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Abstract

A sterilizer is a pressurized steam vessel used to boil palm oil. The condition of the sterilizer at PT X often emits steam at the door and
body of the stew. Throughout 2020, there were 12 critical components that were frequently damaged, such as ball valve, actuatofgelk-
haust valve, packing door, elbow, condensate nozzle, liner, pipe, condensate valve, strainer valve, pipe flange, and packing flange. Fault
Tree aalysis is an analysis ool that graphically translates the combinations of errors that cause system failures. Reliability Block Dia-
gram is a diagramming method for showing reliability components contribute to the success or failure of a complex system. Based
on the results of the failure calculation using fault tree analysis, the probability of failure of the horizontal sterilizer component is the ball
valve 12.2%, exhaust valve 10.9% actuator 6%, door packing 0.24%, elbow 0.24% , condensate nozzle 4.8%, liner 8.61%, 0.25% pipe,
0.21% condensate valve, 4.4% filter valve, 0.22% pipe flange and 0.27% packing flange. The reliability value of the horizontal sterilizer
from the calculation using the reliability block diagram is 85.69% if it operates for 8 hours, 62.93% if it operates for 27 hours, 39.6% if it
operates for 54 hours, 13.34% if it operates for 117 hours. o'clock. o'clock. o'clock. hours and 1.81% when operating for 234 hours. To
maintain reliability above 60%, the preventive maintenance schedule is: Every 80 hours of operation a door packing inspection is carried
out. Every 234 hours of operation, elbow wbing and flanges are checked. Every 300 hours of operation, a pipe inspection is carried out.
Every 450 operational hours an inspection is carried out on the ball valve, condensate nozzle, liner, actuator, and exhaust valve. Every 30
hours of operation, valve condensate, filter valves and packing flanges are checked.
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1. Introduction

PT. X is a company engaged in the processing of fresh fruit bunchem:B) into Crude Palm Oil and Palm Kemel. Palm oil processing is
carried out by carrying out a series of continuous processes so that crude palm oil (Crude Palm Oil) and palm kernel (Palm Kemel) can
be separated from palm bunches. Errors in certain processes cannot be corrected in subsequent processes. The performance of Palm Oil
Companies must follow the standards and principles of palm oil mills, namely to collect as much oil and palm kernel as possible to
achieve the desired results. PT. X has a production capacity of 45 tons/hour. It should be noted that the yield at PT X limited liability
company is 18% for oil and 5% for kernels.

A sterilizer is a pressurized steam vessel used to boil palm oil. In the palm oil production process, the sterilizer is the first mechanical
processing device for oil palm fruit. This sterilizer uses wet steam as a heating medium which comes from the rest of the steam turbine
exhaust which is fed to the supply tank or return vessel[1].

The good or bad quality and quantity of processed palm oil is largely determined by the success of the decoction using a sterilizer. There-
fore, boiling the fruit must follow the existing provisions and is an absolute thing to do.

The object of this research is a sterilizer used to boil fresh fruit bunches. This is due to the condition of the sterilizer at PT. X, a palm oil
company, where steam leaks ofien occur at the stew door and body sterilizer. Throughout 2020, there were 12 critical components that
were frequently damaged, such as ball valve, actuator, exhaust valve, door packing, elbow, condensate nozzle, liner, condensate pipe,
condensate valve, strainer valve, pipe flange, and packing flange. This causes the engine performance to be less effective and efficient so
that the boiling time becomes longer and the company can experience time losses in the production process, therefore engine damage is
something that needs to be considered more wisely.

Based on this description, this study tries to discuss the problem of failure and analysis of the reliability of sterilizers with the title "Anal-
ysis of lheiabilily of Sterilization Equipment Using Reliability Block Diagrams Based on Failure Identification Through Fault Tree
Analysis". The purpose of this study was to determine the level of reliability and probability of failure of the sterilizer.

Copyright © Authors. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted
T use, distribution, and reproduction in any medium, provided the original work is properly cited.
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2. Literature Review

2.1. Sterilizier

The sterilizer is a pressurized steam vessel used to boil fresh fruit bunches with steam (steam). The steam used is saturated steam. The
use of saturated steam allows the process of hydrolysis / evaporation of water on the fruit, if using dry steam will cause the skin of the
fruit to become charred so that it inhibits the evaporation of water in the fruit flesh and can make pressing difficult. process. Therefore,
quality control of the steam used as a source of boiling heat is very important to get perfect boiling results. Sterilizers are divided into 2
types, namely horizontal sterilizers and vertical sterilizers.

2.2. Basic Concepts of Maintenance

Maintenance is defined as a form of activity carried out to achieve a result that can return an item or maintain it in a condition that can
always function. Maintenance is also a supporting activity that ensures the continuity of machines and equipment so that when they are
needed they can be used as expected.

2.3. Failure Analysis

Failure Analysis is an activity that aims to determine the cause of specific damage to the main equipment, supporting equipment, and
equipment installed in the factory. Types of Failure Analysis of the material can be in the form of fracture, crack, or corrosion.

When a failure occurs, an analytical technique is needed to find out the causes that occur and the steps that must be taken to overcome
them. The main steps modeled for the troubleshooting process are as follows:

a. Identification

b. Determine the root cause

¢. Determine corrective action

d. Validation and verification of comrective actions

e. Standardization

al. Failure Analysis Method

The failure analysis process relies on collecting the failed components for subsequent examination of the cause or causes of failure using

vaﬁmmelhods. There are several methods for identifying system failures, namely:

a. Fault Tree Analysis (FTA)
Fault Tree An@§sis (FTA) is one of the reliable techniques, where unwanted failures are managed by summing up and presented
with pictures. This fault tree analysis method is effective in finding the heart of the problem because it ensures that an undesired
m'n or loss does not originate from a single point of failure.

b. Failure Mode and Effect Analysis (FMEA)
FMEA is a systematic method for identifying and preventing defects in a process before they occur, improving safety and increasing
Elomer satisfaction. Ideally FMEA is carried out at the product development stage[2] [8].

¢. Root Cause Analysis (RCA)
Root Cause Analysis (RCA) is a troubleshooting process to investigate issues, concerns or discrepancies found. RCA requires
investigators to find solutions to pressing problems and understand the underlying or underlying cause of a situation and deal with
the problem appropriately, thereby preventing the recurrence of the same problem. It may therefore involve identifying and managing
processes, procedures, activities, activities, behaviors, or conditions.

2.5. Reliability Theory
Reliability or reliability shows the existence or condition of a facility. This condition can be said to be positive or negative. The concept
of reliability involves statistical methods. Through this measurement, the company has an overview of the condition of the equipme
owns, so it can predict the maintenance of the equipment. Reliability can also be measured by using the average number of lailures in a
certain period of time (failure rate). It can also be expressed as the average time between failures [9]-[15].
a. Analysis failure
The failure rate (A(t)) is known as the risk value or a function of the error value. This value provides alternative solutions to explain
the distribution of damage.
b. Distribution in Failure Analysis
The distribution used in the failure analysis is as follows:
1. Exponential distribution
2. Weibull distribution

@5. Reliability Block Diagram

A reliability block diagram (RBD) is a cmamming method for showing how components of reliability contribute w the success or
failure of a complex system. An RBD can be converted into a success tree by replacing the series path with AND gates and parallel paths
with OR gates| 16]-[22].

3. Methods

3.1 Research Object

The object of this research is a sterilizer used to boil fresh fruit bunches. This is due to the condition of the sterilizer at
PT X is palm oil company where steam leaks often occur at the stew door and body sterilizer. throughout 2020, 12 critical
components fail frequently
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3.2 Data Collection Method

The types of data collected in conducting this research are as follows:
A. Main data

Primary data is data obtained directly from the source, observed, and recorded for the first time. In the process of obser-
vation, it was obtained about the production process or the working principle of the sterilizer from the initial stage of boil-

ing to the release of FFB. The primary data used is the assessment data of the cause of damage to the sterilizer component
based w}mlt tree analysis.

B. Secondary Data

Secondary data is data obtained indirectly from the source, such as quotes from books, literature, scientific readings,
and company archives that have relevance to the theme of writing.

3.3 Analysis Method

Based on results of observations and data collection, data processing was carried out. The analytical method used is
through a fault tree analysis approach and reliability block diagrams. The steps to solve the problem in this research are as
follows:

A. Recapitulation of Data Collection Results

Recapitulation of questionnaire data and historical engine performance data.
B. Fault Tree Analysis Calculation

* Creating a Sterilization Failure Tree

= Creating a Component Failure Tree

+ Calculate the probability of component failure

C. Relialbiliwak)ck Diagram Processing (RBD)
+ Calculate the Mean Time Between Failure (MTBF) of each component using the formula:
Operating time

MTBF= -
Failure

= Calculate the failure rate using the formula:

1

MTRF

= Calculate the reliability of each component using the formula:

R =g )

4. Results and Discussion

4.1 Data Sterilizer
The data collected is the horizontal history of the PT. X palm oil company sterilizer for the period July 2020 — June 2021. This data
consists of planned downtime data, sterilizer operating hours data, and sterilizer damage data.

A, Sterilization Operation Time Data

The following is data on the operating time of the horizontal sterilizer at PT. X palm oil company for one year, which can be seen in
Table 1. below:

Table 1. PT.X palm oil company Operation Time Data

Period Operating Time (hours)
July 2020 179.8
August 2020 152,73
September 2020 181,25
October 2020 192.93
November 2020 1492
Desember 2020 168,67

January 2021 180,85
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February 2021 233,17
Maret 2021 120,82
April 2021 114.1
Mey 2021 207,57
June 2021 159,33

B. Data Planned DowntimeSterilizer Horizontal

The following is the downtime data for the horizontal sterilizer plan at PT. X palm oil company for one year, which can be seen in
Table 2 below:

Table 2. Data Planned Downtime palm oil company PT X

Period Planned Downtime (Jam)
July 2020 20
usl 2020 15
September 2020 20
October 2020 15
November 2020 20
Dese mber 2020 15
January 2021 20
February 2021 15
Maret 2021 15
April 2021 20
Mey 2021 15
June 2021 20

C. Horizontal Sterilizer Component Failure Data

The following is a summary of the components that fail in the number 1 sterilizer. This fn.ure data is data on the failure of the
sterilization component for one year. Data on components that fail in the number 1 sterilizer can be seen in Table 3. below:

Table 3. Sterilizer Component Failure Data
No Component Number of Failures
Packing door 11
Elbow
Flange Pipe
Pipe
Ball Valve
Nozzle Condensat
Liner
Actuator
Valve Exhaust
Valve Condensat
Streiner Valve
Packing Flange

=R RN - LY NSRRI R
b b | b | B b e |

sl=zls

4.2 Calculating Sterilization Failures Using Fault Tree Analysis

A. A failure that causes the machine to stop operating
There are 3 components that cause thcginc to stop operating if it fails, namely the ball valve (P1), exhaust valve (P2),
and the actuator (P3). The failure tree that causes the machine to stop operating can be seen in Figure 1 below:

OEOENG

Figure 1. Fault Tree Failure That Causes the Machine to Stop Operating

As for finding the failure value on the components that cause the machine to stop operating, it can be seen as follows:
P1=0.122,P2=0.109,P3 =0.06
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Gl =Pl xP2xP3
=0.122x 0.109 x 0.06
=0.0008 =0.8%

B. Failures That Cause Decreased Engine Performance
Nine components that cause engine performance to decrease if it fails are Packing Door (P4), Elbow (P5) and Nozzle

Condensate (P6), liner (P7), Condensate Pipe (P8), Condensate Valve (P9), Streiner Valve (P10), flanges pipe (P11) and
packing flange (P12). The failure tree that causes engine performance to decline can be seen in Figure 2 below:

()
(P I ) O o ] ) ]

Figure 2. Fault Tree Failures That Cause Decreased Machine Performance
As for finding the failure value on the components that cause the machine to stop operating, it can be seen as follows:
P4 = 00024, P5 = 0.0024, P6 = 0.048, P7 =0.0861, P8 =0.0025, P9 =0.0021, P10 =0.044, P11 =0.0022, P12 = 0.0027
G2= (+ P5 + P6 +...+P12)
=(0.0024 + 0.0024 + 0.048 + ...+ 0.0027)
=0.1798 = 1798%
C. Sterilization Failure

There are 2 types of major failures that occur, namely failures that cause the engine to stop operating (G1) and failures that
cause engine performance to decrease (G2). The horizontal sterilization failure tree can be seen in Table 4 below:

T

G1 G2

Figure 3. Sterilization Failure Error Tree

Horizontal
As for finding the failure value on the horizontal sterilizer, it can be seen as follows:
G1 =0.0008, G2 =0.1798
Top Event =(G1 + G2) - (Gl x G2)

=(0.0008 + 0.1798) - (0.0008 x 0.1798)

=0.1806 - 0.0001

=0.1805

=18.85%

Based on the above calculation, the probability of failure of the horizontal sterilizer is 18.85%.

Calculating Sterilization Reliability Using the Reliability Block Diagram

As for getting the value of the reliability of the sterilizer at PT X palm oil company, it can be calculated using the following
formula:
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a. Average Time Between Failures

The formula for calculating the temporary between failures is as follows:
Operating time
B Failure
Note: The operating time of the Sterilizer for one year is 2040 hours

The calculation results of the temporary between failure sterilizer can be seen in Table 5. below:

Table 4. MTBF of Sterilization Components

Component Number of Failures MTBF
Packing door 11 18549
Elbow 4 510,1
Flange Pipe 4 510.1
Pipe 3 680,13
Ball Valve 2 1020.2
Nozzle Condensat 2 1020,2
Liner 2 1020.2
Actuator 2 10202
Valve Exhaust 2 10202
Valve Condensat | 2040
Streiner Valve 1 2040
Packing Flange 1 2040

b. Failure rate

The formula for calculating the failure rate is as follows:

1
A=———
. MTRBF
1
The results of the calculation of the failure rate can be seen in Table 5. below:

Table 5. Sterilizer Component Failure Rate

Component MTBF  Failure Rate
Packing door 18549 0005391
Elbow 510.,1 0,00196
Flange Pipe 510,1 0,00196
Pipe 680,13 0,00147
Ball Valve 10202 0,00098
Nozzle Condensat 10202 0,00098
Liner 10202 0,00098
Actuator 10202 0,00098
Valve Exhaust 10202 0,00098
Valve Condensat 2040 0,00049
Streiner Valve 2040 0,00049
Packing Flange 2040 0,00049

C. Calculating the Reliability of Horizontal Sterilizer Components
The formula for calculating component reliability is as follows:
R=e-(Ax1t)

The results of the calculation of component reliability can be seen in Table 6 below:
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Table 6. Reliability of Sterilizer Components

Component Reliability In Hours (%)

9 54 117 234 1404
Packing door 95,26 7474 53,22 2832 0,05
Elbow 98.25 8995 795 63.21 638
Flange Pipe 98,25 89,95 795 6321 6,38
Pipe 98,69 9237 842 70,89 12,69
Ball Valve 99,12 94 84 89,16 79,5 25,25
Nozzle Condensat 99,12 94,84 89,16 79.5 25,25
Liner 99,12 94 84 89,16 79.5 25,25
Actuator 99,12 94 .84 89.16 79.5 25,25
Valve Exhaust 99,12 94 84 89,16 79,5 25,25
Valve Condensat 99,56 9739 94.43 89.16 50,25
Streiner Valve 99,56 9739 94,43 89,16 50,25
Packing Flange 99.56 97.39 94.43 89.16 50,25

D. Reliability of Horizontal Sterilizer at PT. X

The reliability of the sterilizer can be calculated and shown in the reliability block diagram as follows:

15
B el o o

Fig 4. Reliability Block DiagramSterilizer Horizontal
The reliability of the horizontal sterilizer for 9 hours of operation can be seen in the calculation below:
Rsys=RIxR2 x R3xR4 x R5x R6 x R7xR8 x ROx R10 x R11xR12

The results of the calculation of the reliability of the sterilizer using the reliability block diagram can be seen in Table 7 below:

Table 7. Sterilizer Reliability Calculation Results Using Reliability Block Diagram

Sterilizer Operating Hours Reliability
9 jam 85,69 %
27 jam 6293 %
54 jam 39,6 %
117 jam 1334 %
234 jam 1.81 %

5. Conclusion

Based on the processing that has been done, it can be concluded:

a. The probability of failure of each component of the horizontal sterilizer is different because the cause of the failure of the component
is also different. Based on the failed horizontal sterilizer component, there are 3 components (ball valve, exhaust valve, and actuator)
that can cause the sterilizer to stop operating, and 9 components (packing door, elbow, condensate nozzle, liner, condensate pipe,
condensate valve, filter valve, flanges). pipe and packing flange) which causes the sterilizer to experience a decrease in performance.
Then the results of the calculation of the probability of fault tree analysis based on two major failures, the probability of failure of the
horizontal sterilizer at PT.X palm oil company is 18.85%.

b. The reliability of horizontal sterilization is different for each hour of operation. The longer the operating hours, the lower the
reliability of the sterilizer. The following is the reliability value of the Horizontal Sterilizer at PT.X palm oil company:

1. The reliability of the Horizontal Sterilizer for 9 hours of operation is 85.69%.
2. Horizontal Sterilizer reliability for 27 hours of operation is 62 93%.
3. The reliability of the Horizontal Sterilizer for 54 hours of operation is 39.6%.
4. The reliability of the Horizontal Sterilizer for 117 hours of operation is 13.34%.
5.  Horizontal Sterilizer reliability for 234 hours of operation is 1.81%.
‘With this reliability value, the company is expected to re-evaluate the horizontal sterilizer maintenance schedule.
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