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Abstract
After the post-second world war, Toyota company have not only proposed but also implemented lean
philosophy and became very successful. Their success story has motivated different companies the
world over and they started implementing lean philosophy. In this journey of lean transformation, not
many companies have achieved success. Many organizations could not achieve success as they failed
in managing challenges that they faced during lean transformation. Few successful companies even
have not reaped the full potential of lean philosophy. This is true even in the case of electricity tower
manufacturing. As for the knowledge of the author goes, not many companies have achieved success
in electricity tower manufacturing companies. In this context, the current research assumes special
significance. The current research work does a comprehensive study of electricity tower-making
plants and applies value stream mapping tools and creates a current state map. Also, tries to identify
different types of wastes and propose a future state value stream map. Current work also presents lean
implementation. In the end conclusions from the current research work are presented. Conclusions
have shown how productivity has improved in electricity transmission tower manufacturing company.
Thus, the research findings are useful for academicians and practitioners.
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1. Introduction

Many manufacturing companies the world over is in the process of lean transformation for meeting the expectations
of customers. Customers expect not only product variety but also expect the company to deliver the desired product
as quickly as possible. Thus, if any manufacturing organization wants to sustain itself in business it is imperative to
become lean so that it can meet customer expectations. However, becoming lean is not easy. The organization will
have to overcome many challenges in the journey of lean transformation. It was reported in the literature, that many
companies have failed in this journey (Bhasin et al. 2006, Aurelio et al. 2011, Benton et al. 1998). Singh et al. (2010)
reported that even in India not many companies were successful in lean implementation. Tower manufacturing is no
exception. In this context, the present research work focusing on, elimination of all forms of waste, for improving the
productivity of a tower manufacturing company, located in India, as a case study, assumes special significance.

2. Literature Review

Companies all over the world will have to overcome challenges to become successful and to sustain in the long run.
Many companies even today use conventional manufacturing practices, like mass production. The problem with the
traditional techniques is that they require large batch sizes. But, in today’s world, manufacturing companies cannot
use very large batch sizes. This is because different customers have different expectations. Thus, companies are
compelled to solve this problem. Ohno (1988) reported that many Japanese companies have started towards solving
this problem. Womack (2003) reported that Toyota is the first to conceive and implement the lean philosophy. Other
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researchers also have started exploring lean philosophy (Ohno 1988, Ketchum 1992, Krafcik 1988, Kim 1993, Liker
1997, Spear 1999). Researchers (Nepal et al. 2011, Panwar et al. 2015, Abdul Malek et al. 2006) have reported little
variation in lean implementation both in product and process-based companies. Researchers have also noticed that a
company’s performance-related factors would drive the success of lean implementation projects. It was also observed
by many researchers that lean implementation projects vary from company to company.
Every company will have different organizational culture. Lean philosophy is people-oriented. It was observed by
many researchers that the lean journey became successful only where there is active people involvement. That is,
people from different departments and levels should participate in the success of lean projects. It was also reported
(Trist 1981) in the literature that when the employer has a long-term commitment towards the well-being of his
employees will make employees commit to any changes that the organization expects. Adler (1993) has observed that
standardization of work will form the foundation for continuous improvement.
The lean system or Toyota Production System (TPS) is people-centric. TPS stresses employee job satisfaction, job
safety, and involvement of employees for making the system highly adaptable and highly responsive. Because, TPS
is flexible and responsive to customer demands, many companies across the world have started implementing TPS.
One more feature of TPS is that all the elements/ or machines are highly connected yet they are highly flexible
concerning product manufacturing (Sobek, 1998). Ohno (1988) reported that TPS rests on JIT and autonomation.
Womack et al. (2007) have explored the lean principles-defining value, creating a value stream, flow, pull and quest
for excellence. TPS offers a set of tools- value stream map, Kanban, Single minute exchange of dies, etc. and can be
used by companies for transforming to lean. Failure in lean implementation by most companies (Mostafa et al. 2013)
is because of improper selection of lean tools. They also cited a lack of proper lean project monitoring and control as
one of the reasons for the failure of lean projects. The literature review reveals many researchers and practitioners
have been working on Toyota Production System for the last few decades, not many lean implementations are
successful in the real sense and also much work has not been done concerning lean implementation in electricity
transmitting tower manufacturing companies. In this context, the current research work assumes special significance.

3. Methodology

The Tower manufacturing plant is considered as a case study, in the present research work. The company manufactures
electricity transmission towers of various sizes and specifications, based on customer requirements. The company gets
orders from both domestic and international markets. In addition to electricity transmission towers, they also
manufacture telecommunication towers for catering to the needs of customers. The company has a tower
manufacturing capacity of about 90,000 MT per year. For meeting excess demand company also does outsource the
tower production to third-party manufacturers. The company has installed high-quality CNC machines for performing
quality punching, drilling, cutting, and stamping operations required in tower manufacturing.
Construction of transmission lines includes activities like- survey, foundation, erection, and stringing of conductors
and cables. The survey will be conducted over different types of terrain- rivers, water bodies, hills, and deserts. The
electricity transmission tower requires a concrete foundation. Towers are then erected on the concrete foundation.
After erection, transmission towers are fitted with insulators and related hardware including stringing of cables and
conductors. The company has more than 20 tension stringing equipment capable of handling 8 to 15 tons pulling
quadruple conductors and optical ground wire. The company has gained expertise in erecting high voltage lines, as a
result of executing multiple projects spanning thousands of kilometers. The current research work consists of: Drawing
the current state value stream map for the manufacturing line and subsequent evaluation, Proposing the future state
value stream map for the manufacturing line, Lean implementation, Results and discussion, and Conclusion.

4. Current state value stream map

Tower manufacturing company buys raw materials from three different suppliers. The raw materials are stored in the
raw material yard. Presently the company stores about three months of inventory of raw materials. The company wants
to play safe against variation in customer demand as well as protect against the late supply of raw materials from
suppliers. While drawing the current state map (CS map), the data were recorded from the downstream side to the
upstream side, because of the proximity of the downstream to the customer. That is, the product will be delivered from
the company downstream to the customer. The customer is going to define the value of the product. While moving
from downstream side to upstream side all information- cycle time, machine up-time, defect rate, number of people
working in each work station, unnecessary movement of the operators, if any, during working, information exchange
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happening between the operator and the supervisor, workstation area (in square feet), number of shifts available for
each workstation, standard operating procedure being followed by the operators or not, type and number of material
handling equipment/s used for moving work-in-process, storage devices used (if any), storage capacity of each storage
rack, area occupied by the storage devises, time required for moving work-in-process from machine to machine,
loading time, unloading time, change over time, scrap related data, rework related data, interactions between the
Figure 1 depicts the current state value stream map for the manufacturing line of the tower manufacturing operators,
interactions of the operator with his supervisor, interactions between the operator and the production planning and
control section, waiting time of the work-in-process, safety of the operators, ergonomic assessment of each work
station, procedure followed during rework, quality/inspection tools used by the operator for performing inspection of
both incoming and outgoing work-in-process, the procedures followed in inspection, at each and individual
workstations of the manufacturing line, were collected. Also, data about the number of available hours per shift and
the demand for the product in a month is collected for computing the takt time.

Figure 1 Current State Value Stream Map
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 =

(Available time )(in minutes/day)
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑/𝑑𝑑𝑑𝑑𝑑𝑑

(1)

Available time / shift/ day = 7.5 Hrs= 450 minutes;
Total available time (3 Shifts / day) = 22.5 Hours= 1350 minutes;
Takt time = 1350/5000 = 0.27 minutes= 16.2 seconds.
Information about the suppliers such as the date of receipt of the raw materials, Quantity of materials received, batch
size, lead time for the supply of raw material, raw materials inspection procedure followed the tools and techniques
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Figure 2 Future State Value Stream map
used for inspection. The current state value stream map (Figure 1) is then constructed using the standard symbols.
Here, each workstation is represented by a rectangular box containing information about the respective workstation.
After completing the current state value stream map for the manufacturing line of a tower manufacturing company, a
study is made to see whether there can be any productivity improvements possible. During the study, an effort is made
to identify different types of wastes, and also analysis is made to eliminate different types of waste occurring in the
manufacturing line. The current state value stream map (Figure 1) shows information such as material flow and
information flow happening on the shop floor. The figure 1 also shows a timeline indicating the value-adding time
and non-value-adding time for every workstation of the manufacturing line. The current state value stream map also
contains the summary indicating the sum of all value-adding (VAT) time and non-value adding (NVAT) time for the
entire manufacturing line. After analyzing the CS map, the future state value stream map (FS map) (Figure 2) is
proposed.

5. Future State Map

Figure 2 shows the future state (FS map) value stream map for the manufacturing line of the electricity transmission
tower manufacturing company. As can be seen from the figure 1 the company receives necessary raw materials from
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three suppliers. The company receives a monthly forecast of requirements from the customer. The company will ask
suppliers to prepare the corresponding monthly/weekly/ daily and hourly schedule.
Suppliers are made to use Milk run type of delivery mechanism, for the supply of necessary raw materials to the
company. Here, a truck visits every supplier to collect different types of raw materials, in required amounts, required
for the company, on weekly basis. Earlier, the company used to store three months of stock of raw materials. The
future state value stream map shows the improvements both in material flow and information flows. After these
modifications, the future state map shows the reduction in non-value-added time and thereby contributing to the
productivity of the company.

6. Lean implementation

The future state map sets the objectives and road map for the lean implementation project. Lean implementation
involves: Conducting Lean awareness program, Implementing Kaizen plans and Lean project monitoring and control

6.1 Lean awareness program

The objective of this program is to instil the importance of lean philosophy and its benefits to all stakeholders,
including operators working on the shop floor. The main reason behind conducting this program (Table 1) is that
active people participation is possible only when they fully understand the benefits it is going to bring to the
organization and also to their day-to-day working. People were taught – lean philosophy, lean tools, and best practices.
A lean philosophy strongly believes in active people's participation in achieving the best results for the organization.
Also, people should realize that the team objectives are more significant than the individual objectives. When
employees know that their management is interested in their safety and well-being, automatically they will give their
commitment to any changes that are required by them for the organization. Then, it will become a win-win situation
for both employees and the employer.

6.2 Implementing Kaizen plans

Kaizen plans were designed for achieving the desired objectives set in the future state map for the manufacturing line.

Kanban implementation

Kanban board was designed for visualizing the flow of material through the manufacturing line. To start with all the
operators were given training on lean tools including Kanban. So, the operators know the significance of lean tools
and their benefits. The current state map (Figure 1) is used for identifying the area having maximum work-in-process
(WIP) inventory. WIP represents a type of waste, as there is no value creation happening. Also, there is investment
tied up. Inventory also occupies space. Hence an effort is made to eliminate the waste.
Department ID/Section
ID/
Workstation ID
S-1019
C-2010
B-1013
V-2019
S-1109

Table 1. Training schedule for different departments
Date
Lean ToolsLean Tools5S
SMED

Lean ToolsTPS

21-10-2019
22-10-2019
23-10-2019
24-10-2019
25-10-2019

Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes

Kanban is implemented for reducing– Raw material (RMI) inventory, WIP, and Finished goods (FGI) inventory.
5S implementation:5S was implemented in all the workstations of the manufacturing line shown in figure 1. The main
idea behind this was to keep every object in its place and to make it available when needed in the least amount of time.
5S includes- sorting, setting-in-order, shine, standardize, and sustain. After implementing 5S, workers had enough
space in the respective workstation. The new arrangement has made it safer for working. Also, operators searching
time for tools/jigs/fixtures were reduced. As the tools were arranged in the order of usage with labels, it became easy
for the operator to identify the right tool for performing a given operation. Also, there was high visibility of all the
tools in the workstation. This has made the operator more productive at work. Also, the training on lean tools helped
the operators to maintain their workstation neat. For example, after performing a particular operation the operator
would un-load the tool, clean, and keep it in its place. So, the tool would be available easily the next time. Every
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workstation had a board containing a standard operating procedure. This has drastically improved the quality of the
manufactured product. As every worker had to follow a set procedure while performing an activity at the workstation.
This resulted in the consistent quality of manufactured products. Table 2 shows the sample quality chart for the
product-5ESS2012.
Total Productive (TPM) Maintenance: TPM helps in improving the availability of the machines in the manufacturing
line. The main objective of TPM is to reduce the total cost of maintenance.
To start with, all machines in the manufacturing line, including material handling devices, were selected for
maintenance, Preventive maintenance checklist helps in classifying a machine into critical/ moderately critical/ or
normal, Machines were evaluated for criticality- Machines were evaluated based on a score. If a machine has a score
of greater than 1.37, it is considered critical. If a machine is scoring between 1.2-1.37, it is considered moderately
critical. If a machine has a score of less than 1.2, it is considered normal, Maintenance policy selection- If a machine
is critical, condition monitoring and preventive maintenance policy is selected. If a machine is moderately critical, a
preventive maintenance policy is selected. If a machine is normal, a mixture of preventive/breakdown policies is
selected, The operator will be made responsible for maintaining the respective machine. This is how the lean
organization deviates from a conventional organization. In a conventional set-up, there would be a maintenance crew
for performing all maintenance-related activities. By making an operator responsible for performing maintenance
tasks of the machine on which he is working, would result in making the operator knowledgeable about the machine
that he is using daily. All machines in the manufacturing line would be subjected to maintenance as per the pre-defined
maintenance policy

Single Minute (S.M.E.D.) Exchange of Dies

The main purpose of using SMED is to reduce the set-up time. The set-up time is essential but NVA and the customer
are not going to make any payment for performing this activity. Hence, the objective is to reduce the set-up time as
small as possible. SMED process consists of: The machine with the highest set-up time/ or large change-over time is
identified, for analysis; all sub-activities of the element set-up time/ or change over time, are identified.; activities are
either classified as internal / or external set-up time; all internal set-up times are analyzed for the possibility of
converting them into external set-up times. Lean Project monitoring and control: The following metrics were used for
the performance assessment of the lean project. The values of these parameters would indicate whether the lean project
is progressing well concerning time and cost.
Schedule performance index (SPI): shows the project’s health w.r.t time.
𝐸𝐸𝐸𝐸
𝑆𝑆𝑆𝑆𝑆𝑆 =
(2)
𝑃𝑃𝑃𝑃
Where PV is the planned value; EV is the earned value. SPI=1 shows project is as per schedule
Cost performance index (CPI): shows the project’s health w.r.t cost. When CPI =1; means projects, health is good. If
CPI <1; then the project’s health is not good and actions are to be taken
EV
𝐶𝐶𝐶𝐶𝐶𝐶 =
(3)
𝐴𝐴𝐴𝐴
Where AC = actual cost

7. Results and discussion

Figure 2 shows the future state map, for the tower manufacturing line. This is drawn after a thorough analysis of the
current state map (Figure 1), to eliminate waste. While analyzing the current state map, both material and information
flows, happening on the shop floor, have been considered with the objective of reducing all forms of waste. Suppliers
are made to use Milk run type of delivery mechanism, for the supply of necessary raw materials to the company. Here,
one truck will visit every supplier to collect the necessary raw materials, in the required amounts, required for the
company, on weekly basis. Earlier, the company used to store three months of stock of raw materials. This is a
significant reduction. Kanban’s are introduced for proper coordination and timely supply of raw materials from
suppliers to the company. The raw material yard is made to store the necessary raw material, required for the
production of electricity transmission towers.
Raw material received, from the suppliers, in trucks, would be un-loaded by using cranes. Earlier, the storage of raw
materials was not done properly. The workers used to dump raw material randomly, without any identification. This
resulted in a lot of unnecessary movement of operators and also resulted in increased time for identifying the required
item in the raw material yard. This was also causing a lot of unnecessary transportation of raw materials within the
raw material yard by using a crane. This extra and unnecessary movement of raw material was posing risk for both
the operator’s safety as well as the material being transported in a crane. This unnecessary transportation of raw
materials using a crane is certainly a waste of energy.
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Table 2. Quality inspection sample data for the product-5ESS2012

Product Code

Date

Quality
Attribute
Checked

Drawing
no.

Tool ID

Operator
code

Time in

Time
out

5ESS2012

01-012020

A-124T3

T-1011
/U-1034

2A

10.30
a.m.

10.45
a.m.

5ESS2012

02-012020

A-124T3

T-1011
/U-1034

2A

11.00
a.m.

11.12
a.m.

Yes

5ESS2012

03-012020

A-124T3

T-1011
/U-1034

2A

12.26
p.m.

Yes

5ESS2012

04-012020

A-124T3

T-1011
/U-1034

2A

2.02
p.m.

2.24
p.m.

Yes

5ESS2012

06-012020

A-124T3

T-1011
/U-1034

2A

3.07
p.m.

3.16
p.m.

Yes

5ESS2012

07-012020

A-124T3

T-1011
/U-1034

2A

3.32
p.m.

3.41
p.m.

Yes

5ESS2012

08-012020

Dia/dist.
between
holes
Dia/dist.
between
holes
Dia/dist.
between
holes
Dia/dist.
between
holes
Dia/dist.
between
holes
Dia/dist.
between
holes
Dia/dist.
between
holes

A-124T3

T-1011
/U-1034

2A

3.43
p.m.

4.07
p.m.

Yes

12.12
p.m.

Quality
Check
Passed
(Yes/No)
Yes

Hence, a scheme was designed for reducing the wastage of electrical energy, by reducing the number of crane trips to
a minimum. The first step that is taken in this direction is by keeping each item in its place with a proper identification
tag. Also, unnecessary transportation of raw material in the raw material yard had the possibility of material damage.
With the introduction of the color-coding scheme, coupled with earmarking a particular space for a given type of
material, the searching time of raw materials was considerably reduced. Separate paths have been designed for the
transportation of materials and the movement of workers; this would result in increased safety of workers. With the
introduction of the electronic messaging system, much of the confusion existing in the raw material yard was brought
to an end. This would result in improved quality communication happening in all the interactions with the workers in
the raw material yard and people from other departments.
The straightening of incoming sections was done by using a straightening machine. During the process, the section is
fed through a set of pre-set rollers, for removing any bend. As the incoming material can bend, during transportation.
The cycle time for performing this activity was 35 seconds. Considerable time was spent in loading/unloading the
material. This is essential but non-value-adding time. Hence, a scheme was designed, which makes use of fixtures, for
reducing this set-up time. Figure 3 shows the new cycle time for straightening as 15 seconds.
Figure 3 shows the improvements in productivity for the straightening process. Change-over time was reduced by
more than 50% (Figure 7-a). This is a significant contribution. CNC machining ensures steel sections are cut, stamped,
punched to give appropriate shape to the incoming raw material, as per the component drawing. This will ensure the
necessary geometrical features on the component. During working, the CAD drawing is fed into the CNC machine
for performing machining of incoming raw material. Loading of raw material/section, into the machine was purely
manual. This was replaced by an automated loading device for reducing the loading/unloading time and also improve
the safety of workers. By doing this way number of people required was reduced from 5 to 2. This also results in
improved resource utilization.
Figure 4 shows the productivity that happened at the CNC station. By using a fixture, set-up time was reduced by
about 50%. The storage space required for storing work-in-process was reduced to zero. As in the future state map
(Figure 2), the supermarket scheme was introduced for enforcing the pull system. After implementing SMED, the
change-over-time was reduced, which has made the manufacturing line very much lean, so that the line is now flexible
for manufacturing a variety of products. This has given the company a competitive advantage.
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Figure 3 Straightening process with Current and future state comparison

Figure 4. Productivity improvement -CNC Process
While implementing SMED, different sub-activities comprising of change-over activity, are identified, the subactivities are classified into either internal or external and then an effort was made to see whether an internal activity
can be made external. If not, it was analyzed to see whether the particular internal sub-activity is required? If not, the
sub-activity was removed. This is how to change over time got reduced.
Earlier, the inspection station did not have the required number of inspection tools available at the time of inspection.
So, the inspector used to go and get the required tools at the time of inspection. Hence cycle time was very high (98
seconds). After 5S implementation, all the required inspection tools were made available on the workbench. The tools
were also given proper labels so that it became very easy for the operator to perform an inspection. This also resulted
in an increased focus on inspection activity by the inspector and would result in preventing a defect from passing
further into the line. After implementing Kanban, Work-in-process was reduced to zero. As no inventory is kept
between the two workstations. Notching is an end-cutting process required for the assembly of two or more.
pieces/items during the erection of an electricity transmission tower. The uptime of the notching machine was only
89%. Hence, to improve the availability of the machine, a preventive maintenance schedule was designed. Periodic
maintenance also resulted in both meeting customer orders as well as improved quality of manufactured products. The
number of defects was reduced to zero percent.
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Table 3. Rapid Entire Body Assessment of carrying heavy dies by workers
Section A (Neck, Trunk
and Leg Analysis)

Items

Score

Step 1

100 tilt in Neck

Step 2

Trunk position (> 20 )

+3

Step 3

Leg analysis (30 -60 Bend)

+3

Step 4

Posture Score (From REBA)

6

Step 5

Load score

2

+2
0

0

0

Total Score -Section A

8
The score for section A

8-10 (High Risk) from
REBA

Section B (Arm and Wrist
Analysis)

Items

Score

Step 7

The upper arm is raised

6

Step 8

Lower arm position

2

Step 9

Wrist position

3

Step 10

Lookup posture score from
REBA

9

Step 11

Coupling score

1

Total Score -Section B

10

Final REBA Score

11 (Very High Risk)
from REBA.

Communication happening between the operator and the supervisor was oral most of the time and sometimes the
supervisor used to provide written instructions. This has created a communication gap and resulted in defects and
rework. This waste was eliminated after the introduction of the electronic messaging system. This not only improved
the quality of communication happening between the operator and his supervisor but also, reduced communication
gaps.
The bending process is used for bending hot incoming sections in a bending press. The type of bending process used
(e.g., compression bend, tension bend, heel bend, etc.) varies from product to product. The cycle time was very high
(30 seconds). By implementing SMED, internal set-up time was converted into external set-up time, by using two
fixtures, this was reduced to 20 seconds (Figure 5). But this required additional investment in the fixture. The estimate
showed that the additional investment can be recovered in a year. Earlier, the dies used in the bending process were
kept at a far of place, in the company. This resulted in the unnecessary movement of the operators in bringing heavy
dies to the bending press. This is a waste of time and effort. Also, the manual transportation of heavy dies is risky for
the concerned operators. Table 3 shows the ergonomic analysis results. For performing an ergonomic assessment of
transporting heavy dies, the Rapid Entire Body Assessment (REBA) procedure was used (Mangesh Joshi et al., 2020).
To solve this problem, a new scheme is suggested. As per this scheme, the dies will be kept in an area that is in the
vicinity of the machine. So, a crane can be used for handling/loading/unloading of dies. SMED was implemented by
first identifying all the sub-activities of the change-over process. Then all sub-activities, which were internal were
converted into external activities.
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And. if any internal sub-activity, which is remaining and cannot be converted into external activity would be studied
further. If the internal activity is not essential and not required, then it was removed. After this arrangement, the
change-over-time was brought down from 5 hours to 2 hours (Table 4). This is a big saving. This arrangement also
made the work environment safe for the operators.

Figure 5. Productivity improvement at Bending station.
During, Galvanizing the incoming section is fed through a series of chemical solutions. Moving the incoming section
through a degreasing solution helps to remove any grease or oil content on the incoming section. The solution has a
specific gravity of about 1.01-1.03 and a pH level of less than five. The incoming section is then passed through a
pickling solution (15% acid and iron-120 gm/litre), for removing any organic particles. The section is then passed
through a flux solution. The solution has a specific gravity of 1.1. Then, the section will have a Zinc dipping at around
4500C, for about 3-4 minutes. Finally, the section goes through a passivation solution. This will provide a coating for
corrosion resistance. By making use of a fixture the cycle time was brought from 241 seconds to 180 seconds (Figure
6). This is a considerable saving not only concerning time but also concerning cost and energy.

Figure 6 Productivity data of Galvanizing station
Galvanizing has a maximum change-over time of 8 Hours (Figure 7-b). Change over time is essential but non-value
adding time. Hence by implementing the following procedure, this was brought down to 2 Hours. This is a very
significant reduction.
• The time required for performing cleaning operations was recorded.
• Set-up time was noted
• Start-up time was noted
• Detailed interviews were conducted with operators and subject matter experts
• Designed standard operating procedure
Production in the Bending workstation will happen only when there is a demand in the Galvanizing station. Similarly,
production in the Notching station will happen only when there is a demand from the Bending workstation. That is,
the pull concept is strictly implemented through Kanban and supermarket schemes.

© IEOM Society International

2970

Proceedings of the 11th Annual International Conference on Industrial Engineering and Operations Management
Singapore, March 7-11, 2021

Table 4 shows the condition of the manufacturing line before and after the lean project
CT1
ST
CT2
MT
DR
UO
WT
IT
IQ
MI
SW1 SW2 CW
(secs) (secs) (min)
(secs) (mins) (secs) 1-10 (M/E)
SP
35
20
180
90%
5%
30
35
15
5
M
Nil
5
4
CP
95
40
300
92%
4.3% 28
17
14
6
M
Nil
4
5
IP
98
45
180
90%
4%
32
15
98
7
M
Nil
5
4
NP
25
15
300
89%
5%
30
35
14
5
M
Nil
4
5
BP1
30
20
300
90%
5.3% 20
35
15
5
M
Nil
6
6
GP
241
50
480
90%
3.3% 32
35
36
6
M
Nil
7
6
FP
33
10
160
91%
5.2% 35
17
16
6
M
Nil
6
4
BP2
130
60
120
90%
3%
30
16
6
Nil
6
4
State of Electricity Transmission Tower company after lean tools implementation
CT1
ST
CT2
MT
DR
UO
WT
IT
IQ
MI
SW1 SW2 CW
(secs) (secs) (min)
(min) (min) (secs) 1-10 (M/E)
SP
15
10
60
100% 0%
Nil
15
5
10
M
10
10
10
CP
65
18
120
100% 0%
Nil
12
4
10
M
10
10
10
IP
38
15
60
100% 0%
Nil
10
98
10
M
10
10
10
NP
10
5
120
100% 0%
Nil
15
4
10
M
10
10
10
BP1
20
10
120
100% 0%
Nil
12
5
10
M
10
10
10
GP
180
25
120
100% 0%
Nil
15
16
10
M
10
10
10
FP
20
5
120
100% 0%
Nil
15
6
10
M
10
10
10
BP2
98
30
60
100% 0%
Nil
6
10
10
10
10
Index:
Straightening- SP; Machine up-time- MT; Galvanizing- GP; Finishing- FP; CNC Machining-CP; %Defects – DR;
Bundling- BP2; Cycle time – CT1; Inspection-IP; Unnecessary movements of operators- UO; Information QualityIQ; Notching-NP; Material waiting time- WT; Safety of workers-SW1 (Scale:1-10); Bending-BP1; Inspection timeIT; Mode of Information-MI: M-Manual; E-Electronic; Standardization of work-SW2 (Scale:1-10); Set-up time-ST;
Change-over time- CT2; Cleanliness of work station-CW (Scale:1-10)
Note:
1.Ratings for SW1; SW2; CW, on a scale of 1-10, are filled after getting the feedback from operators, supervisors,
and the production planning control department.
Thus, there is nothing like storing additional WIP and the waiting time. Waste is thus eliminated in the manufacturing
line. The standardization of work has also contributed to bringing down the number of defects from 3.3% to 0%. A
standard operating procedure was made available at the workstation. This has ensured the operator uses the right
procedure. This would also help the operator select the right process parameters for performing galvanizing of
incoming sections. This is a significant contribution to improving product quality. The reason behind the removal of
WIP inventory is that now the system works on the pull concept. That is, the production in Galvanizing station will
happen only when there is a demand from the subsequent stations. During finishing operation, item-wise stacking is
done in the finishing yard. The finishing operation consists of – segregating material from the unloaded from the rack,
cleaning (for removing burrs, if any), and item-wise stacking. In the present set-up, the operators do the stacking of
items. Hence, the process has an inherent risk of making wrong stacking. Also, the cycle time is 33 seconds (Table 4).
It was suggested to use the machine vision-based identification scheme for reducing the parts identification and also
to improve the accuracy in the stacking process. Also, by using a machine vision system, parts identification will be
done in a few seconds. Thereby improving the productivity of the stacking process. But this requires an initial
investment of about 25000 USD. The calculation showed that this investment can be recovered in a year.
The bundling process forms the last process in tower manufacturing. The process depends upon the type of
transmitting tower erection. A Transmission tower consists of – Upper section, middle section, and lower sections.
The bundling section earlier had a cycle time of 130 minutes. The main reason is that parts did not arrive at the right
time for the bundling section.
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Figure 7. (a) Change-over time reduction – straightening, CNC, and Bending processes
(b) Change-over time reduction – Galvanizing, Finishing, and Bundling identification codes.
Hence, a lot of time was spent on the bundling of components. Hence, a new scheme was designed, where each
component was given a seven digits coding. Which had made the cycle time reduced to 98 minutes. This is a significant
contribution.
Supermarket scheme is introduced so that whenever any bundle is to be taken out from the finishing yard, by anybody,
a withdrawal Kanban is required. Once the bundle goes out from the finishing yard, a production Kanban is issued to
the manufacturing line.
This will signal to the manufacturing section, that many parts will have to be replenished. Thus, a pull system is
implemented. In this way, by making use of a Kanban-based system, the work-in-process between any two
workstations is reduced. Thereby, the system became lean and highly responsive to customer orders. Lean
implementation significant reduction in cycle time happening across workstations. Cycle time at each workstation,
comprised of loading time, processing time, and un-loading time. By making use of fixtures at different workstations,
both the loading and unloading time were reduced. By doing so, the cycle time was reduced considerably. A maximum
cycle-time reduction was achieved in the Galvanizing station.
Table 4 shows the state of the electricity transmission tower company before and after the lean implementation project.
Significant productivity improvement is achieved after lean implementation, by executing kaizen projects. All forms
of wastes are identified and schemes are designed and implemented for the removal of wastes. But continuous
improvement is a journey and not a destination.

8. Conclusion

The tower (Electricity transmission) production company is considered as a case study in this research work. Lean
projects (5S, Kanban, SMED, TPM), are executed for meeting the targets set in the future state map. After
implementing the 5S project in the manufacturing line has resulted in 100% cleanliness than before. The project also
helped in reducing the searching time for jigs, tools, and fixtures. Also, the project made a significant contribution to
reducing inspection time (30%-40%). The project has also eliminated the unnecessary movement of operators. This
has also resulted in improved communication quality and operators became productive. This has resulted in improved
job satisfaction. Through, work standardization, TPM, and the introduction of the electronic messaging system,
product quality (0% defective) improved. Kanban and supermarkets have made the entire manufacturing line pullbased. With the new arrangement, raw material inventory was reduced from three months to a one-week inventory.
Also, work-in-process inventory is eliminated. Thus, the manufacturing line became lean and flexible.
By using appropriate fixtures set-up time (30%-50%) is reduced. Through, SMED project, change-over-time (50%75%) is reduced. With the introduction of TPM and making the operator responsible for maintaining his machine,
machine uptime, or availability (100%-120%) is increased. This has made meeting the production targets easy and
thereby making the customer happy. The success of lean projects is possible only through the active involvement of
all the concerned people. Top management support is very much required in all stages of a lean project. By executing
lean projects has also made the workers safe (100%), productive, and highly motivated. Total production lead time
was reduced from 42 days to 16 days. Thus, the productivity of the electricity transmission tower manufacturing
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company is improved after implementing lean projects. Lean transformation and continuous improvement are a
journey and not a destination.
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