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Abstract— The main purpose of this technical manuscripts 

to present the benefits of using lean manufacturing tools and 

principles on dynamic manufacturing environment. Lean 

manufacturing uses less of everything compared to mass 

production - half the human effort in the factory, half the 

manufacturing space, half the investment in tools, and half 

the engineering hours to develop a new product [1]. It has 

now become a production method for many manufacturers 

to pursue. It is a “system for the absolute elimination of 

waste” [2], where “waste” is defined as everything that 

increases cost without the creation of value for the final 

customer [3]. With implementing lean principles through 

realized project in real manufacturing environment, 

activities that do not add value to the customer which are 

presented in seven types of waste eliminated and lean flow 

which is more effective and economically way of 

manufacturing goods gained. During this work lean 

manufacturing to the process of pump production 

implemented and the following gained: Working stations 

now provide improved material and information flow, 

Productivity is increased by 8%, lead time is reduced by 

25%, Inventory between working stations is completely 

eliminated. Kaizen, redesign of layout, setup time reduction 

and line balancing are the lean tools utilised in this work. 

Consequently Value Stream Mapping (VSM) is used as a 

tool to map the present and the future state process. 

Key words: Lean Manufacturing, Manufacturing 

Environment, Kaizen, Productivity 

I. INTRODUCTION 

Lean production is production philosophy which main 

purpose is to eliminate all actions that do not add value to 

the customer. Working from customer perspective who 

consume products and services, “value” is defined like 

action or process for which the client is ready to pay so they 

can get product or service on certain time, in certain quantity 

with highest quality. Lean productive philosophy is 

identified in nineties. Its origins begin with Toyota 

production system and it is familiar for identifying and 

eliminating the seven types of waste. Lean production 

presents optimization of the process, elimination of the 

waste and usage of empirical methods to figure out what 

makes value for the client, instead not critical accepting all 

ideas. A large number of organizations are following lean 

technologies and experiencing vast improvements in quality, 

production, customer service, and profitability. The purpose 

of this work is to investigate the approach of adopting lean, 

the tools and techniques implemented in order to reduce the 

manufacturing lead time of pump components and it is done 

in a south Indian pump manufacturing industry.  The main 

objective is to evolve and test several methodologies to 

eliminate wastes in the manufacturing line of the pump 

components as the company at present unable to meet the 

customer demand.  

In recent years, a wide range of literature 

associated with lean manufacturing has emerged since 

Womack et al [1] studied the differences between mass 

production and lean production, highlighting the advantages 

of the latter. Several excellent books and reviews presenting 

the whole system or specific lean tools from a theoretical 

and practical perspective have since been published by 

authors such as [4-14]. The implementation of lean 

manufacturing principles in the various manufacturing 

sectors also has been documented in the literature in recent 

years [15].The present work is done at a plant located in 

South India, engaged in manufacturing pumps and motor. 

The industry performs customized production to produce 

various pumps and motor products as demanded by its 

customer. With a solid production capacity of over 1.5 

million pumps per annum, it has been rated as one among 

the best brands worldwide. The ISO 9001 and ISO 14001 

certified company, spanning across 200000 m2 covered 

area.  

The company is unable to meet the customer 

demand due to high manufacturing lead time of pump 

components being produced. The following are identified as 

reasons: transportation time is more, more distance between 

machines which affects continuous flow, changeover from 

one model to another is high, unwanted movement of people 

for getting tools, components and equipments, work content 

is not balanced in the machine shop, no balanced line or 

single piece flow in the sub assembly. Further, the following 

are kept as objectives of the present  work: to reduce the 

total lead time of radial flow casing by 30 %; to redesign lay 

out in the shop floor; to eliminate the transportation time, 

setting time and motion time; to balance the work content 

among the operator; to improve the productivity by 6 %. 

II. MANUFACTURING PLANT, PRODUCT, AND PROCESSES 

This south Indian company is one of the leading names in 

the manufacture of pumping systems globally. With its 

comprehensive range of products over 1500 models, it is 

catering to diverse customer profiles including residential, 

agriculture, building services, general water supply, mining, 

oil and gas, sewage and waste water and coal bed methane 

applications. With a solid production capacity of over 1.5 

million pumps per annum it consists of coil yard, press shop, 

machine shop, assembly shop, sub assembly, testing, 

painting, packaging and dispatch. 

Among several major parts, radial flow casing of 

the pump is selected as a component in the first phase 

implementation process. The casing is made of stainless 

steel with 1.5 mm and 1 mm thickness. The process flow 
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chart is given in Fig. 1 and Fig. 2 illustrating the present 

layout. 

 
Fig. 2: Process Flow Chart of the Selected Component - 

Radial Flow Casing 

III. LEAN PRINCIPLES IMPLEMENTATION 

A. Current State VSM 

To map the process, it is necessary to collect the various 

relevant data regarding each process such as cycle time, 

setup time, change-over time, work-in-process inventory, 

machine availability and number of operators involved in 

the machine is collected.Fig.3 shows the VSM resulting 

from the analysis of the current manufacturing situation of 

radial flow casing. VSM analysis reveals that the value 

added time is only363 sec and the other observations are 

summarised in Table 1. To generate ideas for improvement, 

the Gemba Kaizen is conducted. The participants are shop 

floor engineers and experienced operators. Time study and 

cause and effect diagram are the tools preferred for further 

analysis. This is followed by redesign of the lay out for 

improvements.  

 
Fig. 2: Radial Flow Casing – Present Layout 

 
Fig. 3: Current state VSM – Radial Flow Casing 
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Category Time 

Lead time 24.40 days 

Value added time 363.00sec 

Raw material inventory 0.05 days 

WIP inventory 22.73 days 

Finished goods inventory 1.47 days 

Table 1: Current State VSM – Observations 

B. Redesign of the Layout  

At first, in order to identify the causes of waiting and 

inventory waste cause and effect diagram (Fig. 4) is made. It 

is found that the present layout in the workshop is complex 

and the machines are not properly arranged in a sequence to 

any of the process flow. The powerful general-purpose 

facility layout optimization software VIP-PLANOPT [16] is 

used for redesign. The routings are found based on high 

volume and the layout has been modified accordingly. By 

collecting data about machines, operation sequence and area 

of the layout the software gives a better solution (Fig. 5). 

After redesigning the layout, the distance between the 

machines located in the press shop gets reduced from133 

meters to 56 meters and more space is available within the 

shop floor which paves way to easy handling of materials. 

Additional benefits identified are: flexibility among 

workers, easy handling of materials and continuous flow. 

The new layout now acts as a dedicated flow line for four 

inch casing and other critical components. 

 
Fig. 4: Cause and Effect Diagram for Waiting and Inventory 

Waste 

C. Kaizen  

Forty percentages of the operations of four inch radial flow 

casing are being done at the press shop and it is found that 

more non value added activities are done by the operators 

due to motion waste. This is due to lack of access to parts. 

Presently the operators are using a small tray to refill the 

parts. This non value added time during work makes the 

machine idle and affects the production rate. The causes for 

the same are studied and through discussion with the 

operators and the shop floor supervisor is done. Fig.6 

represents the fish bone diagram for the press shop process. 

It is found that the storage bin is slightly away from the 

worker which is uneasy to take parts. Every 20 min the 

worker is getting down near to the bin, taking parts of some 

quantities and filling the tray, again going back to the 

position and restarts the machine. The worker is wasting 4 to 

5 min for every time the tray gets empty. Kaizen in the form 

of new „die storage stand‟ is generated to minimize this non 

value added time. As a result die is stored in the racks of 

stand that kept near to the machines (Fig. 7). It is also found 

that the stand with bin set up is ergonomically beneficial to 

the operators. As a result of kaizen (i) the production 

quantity at the press shop improves from 4680 units per day 

to 5040 units per day (ii) processing time improve from 390 

minutes to 420 minutes. 

 
Fig. 5: Redesign of the layout 

 
Fig. 6: Cause and Effect Diagram for non value added time 

at press shop 
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Fig. 7: Kaizen – „die storage stand‟ 

D. Setup Time Reduction  

In the next step, collection of standard changeover time data 

from industrial engineering department is done for the high 

volume based pump components which require maximum 

change over time on machines. Time study and activity 

study using a check sheet, function checks are some of the 

techniques used for understanding and analysing the existing 

practice of setup and changeover. Preliminary analysis 

showed that the casing component holds 60% of total 

production. Hence it is necessary to reduce change over time 

of the machine where operations line inside diameter cut, 

step form, first and second bending are done.„Single minute 

exchange of dies‟ (SMED) is the lean tool selected to 

address this kind of manufacturing waste. The prime 

objective is to reduce change over time. By using functional 

clamps and adopting parallel activities during the initial 

configuration the set up time is greatly reduced. Fig. 8 

illustrating the change over time components during the 

operation „step form‟ and Table2 shows the typical activities 

after improvement for the same process. After the reduction 

of set up time by enhancing parallel activities and other 

possible improvements the non value added activities or 

unplanned downtime is reduced significantly and the setting 

time comes down. Further, the work in process inventory 

reduction from 7.3 days to 2.3 days is achieved in the press 

shop. 

 
Fig. 8: Components of change over time – „step form‟ 

process 

4.5 Line Balancing  

Based on the preliminary study the following are observed: 

(i) the sub assembly process is carried out by two workers in 

a batch process which has more waiting time (ii) total work 

content is not balanced (iii) process is not scaled to takt time 

(iv) cycle time is too long or too variable (v) for a batch size 

of 120 units, the total work content time is calculated as 39.2 

minutes. In order to eliminate these deficiencies, line 

balancing is done and maximum productivity is ensured. As 

a result the production quantity is increased to 275 units. 

S. 

No 
Activities Parallel Activities Workers Time 

Task 

Type 
Improvements 

1 
Calling fork lift near to the 

machine(A) 

Getting tools to unclamp 

the die(B) 
2 3 min I Time saved 

3 
Unclamping manually the top and 

bottom clamps(A+B)  
2 

1 min 

50 sec 
I Use nut runner 

4 Loading die to the fork lift(A+C) 
Spanner search and 

findings(B) 
2 2 min I Time saved 

5 
Fixing Punch holding plate to m/c 

(B+C)  
2 1 min I 

 

6 
Walking to tool room along with 

fork lift  
* * E Eliminated 

7 Placing the die into die rack 
 

* * E Eliminated 

8 New die searching from the rack 
 

* * E Eliminated 

9 Loading new die to the fork lift 
 

* * E Eliminated 

10 
Coming back to press shop along 

with fork lift  
* * E Eliminated 

11 
Punch holder plate loading to m/c 

bed(A+C)  
3 2 min I 

 

12 
Tightening the punch using 

spanners manually  
1 50 sec I 

 

13 Placing it to the die (A+C) 
Ejection rod finding and 

inserting(B) 
3 1 min I Time saved 

14 
Ejection rod lowering and raising 

check(A)  
1 15 sec I 

 

15 Die ejection plate insert over 
 

1 25 sec I 
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punch(A) 

16 
Placing die over punch and 

fixing(A+B)  
1 30 sec I 

 

17 Placing the die holder plate(A) 
 

1 
1 min 

40 sec 
I 

 

18 
Fixing the end clamps and 

check(both side)  
1 42 sec I 

 

19 Adjusting the die holder plate(A) 
 

1 1 min I 
 

20 
Fixing and tightening of clamps 

in the top (A) 

Fixing the lower clamps 

to punch holder plate(B) 
2 

6 min 

30 sec 
I Use nut runner 

21 
Trial check by raising and 

lowering the die(A)  
1 20 sec I 

 

22 
Trial piece insert and offset 

check(A)  
1 6 min I 

 

23 
Limit switch adjustment and trial 

run(A)  
1 

3 min 

30 sec 
I 

 

24 Quality check and approval(D) 
 

2 12 min I 
 

A-Permanent operator, B-Worker, C- 

Fork lift operator ,D- Quality Inspector 
Total Time 45 min 

 

Total time saved: 

16 min 

Table 2: Activities involved in the process „step form‟ after SMED (I=internal and E=external) 

IV. CONCLUSIONS 

In summary, all the possible kaizen‟s and lean tools are 

applied in several areas in the manufacturing unit of the case 

industry and a considerable reduction in lead time is 

achieved. The other benefits obtained from this work are: 

 The manufacturing lead time of four inch casing of 

pump fall from 24 to 16 days 

 34 % improvement in the reduction of lead time is 

achieved 

 The amount of time dedicated to movement is 

reduced in a variety of ways, such as decreasing the 

distances between machines in the press shop.  

 By making the materials to flow on the production 

line in smaller batches in press shop the work in 

process inventory between processing stages is 

minimized. 

 The die stand and bin set up introduction is flexible 

to the operators  

 Continuous flow been created in the machine shop 

and thus the inventory level is greatly reduced. 
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