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Abstract: Value Stream mapping technique involves
flowcharting the steps, activities, material flows,
communications, and other process elements that are
involved with a process or transformation. In this respect,
Value stream mapping helps an organization to identify the
non-value-adding elements in a targeted process and brings
a product or a group of products that use the same
resources through the main flows, from raw material to the
arms of customers. Process activity mapping is a Value
stream mapping (VSM) tool has its origins in industrial
engineering. The technique is known by a number of names
although process analysis is the most common. Current
effects of wastes on processes are observed. Process
activity mapping steps are studied and wastes are
identified. Different flow layouts are studied and best layout
is selected that reduces the transport time. In this paper a
case study in xyz foundry is carried out with current state
map and future state map after following the different steps
starting from the detailed time study of mapping process
from raw material to final product. The steps including
waste elimination techniques with conversion of existing
waste into standard wastes are described. Statistical charts
are prepared for the identification of bottleneck product is
presented.

Keywords: Current State map, Future State Map, Process
activity mapping, Value Stream Mapping, VSM tool, Waste
Reduction.

l. INTRODUCTION
Process is a series of actions, changes or functions that
bring about an end result. (American Heritage, 1978).A
Process is defined as one or more tasks that transform a set
of inputs into a specified set of outputs (goods or services)
for another person i.e. customer or process via a
combination of people, procedures, and tools. (Wesner,
Hiatt, Trimble, 1994) .The sequence of things [procedures]
done to produce an output. A task is just one individual step
in the process (Flanigann, Scott, 1995). Process mapping is
the detailed mapping of the real process. Process maps: (a)
Bring clarity to complex processes (b) Highlight non-value
adding activities and (c) Start the process of thinking about
improvements.
There are five stages to the process activity mapping [1]:
(1) The study of the flow of processes;
(2) The identification of waste;
(3)A consideration of whether the process can be
rearranged in a more efficient sequence;
(4) A consideration of a better flow pattern, involving
different flow layout or transport routing; and
(5) A consideration of whether everything that is being
done at each stage is really necessary and what would
happen if superfluous tasks were removed.
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A case study in xyz foundry for waste reduction with
process activity mapping is carried out to identify the
process flow and non value adding activities. The study is
focused only on foundry production line (Line 1 namely
KOYO production line) which contributes to 98% of the
castings of the foundry. The Value stream mapping tool is
used to analyze both the flow of materials and the flow of
information. The line is semi-automated and the casting
goes through various processes drums, conveyors, sand
separation, sand preparation, knock out, degating, shot
blasting etc. Mapping the value stream activities of other
products would give similar results with small differences
in numerical values as some castings are simple, requires
hot/cold box process while some are complex requiring
cold/hot box process. However the bottleneck product
Unterlage is selected for the study. This study is a case
study applied for the foundry processes which are
continuous processes as production lines are semi
automated and the analysis uses the process activity
mapping tool. This tool is selected with questionnaires,
interviews and brainstorming sessions with manager and
operators on the shop floor [2]. Marketing, production
planning & control dept., pattern shop has helped us to give
past record values of foundry production line for e.g.
marketing dept. has given monthly customer order,
production planning dept. has given the total foundry
layout, pattern shop has given classification of simple and
complicated jobs depending upon their work experience etc.

I1.  Case Study

2.1 Objectives

1. To use the Value Stream Mapping tool in identifying,
quantifying and minimizing major wastes in a foundry
production line.

2. To quantify by rank the seven wastes of lean within the
foundry line.

3. To formulate practical means of reducing the identified
major wastes.

4. The aim is to reduce lead time for process improvement.

2.2 Methodology

Step 1 Identify the bottleneck product for case study.
Unterlage 2884 and the product family is the bottleneck
product corresponding to customer Wagner Trident (Fig.1).
Step 2 Causes for bottleneck

2.1 The product selected for the study is Unterlage
corresponding to customer Wagner Trident as this product
family possesses more casting weight up to 12.5kg which is
greater than any product or product family on the
production line. See fig.1showing the graph of customer
versus average casting weights in kg.

3482 | Page



International Journal of Modern Engineering Research (IJMER)

WWW.ijmer.com Vol.2, Issue.5, Sep-Oct. 2012 pp-3482-3496 ISSN: 2249-6645
14
12
= 10
X
2 8
2
L 6
2 .
2 4 |
Z 2 — 1—1 W Seriesl
S , I B8 11 |
S 0 | 1 W Series2
=
= 2 T = = X c X € = o ®@ 5 © O «©
“ 2EEgsEESgiEgltiisEs
s g 3o 3 n=88 8P 8=575=
SF-FS2ETx O U = m %aou-
c 5 = = 8 5 s 2 N
< 8 = v
; (%2]
Customers

Fig.1 Bottleneck Product

2.2 Further the no. of cavities, pouring time and mould
cycle times for Unterlage are greater than any other
product or product family on production linel.

Step 3 Selection of the value stream mapping tool.

3.1 The Value Stream Analysis Tool (VALSAT) [1] is
done to select the proper tool.

The value stream to be reviewed is first identified and
through a series of preliminary interviews with managers
the wastes are found out and ranked based on the weight
age to a particular waste. The Value Stream analysis is
done on the basis of correlation matrix of the seven
wastes and the appropriate tools to use for analysis.

Table 1: The Seven Value Stream Mapping Tools [1]

Wastes /| | Mapping Tools
Structure Process Supply Chain . Chality Demand Decision Physical Structure
Artivity Response Toduction | Fier Amplification | Point (a) Vikome
Mapping Matrix : Mapping Mapping Analysis (b) Value
Overprodoction | L M L M M
Time Waiting H H L M M
Transport H L
Inappropriate | 5y L L
Processing
Unnecessary
Irventory M H H M L
Unnecessary
Moticn H L
Product Defects | L H
Overall
Structure L M L H M H
_ Time _ Efficient
Origin of Tool Illdulsmall compression’ Operations New Tool Sy*stemf; Consumer New Tool
Engineering Losisd; Management Drmamics Response
= = ogistics = i ot
= Logistics
Notes: H=High correlation and usefulness
M =Mednun correlation and usefulness
L = Low comelation and usefulness

According to VALSAT [1] three tools namely
Process activity mapping, Quality filter mapping and
Production variety funnel have shown greater
effectiveness to reduce the waste in foundry. However
only Process activity mapping is considered for analysis
in this paper for case study.
Step 4 Case details
The time study for all the foundry operations was carried
out for 45 days by using stopwatch as a recording
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technique. The data is collected for the bottleneck product
per machine per shift per component. The statistical bar
charts are drawn to reveal the product details and analyze
the problem.

Step 5 Study of the manufacturing process flow

The xyz foundry production line is semi automatic
dedicated to flow the product. The process flow is shown
in Fig. 2.The process starts from raw material along with
component drawing, sand preparation step by step. The

3483 | Page



International Journal of Modern Engineering Research (IJMER)

WWW.ijmer.com Vol.2, Issue.5, Sep-Oct. 2012 pp-3482-3496 ISSN: 2249-6645
movement of material and information to produce final Step 6 Identification of wastes
castings through various processes takes place from After the study of analysis the seven wastes are found in
supplier to end customer. percentages as given in Table 2.
Table 2 Waste Identification
Sr. Type of Waste Percentage
No
1 Overproduction 9.375%
2 Waiting 15.625%
3 Transport 15.625%
4 Inappropriate 18.75%
Processing
5 Unnecessary 6.25%
Inventory
6 Unnecessary 9.375%
Motion
7 Defects 25%
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Fig.3Waste Ranking Bar Chart.

Step 7 waste ranking methods

Based on the VALSAT analysis and the time study analysis
the waste ranking algorithm is employed and it shows the
wastes that really need to be minimized as shown in fig.3.

Step 8 Identification of Value Stream

The value stream is identified and it comprises of all the
activities that are Value added and Non Value added.
Identification of value stream will give the detailed
information about the product flow, wastes that occur

Step 9 Mapping the Process Activities

Process activity mapping involving the preliminary analysis
of the process [1] followed by the detailed recording of all
the items required in each process is done for bottleneck
product UNTERLAGE per machine per shift per
component on KOYO automated line. As can be seen from
this foundry example each step (1-38) has categorized in
terms of variety of activity types (operation, transport,
inspection and storage). The machine or area used for each
of these activities is recorded, together with the distance
moved, time taken and number of people involved. These
are shown by darker red bold letters as shown in fig 4.

The total distance moved, time taken and people involved
can be calculated and recorded [1]. The completed diagram
(Figure 4) can then be used as the basis for further analysis
and subsequent improvement. This is achieved through the
use of techniques such as the 5W1H [1] (asking: Why does
an activity occur? Who does it? On which machine? Where?
When? and How?). The basis of this approach is therefore
used to eliminate activities that are unnecessary, simplify
others, combine yet others and seeks sequence changes that
will reduce waste. Various contingent improvement
approaches can be mapped similarly before the best
approach is selected for implementation.

2.3 Current State Map

The time study is carried out by the stopwatch for 45 days
on the shop floor of the foundry. We have gone through
each and every process on the production line 1 by
recording the travelling distances of men, materials, time
taken by each activity, number of operators and workers
right from raw material to final product dispatch. We
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Waste reduction is possible by using different lean
techniques such as creating supermarket, Kaizen, JIT, FIFO
etc. approach which can be conducted through discussions
with shop floor employees.

within the value stream, step by step activities with cycle
times, distances etc. It gives systematic procedure to tackle
the improvement opportunities with lean techniques to
satisfy the customer demand with increase in productivity.

observed raw material inventory, in-process and finished
good inventory.WIP is more in between the degating-shot
blasting-inspection-dispatch area. Layout was improper and
due to that mixing up of parts, low productivity, poor
housekeeping and unnecessary transportation of parts was
there in fettling section.

Current state map is prepared keeping in view of
the lean manufacturing principles. A few assumptions are
also made for preparation of current state map. From past
sales data at the industry under study, it is known that
maximum demand of Unterlage 2884 may reach up to 3300
per month. The current state map captures information at a
particular instance, which may vary from shift to shift. For
the sake of analysis, the shift and operator-wise variation
(which may be there) is not considered. Effective numbers
of working days are 26 per month, number of shifts per day
is three and working hours per shift are eight. Available
working time per day is 86400 seconds. As per [3] Takt
time can be calculated as

Takt time= {(Available working time per day
(seconds)/customer demand per day (units)} = {(86400/
(3300/26)} = 681seconds.From current state map, value
added time as a % of total time in plant = {(13497.54/ (15
Day X 24 hrs/day X 60 min/hr)} =0.62 %.

2.4 Future State Map

For future state map the following areas in which wastes
like WIP, Inappropriate processing, bad layout etc. are
identified and presented separately in corresponding
process. After that the wastes are converted into standard
wastes and techniques of waste elimination are described in
latter part. First the processes in which the identified wastes
exists are, a) Pattern Making, b) Core Making, ¢) Moulding,
d) Shot Blasting, €) Fettling
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Fig.4 Process Activity Mapping

Identification of Wastes in the above foundry processes:

1) Pattern Making

1. Patterns must be finished, edges, burrs should be

removed.

I11) Core making

1. Three cavity core boxes for component 1 were not
enough to complete production requirement.

2. Core Box of 2 cavities & core for component 2 was
solid creating gasses problem in castings and not
enough to complete production requirement.

3. One cavity core box for component 3was not enough to
complete the production requirement.

4. Core weight is more for Slip Yoke 1180 which is 0.370
kg.

WWW.ijmer.com

111) Moulding

1. Spillover of dust in turn affecting the environment in
mould sand plant.

2. Moulding sand hopper was damaged so that sand
leakage was more in the mould making section.

1V) Shot Blasting

1. Due to m/c breakdown of 3-4 days WIP is more in this
section.

V) Fettling

1. Mixing up of different parts due to bad layout.

2. Poor housekeeping leads to low productivity.

3. High transportation of parts.

Classification of wastes into standard forms and techniques

of elimination adopted:-
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Table.3 Techniques of wastes elimination.
Operations Waste Type Technique of Elimination

Pattern Making

1.Patterns must be
finished, edges, burrs
should be removed

Inappropriate Processing

Abrasive grinding brush
introduced.

environment.

Core Making 1.Three cavity core boxes | Machine Error Design and Process
for component 1 were not Review.10 Cavity Core
enough Box is made.

Operations Waste Type Technique of Elimination
2. Two cavity core box for | Machine Error Design and Process
component 2 was solid Review.6 Cavity Core Box
creating gasses problem in is made.
castings.

3. One cavity core box for | Machine Error Design and Process
component 3 was Review.2 Cavity Core Box
enough. is made.

Moulding 1. Spillover of dust in | Machine Error Design  and  Process

Review. Containers were
provided for collecting the
dust.

leakage.

2. Moulding sand hopper | Machine Error

was damaged causing sand

Design  and  Process
Review. Hopper welding
with proper direction was
done.

Shot Blasting
more WIP.

1. M/c breakdown caused | Waiting Total

productive
Maintenance (TPM) or
Preventive Maintenance.

bad poor housekeeping.

Fettling 1. Mix up of different parts | Waiting Part Specific self concept
due to poor layout. was adopted.5S was used.
2. Low productivity due to | Waiting Part Specific self, 5S was

used.

parts

3. High transportation of | Transportation

Cellular Manufacturing or
Group technology.

From future state map, value added time as a % of total
time in plant = {(13497.54/ (11 Day X 24 hrs/day X 60
min/hr)} =0.85 %.The future state map indicates average
23% waste reduction in the critical areas of unnecessary
inventory, transportation and waiting.

The concept of supermarket came into picture to reduce
the in process inventory or WIP. A ‘‘supermarket’” is
nothing but a buffer or storage area located at the end of
the production process for products that are ready to be
shipped (Rother and Shook, 1999). On the other hand,
producing directly to shipping means that only the units
that are ready to be shipped are produced. Currently xyz
foundry produces all the automotive Spheroidal Graphite
Iron products (S.G Iron) and sends them to a holding area
where they are stored with other products waiting to be
shipped. However, this is done based on a push system,

necessary only at the finishing end where large amounts
of inventory exist between different workstations. In
addition to the shipping supermarket recommended after
final inspection, three additional supermarkets are needed
to create a continuous flow. One before the Shot blasting,
one before the fettling process and one before final
inspection as flow displayed in Fig. 6. First in between
degating and shot blasting ,2" in between shot blasting
and fettling,3" in between fettling and inspection & 4"
after the final inspection before the dispatch. Instead of
Kanban pull, manual push system is employed to fill the
supermarket to their required capacity. Kaizen continuous
improvement programmes were carried out at pattern
making, core making, mould making and fettling
departments with Total Productive Maintenance (TPM)
and 5s as explained above in table 3. First In First out
(FIFO) concept was employed before degating, shot

and components can wait a long time in this area before blasting and fettling.
being shipped. The introduction of supermarkets is
WWW.ijmer.com 3493 | Page
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I11.  Conclusion
Value stream mapping tool can be used effectively in any
kind of sectors as it is a world class manufacturing tool. The
analysed study is case study in foundry industry. The prime
objective is to carry out Process Activity Mapping for waste
reduction. In this study bottleneck product was identified.
Further Value Stream Analysis Tool (VALSAT) was
employed for identification of wastes in a process. The
significance of each type of error was studied and waste
ranking was carried out. Current state map is plotted to
assess current status. Waste elimination techniques are
presented and future state map is also preferred for
improvement. The results of study shows 23% waste

but the increased throughput against takt time will pay back
for investment.

The authors are currently working on this
project in a foundry situated in Maharashtra (India).This
study is carried out on foundry production Line
1(KOYO),which produces 98% of total castings in foundry,
therefore study is focused on 1% production line. A similar
analysis on other production line 2(DISA) may show
similar trend of results. Heavy complex castings are
produced on second line contributing to only 2% of total
castings. Besides authors are also working on Production
Variety Funnel and Quality Filter mapping tools for process

reduction in the areas of unnecessary inventory, ~ improvements. Value stream mapping tools can be
transportation and waiting. It is however to be noted that  effectively employed to reduce wastes and to improve the
there is a significant cost to complete any required changes process.

WWW.ijmer.com 3495 | Page



[1]

(2]

[3]

International Journal of Modern Engineering Research (IJMER)

WWW.ijmer.com
REFERENCES

Hines P, Rich N. “The seven value stream mapping
tools” Int J Operations and production Management
17 46-64 1997.

William M. Goriwondo, Samson Mhlanga, Alphonce
Marecha “Use of the value stream mapping tool for
waste reduction in manufacturing-Case study for
bread manufacturing in Zimbabwe” International
Conference on Industrial Engineering and Operations
Management Kuala Lumpur, Malaysia 2011 236-241.
Bhim Singh, Suresh K. Garg, and Surrender K.
Sharma “Value stream mapping: literature review and

WWW.ijmer.com

Vol.2, Issue.5, Sep-Oct. 2012 pp-3482-3496

[4]

(5]

(6]

ISSN: 2249-6645

implications for Indian industry” Int J Advanced
Manufacturing Technology 53 2011 799-809.

UIf K. Teichgraber, Maximilian de Bucourt
“Applying value stream mapping techniques to
eliminate non-value-added waste for the procurement
of endovascular stents” European Journal of
Radiology 81 2010 e47— e52.

Fawaz A. Abdulmalek, Jayant Rajgopal “Analyzing
the benefits of lean manufacturing and value stream
mapping via simulation: A process sector case study”
Int. J. Production Economics 107 2006 223-236.
Process Mapping & Procedure Development 2007
Consultas Pty Ltd.

3496 | Page



