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ABSTRACT

Occupational health and safety (OHS) is the key to the company's growth in modern industry.
Awareness of OHS has a positive impact on employees financially and non-financially. Indifference to OHS
can be fatal, causing harm. OHS includes the establishment of a safe work environment through various
approaches. Work accident data at PT. XYZ reaches 36% of the workforce, not yet meeting the government's
zero accident policy—workshop at PT. XYZ has 9 types of OHS Risk. This study will use an assessment method
using the Failure Mode and Effect Analysis (FMEA) method. After identifying and assessing these risks,
improvement proposals will be made using Root Cause Analysis (RCA). Judging from the risks that need to be
overcome immediately from the RPN value obtained, namely operating a gas-cutting machine with a value of
71.94, the eye is exposed to iron splashes during the turning process with a value of 64.51. Finally, interference
with the eye during the welding process with a value of 60.11 is broken down through the RCA method to find
the root cause of the problem. Then, a proposal for improvement is made.

Keywords: FMEA, OHS, PPE, Risk, RPN, RCA

Introduction

PT XYZ is engaged in the manufacturing and distribution of cement. The main task of PT XYZ is to
focus on shipping, so many shipping processes use truck transportation, which occasionally experiences
damage and requires quick repairs to speed up the shipping process. During the repair process on the truck,
there is also a high risk of work accidents that can impact workers' safety and health. In carrying out machine
repairs, many workers still ignore PPE and other aspects. OHS, which can have a negative impact if
neglected.[1].

Occupational Safety and Health (OHS) helps support the progress of quality and sustainable
development in human, economic, social, and environmental aspects and supports important values whose
application benefits all aspects of human life. [1].

Work accidents can be caused by physical and mental injuries, as well as poor working conditions
and lack of training for workers [2]. The company uses external resources, such as vendors, to manage machine
repair in the maintenance department of PT XYZ. PPE equipment already owned includes gloves, welding
glasses, safety shoes, sandblasting special masks, and protection helmets. However, this company has no
specific plan to anticipate and reduce accidents during fabrication. All they do is provide regular safety
explanations to workers.

When conducting operational analysis of work accidents using FMEA (Failure Mode and Effect
Analysis) and RCA (Root Cause Analysis) methods to help identify potential hazards and find out the root
cause of the problem [3]. The difference between this article and previous research is the addition of fishbone
in the root cause analysis method. In contrast, the discussion and results in this study are more explicit and
actual.
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Research Methods

This chapter analyzes occupational health and safety risk factors in the maintenance dept of PT XYZ.
With the Failure Mode and Effect Analysis (FMEA) technique and the Root Cause Analysis (RCA) method, a
risk assessment is carried out in the company workshop area, and observation and interviews with related
personnel staff carry out data collection.[2], [3]. The results of these observations are used to identify the causes
and categorize the hazards for which improvement strategies can be developed.[4].

The data saw a high rate of accidents between January and November 2022, with 36% of the total
accidents occurring at several locations, including Cargo Workshop, Workshop, Duta Seven, Barokah
Sejahtera Workshop, and Aziz Motor. This study aims to identify factors affecting worker safety in PT XYZ's
maintenance department using FMEA and RCA methods.

Accident data
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Figure 1 Accient data

Failure Mode and Effect Analysis (FMEA)

FMEA is an engineering technique used to determine, identify, and eliminate known failures, problems,
errors, and the like from systems, designs, processes, and services before they reach consumers[5]. In the
context of Occupational Health and Safety (OHS), a failure is a hazard that can arise from a process[6]. This
is based on an analysis of the potential causes of the disturbance, the probability of occurrence, and how to
prevent or handle it [7], [8]. The results of this analysis help determine which causes are prioritized.
Furthermore, the main causal factors of work accidents are analyzed using the fishbone diagram. Risk analysis
is carried out to determine the level of risk, which is a combination of the likelihood of occurrence and the
severity of the risk occurring (severity or consequences)[9].

Severity (S)
Severity is set in levels ranging from 1 to 10. A score of 10 indicates the level with the most severe impact,

while 1 represents the lowest impact level [10].
Occurance (O)

The occurrence or occurrence of occupational hazards is graded from 1 to 10. A score of 1 indicates an
almost impossible event, while a 10 indicates an almost unavoidable event [10].
Detection (D)

detection or detection is determined in levels ranging from level 1 to level 10. Level 10 tools cannot
control or detect the occurrence of work accidents, while level 1 work accident detection tools can control the
occurrence of work accidents[10].

Root Cause Analysis (RCA)

Root Cause Analysis (RCA) is an in-depth investigation into the cause or causes of an identified
problem, complaint, mismatch, unmet requirement, or undesirable condition. The simplest way to analyze the
cause of an event is to describe 5 (Why) at least 5 times until finding the root cause of the event[3], [11].

Results and Discussion
Data Collection
This research uses the Failure Mode and Effect Analysis (FMEA) method to analyze the risk of work

accidents using data from PT XYZ This research uses random sampling[12], ordinal scales, and Likert scales
to measure variables and interpret social phenomena. Likert scales are used to compare and interpret the
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behavior of individuals or groups within a particular group. This study uses four scales, SS, S, N, J, and TP, to

comprehensively understand the research findings.

Table 1 Occupational accident data

Event

Scene of the

No data Type of accident Type of damage incident Total
1 Januar Electrocuted while checking ~ Unstable electric current  Landoh Cargo 1
y electricity from battery to CDI Workshop
2 March Finger pinched when Loud clutch master Duta Tujuh 1

checking the clutch master sound when driving Workshop
Dislocated Hand During the ~ Smooth tire thread on the Ba_rokah
3 June . . Sejahtera 2
BAN Installation Process rear tire
Workshop
4 August Iron eye v_vhen lathe over Engine down due to oil AZ1Z MOTOR 1
transmission hole blockage
. . Mounting plate for Duta Tujuh
5 September  Red eyes during welding Differential Stel Workshop 2
6 November Qettlng burned while cutting Addition of a trailer plate Landoh Cargo 2
iron Workshop

This study surveyed two respondents, an OHS employee and a staff member from a cargo plant, to
understand the impact of failure modes on work schedules.

Table 2 Data failure mode

Failure mode

Risk

Causes

Repairing the battery on the truck
Checking for repair of the clutch

master on the truck
Truck tire change

Truck machine turning

Welding Process

Cutting gas process

engine

Dislocated hand
Eyes exposed to
iron sparks

Red Eye

Sparks hit the hand

Electrocuted

Hand pinched

Lack of worker vigilance when repairing

batteries

glasses when turning

Lack of awareness of the use of PPE in the

form of welding hoods
Lack of awareness of workers to wear hand

gloves

Lack of worker knowledge of the dangers
that will occur when not using PPE
Lack of worker vigilance.

Lack of awareness of workers to wear

Risk Assessment Data Based on Severity at PT. XYZ Workshop

Table 3 Risk assessment data based on severity

Frilcl)lé;e Risk Correspondent Average
1 2 3 4 5
Repairing the battery on the truck Electrocution 2 2 2 3 4 26
Checking for truck engine repair Hand pinched 2 3 4 2 5 32
truck tire change Dislocated hand 2 3 3 4 2 28
Turning process of truck machine Eyes exposed to iron sparks 2 3 5 2 2 28
Welding Process Red eyes 3 2 3 5 4 34
Cutting gas process Sparks hit the hand 2 3 4 4 4 34

Risk Assessment Data Based on Occurrence at PT. XYZ Workshop
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Table 4 Risk assessment data based on occurrence

Failure mode Risk Corresponded Average
1 2 3 4 5
Quality during battery g0, tion 4 3 5 4 3 38
repair on
Truck engine checksand .y hinched 3 4 6 5 4 44
repairs
Truck'tire changing Dislocated hand 4 3 7 4 3 4.2
process
Turnlpg process of truck Eyes exposed to iron 4 3 7 6 4 48
machine sparks
Welding Process Red eyes 5 3 7 5 6 5.2
Cutting gas process Sparks hit the hand 5 3 4 5 6 4.6
Risk Assessment Data Based on Detection at PT. XYZ Workshop
Table 5 Risk assessment data based on detection
. . Correspondent
Failure mode Risk 1 2 3 7 5 Average
Battery Repair Electrocution 4 3 5 4 3 3.8
Truck engine repair Hand pinched 3 4 6 5 4 4.4
Truck tire change Dislocated hand 4 3 7 4 3 4.2
Truck machine turning Eyes exposed to iron 4 3 7 6 4 4.8
sparks
Welding Red Eye 5 3 7 5 6 5.2
cutting gas Sparks hit the hand 5 3 4 5 6 4.6

Risk assessment data based on Severity, Occurrence, and Detection scales for the PT XY Z study can be
taken from the scales and ratios provided by respondents and committees.
Data Processing

The data processing carried out by researchers in this study consists of the following stages:
Calculation of RPN (Risk Priority Number) in the workshop of PT. XYZ

Table 6 RPN Calculation

Risk S 0] D RPN
1 2,6 3,8 4 39.5
2 2,8 4,2 4,2 49.4
3 3,2 4,4 3,8 53.5
4 3,4 52 3,4 60.1
5 2,8 4,8 4,8 64.5
6 34 4,6 4,6 71.9
Total 18,2 27 24,8 70.0
Average 4,55 6,75 6,2 58.4
Crisis value rpn risk 58.4

In Table 9, the RPN calculation shows that the 3 highest RPN values, namely 71.9, 64.5, and 60.1, must
be handled immediately so that the risk impact does not exceed or become high. Which will be continued in
the discussion of priority analysis[2], [13].

Prioritization Analysis at PT. XYZ Workshop

Ranking of risk factors based on RPN Value at PT. XYZ workshop when sorted from highest value to
lowest value[14].
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Table 7 Priority analysis results

Risk factor Events and risks Solution Value of rpn

Burned while operating cutting  not wearing a hand workers must wear hand 71.94

gas glove glove '

Eyes exposed to iron sparks During the turning using lathe glasses 64.51
process

Eye disorders During the welding use an automatic We_lqllng 6011
process hood to be more efficient

TOTAL 196.25

Table 7 shows the priority scale for the PT XYZ control process, including risk assessment of gas use,
material safety, and not using PPE. The results of the above data will be further processed in the next stage,

namely the fishbone diagram, which will be developed further[15].

Fishbone Diagram

To analyze the causes of the many accidents at PT XYZ, we can use a Fishbone diagram, commonly

called a cause and effect diagram obtained from the highest RPN value.

The explanation of the fishbone diagram picture of machine repair is as follows:

Machine Man Metode

The noise of the Lack of staff
machine disturbs Weclary sre loz training.
"the concentration focused.
of the worlers

Workers don't wse
persanal protector . LackofK3

Lack of machiners Communication

maintenance » Negligent workers

» Laths machina

It's met worthy of Limited
» usebecamseits " Ares(Narrow)
used a lot

Now-standard
equipment

Hat air due fo lack

Using Manual * ofventilation

Toak

Material Ewvirsnment

Figure 2 Fishbone repairing lathe machine

=

Environmental conditions or workplaces limited by hot air can affect worker safety.

2. Methods: Workers are not complying with Standard Operating Procedures (SOPs) and need to
undergo retraining to improve their understanding of the importance of complying with SOPs.

3. Materials: Using improper materials can affect the quality of the truck engine.

4. Human: Lack of accuracy and discipline of workers using Personal Protective Equipment (PPE) can

cause frequent workplace accidents.

5. Engine: Maintenance of the engine should be done by doing daily checks to maintain and control the

engine, especially on truck engines.
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The explanation of the welding fishbone diagram image is as follows:

=

ok~

=

Machine Ddan Dletode

An insperfeer
.

Lack of welding , Workers are less e

> machinery
maintenance

. Frocedure not
Welded cable «
leaked

» Welding

» Werwelded wire ., Lessexensive
area(Narron)

Material Environment

Figure 3 Fishbone welding machine

Environment: An inappropriate layout can majorly affect the welding process.

Methods: Workers do not follow SOPs. Training is needed to increase understanding of the
importance of complying with SOP.

Material: Workers need to pay attention to the storage of welding wire to maintain quality and
ensure the welding process runs smoothly.

Human: Lack of awareness of workers in using Personal Protective Equipment (PPE) when working.
Machine: Lack of worker awareness in maintaining welding equipment can result in unstable welding
equipment performance.

Explanation of the fishbone diagram of gas cutting machine repair, namely:

Metode
‘Employees donot
Lack of gas se personal
d mmz machine equipment at
‘maintenance work

Less Training
* Time

. SOP gas cutting

Cutting gas less.
e * guide no exists

functioning . Workers don't
maniun, use handgloves

“ HCUTTING GAS

» Rusty Material .
Lack of layout

Material Environment

Figure 4 Fishbone cutting gas

Environment: Proper layout is important to avoid unwanted problems in the gas-cutting process.
Methods: Training and adherence to SOPs are required to ensure workers perform tasks according to
procedures.

Materials: Rusty materials can hurt the gas-cutting process, so it is necessary to pay attention to the
quality of the material to maintain performance.

Human: Workers' awareness and thoroughness in using PPE during the gas-cutting process is very
important.

Machine: It is important to ensure the regulator functions properly by maintaining the gas-cutting tool
to prevent damage.

After analyzing the fishbone diagram model, the 5 main causes of each accident can be identified[16].

The data obtained from the analysis of the fishbone diagram will be developed using the RCA method.

Root Cause Analysis

At this stage, RCA aims to analyze the root causes of the problem to mitigate the risks of the right work

accident to prevent the re-occurrence of the same work accident[17], [18].

163



SITEKIN: Jurnal Sains, Teknologi dan Industri, Vol. 21, No. 1, Desember 2023, pp.158 - 167
ISSN 2407-0939 print/ISSN 2721-2041 online

Table 8 Results of RCA analysis
Forms of work accidents Causes Solution

Using lathe glasses to protect the
eyes

Using an automatic welding hood
to be more efficient

Burned while operating cutting Not wearing a hand glove. Workers are required to wear a
gas hand glove.

Eyes exposed to iron sparks. Not using glasses

Eye disorders Not wearing a welding helmet

After knowing the results of the analysis of the table above, it is continued by describing each form of
work accident by using the question (why) at least 5 times, which can be seen in the discussion diagram
below[19], [20].

RCA due to eye contact with iron sparks while operating the lathe.

Repair of the lathe
mschime
¥ Y L4 ¥ ¥
Mncking MAN AETODE MIATERIAL ENVIRONAENT
¥
¥ L 4 ¥ ¥
Becamse of tae Because the
abond fih Because they . ) " The material used workspace around
rp———— haven't received naffective repair does not match the the blower doesn't
'““';m‘" = sdequaty fraizing procss specification Bave adequate
ventilation
L L} ¥ L4 L ]
Becawse of the rhm.p.“y o Because it hasm't There are no clear Ventilation & mot
. mot provided a - procedures or
irregalar formal training establizbed & proper puidelines in updated or checked
malnlenance program TEpAIr techmigue. imaterial selectian rezularly
NI r!cwuu Y r B«:l:si the =
R X e Bacause they don's campany hasw't Scheduled
mmm"‘"m or Corporate facus is bhavs f.;_\-l;:mrd developed & repair mml:
P mors e deadline: guideline: or muaterial solactisn Progra &
- than human procedures anide available
L menitorimz | aavelapers H
—
T L
Because the -
Tha conspany b 5 rare of th
company kas na v M: relops - Corporate focus has oty ll‘ ."M "
. ——— Bot developed & A — importance of &
Becanse industrial standard guide or " good venrilation
for preventive comspetifion forces procedure repair Zuide stem
aisiansio 0 immediately mset
the demand of the
¥ market v L3 L]
Because the Competition in the
::‘;‘;’"e‘m:l: company doesn’t industry forces to Corporate facus
R — focus on I!p.lll lick the demand of Tocused on deadline
Ewideline, ithe market

Figure 5 Rca operating lathe machine
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RCA due to eye disorders in the welding process

Repairing of
wielding machina
I
L} L ¥ ¥ ¥
Machina MaN METODE MATERIAL ENVIRONMENT
¥ k. | ¥ k. J
Because the ‘oparator doesn't . Bacause the wark
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that connects the of the importance gubdance on the choose only on the mwholnt::thm
engine to electricity of personal methods of welding basis of price "‘Eed - ®
s broken, pretector machines. factors v:“ - rn
¥ k. v ¥ k. J
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N the dangers that procedure or clear ‘enat pressure rioel
faimRenance might arise operating manuals P ' Rriority
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Because there's ni The comgany doees Lack of corporate Because the st pads m‘h
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schedule for the training development and Invdustry today is o "
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oystem i well allocation focus for not on i campanies r": the neget 'I"‘
none ative impact
implemented. ons taining developers price offer. o the unhealthy
anvirpnment.

Figure 6 Rca operrating welding machine

Results of RC analysis due to hand burns when operating a gas-cutting machine
Proposed Solution

Repairing of Cutting
Gas
|
L ] T = * *
MACHINE MAN METODE MATERIAL ENVIRONMENT
] . x o -

- | Wﬂ'h"h:m Thera's a matesial The scope of
g s s e o guidslines for that's s0 poorlyined storage of
mtoming us'.u"qT“I using gas cutting thatit's less of & machinery and

p rsonal quality materials is mited.
] v = * "
ﬂ::;: r::?;r! Lack of personal rack of worker Rack of material hmea:ri:!":::l
phi jprotector in the training time ars
- o the workshop area.,
r ¥ X - *
) Alot of the 1's Bmited to budget
Lack ::-icun-s personal protector workers who know Mo giudeline using ol i ::
e are broken and the w10 use & gas in material care ;Pf'ml,“
beam replaced, cutting machine.
¥ Y *
Mo procedure using

e o ‘mu:?lﬂiﬂ'“' tao hint for guidiine
maching replacement m o

maintenance distance

v
Budget for the
sequisition of ald
goads

Figure 7 Rca operating cutting gas

The FMEA method analysis obtained the 3 largest RPN values to control and focus on the proposed
improvements to the main causes of failure at the 3 largest RPN values[21]. Then, we continued with the
proposed solution from the RCA method to find out the root cause of the results obtained previously from the
FMEA method[22], [23].
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Then, the stage of using RCA is the 5 why system, which is carried out by repeating the same question

starting with the why question at least 5 times until finding the root cause of work accidents[24], [25].

Table 9 Proposed solution from the RCA method

No.

Forms of work

accidents Solution

Factor

- Lack of training and experience
- Absence of Standard guidelines
- Lack of monitoring and

- Training and Experience -
Standardized guidelines and

Eyes Exposed to procedures - Monitoring and

Iron Sparks evaluation - lack of awareness of  evaluation - Environmental
environmental conditions awareness
- Lack of eye protection - PPE Adjustment

Eye disorders

Burned while
operating cutting
gas

- lack of training

- No supervision and assessment
of working conditions

- Lack of use of PPE

- Lack of OHS training and
awareness

- Less than optimal machine
conditions

- Training and Education
- Implementation of surveillance
system

- Proper use of PPE

- Training and Education
- Machine care and
maintenance.

Conclusion

From the research conducted using FMEA and RCA methods, it is known that workers still lack

awareness of the use of PPE, with the results of the calculation of RPN as many as 3 events with the highest
value. After data processing, suggestions for improvements to the root causes of work accidents in the
workshop process are given by providing proposals to minimize and overcome the occurrence of work
accidents in the workshop PT. XYZ.
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