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Abstract— This paper deals with the productivity
improvement of steering gear in an automotive industry. Due
to increase in market demand for steering gears, the
productivity has to be improved in order to balance the
demand and supply. The cycle time of the existing CNC
turning machine is relatively high when compared to the other
machines in the production line. Though the purchase of extra
equipment will increase the productivity but the cost of
procuring new machine is high. Hence enhancement of CNC
turning machine is an economical and sensible option.
Various methods of enhancements have been studied and the
usage of cycle time reduction has been found to be the most
effective method.
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I. INTRODUCTION

Productivity improvement plays a crucial role in an
automotive industry. When a company increases
productivity, it is able to produce more amounts of products
with same amount work and equipment, which can lead to
several important benefits like profitability, business growth
and satisfies customer requirement. An automotive industry
can take a number of key steps towards improving
productivity. A productivity measurement for all operations
in the production line is a first step in managing and
controlling operation. From the measurements, we can
identify the bottlenecks that are slowing down the production
line. Improvement in the bottleneck operation will lead to
increased productivity, up to the point where the output rate
of the bottleneck equals the output rate of the operations
feeding it. Develop methods for achieving productivity
improvements such as soliciting ideas from workers (perhaps
organizing teams of workers, engineers and managers),
studying how other firms have increased productivity, and re-
examining the way work is done. Establish reasonable goals
for improvement. Make it clear that management supports
and encourages productivity improvement.

In automotive industries, CNC turning machines are
most widely used to improve the production. They are
precision and cost effective machines. The fully fledged
turning machine is designed and built to take advantage of
CNC features like high rapid rates, cutting parameters,
constant surface speed, etc. The machine lends itself for
cellular and lean manufacturing layout. The machining
processes that take place in the turning machine as per the
existing cycle are rough turning, finish turning and grooving.
But loading and unloading in turning machines are done
manually. In this paper, productivity improvement is
achieved by using cycle time reduction. Cycle time reduction
is the strategy of lowering the time to improve the
productivity as well as quality. When cycle time is too close
to the takt time, there is little margin for error. By
implementing this technique, waste time is reduced during
machining and manual loading and unloading.

II. NEED FOR PRODUCTIVITY

The aim of the paper is to increase the productivity by
applying cycle time reduction technique. Efficiency of the
production line based on effective utilization of machine and
operator. High cycle time is a major problem in industries;
therefore an effort must be taken for providing appropriate
solutions to the problems. The following problems were
identified.
—  Production rate was meeting by taking extra hours
—  Cycle time was higher in manual loading and machining
operations.

Productivity improvement was the need of the hour
and hence further analysis in this perspective is taken hence
forth.

I1l. TURNING MACHINE

A. Turning Machine 1

Fig. 1:

In turning machine 1, it is difficult to load the job in the face
drive due to overweight of the job. In order to overcome this
problem, v- block is specially designed and attached under
the face drive unit. After v-block attachment, there is an
excellent rigid and Centre accuracy and also manual loading
error is eliminated. Now loading time has reduced from 11
sec to 5sec. Therefore the cycle time per job has been reduced
from 59 sec to 53 sec.

B. Turning Machine 2
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In turning machine 2, while loading the job there is a chance
for overhanging which lead to increase the loading time. In
order to overcome this problem, spring loaded with stopper
attachment is placed inside the chuck to load the job
comfortably without overhanging. This kind of improvement
reduces the handholding cumbersome of the operators and no
possibility of wrong centre mounting. Now the loading time
has been reduced from 11 sec to 5sec. Therefore the cycle
time per job is reduced from 94sec to 88sec.

IV. LITERATURE REVIEW

R.Pannerselvam improved the bottleneck process by
applying Line balancing technique and the proposed solution
is better than existing solution in which operator is reduced,
minimization of takt time, maximization of workload
smoothness and increased line balance efficiency.

Roongrat Pisuchpen aimed to modify the plastic
vision lens production line CR39 in order to improve the
productivity and Work-study and line balancing techniques
were employed in order to improve the bottleneck point.

Naveen Kumar applied Bee and Ant colony
algorithm for identifying the number of workstation,
paralleling of workstation and improving the line balancing
efficiency. Minimization of workstations and Maximization
of productivity were achieved.

S. M. Mahbubul Islam Boby applied Six-sigma
DMAIC cycle to achieve a perfect synchronization among
cost, quality, production time and control time.

Patel Chintan Kumar implemented Single Minute
Exchange of Dies (SMED) technique to reduce waste time
and increase the production rate.

G. Sundararaja implemented lean manufacturing
concept in workstation to reduce the motion waste and
monotonous efforts of the labors which further enhances the
labors’ job satisfaction and goodwill of the organization.

Rohan Kulkarni applied a method of automatic
loading and unloading with linear tooling arrangement and
the total cycle time was reduced.

Norani Nordin applied lean manufacturing concept
to achieve smooth production flow by eliminating waste and
by increasing the activities value.

N. S. Mahesh addressed in three aspects; namely
Availability, Performance and Quality which quantify OEE
of a machine. The TPM techniques such as Preventive
Maintenance, Cleaning with Meaning, Pokayoke & Kaizen
were effectively applied on the machine.

Kanthi M.N. Muthiah applied various categories
such as Operations Research- (OR) based methods, system
analysis-based methods, continuous improvement methods
and performance metrics-based methods to increase the
productivity.

V. WORK OF PROJECT

The machining operation with respect to cycle time is shown
in the table. Loading and unloading time are done manually
on the machine. The time required to load the work piece in
both the turning machines and secure it to the fixture is
around 11sec or may also vary. While unloading the time
takes around 5 sec which is more feasible when comparing to
loading time. This is because the operator cannot perform the

task with same rate of recurrence all the time while loading.
This results in wrong mounting during manual loading. So
there is a scope for development of such a method which can
reduce the efforts of operator by keeping the loading time
constant all the time.

Turning machine - 1 Turning machine - 2
First side Second side
Operation Cycle time(sec) Operation Cycle time(sec)
Loading 11 Loding 11
Rough turning 25 Rough turning 47
Finish turning 18 Finish turning 25
Unloading, 5 Grooving, 6
Unloading 5
59 94
Total cycle time/job - 94
Table 1:

Machining time in turning 2" side is higher when
comparing with the turning 1% side. So there is a scope for
balancing operation between two machines which can reduce
the cycle time. From the study of existing scenario it is seen
that the company is not meeting its customer demand. The
company is not ready to make use of new machine and
operator. To fulfil the demand company is taking extra time
which is not possible. It is adding extra cost to the company.
The detailed study of cycle time and loading methods shows
that there is scope for improvement in terms of additional
support in the turning machines, reducing tool indexing time
and balancing the operations with machines. In this regards,
in discussion with the company management 3 feasible
proposal are submitted based on the feedback of the
management looking at the benefits final methods was freeze
and taken for putting into practice.

A. After Fixing V Block & Program Modification

Balancing operations is a correcting or stabilizing effect on
the machine, and it reduces the difference between the
machines (current status) and where it should be (the target
value, or objective)

From the study of existing machining operation, it
has been observed that the machining time in turning 2™ side
is high when comparing with turning 1% side i.e. two
operations are carried out in 1% side and three operations are
carried out in 2" side. In turning 1°t side, rough turning is
25sec and finish turning is 18sec whereas in turning 2" side,
rough turning is 47sec, finish turning is 25sec and grooving
is 6 sec. Rough turning operations is carried out in 2" side,
so we have shifted the and some rough turning operations of
12sec towards 1% side. The following table 3 shows the
proposed scenario of turning machines.

Turning machine - 1 Turning machine - 2

First side Second side
Operation Cycle time(sec) |Operation Cycle time(sec)
Loading 5 Loading 5
Rough turning 37 Rough turning 27
Finish turning 18 Finish turning 20
Unloading 5 Grooving 8
Unloading 5
65 65

Total cycle time/job - 65 sec

Table 2:
It is clearly shown that Cycle time/job in 1% side
turning is 65 sec and Cycle time/job in 2" side turning is 65
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sec. Among these machines, turning 1% side is considered as
a maximum output per shift which is said to be actual
production rate.

VI. PRODUCTIVITY

Productivity describes various measures of the efficiency
of production. A productivity measure is expressed as the
ratio of output to inputs used in a production process, i.e.
output per unit of input. Productivity is a crucial factor in
production performance of firms and nations. Increasing
national productivity can raise living standards because
more real income improves people's ability to purchase goods
and services, enjoy leisure, improve housing and education
and contribute to social and environmental programs.
Productivity growth also helps businesses to be more
profitable. There are many different definitions of
productivity and the choice among them depends on the
purpose of the productivity measurement and/or data
availability

VII. OBJECTIVES

This paper deals with the productivity improvement of
steering gear in an automotive industry. Due to increase in
market demand for steering gears, the productivity has to be
improved in order to balance the demand and supply. The
cycle time of the existing CNC turning machine is relatively
high when compared to the other machines in the production
line. Though the purchase of extra equipment will increase
the productivity but the cost of procuring new machine is
high. Hence enhancement of CNC turning machine is an
economical and sensible option. Various methods of
enhancements have been studied and the usage of cycle time
reduction has been found to be the most effective method.

VIIl. TIME CALCULATIONS

A. Turning 1% Side

Time required to carrying out one component on CNC
machine is 59 seconds, in that machining time is  43sec,
11sec is loading and 5sec is unloading time.

Production rate by a machine per hour is 3600 * 0.8/59 = 48
components per hour.

Production rate by a machine per shift is 6.83 * 3600 * 0.8/59
= 333 components per shift

(Apart from tea and lunch break)

Production rate by a machine per day is 333 x 3 = 999
components/day.

Monthly production rate by a machine is 999 x 25 = 24975
components per month.

Required demand is 19000 components per month, it will
fulfil by a machine with 3 operators per day.

B. Turning 2" Side

Time required to completing one component on CNC
machine is 94 seconds, in that machining time is  78sec,
11sec is loading and 5sec is unloading time.

Production rate by a machine per hour is 3600 * 0.8/94 = 30
components per hour.

Production rate by a machine per shift is 6.83 * 3600 * 0.8/94
=209 components per shift

(Apart from tea and lunch break)
Production rate by a machine per day is 209 x 3 = 627
components/day.

Monthly production rate by a machine is 627 x 25 =
15675 components per month.

Required demand is 19000 components per month,
it will not fulfil by a machine with 3 operators per day.

In turning machine 2, while loading the job there is
a chance for overhanging which lead to increase the loading
time. In order to overcome this problem, spring loaded with
stopper attachment is placed inside the chuck to load the job
comfortably without overhanging. This kind of improvement
reduces the handholding cumbersome of the operators and no
possibility of wrong centre mounting. Now the loading time
has been reduced from 11 sec to 5sec. Therefore the cycle
time per job is reduced from 94sec to 88sec.

IX. EXPERIMENTAL RESULTS

Time required to complete one component on CNC machine
65 seconds, in that 55 sec is machining time, 5 sec is loading
time and 5 sec is unloading time.

Production rate by a machine per hour is 3600*0.8/65 = 44
components/hour.

Production rate by a machine per shift is 6.83*3600*0.8/65 =
302 components/shift.

Production rate by a machine per day is 302*3 = 906
components/day.

Monthly production rate by a machine is 906*25 = 22650
components per month.

Required demand is 19000 components per month, it will

fulfil by a machine with 3 operators per day
Existing | Proposed nprovement n
proposed solution
Taken time 94 65 Reduction of 29
seconds
P_roductlor_l 209 302 Increase_d of 93
units per shift units
Capacity per 15675 29650 Increaseq of 6975
month units
Table 3:

X. GRAPHICAL REPRESENTATION

Cycle time

Seconds
"
o

Before After
W Takt time 94 65

Fig. 3:
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XI. CONCLUSION

Manufacturing often is focused on cycle time reduction.
Feasibility of cycle time reduction is good when investments
into these foundational items are low. The most important
factor for overall supply chain planning is the lead time.
Cycle time and takt time are more granular time
measurements that are applied to production planning and
scheduling.

By applying this technique, the following conclusions have
been arrived.

1)

2)
3)

4)

(1]

(2]

Reduction in cycle time and productivity improvement
was observed.

Cycle time is reduced from 94sec to 65sec.

Productivity is increased from 15675pieces to 22650
pieces.

Similarly this type of cycle time reduction technique also
applies to other machines of all automotive industry for
achieving higher productivity. Any automotive industry
can use this methodology for improving its productivity.
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