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Abstract

Maintenance of company facilities or machines has an important role in supporting work productivity within the
company to achieve the production targets that have been set. Results Based on the research conducted, it can be
seen that PT. XYZ has problems with the current maintenance system. The problem that still occurs is that there
is still waste in its maintenance activities. PT. XYZ is a company engaged in the garment sector and has been
established in 2003. The products produced by PT. XYZ, namely, polo shirts, t-shirts, sweaters, shirts, field service
clothes (PDL) and jerseys. One of the damages is the overlock machine which has a downtime per year from
January 2020 to December 2020, which is 11944 minutes. The data is carried out using Maintenance Value Stream
Mapping (MVSM) to trace the causes of waste in maintenance activities which will then be deepened with Root
Cause Analysis (RCA), which uses five-whys analysis and fishbone diagrams to recommend improvements in
these wasteful efforts. Based on the recommendations for improvement, the maintenance efficiency of the servo
motor component has increased from 36.36% to 42.90%, while the looper component has increased maintenance
efficiency from 24.27% to 32%.

Keywords
Lean Maintenance, Maintenance Value Stream Mapping, Root Cause Analysis (RCA), Five-Whys, Fishbone
Diagram

1. Introduction

Recent trends indicate that, in general, many systems in use are not performing as intended, so far as cost-
effectiveness in terms of their operation and support is concerned. Particularly in manufacturing systems, some
of them often operate at less than full capacity, with low productivity, and the costs of producing products are
high. According to the study reported, from 15% to 40% (average 28%) of total production cost is attributed to
maintenance activities in the factory. In fact, these costs are associated with maintenance labour and materials and
are likely to go even higher in the future with the addition of factory automation through the development of new
technologies. In this sense, the lean concept has conquered different economic sectors and most of the company's
processes, positioning itself as an inevitable concept to improve the performance of the company.(Mobley 1990)
Lean is a lever that enables the company to continually improve its processes, reduce overheads and meet the
growing and diverse needs of its customers, but it can never be achieved without maximum reliability and
availability of equipment because of their direct impact on the quality, cost and delivery of products or services.
Then companies must define the most appropriate maintenance strategy to achieve the required performance of
the production system.(Mouzani and Bouami 2018)

PY XYZ is a company specializing in garment products established in 2003 and located in Tangerang. Based on
an interview with the head of the company maintenance, the company currently has problems with the
maintenance system that is applied because production machines often experience sudden shutdown when the
production process takes place and takes a long time to repair. Based on the results of initial observations, the
high downtime of machines is due to waste that usually occurs in maintenance activities at PT. XYZ. A lean
maintenance approach is expected to minimize waste in the maintenance department by identifying and
eliminating activities that disrupt production and creating a smooth flow throughout maintenance activities.
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2. Literature Review

2.1. Maintenance

Maintenance is defined as a series of activities needed to maintain and keep a product or system in a safe,
economical, efficient, and optimal operating condition. (Gozali et.al. 2019 and Gozali et.al. 2020). Maintenance
activities in the company are very necessary because every piece of equipment has a useful life, and humans are
always trying to increase the service life by doing maintenance(Abbas et al. 2009).

The main maintenance objectives can be defined as follows: (Asyari 2007)

To extend the usefulness of the asset.

To ensure optimum availability of installed equipment for production and get maximum return on investment.
To ensure operational readiness of all equipment always needed in an emergency.

To ensure the safety of people who use these facilities.

ao o

2.2. Lean Maintenance

The lean maintenance concept is a relatively new term, introduced in the last decade of the 20" century. The lean
maintenance theory is an advanced maintenance concept, and the method aims to minimize the waste phenomenon
(Smith et al. 2004). Lean maintenance relies on the combination of approaches, methods and tools of Lean
Manufacturing and maintenance and is regarded as a benefit of maintenance to customers with minimal waste and
minimum work, management effort, maintenance, spare part and energy (Levit 2008). In summary, Lean
Maintenance is a system that encompasses all maintenance principles and existing Lean techniques and aims to
eliminate the various wastes identified in maintenance processes (Mostafa et al. 2015). Knowing that production
and maintenance are two different processes, the Lean maintenance approach can never be an image of Lean
manufacturing. The differences mentioned below show why Lean maintenance needs a different orientation than

Lean Manufacturing.

a. Production plans are based on sales forecasts. Therefore, they are driven by a precise schedule of work.
However, corrective maintenance work follows a well-defined work schedule due to failures that occur
randomly.

b. The concept of "production without wastage" is different between production and maintenance processes. For
production, being productive without waste is the rightly daily management of the production process. For
maintenance, this notion has an extra time perspective, producing without wastage means not replacing organs
too early while avoiding failure.

c. The improvement of production processes can be achieved by recording and acting on dynamic operational
data. Data management and data collection are also useful for equipment maintenance, but it also requires
static data such as the type and condition of equipment, the failure rate, etc.

2.3. Maintenance Value Stream Map (MVSM)

Maintenance Value Stream Mapping (MVSM) is a method for mapping the process flow and information in
maintenance activities for equipment. In MVSM, the output obtained is the amount of time that is classified as
value-added (VA) and non-value added (NVA) time and maintenance efficiency (Huda et al. 2014). In MVSM,
value-added activities are defined as Mean Time to Repair (MTTR). Non-Value Added Activities are defined as
Mean Time to Organize (MTTO), and Mean Time to Yield (MTTY). Each activity is calculated to find the Mean
Minute Lead Time (MMLT). The term can be interpreted as follows:

a. MMLT= the time between recognizing the need for maintenance on a particular piece of equipment to the
actual performance of such maintenance and the repair of the equipment

b. MTTO = time required to coordinate tasks to initiate the maintenance repairs

c¢. MTTR = time required to repair and maintain the equipment

d. MTTY = time required to yield a good part after maintenance

2.4 Overall Equipment Effectiveness (OEE)

OEE serves as a general and inclusive measurement of how well a company’s manufacturing operation are
performing. OEE measures the degree to which the equipment is doing what it is supposed to do, based on
availability, performance, and quality rate (Williamson 2006)
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2.5 Pareto Chart

Statistically, a Pareto chart is simply a frequency block diagram displaying the relative frequency of different
attributes in descending order. This classification is an essential step that must precede taking the corrective
measures of differentiation and allocation (Grosfeld 2007). The Pareto chart applies 80-20 rule, which is a familiar
saying that asserts that 80% of outcomes (or outputs) result from 20% of all causes (or inputs) for any given
event.

2.6 Fishbone Diagram

The Fishbone diagram is an analysis tool that provide a systematic way of looking at effects and the case that
create or contribute to those effect. Because of the function of the fishbone diagram, it may be

referred to as a cause-and-effect diagram (Watson 2004).

2.7 Five Why

Five Whys technique relates to the principle of systematic problem solving: without the intent of the principle,
the technique can only be a shell of the process. Hence, there are three key elements to effective use of the Five
Whys technique accurate and complete statements of problems, complete honesty in answering the questions,
and the determination to get to the bottom of problems and resolve them. The technique was developed by Sakichi
Toyoda for the Toyota Industries Corporation (Serrat 2009).

2.8 58S

58S is a management tool or technique developed by Takshi Osada during the 1980s to constitute and sustain better
quality, productivity, and a safe environment in an organisation. The concept was first raised in the Japanese
manufacturing sector, the element of 5S can be seen in Figure 1 (Randhawa and Inderpreet 2017).

Japanese English English

words (55) meaning (5S) meaning (5C) Meaning Features

Seiri Structurize  Clear Organization  Discarding unnecessary items from the
workplace (sort)

Seiton Systematize Configure Neatness Arrange necessary items in good order for quick
retrieval and storage (set in order)

Seiso Sanitize or  Clean and Cleaning Clean the workplace so that there is no dust on

shine check floor and equipment

Seiketsu Standardize Conformity — Standardization Maintain high standard of housekeeping,
cleanliness and workplace organization

Shitsuke Sustain Custom and  Discipline Routine practice of 55 initiatives by imbibing it

practice in the standard operating procedures and

making it customary for everybody in the
organization

Figure 1. Element of 5S

2.9 Computerized Maintenance Management System (CMMS)
CMMS is a software that helps an organization track the status of maintenance tasks, such as equipment repair, it
includes also planning and scheduling function, inventory control and management, and asset historical data.

3. Research Methodology

First of all, observation is done by doing a field study to discover the actual problems. On the other hand, the
literature review is also done. After determining the problem, the purpose of the research is identified.
Researchers involved all related parties such as production and maintenance teams to list all relevant data and
information for developing MVSM. RCA was applied as a problem-solving tool to analyze the collected data. In
addition, the Ishikawa diagram (Cause and effect diagram) and Five whys were applied in this research. The
research methodology flowchart can be seen in Figure 2.
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Figure 2. Research Methodology Flowchart

4. Results and Discussion

4.1. Critical Machine Determination and OEE Calculation

Based on the historical downtime data for machine in the sewing division, it is known that the overlock machine
has the highest downtime of 11944 minutes compared to other machines. Then it was concluded that the machine
became the research focus because it had been determined based on the data that the machine was critical. Machine
downtime data in sewing division can be seen in Figure 3.

Downtime
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Double Needle Kansai Querdeck Single Needle Qverlock

Sewing Machine Sewing Machine ~ machine

Figure 3. Machine Downtime Data in Sewing Division

Furthermore, the calculation of the overlock machine's OEE is carried out to determine the machine's availability,
performance, and quality ratio. The results of the OEE calculation can be seen in Table 1.
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Table 1. Overlock Machine OEE Calculation

No Tanggal | Availability (%) Performance Rate (%0) Quality Rate (%) | OEE (%)
1 Jan-20 9191 80,80 97,71 72,56
2 Feb-20 90,74 77.64 9822 69 20
3 Mar-20 92.00 77,50 98,20 70,01
4 Apr-20 9110 74.00 97.43 6568
5 Mei-20 92,50 74,08 98,09 6721
[ Jun-20 90,40 73,00 97,50 64 34
7 Jul-20 90,41 68.70 97,70 60,69
8 Ags-20 92,00 72,10 98,00 65,00
9 Sept-20 89 81 70,30 9751 61 60
10 Okt-20 91.70 79.08 98.00 71.06
11 Nov-20 90,00 70,88 97,06 6192
12 Des-20 93,50 81,18 97,30 73,86

Rata-rata 91,34 74,94 97,73 6693

Based on the results of the OEE calculation which can be seen in Table 1, it is known that the overlock machine
has an average OEE value of 66.93%. The value of the OEE is below the world standard results guideline (World
Class), which is 85%. Therefore, improvement and further analysis are urgently needed so that the overlock
machine can work more effectively and optimally to improve the performance and quality of the machine work.

4.2. Selection of Critical Components
In the selection of critical components, the first thing that must be done is to determine the problems that are the
main priority. The Pareto diagram of overlock machine components can be seen in Figure 4.
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Figure 4. Pareto Diagram of Overlock Machine Components

From Figure 4, the servo motor and looper are components that cause the highest loss. Therefore, further analysis
will be carried out on these components through the creation of a maintenance value stream mapping.

4.3 Maintenance Value Stream Mapping

The current state map is a diagram that is created to capture working processes using rules created by Rother and
Shook (2003). Value adding and non-value adding activities in the information and physic flows of a value chain
Area visualized in the diagram as interconnected processing steps. The current state map developed for repair
activities on the Servo motor component can be seen in Figure 5.
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Figure 5. Current State Map of Servo Motor

The following is a observation of servo motor maintenance activity that can be seen in Figure 6:

Waktu Kategori  Kategori
Perbaikan  MMLT  Aktivitas

Z
e

Kegiatan Perbaikan

Equipment breakdown - R -
Communicate the Problem 5 MTTO NVA

1.
2.
3. Delay due to maintenance technician not standby 10 MTTO NVA
4. Identify the Problem 20 MTTO NVA
5. Identify the Resources 10 MTTO NVA
6. Delay due to unavailability of repair tools 15 MTTO NVA
7. Locate the resources 20 MTTO NVA
8. Generate work order 10 MTTO NVA
9. Repair equipment 60 MTTR VA
10. Run the equipment 15 MTTY NVA
11. Finish work order - - -

Jumlah MMLT 165

Jumlah MTTO 90

Jumlah MTTR 60

Jumlah MTTY 15

Figure 6. Observation of Servo Motor Maintenance Activity

Based on the current state map and observation that has been done. Calculation for servo motor current state map
can be seen in Figure 7.

Non-Value Added Activity MTTO + MTTY =90 + 15 =105

Value Added Activity MTTR = 60

% Non-Value Added Activity MTT]\(,)“T,[]STY % 100% = igg x 100% = 64%
% Value Added Activity M X 100% = 90 % 100% = 36%
Maintenance Efficiency M X 100% = £0.x 100% = 36%

Figure 7. Calculation of Servo Motor Current State Map
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The current state map developed for repair activities on the Looper component can be seen in Figure 8.
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Figure 8 Looper Cuurent State Map

The following is a table for Observation of Looper Maintenance Activity that can be seen in Figure 9:

Waktu Kategori  Kategori
Perbaikan MMLT Aktivitas

Z
e

Kegiatan Perbaikan

Equipment breakdown - R N
Communicate the Problem 5 MTTO NVA

1.
2.
3. Delay due to maintenance technician not standby 10 MTTO NVA
4. Identify the Problem 10 MTTO NVA
5. Identify the Resources 8 MTTO NVA
6. Delay due to unavailability of repair tools 15 MTTO NVA
7. Locate the resources 10 MTTO NVA
8. Generate work order 10 MTTO NVA
9. Repair equipment 25 MTTO NVA
10. Run the equipment 10 MTTR VA
11. Finish work order - - -

Jumlah MMLT 103

Jumlah MTTO 68

Jumlah MTTR 25

Jumlah MTTY 10

Figure 9. Observation of Looper Maintenance Activity

Based on the current state map and observation that has been done. The calculation for looper current state map
can be seen in Figure 10.

Non-Value Added Activity MTTO + MTTY =68 + 10 =78

Value Added Activity MTTR =25

% Non-Value Added Activity MTTSI&T{,TY %X 100% = ZEBX 100% =76%
% Value Added Activity m;TLRTX 100% = fg3>< 100% =24%
Maintenance Efficiency MR X 100% = 25X 100% = 24%

Figure 10. Calculation of Looper Current State Map
4.4 Five Whys Analysis
Based on the mapping with MVSM there is waste in the maintenance activity. The waste that appears during the
maintenance activity is waste of motion. Waste of defect, waste of waiting and waste of process. The following
is a root cause analysis for each waste that occurs using five-whys analysis. Five Whys analysis can be seen in
Table 2-5.
a. Waste Motion

Table 2. Root Cause Analysis of Waste Motion

Problem Type Why 1 Why 2 Why 3 Why 4 Why 5

Waste of Motion | Movement takes |Technicians |Go back and forth|Equipment and| Maintenance
arelatively long |do Excessive|between warehouse |spare parts are not| procedures are

time Movement and production line to | in one location not optimal and
pick  up repair the number of
equipment toolboxes is not

enough
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b. Waste Defect

Table 3. Root Cause Analysis of Waste Defect

Problem Type Why 1 Why 2 Why 3 Why 4 Why 5
Waste of Defect | Rework on the | Components The repair | Lack of Technial | There are no
machine that has | cannot function | process is | Expertise training and
been repaired properly  after | carried out in a SOP given to

being repaired hurry and is not workers
thorough
c. Waste Waiting
Table 4. Root Cause Analysis of Waste Waiting \

Problem Type Why 1 Why 2 Why 3 Why 4 Why 5
Waste of | Technicians not | There is engine | The engine is in | TAT Lack of
Waiting standby priority urgent status (Turnaround Manpaower and

Time) engine

Inefficiency in

has exceeded or | maintenance
is near actiivty
Waiting for tools | Tools not in the | No backup tools | The equipmentp | Inaccurate Data
warehouse procurement because no
process took a | system that
long time to be | records
done equipment
availability
d. Waste Process
Table 5. Root Cause Analysis of Waste Process
Problem Type Why 1 Why 2 Why 3 Why 4 Why 5
Waste of | Creating work | The process of | Because it is still | Not using | A Company
Process orders making  work | done manually | software such as | considering the
orders takes a | (paper-based) computerized cost of using the
long time maintenance software and
management also the training
system (CMMS) | that needs to be
provided
The process of | Disassembling High level of | Lack of | There is no
identifying the engine for | difficulty in | Technical training and
problems  that | identification repair Expertise SOP regarding
occur on the machines or
machine takes a damage that can
long time occur to
machines

Technicians take
a long time to
repair the
machine

It is necessary to
check each part
of the
component

Damage to
components that
are complex and

require a
detailed
inspection

The preventive
maintenance

that has been
implemented so
far is not optimal

servo motor and
looper do not
receive

preventive

maintenance and
there is no
record of
machine damage
to speed up
technicians  in
the component

repair process.
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4.5 Fishbone Analysis
The following is a fishbone analysis which can be seen in Figure 11.
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Figure 11 Fishbone Analysis

4.6 Future State Map

After creating the current state map, the last step in Maintenance Value Stream Mapping (MVSM) is compiling a
future state map. Future State Map or future maps can be a basis for improvement to be applied in real work areas
(Effendi 2019). The future state map is created based on the elimination of delays that occur in the current state

map. The following can be seen depicting the future state map on the maintenance activities of the servo motor
components in Figure 12

| | e—| |
2 [ le |

Figure 12. Future State Map Servo Motor Component Repair Activities

Based on the current state map and observation that has been done. Calculation for servo motor future state map
can be seen in Figure 13.

Non-Value Added Activity MTTO + MTTY =65 + 15 =80

Value Added Activity MTTR = 60

% Non-Value Added Activity MTTOSMITY % 100% = 50 x 100% = 57%
% Value Added Activity MR > 100%= 99 > 100% = 43%
Maintenance Efficiency M > 100% = €9 < 100% = 43%

Figure 13. Calculation of Servo Motor Future State Map

The future state map for looper component maintenance activities can be seen in Figure 14

e T i e S s

L= = (== —— Dol e b e e e [Ees] [y

Figure 14. Future State Map Looper Component Repair Activities
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Based on the current state map and observation that has been done. The calculation for the looper future state
map can be seen in Figure 15.

Non-Value Added Activity MTTO + MTTY =43 +10=153

Value Added Activity MTTR =25

% Non-Value Added Activity MITOSMITY X 100% = 53 < 100% = 68%
% Value Added Activity MR X 100%= 25 < 100% = 32%
Maintenance Efficiency MIIR X 100% = 25 X 100% =32%

Figure 15. Calculation of Looper Future State Map

Based on the calculations that have been carried out, it can be seen that the percentage of non-value-added activity
has decreased, while the percentage of maintenance efficiency for the servo motor and looper components,
increasing. The following is a comparison between the result of the calculation from the current state map and the
future state map in the servo motor and looper component which can be seen in Figure 16 and Figure 17

Servo Motor

57%

43%;"95% m Value added activity

40%  36%886% 1 Non-Value added activity

30% | | Maintenance efficiency
20% B |

Current state Future state
map map

Figure 16. Comparison of Servo Motor’s Current State Map and Future State Map

Based on the comparison of Servo Motor’s current state map and future state map, it can be seen that there is an
increase in the maintenance efficiency and value-added activity on the servo motor components by 7% from the
initial 36% to 43% also non-value added activity decreasing from 64% to 57%.

Looper

m Value added activity

» Non-Value added activity
30% 24%) 524%

Maintenance efficiency
20% i
10% I -

0% |

Current state Future state
map map

Figure 17. Comparison of Looper’s Current State Map and Future State Map

Based on the comparison of Looper‘s current state map and future state map, it can be seen that there is an increase
in the maintenance efficiency and value-added activity on the servo motor components by 8% from the initial
24% to 32% also non-value added activity decreasing from 76% to 68%.

4.7 Improvement Suggestion
The following are some suggestions for improvement:

1. Proposed Implementation of 5S
This proposal includes creating cleaning procedures, standard operating procedures for maintenance
and also the 5S audition checklist.

2. Providing Training
The training will be carried out by a service company that handles maintenance, so that training is
used as a distribution of knowledge to maintenance technicians

3. Digitizing the Maintenance System
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This implementation will use a computerized maintenance management system (CMMS), the CMMS
itself combines several maintenance processes in one system, increasing productivity and equipment
performance by removing manual elements from the series of maintenance responsibilities.

Making a Checklist

Making a checklist in maintenance activities is used to help workers check back during the
maintenance process. This checklist sheet aims to ascertain whether component faults, so that it can
be detected early because an inspection is carried out using the checklist.

4.8 Computerize Maintenance Management System
The following is an example of a CMMS system display using Odoo software which can be seen in Figures 18 to

Quality Maintenance Repairs

Dashboards Link Tracker

HI Maintenance

Maintenance Teams I
vFiters =CroupBy # Favorites 13/3 ¢ »

Internal Maintenance Subcontractor External Maintenance

Figure 19 Maintenance Apps Dashboard

2 Maintenance
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a
CREATE TFiers =GrounBy  Favorlies woEm oMo
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1 1 i 1
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Overlock Machine Requestod by : Had Wikianio Requested by ; Had| Willanio Requested by ; Had! Willanio

achimery Overtock Machine Gveriock Machine Overlock Machine

it Machinsry Machinery Machinery
Tt © o ° ° o

Figure 20 Maintenance Request Menu

B Maintenance
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o neoanen ) sowe | Sendmesssge Lognote O Schedule sciviy %0 v rolowny &2
Todey
noqusst
Hadi Willante 5 minutes sy
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= Stage: New Requost — In Progress
Equipmant Overioe

achine Toam

Gategory M Resgonsible

o Hadi Willanto
Redquest Date 08/20/ Scheduled Date ® /M e (orlainally assigned 1o wiliantohadi)
Maintenance Type © corresuve Duration Original n
Request pis 1 Overtock Machine
» Preventtve. Prioriy

i @ Mo Wilar
[®@ Mantenane

Figure 21 Maintenance Request Form Menu

i Maintenance

Equipments ' a
CREATE vhies  mGroupBy w Favories s ¢ > mom
Gverkock Machine 74710 Single Hoedia Sewing Machine Double Needis Sewing Machine Kensol Machine

Overdeck Machine

Figure 22 Equipment Menu
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Figure 24 Maintenance Teams Scheduled Menu

Figure 25 Report Menu
The implementation of ERP certainly makes the processes within the company easier and more effective and of
course faster. The following is a comparison after ERP implementation which can be seen in Table 6 below

Table 6. Comparison of CMMS Implementation

Before Implementation

After Implementation

Manual data entry related to assets into spreadsheet
causing inconsistency in data entry, room for errors
and mis keying information

CMMS software eliminates most, if not all, manual
data entry as it relates to maintenance management.
Utilizing barcoding technology in conjunction with
maintenance software, users can actually perform data
entry in a matter of seconds.

Employees spend significant amount of time is needed
to shuffle through folders and file cabinets to find
documents like work orders, manufacturers’ manuals,
vendor contact information and work histories

Employees’ time spent on locating necessary files will
be significantly reduced by implementing a CMMS
system, which stores all maintenance-related
information and eliminates the need for hard copies.
Staff time can then be spent on more productive job
duties.

Poorly maintained assets and prematurely retired
assets add to the cost of capital expenses, but also have
an impact on the environment by filling landfills.
Replacement assets hurt as well, contributing to
carbon emissions through production and shipping.

CMMS allows Employees to implementing
preventive maintenance and detecting minor issues
before they cause equipment failure by schedule work
orders and maintenance requirements to ensure
equipment is checked consistently

Parts in various locations may hard to locate when
needed. This leads to reordering, overstocking and/or
the stocking of obsolete parts, which can be hard to
manage. The end result is increased inventory

CMMS inventory tracking features allow parts can be
found by any criteria including supplier, vendor,
manufacturer part number, serial number, part type
(all filters or bearing), etc. All quantities are
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carrying costs for the organization, as well unplanned | automatically tracked, including links to the work
equipment downtime and lost productivity if parts | order and purchasing modules in the CMMS system
aren't available when needed.

5. Conclusion

Based on the waste identification carried out for the component with the highest downtime, there were 4 types of
waste found in the maintenance process of PT. XYZ is waste process, motion, waiting and defects. In the
identification of waste carried out on components with the highest downtime, it was found 5 factors causing waste
contained in the maintenance process of PT. XYZ. These factors include man, method, machine, material,
environment. The results of the comparison between the maintenance efficiency of the current state map and the
future state map that have been carried out by eliminating delays in the maintenance process, show that the value
of the maintenance efficiency of the servo motor component increased by 7% with an efficiency value of 7%.
previously by 36% to 43% while for the looper component it increased by 8% with the previous efficiency value
of 24% to 32%. The suggestions for improvement recommended by the author are the application of Ss, the
proposed digitization of the maintenance system, the proposed training/training plan for technicians and the
proposal for making a checklist on maintenance activities. Some of these proposals are expected to help companies
improve the effectiveness of overlock machine maintenance.
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