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ABSTRACT

To survive in today’s competitive world; industries and manufacturers need to find ways
and alternatives to reduce the production time and costs in order to boost the operating
performance, product quality and flexibility. One of the alternatives is to reduce the setup
time. For many decades, extensive attention has been given to the action of reducing the
setup and changeover time and most of them are practicing the “‘famous” Single Minute
Exchange of Dies (SMED), developed by Shigeo Shingo in 1960s. Despite that, many
companies are still having problems in implementing the SMED because of there is no
specific guideline to apply the method. This paper proposed a new framework of SMED
with detailed steps to facilitate lean practitioner in implementing it. The new SMED
framework will helps decision maker in choosing the best options whether to eliminate,
combine, simplify or convert the setup activities from internal to external activities by
applying Eliminate, Combine, Simplify and Convert (ECSC) concept. A case study in
composite aircraft manufacturing company is used to exemplify the approach. The data
analysis was presented to show the final results. The result validates the aptitudes of the
proposed method in reducing the setup time.

Keywords: Setup time reduction, changeover, Single Minute Exchange of Dies, SMED,
lean manufacturing, ECSC concept.

INTRODUCTION

Over the years, there has been an explosive growth of interest in the research for
setup time reduction. Setups are essential to follow the production process of
various production types [1-3]. The setup process development is even more
crucial when the product ranges in many manufacturing companies are growing
and the production series size is reduced simultaneously [4-5]. Setup time refers to
the time allocated for preparing the necessary resource to perform an operation [6-
8]. Setup time also can be defined as the time elapsed between producing the last
good product of the first lot and the first good product of the next lot [9-11].
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One of the lean’s tool that are regularly applied for reducing the setup time is
Single Minute Exchange of Dies (SMED) [12-14]. The SMED which is introduced
by Shigeo Shingo in 1960s refers to a set of theory that can be applied to reduce
the equipment setup time. The primary objective of SMED is to accomplish the
setup process in less than ten minutes, or single digit minutes which gives the
name of this method [15-17]. The fundamental of SMED is eliminating the time
wasted in changeover process by identifying and simplifying the activities done
before, during or after the changeover process and finally streamlining the
remaining activities for smoothening the production flow [18-21].

By using the SMED concept, all of the activities in the setup operation can be
divided into two groups which is internal and external activities. All of the
activities that can only be completed while the machine or equipment is shutting
down are the elements of internal setup. They must be minimized, reduced and
simplified because they are slowing down the production process flow. External
activities can be done eventhough the machine is running. These activities can be
performed before or after the machine is shutting down [22].

This paper concerned with the research study of reducing the setup time for the
5-axis composite material’s trimming machine. The SMED philosophy along with
the Eliminate, Combine, Simplify and Convert (ECSC) concept was adopted to
achieve the optimum reduction in setup time. The implementation of the SMED
integrated with ECSC concept is clearly explained. A real example of composite
aircraft manufacturing company is used to validate the approach.

RESEARCH METHODOLOGY

The original SMED framework is compared and contrasted with the proposed
SMED-ECSC framework. The framework explains the operations in each phase
starting from Phase 1 until Phase 4. In the SMED-ECSC framework, there has
been some improvement in Phase 3 of the original SMED framework. The
proposed ECSC concept is applied in Phase 3. The overall setup process will be
explained in the next section.

Case Study

This research study was conducted in the Trimming Department of Company X
which is the manufacturer of structure composite bond assemblies and sub-
assemblies for commercial aircraft industries. The setup time in this case study
refers to the time required to setup the trimming machine and manage the Drilling
Router Jig (DRJ) with composite panel. Table 1 shows the sequence of the setup
activities.
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Table 1: Current setup activities and their durations

No Setup Time | No Setup Time | No Setup Time
activities  taken(s) activities taken(s) activities taken
)
#1 Drive 34 #2 Liftalong 146 #3 Movethe DRJ 25
forklift to DRIJ to another
the rack rack
#4 Lift a new 73 #5 Move the 30 #6  Lift another 102
long DRJ new DRJ long DRJ
within rack
#7 Adjust 105 #8 Move the 19 #9  Drive forklift 23
forklift to DRI to back to origin
reverse another rack
#10 Checking 68 #11 Drive forklift 75 #12 Take a new 16
LOB back to rack long DRJ
#13 Adjust 33 #14 Move DRI to 276 #15 Reverse 75
forklift to another rack forklift
reverse
#16 Lift another 112 #17 Move DRJ to 31 #18 Take the 59
DRJ another rack desired DRJ
#19 Adjust 25 #20 Bring the 117 | #21 Adjust the 14
forklift to desired DRJ overhead
reverse to machine crane
#22 Attach 172 #23 Lift the DRJ 7 #24 Place the DRJ 12
hooks onto onto the bed
DRJ of the
machine
#25 Release the 101 #26 Move the 50 #27 Clamp the 6
hooks overhead DRIJ
crane
#28 Tighten the 19 #29 Adjust the 93 #30 Touch offset 102
clamps for tool bit using the surface of
DRJ machine the DRJ
controller
#31 Set the 9 #32 Adjust the 73 #33 Origin setting 38
machine tool for one side of
program origin setting DRJ
#34 Origin 111 #35 Check Line 62 #36 Checking 210
setting other of Balance flatness point
side of DRJ (LOB) on PC
#37 Enter 12 #38 Adjust 186 #39 Origin setting 7
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No Setup Time | No Setup Time | No Setup Time
activities  taken(s) activities  taken(s) activities taken
(s)
flatness flatness again for all
points into points points
PC
#40 Enter data 88 #41 Origin 137 | #42 Set program 65
into PC setting for for part
another part number
number
#43 Check 249 | #44 Setting the 153 #45 Choose the 9
origin point tool bit composite
flatness panel
#46 Lift panel 28 #47 Attach 92 #48 Place another 123
and place it vacuum hose panel
onto the
DRJ
#49 Close the 6 #50 Find and 533 #51 Start 4
machine choose trimming
door program process

Total time: 4215 seconds / 70.25 minutes

SMED-ECSC Framework

In the new framework of SMED-ECSC as illustrated in Figure 1, Phase 1, Phase 2
and Phase 4 are similar to the conventional SMED. The improvement part is the
eliminating process for unnecessary activities which is done in Phase 3 after the
identification and separation of internal and external activities. Instead of starting
to convert the internal to external activities in Phase 3, the possibilities of
eliminating the unnecessary activities are taken into primary consideration because
by eliminating the possible activities, the overall setup process can be reduced
straight away. If the setup activities cannot be eliminated, the possibilities of the
activities to be combined are taken into consideration.
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PHASES OPERATIONS
Phase 1 »| Observe current setups and operations
Map the current setup L Conduct time motion study
process
Phase 2 > Identify the internal and external
m activities
Identify and separate
the internal and

Separate the internal from external

external activities activities

|

Phase 3 : Process of eliminating, combining,

5 ; |—w =zimplifying or converfing internal into
Convert internal into

N | external activities by wusing ECSC
external activities

: concept

R

Phase 4 > Improve criginal setup activities
Streamline all of the
activities Standardizing setups task

Figure 1: SMED-ECSC framework

Combination of activities refers to action of combining two or more activities into
one improved activities such that they can be performed at the same time. If there
is no possibility of the activities to be eliminated or combined, the next alternative
is to simplify them. Simplification refers to the process of simplifying or reduces
the time taken to perform the activities without eliminating or combining them.
The next alternative is to convert the internal activities into external activities
because by converting them to external activities, the activities can be performed
without the stoppage of the trimming machine. The guideline for the decision
making process is illustrated in Figure 2.
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Implement

Consider other setup
activity

Figure 2: ECSC decision making process

RESULTS AND DISCUSSION
SMED Decision Making Process

By applying the ECSC decision making concept, the unnecessary activities such as
driving the forklift back and forth to the DRJ rack and finding the desired DRJ are
eliminated by preparing the desired DRJ while the previous panel undergoes
automatic trimming process. This method saved a lot of times thus lead to setup
time reduction.

Tagging system has been introduced to make sure that the worker put the used DRJ
back to their rack correctly. This activity is performed to prevent the loss time due
to finding the right DRJ. Next, the scanning system was introduced to simplify the
operations of the setup process. Before this, worker needs to manually find the
program in the machine control which consumes a lot of time. Other than that,
another implemented improvement solution is by simplifying the activity to check
the Line of Balance (LOB) by repositioning the machine controller, so that worker
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can see the LOB clearly. Next, the location of the PC table is also relocated to a
more suitable and nearer distance to the machine controller.

Setup Time Reduction

The setup time reduced from 4215 seconds to 3571 seconds with 15.3% of
reduction after the implementation of SMED-ECSC concept as shown in Table 2.
The ECSC concept helps in making decision whether to eliminate, combine,
simplify or convert. In the context of this case study, only the elimination and
simplification process are chosen. Figure 3 shows the bar chart representing the
setup time reduction before and after the implementation of SMED-ECSC concept.

Table 2: Setup activities and their durations after SMED-ECSC implementation

No Setup Time No Setup Time No Setup Time
activities taken activities taken activities taken
(s) (s) (s)

#1  Drive 40 #2  Take the 15 #3  Adjust 99
forklift to desired forklift to
DRI rack DRIJ reverse

#4  Bring 70 #5  Clamping 123 #6  Lift the DRJ 22
desired overhead using
DRIJ to the crane overhead
machine hooks to crane

the DRJ

#7  Move DRJ 32 #8  Adjust DRJ 58 #9  Unhook all 11
onto bed of to fit into clamps
machine bushing
using crane

#10 Take the 13 #11 Tighten the 77 #12 Take air 23
spanner SCrews gun

#13 Clean the 136 #14 Check 159 #15 Touch 34
DRJ using offset of surface of
air gun DRIJ DRIJ

#16 Find 26 #17 Setting tool 43 #18 Probing 35
machine
program

#19 Select 112 #20 Calculate 55 #21 Select 84
program AROT machine
for panel program

#22 Insert data 87 #23 Find 48 #24  Start origin 87
into program setting
computer number process

#25 Choose 103 #26 See 89 #27 Adjust 108
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program flatness clamps
points in
computer
#28 Continue 95 #29 Select data 135 #30 See flatness 89
origin to be use points in
setting computer
#31 Automatic 213 #32 Choose 137 #33 Find 241
find the tool bit program
tool
#34 Search and 128 #35 Choose 213 #36 Choose and 89
replace tool bit load
coding data again composite
mother
panel on
DRIJ
#37 Attach 51 #38 Check 108 #39 Check data 195
vacuum pressure in machine
hose using control
vacuum
gauge
#40 Close door 31 #41 Start 57
trimming
process
Total time: 3646 seconds / 60.77 minutes
Setup time before and after SMED-ECSC implementation
4400
__ 4200
]
§ 4000
v 3800
E
@ 3600
3200
Before After
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Figure 3: Setup time before and after SMED-ECSC implementation
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CONCLUSIONS

Based on the recorded setup time before and after the implementation of SMED-
ECSC concept, a comparison was made to measure the effectiveness of the new
proposed framework. The proposed approach provides a systematic guideline in
order to select the best decision for every activity in a setup process. There are 4
decisions that can be choose according to the possibilities of every activity whether
to be eliminated, combined with other activities, simplified or converted from
internal to external activities. The elimination process should be the primary
alternative because by eliminating the possible activities away, the overall setup
process can be reduced thus leads to setup time reduction. The second alternative is
combining two or more activities at the same time, followed by simplifying and
converting the internal into external activities. A setup time reduction of 15.3%
setup time was achieved after the implementation of the SMED-ECSC concept.
The result illustrates the benefits and the advantages of incorporating ECSC
concept into the third phase of conventional SMED. This concept may facilitates
the setup reduction initiatives in other industrial and manufacturing organizations.
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