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One of the important lean manufacturing techniques is Value Stream Mapping (VSM). Lean approach is implemented
by using VSM. It collects the detailed information at every workstation. This information includes set up time; Work
in Process Inventory (WIP), resource utilization, Value adding activities, non-value adding activities and detailed
information about the flow from raw materials to finish products. Process simulation performs what - if analysis
and helps management to take decision for the investment. In this work, application of VSM is presented by a case
study in reputed Switchgear manufacturing company for the assembly line of Circuit Breaker. Packing of current
transformer was selected for this study. After the analysis of current state, various gap areas were identified and
future state map was proposed in which four layouts were simulated using Arena simulation software. Process was
simulated under different circumstances to obtain optimal solution. There was considerable reduction in Work in
Process (WIP) inventory, Cycle time, Manpower, handling, accidents, rejection and lead time. This has also helped
to improve the quality and image of the organization. Thus, practitioners can use these tools to take correct decision
for manufacturing new products. This study can also be extended for Cost analysis.
KEYWORDS

Lean Manufacturing, Process Simulation, Value Stream Mapping, Takt Time, Current and Future State Map, Lead
Time, Station, Cycle Time.

1. INTRODUCTION
In this study Lean manufacturing is used to improve the productivity.
Study focuses on VSM and Process Simulation. Lean manufacturing is
a systematic approach to identify value added activities and eliminate
the non-value-added activities like setup time, material shortage time,
equipment breakdown time, rework time, material handling time etc.
Lean uses tools like line balancing, VSM, total quality management, total
productive maintenance, method study, time study, layout study and
Maynard operation sequence technique etc. lean manufacturing is highly
practical and management oriented.
In VSM, product or process is identified first as the target for improvement.
Then current state map is prepared by walking along the actual process.
This provides the basis for identifying its weaknesses and analyzing the
system. Next step is to create the future state map, which is a prediction
of how the system should look after the inefficiencies have been removed.

In Process simulation, systems can be simulated in the form of 2D or 3D
animation/graphics using commercially available software’s like Arena,
WITNESS, Auto Mod, eM-Plant, Any Logic etc., which avoids expensive
experimental investigation.
2. LITERATURE REVIEW

According to [1] VSM is defined as Value adding (VA) and Non value
adding (NVA) activities. VSM mainly records flow of information within
the system, like raw materials and work in process. These are required
to develop a product. Current and future state maps were focused to
explain the benefits of a lean system [2]. It was explained pictorially.
Method for constructing an action plan has been discussed. VSM
techniques were used by [3] for improving productivity at supplier end
for an auto industry. The gain in output per person, reduction of work in
process, and finished goods inventory was reported [4].
Studied the effect of perturbations introduced due to the late arrival
of material. The system was simulated in Arena. Bottlenecks and nonvalue-added activities were identified. It was concluded that these
perturbations can be absorbed with minimal impact if there is some
slack in the system in terms of the buffer. VSM was used to resolve
practical issues in job shop [5]. VSM techniques were identified as lean
implementation [6]. 33% reduction in cycle time, 81% reduction in
changeover time, 81% reduction in lead time and 1.5% reduction in
value-added time was claimed.

VSM technique was used for the improvement project in the sheet metal
cutting line [7]. Average supply period was changed from 7 to 3 days.
With this, it was possible to reduce the average raw material inventory
by 37.5%. Author used multiple case study approach and concluded
that VSM can be used as redesign tool for manufacturing. VSM is a
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versatile tool for lean implementation as shown by [8] with a case study
of manufacturing industry. The results were; 97.1% reduction in WIP,
92.58% reduction in lead time, 26.08% reduction in manpower and
2.17% reduction in processing time.
Arena and MATLAB© was used by [9] to reduce the cycle time. It was
demonstrated that by introducing the model, the company could explore
new policies, operating procedure, and organizational structures
without disrupting ongoing operations. Show flow simulation software
was used [10] to remove the bottleneck by introducing sub-assembly
workstation in parallel with workstation 14. It was concluded that
vehicle model with largest assembly line should be followed by vehicle
model with the smallest assembly line. Wherever, labor utilization at a
workstation is low, it was proposed to reduce the number of operators
on the workstations. To meet the increase in demand, process time has
to be reduced which calls for more resources at identified workstation.

Figure 1: Crux of VSM.

Application of Maynard Operation Sequence Technique (MOST) is
increasing in recent years. In MOST, every task is divided into smallest
possible activities. MOST was used to improve the productivity [11].
Assembly line was studied using MOST to identify bottleneck workstation
[12]
. They replaced some working tools, modified methods and used jigs to
perform the task in shorter time. Future scope includes use of MOST for
an assembly line having a large number of workstations. Effect of VSM
for manufacturing of CNC machine was demonstrated [13, 27]. Regression
Modeling was used [14] successfully for improving performance of
assembly line in reputed lock manufacturing organization.
Production line was optimized [15] by using the balancing and discrete
event simulation approach. VSM was used to improve the productivity
by improving flow of information and materials [16]. The simulation
study was carried out by using ProModel software [17] for assembly line
balancing in an automotive component manufacturing company. The
methodology to implement VSM and its benefits to various production
industries as well as in service sectors has been discussed [18]. Using VSM
approach, WIP inventory was reduced by proper vendor selection [19].
Within given cost constraints, improvement in performance of vehicle
assembly line was demonstrated [20]. Authors successfully developed and
validated the relationship between Time loss due to failure, absenteeism,
rejection etc. and corresponding cost. MATLAB© was used for simulating
[21]
various forces for designing the helmet. Simulation was presented as
a decision-making tool [22] in a complex manufacturing setup like vehicle
assembly line.

Comprehensive Literature Review [23] is presented on development
and optimization of Vehicle Assembly Line. Design and development
of different activities that emphasizes the application of simulation
capabilities as a tool to aid the continuous improvement process
in manufacturing has been focused [24]. Weld joints were simulated
for detecting the failures due to stresses and the Productivity was
enhanced by eliminating Back Chipping [25]. Simulation platform of
automobile mixed flow assembly is built [26, 27] based on industry 4.0.
The whole assembly time of the 500 automobiles was dropped by 33
hours, the equipment utilization rate increased by 20.19%, and the
average blocked rate decreased by 21.19%. Simulation metamodeling
of trouser assembly line with 72 operations was demonstrated [28] to
consider effect of various factors. VSM has played important role in
improving business performance [29, 31]. Core manufacturing in foundry
was increased considerably by controlling WIP inventory with the help
of VSM [30]. VSM is used successfully to improve Process cycle efficiency
in Bi-metallic relay manufacturing company [32].
The simulation models are analyzed by a numerical method (Lagrange,
Ranga Kutta method) rather than by analytical method. It is possible
to model random events and to predict the effect of the complex
interactions between these events. It is also known as ‘What-if’ analysis
i.e., what will happen if one more hoist or one more workstation is added
or a number of people are changed or a material arrival rate is changed?
This is achieved by changing inputs to the model and then comparing
the outcomes. Simulation is done in a risk-free environment with the
help of process simulation software. Scope for simulation exists for the
automotive sector, supply chain management, airport, warehousing and
distribution etc. Thus, Discrete Event Simulation and VSM has become
important decision support tool in the manufacturing industry today
helping managers to analyze the effects of a large variety of policies with
high alternative combinations of different parameters.

Figure 2: VSM symbols.

3. CASE STUDY AND IMPROVEMENTS BY VSM
A reputed company expressed the desire to improve the productivity
of one of the assembly lines of Current Transformer used in Air Circuit
Breaker (ACB). They had high lead time, high inventories, high cycle
time, high NVAs and rework time.
3.1 Methodology

Lean focuses on reduction of seven wastes as shown in Figure 1. This is
the crux of VSM. The commonly used VSM symbols in current and future
state maps are shown in Figure 2. Initially Cross functional team (CFT)
was formed. CFT consists of workmen, supervisors and managers. Waste
walk observation was done.
Further, mapping of current state VSM was completed with the help of
data gathered. Priotization of defect data and Why-Why analysis was
done next. Then Identification of work content reduction project was
taken. Gap analysis for future state VSM was worked out and action for
defect reduction was implemented. Process simulation was carried in
order to further improve the output.
Air Circuit Breaker (ACB) spares packaging department:
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Table 1: Labeling of Figure 5.

1

Work table

Tools and materials inventory

4

Finished goods inventory

5
6
Figure 3: Spares packaging department.

Labeling

2
3

7

21

Daily components inventory
Label printing station
Sample display
Test bench

shelves within the shop. These could be either close to the operator or at
a considerable distance. Labels for the boxes are printed at the printing
station in the department and given individually to the operators. The
finished products are then placed on wooden platform on one side of the
shop. From here, these are transferred to trolleys and sent for shipping
as and when required. The sequence of operations is shown in Figure 6.
1. Collect polythene bags, air bubble bags, padding material, silica gel,
cartons, transparent tape, brown packing tape, etc. (for 60 components)
from the tools and material inventory.
2. Put each Current Transformer in a polythene bag and seal the bag.
3. Put each polythene bag in an air bubble bag and tape it.
4. Put each air bubble bag in separate cartons.
Figure 4: Inventory of finished goods.

5. Place padding material and silica gel in each carton.
6. Seal each carton.

7. Label each carton and stick month code.

8. Place the finished goods in the inventory.

Problems in the current method of packaging spares are:
1. High work-in-process (WIP) inventory.
2. Time consuming.

3. Movement of operators within the shop is very high. (Collection of
tools and materials required for performing the operations, placing
finished goods in inventory). This can be considered a risk for accidents
and also an overburden and NVA for the operators (Muda and Muri).
Figure 5: Layout and working of spares packaging department.
The spares’ packaging department is responsible for packaging of various
spare parts of the air circuit breakers as per the customer requirement.
The customer requirements are communicated to this department by
the marketing department which identifies the need for spares required
in the market. Existing set up is shown in Figure 3 and 4.
Current Status:

The packaging of components is done manually by the operators in a
shift of 430 minutes. Each operator packs components of a particular
daily order entirely by himself. There is no One-piece flow line and every
operation is done by an individual operator manually as shown in Figure
5 and table 1.

The material and tools required to do the packaging are stored in

4. Once the carton is sealed, there are chances that the operator may
glue the label on the bottom of the carton instead of top. This happens
because there is no indication as to which way is up.

5. Manual labeling is time consuming. Also, manual labeling leads to
various errors such as wrinkles, tears, positioning, and mis-alignment
of the labels.
6. Each component that is packed has a different barcode on it. This
barcode does not match the barcode on the label of the carton because
no check is conducted for the same.

7. Finished goods are stored on a wooden platform and then transferred
to trolleys at the time of shipment. This is an overburden and NVA for
the operators. Also, it consumes a lot of time.
Based on above data, current state map of the spares’ packaging
department is drawn. The current state map can be analyzed and an
improved future state map can thereby be developed.
The Current State Map:
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Figure 7: Current state map.

done.

Figure 8: Initial suggested layout.

a. Introduction of One-piece flow line for packaging of spares
Figure 6: Sequence and operation for the current layout.
1. Product: Current Transformer and Customer Requirements: 60
pieces/ day.
2. No. of operating hours: 8 Hours/ Shift = 480 min /shift and Break
minutes per shift: 50 min.
3. No. of shifts per day: 1 and No. of days per week: 6.

4. The components, materials, etc. from the supplier form an inventory
of 3 days i.e. 180 pieces.
5. 60 pieces are stored, 60 tested and stored for the next day, and 60
tested pieces from the inventory are packed.

Cycle time = no. of operating hours/ no. of pieces = 430/60 = 7.16 min
= 430 sec.
On following the steps to draw a current state map as mentioned before, the
current state map for packaging of current transformers is shown in Figure 7.
3.2 Improvement in the current state

After gap analysis and brainstorming following improvements were

Flow lines are one of the most widely used production systems. The
conventional productivity metrics, namely throughput and utilization
rate give a substantial measure of the performance of a flow line. A
set of other measures such as flow line capacity, production lead time,
number of values added (VA) and non-value added (NVA) activities,
work-in-process, material handling, operator motion distances, line
configuration and others, along with the throughput and utilization rate,
completely characterize the performance of a production system. A onepiece flow line yields optimal performance by an optimal setting of all
these factors.
Thus Because of one piece flow line Work in process inventory will
be reduced, Time taken for completion of orders will be reduced and
Barcode on product will be same as barcode on label.
b. Tools and materials inventory moved to the respective work stations

So that unnecessary movement of operators within the shop will be
minimized.
c. Use of triangular stamp ()

This stamp is placed on the carton immediately after sealing it at the
position where the label is to be glued so that it will eliminate wrong
upside-down labeling.
d. Introduction of automated labeling
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An automatic labeling system consists of three key components: a
labeling head, a conveyor for product transport, and an integrated
control system. Each of which, in turn, have their own sub-components.
It will minimize the errors of manual labeling viz. Inconsistent Label
application, Missing labels, Wrinkled / Torn labels and Poor labeling
accuracy.
e. Use of trolleys for finished goods inventory

It will eliminate current use of wooden platforms which minimizes
overburden and NVA work for the operators. This will reduce the time
as well.
The initial working layout of the spares’ packaging department is shown
in Figure 8 and Table 2.

Automatic labeling: (Time required: 10 Seconds)

23

The operator at the printing station will give the print command when
the first carton reaches the labeler. This operator will be responsible for
controlling the automatic labeler as and when required. The barcode scan
at workstation 1 enables the labels to be printed in required sequence,
hence making the barcode on the product and the label same. Once the
labeling of a carton is complete, it will be pushed ahead by means of the
conveyor. At the end of the conveyor, an operator will pick up the carton
and place it in the trolley. This will eliminate unnecessary movement of
operators to place the cartons in the finished goods inventory. This is
shown in Figure 9.

Table 2: Labeling of Figure 8.
Labeling

1

Work station 1

3

Work station 3

2
4

Work station 1
Tools and material storage

Figure 9: Sequence of operations (Initial suggested Layout).

Daily components inventory

With the suggested improvements future state map is drawn as shown
in Figure 10.

5

Weekly tools and material inventory

7

Finished goods inventory on trolleys

9

Automatic labeller

6
8

10
11
12

Label printing station
Conveyor

Sample display
Test bench

At the beginning of each week, the inventory at the respective work
stations would be replenished from the tools and materials storage
with the week’s requirement. This eliminates unnecessary operator
movement in acquiring the required tools and materials from the
inventory every now and then.
Operations at Workstation 1: (Time required: 1.16 Minutes)

Scan the barcode of product (This would list the barcodes in the required
sequence at the label printing station). Assemble the product (if any).
Place the component in a polythene bag, seal it and push the component
to workstation 2.
Operations at Workstation 2: (Time required: 2 Minutes)

Place the component in an air bubble bag and tape it. Place the
component in the carton. Place the padding, silica gel and manual in the
carton and push the component to workstation 3.
Operations at Workstation 3: (Time required: 3 Minutes)

Seal the carton. Place the triangular stamp () at the position where the
label is to be glued. Stick the month code on the carton and push the
carton ahead for automatic labeling by means of a conveyor.

Figure 10: Future state map.

4. IMPROVEMENTS BY PROCESS SIMULATION

The One-piece flow line for packaging of ACB spares was simulated using
Arena Simulation.

This was a pilot run and the initial suggested layout. Due to space
constraints, detailed report, only for the selected layout is given in
Results and discussion section. From the simulation of initial layout
as shown in Figure 11 and report from Table 3, it can be seen that
introduction of one-piece flow line and automated labeling in ACB
Spares Packaging Department will lead to the following improvements:

1. Workstation 3 takes maximum time i.e., it is the slowest (bottleneck)
operation, so cycle time is 180 sec. The time taken for packaging of 60
spares which currently takes 430 min will be reduced to 183 min and 19
seconds. i.e., 139 spares can be packed efficiently in 430 min.
2. Work in process inventory minimized.

3. Movement of operators within the shop which is currently very high
will be almost negligible.
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Figure 11: Simulation of Initial suggested layout.

Table 3: Simulation report of initial suggested layout.
Operators
1
1
1
1

Station Name

Workstation 1
Workstation 2
Workstation 3

Queue

High at 3

Auto Labeller

Time in sec.

Utilization

120

0.6465

70

180
10

0.3750

Output

0.9698

139

0.0538

6. Automated labeling will eliminate human errors such as wrinkles,
tears, mis-alignment of labels, and the positioning of the label will be
accurate. Time taken for labeling will be reduced to 10 sec.
7. Finished goods will be directly stored on trolleys which can be taken
to the shipping area with ease, hence reducing time and operator effort.

The detailed simulation report consists of KPI (Key Performance
Indicators) like VA, NVA, Cycle time, Transfer time, No.in, No. out,
Rejections, WIP, Queue lengths, Resources utilization etc. which is given
in Results and discussion section for the selected layout. However, it can
be seen that no. of waiting products and waiting time at workstation 3 is
comparatively high. Also, utilization of operator 3 is the highest. Hence,
alternative layouts are designed in order to overcome these issues by
What-if Analysis. Here three different layouts are tried by addition of
workstations, operator or other resources to check the effect on output.
4.1 Alternative Layout A
Figure 12: Layout A.

Table 4: Labeling for Figure 12.
Labeling

1

Work station 1

3

Tools and material storage

2

Work station 1

4

Weekly tools and material inventory

6

Finished goods inventory on trolleys

8

Automatic labeller

5
7
9

10
11

Daily components inventory
Label printing station
Conveyor

Sample display
Test bench

The time taken at workstations 1, 2 and 3 in layout one is 1.16 min, 2
min and 3 min respectively. In order to minimize the queuing time at
workstation 3, we combine workstation 1 and 2.
Hence, no. of workstations = 2 and automatic labeling workstation.

No. of operators = 3+1 = 4. The layout is shown in Figure 12 and Table 4.
Sequence of operations is as under.
Operations at Workstation 1: (Time required: 3.16 Minutes)

Scan barcode of product. (This would list the barcodes in the required
sequence at the label printing station). Assemble the product (if any).
Place the component in a polythene bag and seal it.
Push the component to workstation 2. Place the component in an air
bubble bag and tape it. Place the component, padding, silica gel, manual
in the carton and push the component to workstation 3.
Operations at Workstation 2: (Time required: 3 Minutes)

Seal the carton. Place the triangular stamp () at the position where the
label is to be glued. Stick the month code on the carton. Push the carton
ahead for automatic labeling by means of a conveyor.
Automatic labeling: (Time required: 10 Seconds)

4. No. of operators will be reduced from 9 to 5.

5. Barcode on the product will be the same as that on the label.

The operator at the printing station will give the print command when
the first carton reaches the labeler. This operator will be responsible for
controlling the automatic labeler as and when required.
Layout A for packaging of ACB spares was simulated using Arena
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Figure 13: Simulation for Layout A.

Table 5: Simulation report of initial suggested layout.
Operators

Station Name

Queue

Time in sec.

Utilization

Output

Workstation 2

Minimal

180

0.9419

135

1

Workstation 1

1

Auto Labeller

1
Simulation Software.

190
10

0.9921
0.0523

From the simulation of layout, A as shown in Figure 13 and report from
Table 5, it is noticed that:
1. Workstation 1 takes maximum time i.e., it is the slowest (bottleneck)
operation, so cycle time is 190 sec. The time taken for 60 spares will be
192 min and 46 sec. Also, this means that in a shift of 430 min, up to 135
spares can be packed efficiently.
2. No. of operators will be reduced from 5 to 4.

Possibility of further improvement can be checked by simulating one
more layout.
4.2 Alternative Layout B

The time taken at workstations 1, 2 and 3 in initial layout is 1.16 min,
2 min and 3 min respectively. As seen earlier, the waiting time at
workstation 3 is high. In order to minimize this, we employ an extra
operator at workstation 3. Layout B is shown in Figure 14 and Table 6
followed by sequence of operations.
No. of workstations = 3 and automatic labeling. No. of operators = 5+1
= 6.
Operations at Workstation 1: (Time required: 1.16 Minutes)

Scan barcode of product. Assembly of the product (if any). Place the
component in a polythene bag and seal it. Push the component to
workstation 2.
Operations at Workstation 2: (Time required: 2 Minutes)

Place the component in an air bubble bag and tape it. Place the
component in the carton. Place the padding, silica gel and manual in the
carton. Push the component to workstation 3.
Operations at Workstation 3: (Time required: 3 Minutes)

The operator who is free will receive the job hence reducing the queuing
time at this work station. Seal the carton. Place the triangular stamp ()
at the position where the label is to be glued. Stick the month code on
the carton. Push the carton ahead for automatic labeling by means of a
conveyor.
Automatic labeling: (Time required: 10 Seconds)

The operator at the printing station will give the print command when
the first carton reaches the labeler. This operator will be responsible for
controlling the automatic labeler as and when required.

Figure 14: Layout B.

Table 6: Labeling for Figure 14.
1
2
3
4

Labeling

Work station 1
Work station 1
Work station 3

Tools and material storage

5

Weekly tools and material inventory

7

Finished goods inventory on trolleys

9

Automatic labeller

6
8
10
11
12

Daily components inventory
Label printing station
Conveyor

Sample display
Test bench

Layout B for packaging of ACB spares was simulated using Arena
Simulation Software.

The layout is same as that of initial model 1. However, an extra operator
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Figure 15: Simulation for Layout B.

Operators

Station Name

1

Workstation 1

2

Workstation 3

1

Workstation 2

1

Auto Labeller

Table 7: Simulation report for Layout B.
Queue

Considerable at 2

Time in sec.
70

120
180
10

Utilization
0.5719

Output

0.9860

0.8093, 0.6698
0.0821

212

From the simulation of layout B as shown in Figure 15 and report from
Table 7, it can be seen that:

1. There are 2 operators working parallel at workstation 2. As there will
be 2 components produced here, it can be said that each component
will take 90 sec. Hence, workstation 2 takes maximum time i.e., it is the
slowest (bottleneck) operation, so cycle time is 120 sec. The time taken
for packaging of 60 spares will be 124 min and 19 sec. So, in a shift of 430
min, up to 213 spares can be packed efficiently.
2. However, the no. of operators is increased from 5 to 6.

3. Also, queuing at workstation 2 is more as compared to workstation 1
and 3. Hence one more layout is tried.
4.3 Alternative Layout C

Figure 16: Layout C.

Table 8: Labeling for Figure 16.
Labeling

1

Work station 1

3

Work station 3

2
4

Work station 1
Tools and material storage

5

Weekly tools and material inventory

7

Finished goods inventory on trolleys

9

Automatic labeller

6
8
10
11
12

is added at workstation 3.

Daily components inventory
Label printing station
Conveyor

Sample display
Test bench

The time taken at workstations 1, 2 and 3 in layout 1 are 1.16 min, 2
min and 3 min respectively. In this layout we add an extra operator at
workstations 2 and 3.
No. of workstations = 3 and automatic labeling. No. of operators = 6+1
= 7.

The layout is as shown in Figure 16 and Table 8 followed by its sequence
of operations.
Operations at Workstation 1: (Time Required: 1.16 Minutes)

Scan barcode of product. Assemble the product (if any). Place the
component in a polythene bag and seal it. Push the component to
workstation 2.
Operations at Workstation 2: (Time required: 2 Minutes)

The operator who is free will receive the job hence reducing the queuing
time at this work station. Place the component in an air bubble bag in
and tape it. Place the component in the carton. Place the padding, silica
gel and manual in the carton. Push the component to workstation 3.
Operations at Workstation 3: (Time required: 3 Minutes)

The operator who is free will receive the job hence reducing the queuing
time at this work station. Seal the carton. Place the triangular stamp ()
at the position where the label is to be glued. Stick the month code on
the carton. Push the carton ahead for automatic labeling by means of a
conveyor.
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Figure 17: Simulation for Layout C.

Figure 18: Simulation output of Layout A.

Cite The Article: Arun Rane (2021). Value Stream Mapping and Process Simulation for Lean Manufacturing of
Circuit Breaker Line. Advanced Management Science, 10(1): 19-29.

27

Advanced Management Science (AMS) 10(1) (2021) 19-29

28

Operators

Station Name

1

Workstation 1

2

Workstation 3

2

Table 9: Simulation report for Layout C.

Workstation 2
Auto Labeller

Queue

Time in sec.

Utilization

Considerable at
2&3

120

0.6837, 0.6047

10

0.1047

Automatic labeling: (Time required: 10 Seconds)

The operator at the printing station will give the print command when
the first carton reaches the labeler. This operator will be responsible for
controlling the automatic labeler as and when required.
Layout C for packaging of ACB spares was simulated using Arena
Simulation Software.

The layout is same as that of model 1. An extra operator is added at
workstations 2 and 3 respectively.

From the simulation from the simulation of layout C as shown in Figure
17 and report from Table 9, it can be seen that:

1. There are 2 operators working parallel at workstation 2 and 3. As
there will be 2 components produced here, it can be said that each will
take 60 sec and 90 sec. Hence, Workstation 3 takes maximum time i.e.,
it is the slowest (bottleneck) operation, so cycle time is 90 sec. The time
taken for 60 spares will be 97 minutes and 19 seconds. So, in a shift of
430 min, up to 277 spares can be packed efficiently.
2. However, the no. of operators is increased from 5 to 7.
3. There is also considerable amount of queuing.

All the layouts were compared and Layout A was selected.
5. RESULTS AND DISCUSSIONS

This study demonstrates the application of VSM and Process simulation
for Circuit breaker assembly line. It was developed and validated in
switchgear industry located in Mumbai, India. In the present case,
packing of current transformer was selected for study. With the help of
VSM technique current state map of manufacturing line was prepared
and various gap areas were identified. Future state map was prepared in
which four layouts were simulated and layout A was selected. Simulation
output of layout A is as shown in Figure 18.

Cycle time is reduced to 190 sec. i.e., every 3.17 min. one component
will be produced. So, time for 360 components (6 days output) will be
1140 min. Cycle time before improvement was 7.16 min. So, time for
360 components will be 2580 min i.e., lead time is reduced by 1440 min.
Reduction in process lead time by 55.81 %:

1. Improvement in cycle time from 7.17 min to 3.17 min i.e., by 55.87%.
2. WIP reduced to 3 i.e., almost zero.

3. Number of operators reduced from 9 to 4.

4. Movement of operators minimized. No accidents.

5. No rejection due to Chances of labeling the box at the bottom.

6. Automated labeling minimizes time and errors like wrinkles, tears,
mis-alignment due to manual labeling.
7. Barcode on product and label will be the same so no mismatch and
rejection.

8. Earlier, finished goods inventory was kept on flat tables and then
transferred to trolleys. Now finished goods inventory is stored directly
in trolleys which will reduce time and effort.

70

180

0.7473

0.9837, 0.9488

Output
277

6. CONCLUSION AND FUTURE SCOPE
The objective of this paper is to highlight importance of VSM and Process
simulation in improving the productivity. Both the approaches are
becoming pervasive which indicates the interest shown in this area by
practitioners and researchers.

Present study is conducted at leading Switchgear Company. After the
analysis of current state and future state map, What-if analysis was
done. All together four layouts were simulated. Cycle time was 180,
190, 120 and 90 sec respectively. Corresponding output was 139, 135,
212 and 277 numbers per 430 min. Also, number of operators is 5, 4, 6
and 7. In order to have trade-off between cost and time, layout A was
suggested. Few of the impressive gains of layout A are; Lead time, cycle
time and man power is reduced by 56%, Work in Process Inventory
is almost zero (Truly one-piece flow line) etc. With these convincing
figures, management was able to take decision concretely.
This present study can be extended for cost analysis as well as for
complex product with more no. of workstations.
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