former is the product of 

corresponding workstation distances and number of material 
movements. The resultant arrangements for the three models 
are summarized in Table VI after extracting from the 
different Excel spreadsheets for the selected products and 
repeatedly evaluated for each model plant layout based on: 

  
• Approximating distances between workstations 
• Preparing the machine distance matrix 
• Approximating number of movements between     

  interacting workstations for the month 
• Preparing material movement matrix for the month 
• Preparing total distance matrix for the month 
• Establishing total transportation cost for the month. 
 
Model 3 was chosen based on the least distance travelled 

by the parts, hence the least cost as well as the minimum 
payback period.   

TABLE VI 
EVALUATION OF THE MODEL LAYOUTS 

Overall Current 
layout 

Model 1 Model 2 Model 3 
(strategic) 

Total distance 
travelled 
meters/month 

143497 80473 80461 74444 

Approximate 
total monthly 
cost/$ 

24107.00 13520 13517 12506 

Cost 
savings$/month 

--------- 10587 10590 11601 

% Cost savings --------- 44 44 48 

 
The redesigned plant layout based on model 3 is 

illustrated in Fig. 3, showing a systematic flow of processes 
and grouping of similar functions and workstations with 
minimal backtracking and crisscrossing of process flows for 
the entire company’s 4 production lines.   
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Fig. 3. Redesigned Plant Layout showing the Flow Processes for the 

Functional Groups and Products. 

V. DISCUSSION AND RECOMMENDATIONS 

After analyzing the current layout and materials handling 
equipment, a redesign of the layout was done to allow for 
smooth and continuous flow of materials in one direction 
throughout production. This was achieved by utilizing 
factors such as; quantities transported, distances moved, 
aisle space and surface finish of components. 

A contemporary approach was taken in the analysis of 
materials flow while all interrelated materials handling 
problems were identified and a materials handling plan 

Short Rails Assembly Slates Assembly 

 W/ 
Station 1 4 8 16 20 35

 W/ 
Station 41 4 15 21 

T/Y 15            T/Y 16.4       

41 12.8 115  1 239.6 96.5     

7  39.6 48.8 7   100.6     

12    39.6 39.3 100.4 190.6 12   155.7 40.0   

13      17.6 34.7  35     370.5 260.3 

Assy          300.5 Assy       335.3 
Short Rails: Total Distance = 953.9m Slates: Total Distance = 1614.9m 
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developed. The equipment considered in this work was 
compatible with the overall system of production. In order to 
fit the materials handling equipment available, a redesign of 
the current layout was to ensure smooth flow of materials 
with minimal backtracking and crisscrossing process flow 
paths. Space considerations were also taken into account 
where the subassembly and assembly areas were allocated 
more space since there was an increase in the volume of 
materials at the end of production. Initially there were four 
spray paint shops located in each department but these have 
been relocated strategically and adjacent to the final 
assembly and fitting area resulting in a reduction in 
congestion and improved quality of products as parts were 
no longer moved back to the dusty machine shop 
environment.  

Due to an increasing cost and shortage of diesel, the use 
of forklifts have now been confined to the kitchen furniture 
area where transportation cannot be done by hand or trolley 
because of bulky materials. The few trolleys available were 
then accordingly distributed over the nursery and coffin 
production areas. This minimized the use of hands and hence 
the number of movements between workstations leaving the 
use of hands in materials handling to the final fitting areas 
where quality of the final product is a priority. The 
gangways in the kitchen department increased and this 
allowed free movement of the forklift without interfering 
with other processes. Labour utilization is also significantly 
improved since congestion and interferences were 
minimized. Machines that were shared by all departments, 
such as the drum sander (35) have been centrally located. 

One of the forklifts frequently broke down creating a 
bottleneck in the movement of parts and materials in the 
redesigned kitchen furniture area and thus it was 
recommended to either replace it or constantly maintain it to 
ensure that there is no stoppage of production. This also 
helps in reducing waiting times before and after processing. 
Although the use of the heavy duty trolley is an alternative, 
it is not only less efficient but requires two people to operate 
it. A well-established preventive maintenance system was 
recommended to avoid breakdowns. It was also observed 
that there was a high volume of components in the 
production system of nursery furniture and coffins of which 
movement cannot be adequately catered for by the available 
trolleys, prompting the need to acquire more trolleys.  

The introduction of a conveyor system as a materials 
handling equipment can also be considered although it may 
be deemed to be capital intensive. The initial costs of 
implementation might be very high but the long-term 
benefits will outweigh the expenditure incurred. Materials 
flow should also be restricted to the use of gangways so as to 
reduce interference with machine operations. Monitoring 
and controlling of the production process flows can be 
enhanced by the use of plant layout and materials flow 
documents. In the long run and with more capital available, 
recommendations were made for the company to consider 
general automation and the use of conveyers and perhaps 
with more expertise, advanced techniques such as 
simulations and genetic algorithms can also be used to 
further optimize the layout.  

VI.  CONCLUSIONS 

The implementation of the redesigned plant layout and 
optimized materials handling system were welcomed by 
management because of the evident change in a number of 
performance indicators such as; reduction in cost and 
throughput time as well as improvements in storage space 
and controls, quality and a safe working environment.  

There was a marked decrease in the distances travelled by 
components and number of movements due to an increase in 
loads per movement. The redesigned layout and reallocation 
of materials handling equipment resulted in a decrease in 
waiting and movement times leading to less overloading and 
congestions at some of the workstations, hence no backward 
process flows to the dusty machine shop. Coupled with the 
documented materials flow, it enhanced tracking and 
monitoring, leading not only to better quality control but 
better quality products as well as a noticeable decrease in the 
number of returns and rejects. Distances between interacting 
workstations were reduced and space freed up for a safe 
working environment.    
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