
 

 

 

Abstract—The current manuscript focuses on the importance of 

optimising facilities layout planning in order to meet the high 

demands of customer satisfaction. An analysis of a machine 

workshop layout was carried out to assess optimality of its 

performance. An alternate layout that considers strategic methods 

currently used by competitive and successful companies was 

developed and compared with the existing layout. AutoCAD software 

was used in drawing both the existing layout and the proposed 

layout. The software used for comparing the existing layout and 

alternate layout was Flow Pro-Planner, which largely compares the 

distance travelled and the time taken by the material between the two 

layouts. The results showed that the proposed layout significantly 

reduce travel times and distances, hence elimination of waste. 

Implementation of the proposed layout is envisaged to increase 

profits without any further investment in any assets.  

 

Keywords—Facilities planning, Flow Pro-Planner, 

optimization, productivity,  

I. INTRODUCTION 

Oday‟s  dynamic and sophisticated business environment 

has completely transformed the level and definition of 

competitiveness. This has forced businesses to come up with 

new strategies and techniques of survival in the global village 

environment where everyone is allowed to compete wherever 

they are. Almost all businesses, irrespective of type or sector, 

are adopting a lean philosophy. Lean is defined as capacity to 

do more with less, that is, less space, less inventory, less work 

in process, fewer workers (Russell & Taylor III, 2008). In 

order for such an environment to manifest, there has to be a 

proper integration of people, machines and other supporting 

resources that allow for a smooth flow of material, information 

and labor. Doing more with less, requires identification of 
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elements contributing to inefficiency and ineffectiveness. As 

Shay Lynch explains it, “Lean is all about the relentless 

elimination of waste. Therefore understanding the eight types 

of waste of Lean is paramount to success” (Shay Lynch, 2013). 

The Eight types of waste recognized by the Japanese 

philosophers are transportation, inventory, motion, waiting, 

overproduction, over processing, defects and skills. Most 

organizations, particularly manufacturing organizations, have 

developed techniques in answer to these Lean wastes and in 

effect enabling them to survive today‟s global marketplace and 

at the same time satisfying the end customers. One of the key 

principles in facilities layout improvement is Group 

Technology (GT), an application that utilises the concept of 

divide and conquer. An application deeply rooted on grouping 

of machines, processes and people into cells responsible for 

manufacturing or assembly of similar parts or products (Ham, 

Hitomi, & Yoshida, Group Technology, 1985). In effect GT 

focuses on the momentous part of the lean philosophy, 

elimination of waste in any form; long lead times, high levels 

of work in process etc. Therefore it is appropriate to say a 

facilities plan of an organization or even a department has a 

direct impact on the daily operations or material that go 

through the department. Such applications are applicable to 

different types of companies regardless of what types of 

business they are in. Even mining companies are seen to be 

implementing some lean manufacturing tools in order to give 

themselves an advantage in the global competitive world.  

At present the machine workshop is experiencing a lot of 

requests from internal customers because some replacement 

components are non-stock items. Also, bearing in mind that the 

requirement is huge in its own right, as there are many 

departments making orders to the machine workshop. In the 

current situation, the artisans and machines in the machine 

workshop are limited and complying with customer requests 

becomes a daydream. Another factor is that the machine 

workshop regularly receives a list of components from the 

locomotives workshop. The locomotives workshop is 

responsible for the repair and maintenance of the steam trains 

that deliver ore and other heavy equipment that need hauling. 

Because these steam trains experience a lot of wear, standard 

spares are not applicable. The spares are machined at the 

machine workshop through taking measurements from actual 

train. These required spares are normally requested in 

exceptionally high quantities per component. Now currently 

what is done is that they prioritize on very critical components 
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that greatly affect production. In conclusion, the machine 

workshop is experiencing high work in progress and long lead 

times, which result in low levels of productivity. 

The main focus of the current work is to eliminate Lean 

waste by improving the Machine Workshop layout of a local 

company. This would require analysis of the machine 

workshop layout and making the necessary improvements. 

II. LITERATURE REVIEW 

Various approaches and studies have been carried out to 

increase efficiency and effectiveness and ultimately the end 

customer‟s satisfaction through the adoption of lean 

manufacturing. For instance, machine shops have to adopt a 

just in time philosophy that focuses on satisfying the needs of 

the end customers. The emphasis suggests that today‟s 

customers require products and services to be brought forth as 

and when they require them. This has pushed today‟s machine 

shop capabilities to the limit as managers have to re-engineer 

their processes such as the facilities layout in order for them to 

be competitive. A survey was done by the researcher and 

observed that Machine workshops in the USA that adopted the 

just in time ideology made major improvements in their shop 

layouts e.g cellular layouts and in effect higher performance 

levels. This is evident with the machine shop case as non-

compliance to internal customer‟s requests has a direct bearing 

on production, and at the same time losing trust and reputation 

on the customers.  From this study, it truly reflects that by 

incorporating just in time principles, a substantial level of 

productivity can be achieved. 

A physical or facility layout of a department is very 

important to the overall operations taking place regardless of 

the type of business, both in terms of maximizing the 

effectiveness of the production process and meeting the needs 

of the customers. Ngampak and Phruksaphanrat (2011) 

reported that Layout design and the flow of material have a 

significant impact on performance of manufacturing system. 

These benefits have been reported by researcher to include: 

productivity improvement, reduction in work in process and 

inventory, shortening of production lead time, streamlining of 

the flow of materials, reduction of non-value added activities 

of waiting and transportation from the production process, 

which make the factory meet customers requirement quickly 

(Kumar, et al., 1995).  

The main objective of a layout is to ensure a smooth flow of 

work, material, and information through the process. 

Therefore, a key element to a great layout is developing a 

layout that adapts to the current operational needs and also 

integrates the needs of people, materials and machinery. 

Tompkins, et al., (2010) observed that although the annual 

dollar volume of the facilities planned or re-planned indicates 

the scope of facilities planning, it does not appear that 

adequate planning is being performed. Therefore it is 

paramount that to achieve a relavent optimal layout to a 

machine workshop or any other manufacturing environment, 

one has to consider the flow of people, information and 

material. 

Cellular manufacturing approach is derived from group 

technology which dates as back as early 1971. In this approach 

products with similar process requirements are placed into 

families and manufacured in a cell consisting of functionally 

dissimilar machines dedicated to the production of one or 

more part families. When designing these cells several factors 

have to be considered before proceding. As shown by 

Gunasekaran, et al. (1994) most models focus on a limited 

number of elements in their criteria for grouping parts and 

machines that seldom address real life applications 

(Gunasekaran, et al., 1994). It is evident that for the case study 

to address the problem, one has to not only consider grouping 

families based on geometry configurations, rather focus our 

attention on the flow patterns of the materials and components 

going through the machine workshop. In this way the derived 

alternative may not only be theoretical, instead actually 

optimizing the real life situation. 

The available literature on cellular manufacturing praises 

the advantages of adopting it, but seldom notes the good side 

of job shops. A simulation comparison was made by B. Flynn 

(1986) between a group technology shop and a traditional job 

shop, and insightful results were realized by the researcher. 

Based on the report, she noticed that in Group Technology 

shops showed higher performance on average move time and 

average set-up time, whilst traditional job shops displayed 

higher performance on average queue length, average waiting 

time and work in process inventory. She summed up by saying 

that the average flow of time was shorter in the traditional job 

shop than in Group Technology shops. It is imperative that we 

not shave off the job shop traits but rather improve them to 

align with those of cellular manufacturing. The author also 

stated that the descriptive literature simply isn‟t able to 

determine whether it is the group technology form of shop 

organization which leads to differences in performance or 

whether they are due to changes in other factors which could 

also be modified in traditional job shops (Flynn & Jacobs, 

1987). 

 A job shop environment, as stated by Shahrukh A. Irani 

(2003), operates in dynamic and uncertain conditions and is 

faced by challenges that are completely opposite to those of 

the Toyota Production System (TPS). The author‟s argument 

was centered on that TPS methodologies and techniques are 

compatible on large to medium scale job shops as compared to 

small to medium scale job shops. And also he pointed out that 

in job shops, customers could be once off customers, demand 

forecasts are unreliable and inconsistent, therefore no value in 

analysing the trends. In his conclusion he continued on saying, 

“I believe that time has arrived for the small and medium sized 

manufacturers in the US to develop a novel production system, 

one that is inspired by, but far from being a bad copy of the 

Toyota Production System.” Because the Machine workshop is 

fairly small, the final improved layout has to be one that 

specifically answer the inefficiencies and incapabilities shown 

by the shop so that the solution becomes as practical as 
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possible.  

A hybrid cellular layout, fractional layout, is where some 

machines are grouped into GT cells and the remaing machines 

are placed in a „remainder cell‟, which functions like a job 

shop (Urban, et al., 2000).  Lee (1985) termed it the concept of 

“a factory within a factory”. An academic cited  that „this 

approach is desirable when there is inadequate time or budget 

to create cells for all parts; thus, cells are developed for the 

highest volume of parts with similar routings, then all the 

machines are organised into the sub-plant job shop‟ (Harmon 

& Peterson, 1992). 

In an attempt to improve the facilities layout of an 

organization, key tools will be valuable in generating an 

optimal layout for the machine workshop. One of the key tools 

used in a research on minimizing rejection of raw materials in 

a lamp production process was the Pareto Pricinple, where 

they used it to identify different defects and classify them 

according to their significance.They prioritized the factors that 

lead to their products being rejected and what they discovered 

was that the moment they identified the root cause of the the 

factors at the top of the priority list and solved them, 

significant amount of waste was reduced. Vilfredo Pareto 

established that 80% of the wealth of a nation was distributed 

among 20% of the population. The assumption was then 

carried on to the industy where it also held that “20% percent 

of the known variables will account for the 80% of the 

results,” (Craft and Leake, 2002). This observation was done 

by Joseph M. Juran, who actually coined the principle of the 

“vital few and trivial many” the Pareto Rule. It was clearly 

stated out that, “The importance of the vital few lies in the fact 

that nothing of significance can happen unless it happens to the 

vital few,” (Craft and Leake, 2002). Therefore it is indeed 

imperative a Pareto Principle be adopted in the layout analysis 

in order identify the vital few among the trivial many, and 

capitalize on them to realize significant success. 

Since an analysis in the facilities layout looks at how the 

human interacts with the machine and equipment in the 

workshop, a work-study methodology will be adopted. The 

British Standard Glossary defines Work Study as a generic 

term for those techniques partircularly method study and work 

measurement, which are used in the examination of human 

work in all its contexts, and which lead systematically to the 

investigation of all the factors which affect the efficiency and 

economy of the situation being reviewed, in order to effect 

improvement.  

III. METHODOLOGY 

 The following methodology was adopted in order to fulfill 

the set objectives 

A. Input Data 

This refers to the machine workshop information that was 

gathered. This includes information concerning its function, 

the activities and operations carried out at the machine 

workshop, and the detailed layout of the machine workshop. 

The information was collected through observation of the work 

place, conducting a survey questionnaire, and interviews. 

B. Pareto Analysis 

Pareto Analysis, also known as 80/20 rule is centralized on 

the idea that in all situations, 20% of the causes determine 

80% of the occurring problems. Job cards were sampled and 

classified according to their priorities in order to produce a 

Pareto chart that enabled us to target a certain group that 

makes the most impact. 

C. Work study 

An investigation of how the machinists and the fitters 

perform their work right from the beginning when they start to 

produce their product up until to the very end. By observing 

the stages they go through, it allowed us to typically identify 

how the material goes through the machine workshop. This 

was also backed by informative conversations with artisans to 

really identify common movements across the workshop. 

D. Material flow and Analysis of Existing Layout 

On this stage, the flow of the sampled products at the 

machine workshop was mapped on the detailed existing layout. 

Flow pro planner software allowed mapping of the flow of 

such products. After the mapping, an evaluation of the mapped 

layout indicated unnecessary motions and factors to be 

considered when developing the alternative layout. 

E. Development of Alternative layout 

After considering necessary factors identified from the 

existing layout, an alternative layout was produced to address 

such factors. AutoCAD software was used in the development 

of the new layout. 

IV. RESULTS AND DISCUSSION 

A. Pareto Analysis 

A Pareto analysis was performed to identify the critical 

areas that needed attention. By directing focus on these areas 

and improving them, substantial improvements could be 

realised. Job cards were categorized depending on the 

complexity of the work and volume of the work. These job 

cards were categorized into the three categories, class A, B 

and C. The relative importance was judged by time taken by 

the job card. Sixty (60) job cards were sampled from February 

2014 to July 2014 and categorized as follows: 

Class A: similar components that went through several 

processes, high volume 

Class B: components undergone few processes, low volume.  

Class C: once off components, modification on components, 

dissimilar components.  

The results of the brief analysis are shown in figure 1. 
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Fig. 1. Pareto chart 

 

A summary drawn from the Pareto chart:  
Class A: 24% of the job cards consumed 66.64% of the total 

time. 

Class B: 31% of the job cards consumed 21.84 % of the 

total time. 

Class C: 43% of the job cards consumed 11.29% of the total 

time. 
The results show that a few job cards (24 %), consume the 

majority of time 966.64 %). The results from Pareto analysis 

can therefore be used to inform the direction of focus. Thus an 

alternative layout could be designed to suit the circumstances 

in a way that optimizes facility productivity. 

B. Work Study 

A work-study was carried out by identifying 13 different 

types of products and observed them as they went through the 

machine workshop right from the start right up to the final 

product. These sampled products were strategically picked in 

that they all went through most of the machines in the 

workshop. In addition, selection was also based on 

conversations with artisans on problems they currently face 

due to the nature of the layout. The work-study enabled the 

identification of the typical flow of the material around the 

workshop hence a workflow diagram was developed. 

The workflow of the products that were sampled is shown in 

figures 2, while the details of the sampled products are shown 

in table 1. 

C. Development of Final Layout 

From the workflow in fig 2 one can observe that movement 

is congested around the center of the machinist side of the 

machine workshop and also the fitter‟s side. This factor called 

for reordering of the machines in such a way that the material 

flow is distributed evenly across the machine workshop. In the 

analysis it was also evident that most machines of the same 

type differ in size or capacity, therefore creating an 

opportunity to capitalize on. Two separate conceptual sub 

group were made, one contained machines and equipment that 

would be able to fabricate large components and parts whilst 

the other group is focused on medium to small components or 

parts. From the material flow shown in the revised layout 

(figure 3) it can be seen that the flow is not as congested as the 

one in figure 2 and the flow concentrates on the two sub 

groups. Unique machinery or equipment will be centralized 

within the groups and between the two conceptual sub groups 

in order to minimize the travel distance and ease of access. In 

these two sub groups, the machinist will be specializing to 

each one of the two groups and creating ownership of the 

machines. 

The final layout was developed using AutoCAD as shown in 

figure 3. 
TABLE I 

 WORK FLOW OF THE PRODUCTS 

D.  Results from Proposed Layout 

After the proposed layout was developed, Flow planner Pro-

planner was used to compare the two layouts, the current 

layout and the proposed layout. The key factors considered 

were distance travelled by the sampled products, and the time 

taken to produce those sampled products. These results are 

summarized in table 1. From the results, one can confidently 

say that the new layout would significantly reduce the through 

put time of these products. 

From the results presented in table 1, the proposed layout 

shows a difference in the distance travelled of 48.81 % when 

compared with the existing layout.  

Name Qty Distance travelled by the sampled 

components (meters) Existing 

layout 

Proposed 

layout 

% 

difference 
Seller drum 

shaft 

1 256.68 137.59 46.40 

Pump shaft  1 185.02 111.65 39.66 

Pins 4 155.77 48.79 68.68 

Locking Bolts 6 121.24 42.05 65.32 

Hooter Parts 8 155.14 62.36 59.80 

Pump1 1 119.47 74.09 37.98 

Pump2 1 91.47 67.37 26.35 

Flange 4 108.59 60.02 44.73 

Bush 10 131.44 104.70 20.34 

Motor 1 168.29 102.83 38.90 

Bushes and 

key 

5 166.22 66.24 60.15 

Cones 2 38.20 19.89 47.93 

Sleeves 3 198.86 58.92 70.37 

Total 97 2030.87 1039.57 48.81 
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Fig. 2 Material flow in Existing Layout. 

 
Fig. 3 Material Flow on Proposed Layout. 
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V. CONCLUSION 

The existing layout of the machine workshop is of the 

process layout category whereby machines are grouped 

according to function.  In addition to modern changes in 

demand and other external environmental factors, it is evident 

that a change in layout would impact facility productivity. The 

proposed Hybrid Layout, which has proved to be optimal, will 

indeed positively impact the workshop‟s productivity. 

Reducing distance travelled by material by 48.81% with no 

financial investment in assets of some sort is a clear indication 

that significant profits will be realized. The reduction in 

distance travelled would significantly reduce the throughput 

time of the products being manufactured.  
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