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Abstract 
Market trends and consumer requirements get modernize in relatively fast comportment. Globalization developed trade 

opportunities to fulfill consumer needs, but along also resulted in competition, improved quality and increased productivity. The 

quality and quantity is being realized by changing conventional manufacturing to automated manufacturing with minimum labour 

supervision, which is more feasible for large industries and MNCs. But, SMEs backbone of country economy cannot afford for 

radical process changes as it requires huge investment. The paper aims to demonstrate application of work study tools in small 

fiber composite company. The research has been carried out at fiber composite company manufacturing swimming pool filter. The 

simple work study tools are used to study process layout, cycle time and distance travelled during manufacturing. The idle time is 

been identified along with the distance travelled; accordingly process layout modification is suggested based on the economic 

analysis which gives indicative measure of profit leading to increase in productive rate. 
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1. INTRODUCTION 

Manufacturing world is dynamic in nature which is ever-

changing. Market trends demand continuous improvement 

in product and process. Total Quality Management, Total 

Preventive Maintenance, Business Process Reengineering, 

Organizational development, Kaizen, 5S are different 

methods available for manufacturing with aim to improve 

operation [1]. But, before any improvement could be done it 

is required to define present process status with well defined 

available measures. Productivity is one of such measure 

which defines quantitative relationship between production 

and resources used for production. It is expressed as ratio of 

output to input. It is efficiency of production system and 

leading indicator applied in an enterprise or in economy 

sector [2]. Productivity could be improved by using any of 

the above mention methods, but implementation of such 

methods requires excessive training, top management 

support, continuous auditing, and also investments to carry 

out changes in production setup. Sometime methods 

mention are economically infeasible for SMEs which is 

added up with scarcity of skilled labour constrained 

minimum wage. 

 

Work study is one of oldest technique to improve 

productivity and based on detail process study. Work study 

is divided into method study and work measurement. 

Method study aims in reducing unnecessary operations 

while work measurement deals with investigating and 

eliminating production loss time [3]. Work study eliminates 

wasteful use of resources, cuts unnecessary and extra work, 

minimizes production time, simplifies method, thus 

improving productivity without additional expenditure [4]. 

So, researches are more focusing on such simple techniques. 

Simple work study tools like activity chart, process flow 

chart, were used to find out bottleneck operation that 

consume more time in comparison with points at motor 

vehicle inspection station and some solution were identified 

to improve station [5]. Production capability was improved 

for small scale industry producing Stay vane of Francis 

turbine. Work  study tools like systematic observation, flow 

chart and stopwatch time study,  were used to  improve  

work  process  in  company with aim of reducing  

production  time and number  of process by identify  

problems  in  the  production  work  process [6]. 

 

This paper focuses on application of process flow chart, 

multi activity chart and travel chart simple work study tools 

at swimming pool filter manufacturing small enterprise. 

Cycle time is determined based on data as benchmark time 

and process improvement activities initiated based on 

research outcome. 

 

2. CASE STUDY 

This study is carried out in Fiber Composites Company, a 

small scale industry manufacturing fiber composite housing 

of swimming pool filter in Goa, India. The swimming pool 

filters manufactured by company are either side or top 

mounted using fiberglass and polyester resin with winding 

process. Most of work in fiber composite company is done 

manually by their operators. Sometimes, the production 

takes extra time to produce pool filter as no standard time is 

defined for production. Moreover, the production 

department does not have any fixed or standard cycle time 
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for process. Even company does not have proper layout and 

there is loss of time in the men movement. The production 

setup and practices used currently in the company are time 

consuming as regard of men movement.  Research focuses 

in reducing time required for production, making effective 

labour utilization and make the process simple to serve 

objective research uses work study tools. 

 

Research focuses on study of existing plant layout and 

determine the work cycle time required to produce 

swimming pool filter model TM860-32 and use of simple 

work study tools to reduce men movement and cycle time 

thus leading to effective utilization of labour to increase 

labour productivity. 

 

2.1 Plant Layout 

Figure 1 shows top view of present plant layout, which is 

indicative of different production stations along with the 

men travel distance while product move from one station to 

next towards the completion of product. 

 

 
Fig -1: Present Plant Layout 

 

2.2 Process Detail 

Swimming pool filter model TM860-32 manufacturing has 

three main processes i.e. inspection of fitments according to 

Quality plan, shell moulding and stand moulding according 

to work and manufacturing instruction as mention quality 

manual. The raw material used for shell and stand is 

polyester resin and glass fiber. Once the shell and stand is 

moulded they are assembled together to make final product. 

In process quality checks assure product meets quality 

standard and dimensional requirement. Once product is 

ready hydro test is carried out to make sure product can 

withstand required pressure requirements without any 

leakages. Detail process is grasped in Figure 2 indicating all 

processes involved along with time required for each 

process, their altogether twenty processes and four 

inspection points. Study of process and cycle time 

concluded fiber composite company produces five TM860-

32 model swimming pool filters per day. 

 

 
Fig -2: Operation Process Chart 

 

2.3 Process Amplification 

Shell moulding and stand moulding are the two major 

processes in manufacturing of swimming pool filter. These 

processes are carried out manually and have major 

contribution towards cycle time reduction. The processes are 

carried out in much unplanned manner. The detail flow 

study for same is done in amplified way and the operations 

involved, time required, distance travelled, delays observed 

are monitored and recorded using flow process chart, while 

suggestion also recommended reducing cycle time and 

traveling distance. 

 

Shell mouding process requires initial shell moulding using 

layup method and later winding using machine on shell 

mould. Shell moulding has six operations, one inspection, 
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nine transportation, and two delays. Shell winding has eight 

operations, two inspections, six transportation and one 

delay. Proper housekeeping, better communication to store, 

training labour to carry out inspection and use of hand 

trolleys will eliminate transportation, inspection and delay 

thus reducing cycle time 42mins and travel distance by 

36.4meters. The detailed flow of shell moulding is shown in 

Chart 1. and shell winding in Chart 2. 

 

 
Chart -1: Process Flow Chart-Shell Moulding 

 

 
Chart -2: Process Flow Chart-Shell Winding 

Since company maintains stock of  stands required for 

different models, study of stand moulding is considered as 

vital, instead shell assembly stand is given importance. As 

shell winding is completed, shell is allowed to cure.  After 

curing shell is taken to stand assembly section. Adhesion is 

applied on stand, allowed to cure and later shell is 

assembled with stand. In present method one operator with 

aid of lifting equipments carries out shell stand assembly 

and requires 14.5mins per job and idle time is 10mins, with 

indicative efficiency of 31%. With proper spacing and time 

utilization one operator can carry out multi assembly, thus 

proper utilization of time. Chart 3, multi activity chart  

shows effective time utilization, where operator can carry 

three shell bonding on stand resulting in reducing cycle time 

to 6.68mins and idle time 6.5mins with efficiency of 68%. 

 

 
Chart -3: Multi Activity Chart 

 

Process A-Adhesion application, B-Adhesion drying, C-

Assembly pool filter, D-Allow to cure 

 

Fiber composite layout study is carried out using travel 

chart, Chart 4 shows men distance travelled during 

completion of swimming pool filter model TM860-32. The 

total distance travelled during men movement from one 

station to next is 181m. 
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Chart -4: Travel Chart-Present Layout 

 

Taking all process flow constraint, resource availability 

various modified layout study is carried out. The layout that 

gives minimum travel distance is sown in Figure 3 and 

corresponding travel distance is shown in chart 5.  The total 

travel distance for modified layout is 132m which saves 

49m travel distance. 

 

 
Fig -3: Proposed Plant Layout 

 
Chart -5: Travel Chart-Proposed Layout 

 

3. DATA ANALYSIS 

Present plant layout and team of 12 labour  working for nine 

hours shift produces five numbers of TM860-32 swimming 

pool filter, so cycle time per TM860-32 model per labour is 

calculated to be 21.6 hours. Using process flow chart for 

shell moulding and winding, identifying losses and simple 

changes like proper arrangement so to get quick access,  

improved communication with stores  in regards to work 

orders, training production operators for quality check, use 

of hand trolley for material movement will reduce travel 

distance by 36.4m and time by 42mins. Doing multi bonding 

as per multi activity chart will reduce bonding cycle time 

by7.72mins and layout modification will reduce travel 

distance by 49m. The travel distance of 85.4m saved 

converted into time gives saving of 14.23mins. So,the total 

time saved by proposed layout and modification will be 

63.95mins. The saving of 63.95mins results in labour 

productivity improvement by 0.5job per day. 

 

4. PRODUCTIVITY ANALYSIS 

The operator has to search shell die for shell moulding as 

shell dies are not arranged in systematic manner according 

to pool filter model. Proper arrangement in line with 5S 

practice will result in reducing delay time and proper 

arrangement can be accomplished within a day by two 

workers. There is no communication of sales and production 

with store, which results in waiting and travel of operator to 

store, the same can be eliminated if one soft or hard copy of 

work order is issued to stores. The use of hand trolleys will 

also result in considerable travel time and also reduce 

operator fatigue. Modification of layout also saves travel 

distance; these modifications will take one day for team of 

four. The cost incurred on doing changes will be Rs.17, 920. 

All modification will result in increase production rate and 

production of TM860-32 will raise from 125 Nos. to 137 

Nos. thus reducing labour cost per job from Rs.1008 to 
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Rs.920. TM 860-32 profit is Rs.2950 per job, productivity 

increase by 12jobs per month will give increase in profit by 

Rs.35,400 which is equivalent 4.7% increase in profit for 

first year after take away modification cost and then after 

9.6% for next years. 

 

5. CONCLUSION AND FUTURE SCOPE 

Beak even analysis concludes that this process can be 

improved using simple work study charts and diagrams. The 

implementation of proposed modification will eliminate idle 

time of worker and thus reducing work cycle time for 

producing swimming pool filters. From the comparison 

between present method and propose method, it is found 

that proposed method are best alternative towards increasing 

labour productivity. After implementing of proposed method 

on swimming pool filter production it will increase 

production by 12 numbers per month as compare to present 

method. This proposed improvement will reduce worker idle 

time and increase labour productivity by 9.6%, and also 

increase profit of company. 

 

After proposed modification it can be further extended to 

carry out work study using work pro or arena software to 

validate results, and compare results of manual work study. 

Other tools like two handed process chart can also be used 

to stand moulding operations to eliminate unnecessary hand 

movements. Work study can exended to all operations and 

all products along with micromtion study. 
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