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Abstract

Value Stream Mapping is an efficient and powerful tool of the Lean
Manufacturing system that helps in eliminating Non-Value-Added
activities (NVAs) in a process by clearly exposing the areas where
there is waste in the Value stream (Information and material flow).
Value Stream Mapping is a standardized way to document the steps
in a process and systematically analyze the steps to develop
improvement plans. The “current state map” is a foundation for the
improved “future state map” that is developed after eliminating the
NVAs identified in the current state map and thereby decreasing the
lead time. It can be implemented not only in manufacturing sectors
but also in many different sectors such as IT sectors, Healthcare
sectors and government service sectors to identify and eliminate the
processes or operations that do not add any value to the product or
in other words, the processes for which the customer is not willing
to pay. The main objective of this work is to study the process flow
of a part family in a steel industry located in Southern part of India
using value stream mapping and eliminate the NVAs in the process
by making some process and layout changes which will reduce the
lead time and increase the profit of the organization. First, suitable
value stream mapping is carried out for parts with similar kinds of
existing manufacturing processes. Then all the NV As present in the
flow of the process are identified. Then, certain changes, such as
converting the manufacturing layout into a cellular manufacturing
layout and introducing continuous heat treatment processes, are
made in order to eliminate the NVAs. The total lead time reduction
for each part varies from 14.55 hours to 33.41 hours which is a
significant amount of reduction. This paper also reviews the
existing literature on Value Stream Mapping and how its
implementation helps organizations successfully eliminate the waste
and take them towards becoming a successful Lean Enterprise.
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Introduction

Today, the competition among the industries has increased so much that there is a pressure for the
manufacturing industries to reduce the lead time of products and services and the cost associated with Non-
Value-Added Activities that include the following seven types of wastes: Waiting, over-processing, defects,
overproduction, excess inventory, transportation and excess motion (Norton and Fearne, 2009; Krykavskyy, et
al., 2019 ; Olah et al., 2017a; Kocsi and Oldh, 2017b) The pressure can be higher in service organization as the
customers can easily change the service providers. The consumer expectations are high, and therefore the
companies must be quick to adapt in order to provide customer satisfaction (Nwabueze and Mileski, 2018;
Locher, 2008; Zimon, 2017; Pisar et al., 2019).

Toyota Production System (TPS) has contributed towards a new paradigm of manufacturing with its
manufacturing principles that was coined as “Lean Manufacturing” in the book, “The Machine that changed the
world” in 1991 (Womack and Jones, 2007). Since then these Lean principles were adopted by many companies
all over the world in order to increase the value and profit of their company by eliminating the waste (the seven
kinds of waste mentioned in Lean production principles) and maximizing the efficiency. There are several tools
for the implementation of lean principles in a company (Mazur and Momeni, 2019; Tranet et al., 2020; Rajnoha
et al., 2018). Value Stream Mapping is one of the powerful lean manufacturing tools to analyze the material and
information flow which makes the NV As in the value stream visible through "the current state map". It helps the
organization identify the improvement opportunities in the process and develop an action plan to implement the
development ideas. Value Stream is all the actions in the production flow from the raw material to the customers'
hands. Value Stream Mapping is a standardized way to document the steps in a process and systematically
analyze the steps to develop improvement plans (Jeong and Yoon, 2016). The “current state map” is a foundation
for the improved “future state map” that is developed after eliminating the NVAs identified in the current
process and thereby decreasing the lead time. Besides lead time, it also reduces the cost by eliminating the
additional costs involved in performing NV As (Klimecka-Tatar, 2018).

In this paper, the technique Value Stream Mapping (VSM) is used to analyze the process of manufacturing
eight different parts from the manufacturing industry and reduce the Lead Time by making some improvement
plans like changing the production system from Batch production to single-piece flow and increasing the
facilities available. The steel industry is located in South India. It produces precision tooling components such as
collets, honing mandrels, holding tools, jigs and fixtures. Today, the Swiss lathe collections and guide Bushings
are exported worldwide, satisfying the Swiss turning needs of end customers belonging to various fields such as
Defense, Automobile, Textiles, Space, Electronics, Watches, Medical, etc. Castings and billets are outsourced,
and all the machining processes are done in the industry. These processes include Milling, Grinding, Heat
Treatment, OD Grinding, ID Grinding, and Surface finishing along with slitting and brazing. For Steel Collet
with V Line, after the billets are received, turning operation is performed. After this, face milling is done for a
smooth surface. Then the part is hardened and tempered. After heat treatment and OD Grinding, slitting
operation is performed to make the keyways. Then the part is sent outside for performing wire cutting operation.
After receiving the part from the wire-cutting operation, ID Grinding operation is performed. At last surface,
finishing is performed to ensure the desired smooth surface. For Steel Collet, the same manufacturing process is
followed, but the wire-cutting operation is not performed for this part. For Guide Bush, the first operation
performed is the milling operation. Then the batch is sent for heat treatment. After this, Brazing is performed to
fix the washer. Then OD Grinding and ID Grinding are performed. Finally Lapping and Surface polishing are
performed. For feed finger, all the processes other than Brazing and OD Grinding are performed. All parts have
many similar processes, and they can be categorized into a product family. The analysis has been done based on
the data provided by the company, which is located near Coimbatore, South India. Current and Future State
maps were drawn for the manufacturing process of each of the products and improvements were suggested based
on the analysis.

Literature review

Though value stream mapping (VSM) technique was first invented in Toyota Production System, the term
“Value Stream Mapping” was first introduced by Womack and Jones (2007) in their book, “The Machine that
changed the World”. Later Rother and Shook (2009) wrote in detail in the book, “Learning to See” about Value
Stream Mapping. In 2002 Kevin J. Duggen wrote a book called “Creating Mixed Model Value Stream”. In this
book, the author has explained the mapping techniques for complex value streams in which multiple product
families with shared resources. These techniques can be used in organizations with a high product mix. Duggan
and Healey, (2016) suggested a method to achieve operational excellence in an organization which is much more
than eliminating the waste.

Saraswat and Kumar (2014) applied VSM in a Bearing industry. They conducted time studies on the shop
floor and developed a current state map using the Edraw Software for the product families. From the map, it was
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found that two particular processes (Annealing and NC Machining) had higher cycle time and WIP. Takt time
was calculated as 95 s. So the number of workstations was increased along with some operational changes and
line balancing in order to reduce the WIP. 5S was implemented to solve the problems in material handling.
Finally, a future state map was drawn. The lead time was reduced from 7.5 days to 3.8 days. Process time was
reduced from 409 seconds to 344 seconds.

Dogan and Unutulmaz (2014) implemented a simulation-based value stream mapping in the physical
therapy and rehabilitation department of a public hospital in Turkey. This study aimed to show how a healthcare
organization can use VSM for evaluating itself and increasing its efficiency. Simulation technique (Arena
software was used) was combined with VSM since VSM is a static tool and is less efficient in a dynamic system.
The data was collected by making observations and discussions with the staff, and a current state map was
drawn, and step by step process timing was simulated. They used non-value-added time (NVAT) per patient,
Transfer time (TT), Length of stay (LOS) as the metrics for calculation. Subsequently, improvements were
made, and two future state maps were drawn. As a result, NVAT was reduced by 38 per cent in the first
proposed FSM model, and it was fully eliminated in the second proposed model. LOS was also reduced by one
per cent.

Forno et al. (2014) have studied the difficulties and limitations in applying the value stream mapping and
have suggested future work for improving the application of VSM. They had stated that VSM when applied
wrongly might lead to many mistakes; hence, it is important to study application problems. They stated that
product, process and people are the three primary causes and suggested solutions to eliminate these problems,

Santosh B.Dighe and Abhay Kakirde (2014) define Value Stream mapping as a Lean Manufacturing tool to
plan a lean initiative production process through systematic data capture and analysis. They used value stream
mapping to implement lean manufacturing in a pump manufacturing company. The analysis matrix, including
both product quantity and revenue, has been used, and the "three phase monoblock “pump was selected for the
study. For this, customer demand and Takt time were calculated. Then, the CSM showing the material and
information flow were drawn. It was observed that the lead time for the product is 54 days, inventory is 33 days,
and the value-added time is just 0.55 hours which shows that there is a lot of NVA. Then the opportunities for
improvements were identified. Cycle time v/s Takt time graph was drawn in order to make decisions as to where
to improve. Future state maps were drawn with changes such as a single piece flow model and pull process
system to support the implementation. After the changes, the lead time was reduced to 36.5 days and the
inventory reduced to 22.4 days (Ashif et al., 2015).

VSM using pencil and paper is a static tool. Therefore it cannot be used in dynamic systems in which the
processes keep changing often. Hence simulation can be used as a supporting tool for VSM. Also, using
simulation reduces the total time taken for the VSM process (Chen and Meng, 2010). Current state and future
state model can be created in simulation software such as Arena, and the alternative models of FSM can be
simulated, and the optimum model can be selected for the implementation process.

Schmidke, Heiser & Hinrichsen (2014) developed a simulation enhanced value stream mapping approach
covering an exhaust gas purification catalyst production process to study the optimization of complex production
environments. A VSM that uses Discrete Event Simulation (DES) was developed and the lead time was
efficiently reduced from 11.4 days to 1.4 days (Schmidke, Heiser & Hinrichsen, 2014)

Pandya Hardik & Shah Sagar (2015) implemented Lean Manufacturing using VSM in a crankshaft
manufacturing system at an Automotive Industry. They used Value Stream mapping to identify the waste in the
industry, and after identifying the waste, they used continuous improvement or Kaizen to reduce the wastes such
as high cycle time, transportation waste, rework and breakdown. They observed the current state map and made
some improvements such as changing the process layout into a “U” shaped one from a “zigzag” one. Single
piece process flow was established. Future state map was used to construct the improvements. Finally, the
processing time was reduced from 5289 s to 5184 s. The lead time was reduced from 3.22 days to 2.62 days.
Transportation time was reduced from 48.73 min to 17.03 min. Productivity was increased from 2000
Piece/month to 2500 Piece/month.

Joshi (2020) has applied the concepts of value stream mapping in the motor industry. All the processes
involved in the production were studied and the data such as the number of operators, cycle time, set up time,
etc. was collected for every process. Using the current state map, it was discovered that waiting time, set up time
and transport time were the major wastes. After this, the current state map was drawn in order to visualize the
improvements. The major improvement was that the cycle time was reduced from 14.9 days to 9.5 days.

Jeong and Yoon (2016) presented a paper in the application of Value Stream Mapping to implement lean in
a leading IT firm that faced problems in delivering services like database provisioning. The purpose is to reduce
product delivery time. This shows the wide application of VSM apart from the manufacturing industry. They
have mentioned that the Lean approach is a cost-effective, agile and flexible process in an IT business and
management sector. They prepared the current state map by interviewing the firm's employees who described the
firm's existing problems. The whole process was divided into three stages: Planning, Execution and Quality
assurance and handover. For each stage, the process map was drawn, and NVA was identified. Changes such as
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automation of planning phase and script for backup specification and standardizing the quality checking and
handover process to eliminate the NVA and a future state map were created. Total lead time dramatically
reduced from 31.5 days to 2.4 days.

Gergin et al.(2017) did a study in Atlasglobal Airlines in Istanbul, Turkey. The study was conducted to
analyze the Airlines' ground operations and implement lean concepts through value stream mapping and upgrade
the ground service quality for the passengers of the airlines. The current state map was drawn for both departure
and arrival of flights after observing the ground handling services for one week. Few improvements were made
in the check-in area, such as relocating the baggage weighing scale, increasing the number of check-in officers.
During arrival, the baggage dispatch time was reduced by increasing the number of workers at the baggage hall.
These changes led to 8% decrease in the lead time during the departure of the flight and a 23% reduction in the
lead time during arrivals.

Carmignani (2017) used Value Stream Mapping to improve the supply scrap management process. A new
methodology called Scrap Value Stream Mapping was developed to overcome the limitations of Value Stream
Mapping in the management process. This work's objective is the speedy identification of the scrap components
and returning them to the vendor.

Haung et al. (2019) developed a multi-agent system with Arduino and Raspberry pi equipped with the
Cyber Physical System (CPS) for implementing Dynamic Value Stream Mapping in the SMEs (Small and
Medium scale Enterprises). This cyber-physical multi-agent system helps in the virtualization of the shop floor
operations. The implementation of Lean and VSM concepts in enterprises often encounters barriers, the analysis
of problems in the implementation of the lean concept in the metal industry is described in the works (Nowicka-
Skowron and Ulewicz, 2016; Maszke, 2018).

Value Stream Mapping in the Steel Industry

India is one of the pioneers in the steel industry. The products thus manufactured in these industries are
being exported to many other countries. This paper aims to make a survey of the process flow and calculate the
lead time using Value stream mapping for some of the parts being manufactured in South Indian industry
manufacturing steel parts (as mentioned below). Firstly, for the products taken into account for this work, value
stream mapping is applied.

Data collection for VSM in Steel Industry:

The data have been collected from a south India based steel industry. The following eight steel parts were
selected for the study purpose;

Guide Bush (P1)

Steel collet (P2)

Steel Collet with V Line (P3)

Feed Finger (P4)

Pillar (P5)

Guide Pin (P6)

Back Stop (P7)

Clamping Head (PS8)

The above four products have been chosen because of their similarity in operations and process flow. After
choosing the products, the following data are collected: i) Cycle time, ii) Change over time, iii) Waiting time
between each process, iv) Number of machines, v) Transportation time and, vi) Batch quantity (Pandian, and
Soltysova, 2018; Nguyen, 2018).

Then, the "Current State Map" is drawn for the parts (P1 — P8) using the collected data and lead time (for
processing a single batch) is calculated based on the processing time (ti) in each facility (PR) with the cycle time
(CIT) for each part as mentioned in Table 1. NVAs are identified, and improvements are suggested to reduce the
lead time and cost and also increase the efficiency of the whole process. Then a "Future State Map" which
represents the process after the implementation of the improvements is drawn.
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Processing Time:

Tab. 1. Cycle Time

Part Process Time t; [min] Cycle[r'lI;iirIge cT
No. PR1 PR 2 PR3 PR 4 PRS PR 6 PR 7 PR 8 PR PR 10 Total
P1 10 10 480 15 10 1440 10 20 5 10 2010
P2 10 10 480 20 15 10 10 20 5 10 590
P3 15 480 20 15 10 10 5 5 10 0 570
P4 10 10 480 10 10 20 5 10 0 0 555
P5 10 10 480 15 10 1250 10 20 5 10 1820
P6 10 10 480 15 10 1030 10 20 5 10 1600
P7 15 680 20 15 10 10 5 5 10 10 780
P8 15 740 20 15 10 10 5 5 10 10 840
PR-Process

For study purposes, the sequence of processing of the parts is given by P1-P2-P3-P4-P5-P6-P7-P8§ based on
the priority of customers' orders. The sequence can be changed anytime by the management based on the order
requirement. Process Time for each part is calculated. The processing time for P4 is shown in Table 2. The
waiting time is calculated during the batch of parts waiting for its turn in a facility (PR). In this work, the batch
size for each part is taken as 40 numbers from the industrial data.

Tab. 2. Process Time for Feed Finger (P4)

Process Cycle .Time Total Time fpr the In T.ime Out Time Waiting Time Change Qver Time
[min] batch [min] [min] [min] [min] [min]

Turning 10 400 800 1200 800 20
Milling 10 400 1400 1800 600 15
Heat Treatment 480 480 2040 2520 240 15
Slitting 10 400 2520 2920 0 15
ID Grinding 10 400 2920 3320 0 20
Surface Finishing 20 800 3320 4120 0 15
QC 5 200 4120 4320 0 15
Packing 10 400 4320 4720 0 20

The following is an example (Figure 1) for the present state map using value stream mapping is drawn for
the product Feed Finger (P4) to reflect the existing flow of the process. Then the total lead time for each batch is
calculated for the respective part. Then, present state VSM for part 4 (P4) is taken as an example, and the lead
time for this part is calculated as 200.91 hours, as shown in figure 1. However, the value-added time is just 58

hours only.
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Present State Map for Feed Finger (P4):

Production
Control

Turning W Milling 0 Heat W Slitting D W Surface Quality Packing

Treatment : Grinding :: Finishing ::> Checking ::>

C/T 400 min 400 min 480 min 400 min 400 min 800 min 200 min 400 min
/0 20 min 15 min 15 min 15 min 20 min 15 min 15min 20 min
UPTIME 7 hours 7 hours 7 hours 7 hours 7 hours 7 hours 7 hours 7 hours
CREW 1 1 1 1 1 1 ! !
BATCH 40 40 40 40 40 40 40 40

48 hours +

800 min ‘ 600mi ‘ ‘ 240min ‘

[ [ 1 ] ] 1 ]
[ | [ oomn | oo | [ | [oma | [ | | o |

Total lead time= 200.91 hours
Value-added time = 58 hours

Fig. 1. Current State Map of Feed Finger (P4)

In all the VSM maps discussed in this study, the transport time between the supplier and the steel industry is
considered as 48 hours. The transport time between the steel industry and the customer has been taken as 72
hours included for all the batches while calculating the lead time, as shown in Figure 1 (right and left side).

Methodology

The primary objective is to minimize the total lead time of all the parts (P1- P8) considered for this study
from a south Indian steel industry in the category of small and medium enterprises. The lead time for all the parts
are noted down in the existing system that includes Processing Time (t;) Idle Time and Transport Time

After noting down the lead time from the current state map, the following Non-Value Added activities
(NVAys) are found out by observation. The future state value stream mapping is drawn and the new lead time
calculated as shown in figure 2.

* NVAs identified that consume additional time and cost:

* The waiting of batch of parts consumes a lot of time between each process,

* The time taken for transporting the batch of parts from one facility to another facility,
* The inventory cost of each batch of parts near each facility.

From the current state map, it can be clearly seen that the lead time can be reduced in various processes as
value-added time is very less than the total Lead Time. Cellular Manufacturing and Single Piece Flow are
strongly suggested before getting into future value stream mapping so that the lead time and work in process
inventory will be considerably minimized. For defining the cells, rank order clustering can be performed. A code
was developed for rank order clustering for making the calculations easier. By dividing the products into
machine cells, and implementing a single piece flow, the waiting time can be substantially reduced. By using
rank order clustering (King, 1980), the grouping of similar machines required for processing similar operations is
grouped, as shown in Figure 3.
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SELECT PARTS ASSIGN BATCH CALCULATE FIND OUT LEAD
(P1-P8) SIZE CYCLE TIME TIME

CALCULATENEW REDUCE NVAs IDENTIFY NON
LEAD TIME AND DRAW FUTURE BY STANDARD VALUE ADDED
i‘é“é'ﬁf?g STATE VSM METHODS ACTIVITY (NVA)

Fig. 2. Flow diagram of a suggestive method to eliminate NVAs

The following steps can be given priority measures while implementing Future VSM, (i) Precision lathe,
Milling Machine, Grinding machine (ID), Grinding machine (OD), Slitting machine and polishing machine can
be grouped in one cell using rank order clustering (King, 1980) [1]. (ii) Manual acetylene torch, punch polish
and polishing wheel in another cell, (iii)) Implementing single piece flow instead of batch production in
appropriate operations. The reduced lead time is due to the elimination of waiting time between each process.
Also, due to the single-piece flow, there will be a huge reduction in inventory before each process, even though
it is not eliminated completely due to the differing processing time.

Based on the recommendation, the following machine cell has been created with the suggested number of
machines in various categories as given in figure 3

The number of machines available should be increased for the following processes as in Table 3, which in
turn would save the processing time of different batches of the same part and also processing time between
various parts.

There should be two furnaces for the hardening and tempering processes in the first machine cell, as shown
in Figure 3, since the process takes a longer time.

Hardening and tempering furnaces can be used continuously.

Tab. 3. Machine Numbers

Process Number of Machines
Turning 3
Milling 3
Heat Treatment 2
OD Grinding 2
Brazing 2

The part can simultaneously do its operations on different machines so that the total processing time will be
reduced; thereby the lead time can be minimized that can be evident from the future state value stream mapping
as shown in figure 4, drawn for the part 4 (P4) as an example.

Turning IS)ui‘.fal::.e
Machine (3 olishing
achine (3) Machine Slitting Acetylene Torch (2)
Machine
Milling
Machine (3
achine (3) HMT OD
Grinding Punch Polish
Machine (2)
Heat Treatment
(Hardening) (2)
D
Heat ﬁiﬁnmeg Polish Wheel
Treatment
(Tempering) (2)
Machine Cell 2
Machine Cell 1

Fig. 3. The proposed layout of facilities using ROC (King and J.R. King, 1980)

Future State Map for Feed Finger (P4):

The future state VSM shown in Figure 4 after reducing the non-value added activities as mentioned in the
methodology section.
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From Figure 4, it is clearly understood the total lead time has come down to 149.25 hours for part 4 (P4),
which was originally calculated as 200.91 hours. So it has been reduced to 25.71 hours in its NV As. Similarly,
for all the parts from P1 to P8, the future state VSM has been drawn after applying the proposed methodology. It
was found out that lead time could be minimized after reducing the NV As in all possible areas like transport and
inventory since the implemented cells provide the way to drastically reduce the processing time by parallel
processing many operations of the parts considered in the study.

This will reduce the processing time for heat treatment to 1.5 hours. Since there are two tempering
processes, it will take 3 hours in total. This will also reduce the inventory between the processes. Further, it will
reduce the unnecessary transport of the parts between the processes.

Production
Control

o) ol

Turning W Milling ! Heat W Slitting W D W Surface W Quality W Packing
:> Treatment :: Grinding |:: Finishing :> Checking :‘,>
CIT 10 min 10 min 180 min 10 min 10 min 20 min S min 10 min
c/o 20 min 15 min 15 min 15 min 20 min 15min 15 min 20 min
UPTIME 7 hours 7 hours 7 hours 7 hours 7 hours 7 hours 7 hours 7 hours
CREW 1 1 i 1 1 1 1 1
BATCH 40 40 40 40 40 40 40 40

B ErIET [ ]
LT T L P T

Total lead time= 149.25 hours
Value-added time = 4.25 hours

Fig. 4. Future State Map of Feed Finger (P4)
Results

In this study, eight parts (P1 — P8) are considered for study purposes to make an attempt in minimizing total
lead time using VSM by eliminating NV As. It is clearly shown from the comparison (Table 4) of existing lead
time and the lead time calculated after eliminating NV As for all the parts that there is a considerable reduction in
lead time in all the parts. However, it depends on the part feature, size and various operations present there is a
variation among the reduction in the lead time of parts with a maximum lead time reduction being 33.41
percentage (Steel Collet with V Line, P3) and the minimum of 10.92 (Guide Pin, P6) percentage since these two
are entirely different parts having dis-similar operations and processing times.

Tab. 4. Comparison of Lead Time

Part No. Leat(iE"l)"(iirsn;nz rlrll(;ltl}fz d) %gfpgzeﬁle?ﬁg Percentage Reduction in Lead time
P1 190.75 163.00 14.55
P2 215.83 156.91 27.29
P3 234.75 156.33 33.41
P4 200.91 149.25 25.71
P5 254.65 188.53 25.96
P6 195.46 175.86 10.92
P7 287.38 196.35 31.68
P8 248.55 180.46 27.39

The comparison is shown using a bar diagram with lead time using present state VSM and lead time using
future state VSM, as shown in Figure 5. Almost for all parts considered in this study, there is a reduction in lead
time which is clearly shown by the bars in the bar diagram for parts P1 — P§.
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350
300
250
200 B Lead Time in hours
(Existing method)
150 B Lead Time in hours
(Proposed Method)
100
50 -
o

Fig. 5. Comparison of Lead Time

The percentage comparison is clearly explained for all the eight parts, as shown in Figure 6. It is understood
that the minimum percentage reduction of lead time is 10.92 % for the part P6 and next reduction is 14.55 % for
the part P1, the parts P4 (25.71 %) and PS5 (25.96 %)are having a similar reduction. Similarly, the parts P2
(27.29 %) and P8 (27.39 %) are having an almost closer reduction in lead time and the parts P7 (31.68 %) and
P3 (33.41 %) and having a minute difference in terms of percentage reduction in lead time because of their
similarity in operations and process times.

Percentage Reduction in Lead time

40

35

30

25

20 -+ M Percentage Reduction in

Lead time

15 4

10 -

5 -

0 -

P3 P7 P8 P2 P5 P4 Pl P&

Fig. 6. Percentage reduction in Lead Time
Conclusion and Future Scope

In this research work, it was attempted to minimize the lead time of the manufacturing process by
eliminating all possible Non Value Added activities with the help of value stream mapping process as one of the
management decision making processes for achieving customer satisfaction through the implementation of
modern techniques and also by using methods like cellular manufacturing and the single-piece flow. The parts
(P1 — P8) considered are for case study purposes in a batch type steel industry located in the southern part of
India. The chosen industry is placed under small and medium enterprises (SME) category based on its annual
income as for South Indian environment conditions. From the interpretation of results, it is observed that the
percentage of reduction in the total lead time for each batch of parts considered in this study can be achieved to
an average of 24.613 %. Since there is a considerable reduction in lead time, the company's total profit could be
increased, which in turn helps in processing more customer orders. Therefore, customer satisfaction is improved,
and further expansion is possible in the near future. The following points could be taken well for furthering the
research work.

The lead time can be further reduced by focusing on the reduction of transportation time between the
supplier, factory and customer. The following suggestive measures can be considered as a future scope.
Implementation of these steps will prevent the occurrence of an error (NVAs):

* The fixtures should be designed so that the operator could avoid a mistake while mounting the part.
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*  The quality checking can be done immediately in the machine only using an automatic gauge. A buzzer
should be used to indicate an error.

» If any error is detected, the process should be stopped, and the source of the error should be detected
and rectified before starting the processing of the next part.
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