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ABSTRACT 
 

 In a present customer driven market, it urges the industry to implement the lean tools to reduce or eliminate the Non Value Added 
Activities and to be sustainable in a competitive environment. This study deals with the application of lean tools like Value Stream 
Mapping, 5S, Kanban, line balancing etc. to reduce manufacturing lead time of 0.5hp minimaster monoblock pump in a pump 
manufacturing industry. Initially time study has been conducted for various operation involved in manufacturing of pump. Current state 
map has been drawn to identify VA, NVA and simulation of current state layout has been done with the help of ARENA. After the 
implementation of lean tools such as 5S, and Kanban, again time study has been conducted and simulated with ARENA to determine an 
improvement in performance measures such as output and resource utilization. Line balancing is done for assembly of the monoblock 
pump to determine the number of workstations needed to complete the assembly of monoblock pump within a stipulated time. 
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INTRODUCTION 
 
 In today’s customer driven market, it is 
necessary to manufacture any product with least time 
to satisfy the customer on time. Customers are also 
demands variety of product in short span of time. So 
it becomes necessary to identify and eliminate the 
non value added activities involved in the 
manufacturing of the product. Simulation is another 
area which helps to take any strategic decision before 
actual implementation in physical environment. It is 
imitation of real environment.  With the help of 
simulation one can ascertain whether given layout 
can meet one’s desired performance or not. Value 
stream mapping is the lean management tool that 
represents the flow of materials and information 
across the enterprise. It also shows value added and 
non value added times involved in the manufacturing 
of any components and provides opportunities for 
improvement. The element of value stream mapping 
software includes supplier, production processes, 
office, lead time and customer. It tells us about the 

current state or As Is model (where we are) and 
future state or To Be model (where we want to be). 
 Simulation is the imitation of real world process. 
Model will be formulated and it will be verified and 
validated generally, whereas nowadays many 
simulation software packages are available to 
simulate any working environment with the help of 
computer. Software packages includes AUTODESK 
factory design suite, ARENA, WITNESS etc. One of 
the major advantages of simulation is comparison of 
various alternatives with respect to required 
performance measures without physical 
implementation in the real environment. From the 
available software packages, ARENA is chosen 
because of its suitability to the required application. 
In this application, performance measure is output. 
Output is inversely proportional to lead time. Line 
balancing is defined as the decision problem of 
optimally partitioning (balancing) the assembly work 
(tasks) among the stations with respect to some 
objective is known as the assembly line balancing 
problem. Different types of line balancing heuristics 
are available such as Largest Candidate rule, Wester- 
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Kilbridge method and Ranked positional weight age 
method.  

 
Literature Review: 
 The article presents a case study, in the gasket 
segment that approaches the use of Computer 
Simulation to identify inefficiencies in the use of 
resources in productive process flows and propose 
improvements. From the modeling scenes and with 
the demand data, it was possible to analyze the 
performance of the simulated processes flows, which 
allowed the help in resources management [1]. By 
drawing the value stream maps of an electric water 
heater assembly line non-value added (NVA) 
operations were determined and then they were 
eliminated in the improved case. It is shown that 
efforts on effective use of resources with prevention 
of waste in their source increase value added (VA) 
operations and also productivity [2]. Lean 
manufacturing is a performance-based process used 
in manufacturing organizations to increase 
competitive advantage. The basics of lean 
manufacturing employ continuous improvement 
processes to focus on the elimination of waste or non 
value added steps within an organization [3]. The 
results from this survey also revealed the main 
barriers that prevent or delay the lean 
implementation. The main barriers to implement lean 
manufacturing system are the lack of understanding 
lean concepts and shop floor employees’ attitude [4]. 
 Value Stream Mapping (VSM) is used to map 
the current operating state for production line. This 
map is used to identify sources of waste and to 
identify lean tools for reducing the waste. To 
eliminate the wastes found from the current state 
map Kanban system is suggested for pre machining 
section and single piece flow concept is suggested 
for machining section. Then a future state map has 
been developed for the system with lean tools 
applied to it [5].  
 The problem of Assembly Line Balancing deals 
with the distribution of activities among the 
workstations which lead to the maximum utilization 
of human resources and facilities without disturbing 
the work sequence. Assembly lines are traditional 
and still attractive means of large-scale production. 

Since the time of Henry Ford, several developments 
have been taken place in production systems which 
changed assembly lines from strictly paced and 
straight single-model lines to more flexible systems 
as parallel work stations, customer-oriented mixed-
model and multi-model lines, U-shaped lines and 
unpaced lines with intermediate buffers. In this paper 
a problem of line balancing in cashew nut shelling 
machine production has been discussed using ranked 
position weighted method [6]. 
 
Methodology: 
1.  Product structure is drawn which shows various 
components used in the product. 
2. Operations involved in the manufacturing of 
product (0.5hp minimaster monoblock pump) have 
been found out. 
3. Time study has been conducted. 
4. Current state VSM was drawn to represent VA 
and NVA involved in various operations of 
manufacturing of monoblock pump. 
5. Simulation was done with the help of ARENA 
software to determine output for time period of one 
month. 
6. NVA was eliminated with the help of 
implementation of lean tools such as Kanban and 5S. 
7. Again time study was conducted to determine 
time involved in various operations. 
8. Simulation was done for recalculated time study 
data and output was determined for new time study 
data. 
9. Future state VSM was drawn to represent 
opportunities for improvement. 
 
Product Structure: 
 The product structure is shown in the figure 1. 
This shows various subassembly and its components 
used to manufacture the minimaster monoblock 
pump. The motor consists of stator, rotor, attachemnt 
cover, back cover and auxillary components such as 
TOP, bolts, fan cover etc. the pump subassembly 
consists of pump casing, lower flange, upper flange 
and impeller. The product structure will help to 
identify the various subassembly of the components 
and sequence in which final product is formed. 

 

 
 
Fig. 1: Product Structure. 
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Company Layout: 
 The layout of the company is shown in the Fig 2 
. This helps to identify the unnecessary movement of 
the material, man inside the company. The layout is 
drawn using AutoCAD drafting software. The 
company consists of various departments such as raw 
material and packaging materials storage, 

administrative office, machine shop 1 and 2, 
performance testing, quality control, assembly. 
Another part of the company consists of foundry 
which is used to meet the requirements of casting 
components needed in pumps and motors. It consists 
of departments such as molding, melting, sand 
blasting and fettling sections. 

 

 
 
Fig. 2: Layout of the Company. 
 

 
 
Fig. 3: Current State Map. 
 
The various operations done on different components 
used to manufacture entire product is given below: 
• Rotor shaft � Rough machining, Keyway 
cutting, pressing and grinding. 
• Stator casing� Facing, drilling, tapping, 
pressing and boring. 
• Attachment and back cover� Facing, drilling 
and tapping. 
• Upper and lower flange� Facing, boring, 
drilling and tapping. 
• Pump casing� Facing, drilling and tapping   
 Remaining components such as impeller die 
casted stamping and auxiliaries such as TOP, wire, 
washer, bolt and nut, fan cover has been purchased 
from suppliers. All the casting components indicated 
above have been procured from foundry which is 
located adjacent to machine shop. 
 
Time study:  
 Time required to accomplish each operation has 
been taken with the help of stop watch for the twenty 
components and then average of ten components was 
calculated to determine the cycle time for each 

operation. The cycle time was used for the simulation 
of manufacturing system using ARENA. 
 From the above time study it is well known that 
winding operation is the bottleneck operation which 
is consuming more time in the manufacturing of 
0.5hp minimaster monoblock pump. The current 
state map as shown in the fig 3 is drawn using igrafx 
software. 
 
Simulation Of Manufacturing System: 
 The manufacturing systems which consist of 
various resources are modeled to calculate the 
performance measures of a system. The modeled 
system with the help of simulation software is shown 
in fig 4. 
 Kanban is method which is used in JIT 
manufacturing. By implementing the Kanban in 
process inventory is reduced which leads to reduction 
in manufacturing lead time of the monoblock pump. 
To make Kanban system work, manufacturing 
processes are designated as preceding process and 
subsequent process. The withdrawal Kanban details 
the quantity that the subsequent process should 
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withdraw, while the production ordering Kanban 
shows the quantity preceding process should 
produce. By drawing the Value Stream Map as a 
tool, a number of wastes were listed out in the 
current manufacturing line out of which Unnecessary 
inventory is very important as it affects more, the 
cost of production. We can call this production as a 
‘Push Production’ as the machine stations in the 
manufacturing line produces the valves based on the 
capacity of the machine station not based on the 
demand  In these project two bin systems is used for 
the Kanban implementation. Kanban is implemented 
between the following stations as shown below 
OP = ((CD X R) + SS)/CQ                                (1) 
OQ = (CD X R)/CQ                      (2) 
Where: 

Average or peak customer demand = CD 
Supplier replenishment time = R 
Container QTY = CQ 
Desired safety stock (%) = SS 
Order Point/Order QTY = OP / OQ  
Number of Kanban = (ADD+SS)/Container Quantity
              (3) 
Where  
ADD = Average Daily Demand 
SS  = Safety Stock 
        Based on the the equations 1, 2 and 3, the 
optimal number of kanban is calcualted as given in 
the table 2. This leads to reduction in WIP inventory 
and elimination of the unnnecassary waste such as 
over production, excess inventory. 
 

 
Table 1: Cycle Time of Various Operations. 

S .No Component Operation Cycle time(sec) 
1 Shaft center drill Drilling 180 
2 Shaft Rough machining 40 
3 Shaft Keyway cutting 200 
4 Rotor Pressing 38 
5 Rotor Grinding 330 
6 Stator pressing 80 
7 Stator or rotor Winding 3600 
8 Suction flange Facing + boring 180 
9 Suction flange Tapping 55 
10 Delivery flange Boring 98 
11 Delivery flange Tapping 55 
12 Suction and delivery flange Drilling 200 
13 Casing Facing 50 
14 Casing Turning 170 
15 Casing Drilling and tapping 440 
16 Attachment and back cover Facing 50 
17 Attachment and back cover Turning 40 
18 Attachment and back cover Drilling and tapping 190 
19 Assembly  1200 
20 Packing  80 

 

Fig. 4: ARENA model Implementation of 5s and Kanban. 
 
Table 2: No Of Kanban. 

No of Kanban Stations 
2 1&2 
1 1&3 
2 2&3 
3 3&4 
2 3&4 

 
Station 1 = lathes used for turning and slotting 
operations 
Station 2 = lathes used for drilling and facing 
operations 

Station 3 = press tool for rotor and stator pressing 
operations 
Station 4 = CNC used for rough and finish grinding 
operations 
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 NVA time has been identified based on 
customer perspective. As company is transforming 
from old to new environment in terms of resources 
such as machineries, labors and integration of IT into 
manufacturing environment, it is not possible to 
completely eliminate the NVA time. It is a 
continuous improvement process. But with the help 

of implementation of lean tools such as 5S and 
Kanban system as shown in fig 5, NVA time has 
been minimized. In this case Kanban means bins 
with cards attached to them. Bin size is kept constant 
but no of bins is varied based component size it can 
accommodate.  

 

 
 
Fig. 6: Future State Map. 
 

 
 
Fig. 5: implementation of 5S and Kanban. 
 
Future State Map: 
 After the implementation of lean tools such as 
5S, and Kanban again time study is conducted and 
future state map is shown in the fig 6. The future 

state map shows the areas possible for the 
improvements in the future.  The time study data 
after the implementation of the lean tools is shown in 
the table 3. 

 
Table 3: Cycle Time. 

S.No Component Operation Cycle time(sec) 
1 Shaft center drill Drilling 140 
2 Shaft Rough machining 40 
3 Shaft Keyway cutting 200 
4 Rotor Pressing 38 
5 Rotor Grinding 270 
6 Stator pressing 80 
7 Stator or rotor Winding 3300 
8 Suction flange Facing + boring 180 
9 Suction flange Tapping 55 
10 Delivery flange Boring 74 
11 Delivery flange Tapping 55 
12 Suction and delivery flange Drilling 200 
13 Casing Facing 50 
14 Casing Turning 150 
15 Casing Drilling and tapping 400 
16 Attachment and back cover Facing 50 
17 Attachment and back cover Turning 40 
18 Attachment and back cover Drilling 70 
19 Assembly  994 
20 Packing  80  

5S 
Bins for 
Kanban 
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Line Balancing: 
 In assembly line, it is found that line of 
assembling the monoblock pump is not balanced. It 
actually consists of different activities in complete 
assembly of the pump. The time required in 

accomplishing each activity and its precedence 
relationship is shown in table 4. All three methods 
are used for line balancing and best one is chosen 
based on the balancing efficiency. 

 
Table 4: Assembly Description. 

Activity Description Time in seconds Predecessor 
A Connecting circlips with Rotor 16 - 
B Connecting the bearings with rotor 65 A 
C Fixing various components with stud, bolt 90 A,B 
D Fixing the winding coil into stator 94 - 
E Fixing the doom cover into stator 60 D 
F Joining the stator and rotor together 154 C,E 
G Connecting the metal fan and cover 97 F 
H Fitting the impeller with the casing 110 - 
I Connecting attachment and back cover 44 H 
J Connecting the suction flange with casing 40 I 
K Connecting the delivery flange with casing 40 J 
L Joining the pump and motor together 184 K,G 

 

 
 
Fig. 7: Precedence diagram. 
 
Total demand per month = 540 pumps 
Total time available for manufacturing this model = 
144000 seconds 
Cycle time = 144000/540 = 248 seconds 

       The assembly line of monoblock pump is 
balanced with the help of Largest Candidate Working 
Rule and Kilbridge Wester method as shown in table 
5.  

 
Table 5: No Of work sations. 

Largest Candidate rule Kilbridge Wester method 
Station Activities Time Station Activities Time 

1 
H 110 

1 
A 16 

D 204 D 110 
I 248 H 220 

2 

E 60 

2 

B 65 
J 100 E 125 
K 140 I 169 
A 156 J 209 
B 221 

3 
C 90 

3 
C 90 F 244 
F 244 

4 
K 40 

4 G 97 G 137 
5 L 186 5 L 184 

 
 The balancing efficiency of the assembly line of 
monoblock pump is 80.1 % by LCW and 81.4% by 
Kilbridge Wester method.  

 
Results: 
 The current state has been studied thoroughly 
and time study is taken to identify VA, NVA 
activities involved in manufacturing of 0.5hp 

minimaster monoblock pump. Simulation has been 
done with the help of time study data collected and 
output was calculated which was equal to 480 and 
utilization of resources also has been calculated as 
shown in fig 8. After implementing some of the lean 
tools such as 5S, and Kanban, manufacturing lead 
time of pump has been reduced and production is 
improved to 540 as shown in fig  9. 
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Before implementation of lean tools: 
 

 
 
Fig. 8: Output of the manufacturing system. 
 
After implementation of lean tools: 
 

 
 
Fig. 9: output of the improved manufacturing system. 
 
Conclusions: 
 Lean tools are used almost in all industries such 
as automobile, service, coal and mining etc for the 
elimination of wastes which includes overproduction, 
unnecessary movement of materials etc. VSM is one 
of the tools which are being used for the 
identification of VA and NVA time involved in the 
manufacturing of any product. Kanban is used for 
eliminating the unwanted waiting or inventory 
between two processes of the system. Line balancing 
is done for assembly line to determine the number of 
workstations and balancing efficiency. Simulation is 
an active research area which is useful for the 
imitation of real environment to determine the 
performance measures of system. Now much 
simulation software is used to accurately represent 
the actual manufacturing system. In this paper, 
ARENA simulation software was used for 
determining the performance measures such as 
output and resource utilization due to its suitability 
for this application.  
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