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      Maintenance Analysis Based on Reliability 

of Main Engine Lubrication System with Markov 

Method 
         

Imam Pujo Mulyatno1, Ocid Mursid 2, Hartono Yudo3, Sri Nurhumairoh 4 

(Received: 19 September 2022 / Revised: 17 December 2022 / Accepted: 17 December 2022) 
 

Abstract⎯ maintenance of the main engine lubrication system determines the engine’s performance and components based 

on the standard of Japan Institute of Plant Maintenance. The purpose of the system analysis is to determine the critical 

components and evaluate every lubrication system component as a base on maintenance planning as a preventive measure to 

avoid downtime during ship operations. Data needed are the ship’s motion, damage frequency, components’ downtime, and 

lubrication system diagram. Data was analyzed qualitatively with Failure Mode and Effect Analysis and Fault Tree Analysis 

as well as quantitatively with Overall Equipment Effectiveness, Markovian Decision Process, and damage distribution. 

Results show that LO filter crisis components with 120 RPN and LO Pump (standby) with 105 RPN. FTA analysis results 

there are 3 lost types cause happening failure system that is pressure oil low , overheating of the oil , and there is pollution in 

oil. At its steady-state conditions, have a probability of 0.45 to experience moderate damage and 0.55 to be severe damage. 

Therefore, it is recommended to carry out maintenance before passing the MTTF value of each component so that the system 

can work optimally. 

 

Keywords⎯reliability, qualitative and quantitative analysis, lubrication system main engine, JIPM. 

 

I. INTRODUCTION 

Tug Boat is a boat that functions to push, pull, drag, 

and help ships that will go out or in the port[1]. To fulfill 

the function of a tugboat using a diesel engine as the main 

mover. The main engine is equipped with a support 

system in order to have a good operation without 

interference. 

    The lubrication system is one of the main engine 

support systems and keeps the engine's endurance by 

giving lubrication [2]. The appliance of the lubricating oil 

is done between two intersecting surfaces with pressure 

and moves to each other [3]. Lubricating becomes 

important because internal combustion cannot work if the 

moving metal component is not given a lubricating layer. 

High friction could cause an increase in engine 

temperature. This can cause damage which results in 

component replacement. In operating, all of the moving 

engine's parts have to be lubricated continuously. In order 

to support the distribution of the lubrication well, it is 

required to do routine checks and maintenance. 

     Table 1 shows the breakdown that happened caused by 

damages, repair, and maintenance which affected the 

ship's utilization. If the main engine can't operate 

optimally, utilization will decrease. This would cause a 

big loss for the company since if the utilization decreases, 

then the company's income will also decrease. Also, the 

company has to incur a cost for the damaged component's 

repair. 

Seeing this impact, the author wants to analyze the 

condition of the main engine lubrication system. The 

purpose is to determine the lubrication system's critical 

component. Planning the maintenance schedule for the 

lubrication system components. 

     Research involving failure and maintenance in the 

lubricating system has been done with Failure Mode and 

Effect Analysis method. Results of critical component 

analysis with the highest RPN include lubricating oil 

pump, filter, LO Cooler, and transfer pump[4–6]. The 

method was also used simultaneously with Weibull's 

distribution. The result from the Transfer Pump as a 

critical component analysis shows mean time to failure 

scored 1096 operational hours[7]. Calculation score 

availability using simulation Monte Carlo obtained results 

of 0.702[8]. Based on past research, suggestions for 

maintenance systems ware based on the risk level of each 

component. In other words, the method was not 

considering time and engine conditions to evaluate a 

maintenance system.  

Aiming at previous research, the writer wants to use 

the Markovian Decision Process method. This method is 

frequently used in calculating transition probability 

between differences in engine status[9], and maintenance 

system evaluation was taken based on state system 

probability that will happen in the future. Engine state can 

be determined using the Overall Equipment Effectiveness 

method based on the condition and performance of the 

engine. The advantage of this method is that it can 
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The Phenomenon of Biodiesel Heating: Its Effect 

on Viscosity, Density, and Emission 
         

Barokah1, Semin 2, Beny Cahyono3, Bambang Sampurno4, Ahmad Ilham Ramadhani5,  

Mohammad Bintang Fikri6 

(Received: 15 November 2022 / Revised: 4 December 2022 / Accepted: 15 December 2022) 
 

Abstract⎯ biodiesel fuel is a mixture of diesel oil mixed with vegetable oil (palm). The composition of the mixture affects its 

properties, especially viscosity and density. The research was conducted to determine the effect of increasing temperature 

on these properties. By applying several experimental methods, including the ASTM D 445-95 method, the pycnometer 

method, and the particulate emission test method. The biodiesel test was carried out with variations in temperature of 30oC, 

40oC, 50oC, 60oC, and 70oC at room conditions of 24.0oC temperature and 71% humidity. From the temperature variation, 

the viscosity is 2.23 cSt, 2.61 cSt, 3.1 cSt, 3.7 cSt, and 4.45 cSt. The results of the research prove that the increase in biodiesel 

temperature affects decreasing viscosity and density which has an impact on reducing particulate emissions. 

 

Keywords: biodiesel heating, density, emission, viscosity. 

 

 

I. INTRODUCTION1 

 

Biodiesel B20 is a mixture of 20% vegetable oil and 

80% diesel oil [1]. The vegetable oil in question is a 

product of Fatty Acid Methyl Ester (FAME), which is 

the raw material for biodiesel. However, research states 

that the fuel produced from vegetable oil has a high 

viscosity value [2]. High-viscosity fuels need to be 

preheated before being used for diesel engine operation. 

The fuel heating method aims to maintain the 

temperature of diesel fuel, which has a high viscosity 

potential and prevents precipitation [3] [4]. 

Experiments have been carried out on several types 

of biodiesel including jatropha, gutter, and rubber with 

heating methods from 10oC - 80oC. The experimental 

results show that an increase in temperature causes a 

decrease in the viscosity number of all types of biodiesel 

[5]. Increasing the temperature of biodiesel reduces the 

density and viscosity of jatropha oil biodiesel fuel[6]. 

Various studies have shown that heating of the fuel 

has shown a change in characteristics not only in the 
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form of viscosity, density, and fuel surface tension but 

also in the water content in the fuel which is also reduced 

[7]. 

Biodiesel B20 can be used in diesel motor operations 

as a substitute for fossil fuels without the need for engine 

adjustments. Utilization of B20 biodiesel as a solution 

for the efficiency of fossil fuel reserves, increasing 

combustion and reducing environmental pollution [8]. 

Furthermore, a summary of several studies states that 

an increase in temperature can reduce the viscosity and 

density of the fuel which in turn affects the exhaust 

emissions produced by the operation of the diesel engine 

[9]. 

There are several types of biodiesel, including 

sunflower, canola biodiesel, and corn biodiesel with a 

composition of 20% have been tested and compared with 

pure diesel oil. The results showed that biodiesel showed 

higher viscosity and density than diesel fuel. 

Furthermore, the emission test proved a reduction in CO 

and an increase in CO2 and Nox [10].  

Nitrogen Oxide (NO) plays a role in atmospheric 

chemistry, influencing the ozone cycle and the 

troposphere's oxidizing capacity. Nitrogen oxides at high 

concentrations (> 50 ppbv; ppbv = parts per billion by 

volume) or > 0.05 ppm cause ozone in the atmospheric 

boundary layer to become a toxic pollutant [11]. 

CO2 levels > 5,000 ppm indicate unusual or 

abnormal air conditions that allow other gaseous 

contaminants. The danger of poisoning and lack of 

oxygen can occur in this phase. By reducing CO2 to 

3000 ppm or below 5000 ppm, you can reduce the risk of 

poisoning and oxygen deprivation [12]. 

Based on various references related to viscosity, 

density, and the effect on emission, further research 

needs to be conducted to get more accurate data and find 

the effect of biodiesel heating on viscosity, density, and 

emission. 
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Analysis of Thrust & Torque B-Series Propeller 

using CFD: Variation of Blade and nProp  
         

Mohammad Danil Arifin1 

(Received: 17 November 2022 / Revised: 5 December 2022 / Accepted: 15 December 2022) 
 

Abstract⎯ the propeller is an important part of determining the ship's maneuverability. The propeller itself is a tool to 

produce thrust that comes from engine power which is transmitted through the shaft. At their defined radial position, 

Propeller thrust (N) and torque (Nm) are formed from propeller blade foil sections at the local lift and drag. Particularly, 

the total propeller thrust will be integrated into an axial lift vector for the sections from root to tip. The selection of a good 

propulsion device will affect the force of the ship. One way to choose the propulsion of the ship is the selection the type of 

propeller and the provision of new propeller variations to produce maximum thrust. For that reason, this study aims to 

analyze of thrust and torque of B-series propellers using CFD by varying the number of blades: 3, 4, and 5 blades; and the 

propeller speed (nProp) i.e., 325, 525, and 725 rpm. The numerical analysis using computational fluid dynamics (CFD) was 

conducted to identify the thrust (N) and force (Nm) of the propeller. The CFD simulation consists of three main steps: pre-

processor, solver manager, and post-processor. The results show that the thrust and torque significantly increased at the 

higher number of blades and nProp. 

 

Keywords⎯ CFD, B-series, thrust, torque, nProp. 

 

I. INTRODUCTION1 

The ship's propeller or commonly referred to as the 

propeller is one part of the ship that is driven by an 

engine, which has the function to get the thrust for the 

speed of the ship [1]. With the thrust generated by these 

propellers, the ship can move forward or backward. With 

such a construction and form, when the propeller is 

rotated, assisted by other components, it will produce a 

thrust for the ship. 

A propeller is used as the main propulsion (M/E) on 

various types of ships. The various kind of propellers 

used based on the needs or requirements and types of 

ships operated while sailing i.e., K-Series Propeller, B-

Series Propeller, Controllable Pitch Propeller (CPP), and 

Fixed Pitch Propeller (FPP) [2-4]. To improve the 

propeller thrust, torque, and efficiency (propeller 

performance), various modifications have been made. 

Propeller thrust (N) and torque (Nm) are formed from 

propeller blade foil sections at the local lift and drag at 

their defined radial position [5]. Particularly, the total 

propeller thrust will be integrated into an axial lift vector 

for the sections from root to tip. Figure 1 illustrates how 

the three principles of thrust forces, torque, and 

centrifugal are applied as point loads acting on a radial 

span of the blades of the propeller. 

The thrust on the screw propeller occurs because of 

the difference in pressure distribution between the back 

of the blade and the face of the blade [6]. The 

distribution of pressure on the area/front of the propeller 

leaf is relatively larger than the distribution of pressure 

on the area/back of the propeller leaf, so this causes a lift 

force. The vector projection of the lift force on the lateral 
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axis of the ship is then called the thrust of the ship 

(thrust). 

Until now, the public assumes that the magnitude of 

the thrust of the ship is directly proportional to the power 

absorbed by the propeller. So, if it is desired to increase 

the service speed of the ship, it is necessary to increase 

the thrust of the ship, and the increase leads to the need 

for an increase in the thrust of the ship. 

 

 
Figure. 1. Illustration of Force Diagram  

 

Some researchers focus on the analysis of the force 

and thrust of the propeller i.e., analysis of Propeller C4-

40 with the variation of pitch and the addition of the Kort 

Nozzle [7]. It shows that the thrust, torque, and 

efficiency values changed significantly with the addition 

of Kort nozzle 37 on the propeller C4-40  

Arifin et.al, have researched the B-screw ship 

propeller performance by identifying the effect of the 

tubercle ship propeller on the result of the force and 

thrust that has been developed by using CFD [5]. It is 

shown that the modification of Tubercle Leading Edge 

(TLE) performance (thrust, torque, and efficiency) has 

been influenced by the modification of the blade. 
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