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Abstract

Objective: To study and implementthelean toolsand toreducelead time without much affecting the current working systems
in a small scale automotive component manufacturing industry. Method/Analysis: An attempt was made in increasing the
capacity of a machining cell with appropriate lean techniques. The enhancement of capacity was to be completed with zero
capital investment. Findings: A lean approach by using value stream mapping and line balancing was adopted to improve
the performance of the manufacturing cell. By collecting the past production data and deciphering the information, gaps
were identified for enhancement. Single Minute Exchange of Dies (SMED) was used to regulate the production and Kaizen
was also introduced in all work stations. Leveled operator loading for output consistency was suggested. Finally capacity
intensification was achieved without any major capital investment. Application/Improvements: Implementation of lean
tools reduced the setup time and idle time. The overall lead time got reduced from 6.9 days to 3.6 days and total cycle time
got reduced from 170 to 140 minutes and the customer demand was also met on time by the execution of lean tools.
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1. Introduction

The word lean means that it is to generate more value for
consumers with minimum resources. This has become the
modern trend for management of products and services'.
Continuous improvement with or without capital infu-
sion necessitates competitive manufacturing. Capacity
addition is an important metric of a manufacturing facil-
ity to meet the ever increasing customer demand. Lean
Manufacturing (LM) is a technique to reduce the cost of
product and to enhance the productivity by removing
Non-value added (NVA) activities®. In Toyota’s produc-
tion system, LM can be defined as a systematic approach
to identify and eliminate NVA activities during continu-
ous enhancement by manufacturing the goods at the tow
of the customer in detection of precision*®. Lean tech-
niques help the manufactures to decrease the lead time,
to increase the consumer fulfillment and to diminish
the waste. Value Stream Mapping (VSM) is a main tool
to identify the opportunities for various lean techniques.

*Author for correspondence

Different research articles have discussed the dissimilar
applications of VSM technique in different manufactur-
ing industries®”. Work standardization in manufacturing
industryleadsto decreaseinlead time, cycle time and setup
time and also increases products with higher quality®*°. A
summary of elimination of non value added wastes like
bottlenecks, setup time and idle time using VSM method
was presented. Line balancing and work standardization
are the tools of LM". The effectiveness and implement-
ing of an independent maintenance system in a machine
shop for enhancing the productivity with the help of lean
techniques using a systematic approach to minimize the
breakdowns, increase the performance and quality rate of
machines so as to improve the effectiveness with higher
quality'*. VSM model for manufacturing process of
gear shaft used in gear boxes was developed to identify
and eliminate waste in which any action, that doesn’t
add value to the final product and also reduce lead time
and increase throughput rate of parts'*>. An agile based
supply chain model was created to accomplish success,
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where the method should adjust to changes immediately
and the stakeholder should acquire knowledge about the
different phases of the supply chain and share the data at
the right time to sustain the dexterity in supply chain'e.
Author in” developed a value stream map for assembly
process of motor and pump parts for identifying and
eliminating waste that does not add value to the final
product in the assembly process. Productivity enhance-
ment through lean manufacturing is an optimization
and synchronization of the input resources that would
condense the wastes and decrease the overall production
cost’®20, Execution of lean tools and techniques in the
premises of pump manufacturing by initiating required
steps in order to accomplish the customer expectations
and demand were suggested®’. A supply chain model was
developed to present the necessity of maintaining quality
in a medium scale industry relating to cast iron foundry
under different delay conditions, rejection rates and also
various other activities. The various defects in a cast iron
foundry were examined and required recommendations
were given to eliminate the defects in the day to day
activities??. Author in* suggested that green goods and
services are the requirements of country which are fea-
sible only by eco friendly, energy preserving methods and
best resource consumption.

A two wheeler engine casing is the part which is being
machined in machine shop where the machine shop con-
sists of CNC and conventional machines to fulfill the
customer requirements. Also the conversion cost of the
part has to be reduced to offset the increase in the produc-
tion over heads. The need behind this project is to enhance
the capacity by reduction of the losses and cycle time,
there by meeting the demand with marginal investment.
The project focuses on line balancing for effective opera-
tor loading and to increase the output per operator there
by reducing the part conversion cost. There are 54 num-
bers of parts and consists of runner, repeater and stranger
categories. Theoretically, enough capacity is available to
fulfill the customer requirement for the standard time.
But due to some major losses 25% of capacity has been
lost. Also engine casing which is one of the high volume
products is not meeting the customer demand. The aim
of this paper is to study and identify bottlenecks in the
machined parts, to increase the spare capacity, to achieve
leveled operator loading, to implement the Single Minute
Exchange of Dies and to analyze the man machine balance
after reduction of cycle time. The aim of the study is to
improve the spare capacity through elimination of losses
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through kaizen, line balancing, SMED and to investigate
the present state VSM and in turn by reducing the lead
time in the two wheeler engine casing manufacturing
industry located in Chennai. Based on the above litera-
ture this research work shall serve as a pilot in ensuring a
sustainable development through implementing of VSM
strategy in two wheeler engines casing manufacturing
industry, which shall improve the manufactured goods
value and also its maintain ability as well as decrease the
total cycle time.

2. Methodology

The VSM technique applied in this study is a systems
approach, where the entire system is not equal to the total
of its components, as their relations are of importance as
well. During this research, after attaining knowledge to
execute VSM and accomplish the goals of lean manufactur-
ing, a two wheeler engine casing manufacturing company
was approached. After obtaining the permission from top
management, the task of examining the application of VSM
was started in the company. A first round study pointed
out that as many as four different engine casings are manu-
factured and also specified that it would be careful to begin
examining VSM on an element used in majority of engine
casings manufactured by the industry. The different pro-
cesses of engine casing are forging, CNC turning, internal
grinding, milling, drilling and broaching. The various steps
involved in methodology are shown in Figure 1.

3. Sources of Data

The primary data was collected in the industry based on
the present manufacturing system. The data was collected
to identify the existing scenario VSM which included
setup time, cycle time, number of workers, VA and NVA
activities. TAKT time was calculated according to the
consumer demand and then cycle time was compared
with TAKT time. VA and NVA activities were recognized
and feasible measures were taken for development. Line
balancing was carried out for balancing the work load
between the workers and the results was also optimized.
There are 54 varieties of components used in the manu-
facturing system of which 18.52% are runner, 29.63% are
repeater and 51.85% are stranger. The total number of vol-
umes of all the parts was 2777, where 61.76% of parts are
runner, 31.40% of parts are repeater and 6.84% of parts
are stranger as given in Table 1.
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used by runners was also studied for each machine. The
following Figure 2 shows the graph on the capacity of
machines available per day and the maximum consuming
time used by runner parts.

From the above statistical information it was found
that the reality losses are consuming about 29% of capac-
ity available in the manufacturing point. The major losses

Data Collection

Current State VSM

Existing L.ine Balancing

have to be identified and the necessary corrective actions
are to be taken to improve the capacity available for parts
manufacturing. Generally thelosses have been classified as
fixture setting loss, tool setting/breakage loss, offset/prove

Table 2. Details of machines with capacity

Description of Machine Ca}l))z;qty/ Power
(mi:s) Allotted

Fu ture 5 tate 1‘.'-' SBI ] Linear Tool CI\ZIS ;?the (LMW AL 1380 3
Vertical Machining Centers (BFW) 1380 3
. Vertical Machining Centers (BFW) 1380 3
Chﬂﬂgﬁﬁ Imp lementation Center Lathe Machine (8ft, 16 X 14 420 ]

Inches)
Internal Grinding Machine (BDU 420 ]

300/1500 CNC)

Results Universal Milling Machine (HMT 420 ]

FN2U)
Vertical Milling Machine (MITR 420 ]

DRO)
Figure 1. Methodology flow chart. Bench Drilling- (Itco) 420 1
Table 1. Percentage of runner, repeater and stranger Hor1zon(t;1111\1:$a;\lll\lfnlgél)\/[achme 420 1
Parts No.of | Varieties | Total No. Volume in % Hydrostatic Testing Machine 420 1

Varieties | in % of Volume
Runner 10 18.52 1715 61.76
Repeater 16 29.63 872 31.40 - B e Cas MR A
Stranger 28 51.85 190 06.84 v | 1220
Total 54 100 2777 100 i
L
In the selected manufacturing industry the machine .

Mad

shop was having advanced CNC machines and conven-
tional machines. Skilled workers were working in the
appropriate machines to obtain the maximum output. The

description of the machines with their running capac-

ity along with the man power is given in the following

Table 2. The cycle time was studied based on the capacity Figure 2. Machine working capacity vs time used by
of machines available per day and the maximum capacity runners.
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out, instrument setting, programming and others like
absentees of worker/power shut down. The monthly
losses in runner model machine were calculated for about
six months during January 2016 to June 2016 for different
machines. The losses in machining hours for center lathe,
CNC lathe turning center, Vertical Machining Center
(VMC)-1, VMC-2, and hydrostatic testing machine were
calculated for six months to find the average losses of
machining hours and are given in Figure 3.

4. Pareto Analysis

The Pareto analysis was carried out to calculate the losses
of various operations performed in vertical milling cen-
ters-1. The operation losses and cumulative percentage
of losses for various operations are given in Figure 4
and it was clearly found that the fixture setting loss of
35 minutes and tool setting/breakage loss of 20 minutes
play a major role for minimizing the available capacity.
For increasing the available capacity of VMC-1 fixture
setting time and tool setting/breakage loss time have to
be minimized. Based on the Pareto analysis, the follow-
ing suggestions were made for taking necessary action

& Center Lathe BONC Lathe Turing Center BVMC 1 VMO S Hydrostatic Testing.

14543145

145
14035,

]
i
=

Jan16 Fele16 Mar16 Apr-16 May-16 Tus-16

Duration

Figure 3. Monthly losses in runner model machine.
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Figure 4. Pareto diagram for Losses in VMC-1.
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to reduce the major losses. To minimize the fixture
setting time the zero point clamping system has to be
introduced through SMED. A chart for tool setup and
cutting parameter standardization has to be displayed
in each process to minimize the tool setting and break-
age loss time. Online machine programming has to be
eliminated by off line machine programming to reduce
the programming loss.

5. Current State VSM Model

The current state VSM model was developed as per the
data collected in the existing system and the same is
given in the following Figure 5. The existing VSM pro-
cesses were studied and the TAKT time was calculated.
The unnecessary movements in subassembly, improper
workloads in conveyor line activities were identified
using the current state VSM. These NVA activities have
to be eliminated by using lean tools for improving the
overall productivity of the industry. From the current
state VSM it was found that the total cycle time for all
the processed is 170 minutes and the total lead time is
6.9 days.

5.1 TAKT Time Calculation

Total available time = 3 Shifts/ Day (6 Days in a Week)
Customer demand = 250 Pieces/ Week
Available working time per shift = 480 minutes
Available time per day = [3shifts x {8hoursx60
minutes} - 30 minutes]w
= 1350 minutes
Available time per week = 8100 minutes
Where,
2025 minutes is allotted for machining the engine casing,
which is 25% of available time capacity
Required TAKT time = Total available time / Customer
demand
= 8100/250 = 32.4 minutes.

6. Line Balancing

Line balancing is the technique used to allot the workload
between different work stations. Thus every work station
has the same time for its processes which decreases the
cycle time and the same has to be calculated before line
balancing. The line balancing as a lean tool is used in
conveyor line to balance the workload between operators
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Figure 5. Current state of VSM model.
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Figure 6. Cycle time before line balancing.

and reduce the NVA activities. Based on data collected for
the standardization operations, line balancing ideas were
practically applied for the current layout. By evaluating
the cyclic activities done by each worker the new idea was
proposed to reduce the lead time. From the current layout
it was found that the boring motor side and cylinder bor-
ing were the bottleneck operations and consumes more
cycle time of 38 minutes and 75 minutes respectively.
The cycle time for each operation before line balancing is
given in Figure 6 with TAKT time.

For reducing the cycle time the cylinder boring oper-
ation could be converted to in-house operation from
outsourced operation. Due to length constraints with
standard tools, it was decided to outsource the cylinder
boring operation during development stage. Length con-
straint could be eliminated by introducing special boring
bars. Valve seating operation cutting time is high in VMC,
offloading it to HMT-FN2U milling machine with sepa-
rate fixturing will eliminate the bottleneck. The cycle time
for boring motor side was reduced from 35 minutes to
28 minutes and out sourced operation was reduced from
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75 minutes to 55 minutes after changing the operation
as in-house operation. The cycle time for each operation
after the proposed line balancing is given in the following
Figure 7. The line balancing is used to balance the work-
loads between the work stations and thereby reducing the
NVA activities. After the line balancing there are six work
stations with in-house including cylinder boring and
valve seating. Outsourced operations can be converted
into in-house based on improvements made. By convert-
ing into in-house, though the cycle time exceeds TAKT
time it can bead dressed by splitting the operations in to
two work stations called cylinder boring and valve seat-
ing. After line balancing, the overall cycle time for all the
work stations was found to be 140 minutes.

7. Future State VSM Model

The future state VSM model was developed based on
the current state VSM model. The proposed suggestions
with line balancing for improving the current position
of the industry are shown in the following Figure 8.
From the future state VSM it was found that, the NVA

B Line Balanced

z 13
w
.'m I
5
[

in minut

BotomMilling  Boring Motor Side  Crank Shaft Side  Cylinder Boring Valve Seating Hydro Testing
WorkStathons
Figure 7. Cycle time after line balancing.
Production Monthly
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[ TotalLT: 3.6 Days
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Figure 8. Future state of VSM model.
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activities were reduced by using suitable lean tools. Based
on continuous improvements the lead time was reduced
from 6.9 days to 3.6 days and the total cycle time also
reduced from 170 minutes to 140 minutes after imple-
mentation of appropriate lean tools like line balancing,
SMED etc.

8. Conclusions

The study was carried out in a machine shop in a small
scale automotive engine casing manufacturing industry.
The lean tool like VSM, SMED and line balancing was
implemented to identify and eliminate the non value
added activities for reducing the cycle time and lead time.
Based on the above analysis and results the following
conclusions were drawn.

o The available NVA activities were identified from
the current state of VSM and opportunities for
improvement were recognized and future state VSM
was constructed.

o Operator’s disagreement due to parts description was
reduced and also customer satisfaction was increased
by Kaizen. Since the deliveries of products were made
faster, customer satisfaction increased and hence the
productivity also increased.

o Lean execution in the excising system reduced setup
time and idle time with the help of line balancing.

» By implementing standard operating procedure, total
cycle time has been reduced by 18% i.e., from 170
minutes to 140 minutes.

o The study carried out by these tangential activities
specified that the application of VSM in engine cas-
ing manufacturing has resulted in reducing the total
lead time from 6.9 days to 3.6 days and in meeting the
customer demand on time.

This research was carried out on VSM in machine
shop consisting of CNC and conventional machines
only. This could be further extended in the operations of
similar manufacturing components with additional lean
tools like 5S, TPM, etc.

9. Acknowledgement

The authors sincerely thank Mr. T. G. Balachandran,
Director Administration, Dr. MGR Educational and
Research Institute, Chennai, India for his support in
preparing this article successfully.

B ¢ | oo (35) | September 2016 | www.indjst.org

1.

10.

11.

12.

13.

14.

10. References

Natasy A, Wahab A, Mukhtar M, Sulaiman R. A conceptual
model of lean manufacturing dimensions. Procedia
Technology. 2013; 11:1292-8.

. Nallusamy S. Frequency analysis of lean manufacturing

system by different critical issues in Indian automotive
industries. International Journal of Engineering Research
in Africa. 2016; 23:181-7.

. Soltan H, Mostafa S. Lean and agile performance framework

for manufacturing enterprises. Procedia Manufacturing.
2015; 2:476-84.

. Sundar R, Balaji AN, Kumar RMS. A review on lean

manufacturing implementation Procedia

Engineering. 2014; 97:1875-85.

techniques.

. Nallusamy S, Umarmukdhar AMM, Rekha RS. A proposed

supply chain model for productivity enhancement in
medium scale foundry industries. International Journal of
Engineering Research in Africa. 2016; 20:248-58.

. Rohac T, Januska M. Value stream mapping demonstration

on real casing study. Procedia Engineering. 2015;
100:520-9.

. Nallusamy S. A proposed model for lead time reduction

during maintenance of public passenger transport vehicles.
International Journal of Engineering Research in Africa.
2016; 23:174-80.

. Ratheesh PG. Standardization of work in a manufacturing

industry. International Research Journal of Engineering
and Technology. 2015; 2(8):2395-0072.

. Keyser RS, Sawhney RS. Reliability in lean systems.

International Journal of Qualityand Reliability Management.
2013; 30(3):223-38.

Nallusamy S. Analysis of static stress in an alloy wheel of
the passenger car. International Journal of Engineering
Research in Africa. 2015; 16:17-25.

Sheth PP, Deshpande VA, Kardani HR. Value stream
mapping: A case study of automotive industry. International
Journal of Research in Engineering and Technology. 2014;
3(1):310-4.

Nallusamy S. Enhancement of productivity and efficiency
of CNC machines in a small scale industry using total
productive maintenance. International Journal of
Engineering Research in Africa. 2016; 25:119-26.

Pandit SV, Kadam §J, Kharat A, Nayakawade CU.
Productivity improvement by application of line
balancing. International Journal of Innovative Research
in Science, Engineering and Technology. 2014;
3(4):11495-502.

Nallusamy S. Lean manufacturing implementation in a gear
shaft manufacturing company using value stream mapping.
International Journal of Engineering Research in Africa.
2015; 21:231-7.

Indian Journal of Science and Technology



S. Nallusamy and V. Saravanan

15.

16.

17.

18.

19.

Rajenthirakumar D, Caxton R], Sivagurunathan §,
Balasuadhakar A. Value stream mapping and work
standardization as tools for lean
implementation: A case study of an Indian manufacturing
industry. International Journal of Engineering Science and
Innovative Technology. 2015; 4(3):156-63.

Nallusamy S, Rekha RS, Balakannan K. A proposed agile
based supply chain model for poultry based products in India.
International Journal of Poultry Science. 2015; 14(1):57-62.

Santosh B, Dighe and Kakirde A. Lean manufacturing
implementation using value stream mapping: A case study
of pumps manufacturing company. International Journal of
Science and Research. 2014; 3(6):2492-8.

Nallusamy S, Kumar DSL, Balakannan K, Chakraborty
PS. MCDM tools application for selection of suppliers in
manufacturing industries using AHP, Fuzzy logic and
ANN. International Journal of Engineering Research in
Africa. 2015; 19:130-7.

Ade M, Deshpande. Lean manufacturing and productivity
improvement in coal mining industry. International Journal of
Engineering Research and Development. 2012; 2(10):35-43.

manufacturing

Vol 9 (35) | September 2016 | www.indjst.org

20.

21.

22.

23.

24.

Nallusamy S. A proposed model for sustaining quality
assurance using TQM practices in small and medium scale
industries. International Journal of Engineering Research
in Africa. 2016; 22:184-90.

Ramamoorthy, Selladurai. Economical growth in pump
manufacturing industries through lean manufacturing
system using brainstorming technique: A case study.
International Journal of Advanced Economics and Business
Management. 2011; 2(1):1-8.

Nallusamy S, Ganesan M, Balakannan K, Shankar C.
Environmental sustainability evaluation for an automobile
manufacturing industry using multi-grade fuzzy approach.
International Journal of Engineering Research in Africa.
2015;19:123-9.

Kumar P, Gandhi NMD. Green manufacturing in foundry.
International Journal of Engineering Research and
Technology. 2013; 2(1):1203-7.

Nallusamy S, et al. Sustainable green lean manufacturing
practices in small scale industries- A case study.
International Journal of Applied Engineering Research.
2015; 10(62):143-6.

Indian Journal of Science and Technology | 7 -



