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Abstract

Refrigerator machines on board have an essential role in the process of storing foodstuffs so they last. The
availability of fresh foodstuffs and the crew's comfort are essential on long voyages. Therefore, it is vital to check
the condition of the components in the refrigerator engine. Thus, this study aimed to determine the factors,
impacts, and efforts that need to be taken when there is an increase in the food storage space on board. The
research method used in this study is qualitative, with the SHEL analysis method. The data sources for this study
came from observations, literature studies, and interviews, while the researchers carried out sea practice from
10 June 2021 to 11 June 2022 on the MV. Pan Flower. The results showed that several factors were causing the
rise in temperature in the food storage room, including non-compliance in carrying out the Plan Maintenance
System, damage to the expansion valve components, dust-contaminated refrigerant cycles, too much dirt in the
condenser, and a lack of communication between the crew. The impact of this damage is the disruption of
refrigerator performance, the evaporator performance is not optimal, the temperature rises, the condenser
performance is not optimal, and the occurrence of overtime to deal with the problem. Efforts are made to prevent
such damage by maintaining according to the Plan Maintenance System, spraying the evaporator side, cleaning
the condenser, checking the dryer filter, and always carrying out toolbox meetings. Thus, the operation of the
cooling machine can be carried out correctly and reduce the risk of incidents that could endanger the ship and

crew.
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INTRODUCTION
The ship is a place to live for all crew members. The company has ensured that all the necessities of

daily life while on the ship are met. As long as the sea work agreement lasts, the company is
responsible for the fitness and health of all crew members. One factor affecting their health and
fitness condition is the availability of suitable and nutritious food as a source of nutrition. The
availability of food ingredients on board must be guaranteed in the storage process so that the
quality of the food is always well maintained. Food ingredients on board consist of wet ingredients
and dry ingredients. Wet materials refer to materials that have a higher water content and have not
undergone a heating process. Meanwhile, dry matter is material that does not contain water. In the
maritime environment, foodstuffs are stored in unique rooms equipped with auxiliary devices such
as cooling machines to maintain quality.

A refrigeration engine is an auxiliary machinery designed to take heat from a cold source and do as
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little work as possible. The evaporator is one of the main components that have an essential role in
the performance of the refrigeration machine. Its primary role is to take heat from inside the room.
By entering the refrigerant and utilizing the help of a fan to circulate air, heat exchange in the
evaporator can be increased, thereby increasing the efficiency of its performance. The more
efficient heat exchange occurs, the better the evaporator performance. In addition, this can also
reduce the work demands on the compressor (Yusal, 2017).

Ships can sail long distances and for a long time. Food supplies of good quality and in sufficient
quantities for the crew became very important in the voyage. In every voyage, the availability of
food and the welfare of the ship's crew has a significant role. Researchers consider the cooling
machine important in maintaining the freshness of food ingredients and creating comfort for the
ship's crew. To meet the needs of food ingredients during shipping, it is essential to maintain their
quality during storage, so tools are needed to support this. Every ship must be equipped with a
cooling machine that meets operational standards. Food ingredients such as vegetables and fruit
must be kept fresh without wilting or shrinking, and the taste must be maintained. Meanwhile, meat
and fish that are still suitable for consumption must remain in a condition that is not mushy, does
not rot, and can freeze when stored. Refrigerator machines must meet the storage temperature of
meat and fish between -14°C to -17°C for vegetables and fruit, namely 4°C.

The cooling machine requires good maintenance to reach the desired temperature. The treatment
involves the main and supporting components, including the compressor, condenser, oil separator,
filter dryer, expansion valve, evaporator, refrigerant line system, and electrical control system.
These parts must be maintained according to the Plan Maintenance System (PMS). In addition,
engineers must visually pay attention to the condition of the refrigerator engine every shift. If they
find something abnormal, take action immediately to prevent severe damage. If there is damage, it
will be detrimental to the crew and the company. While the researchers carried out sailing for one
year plus one day from 10 June 2021 to 11 June 2022, the ship experienced various engine problems
ranging from minor to severe damage. In the end, the researcher got experience and learned when
the refrigerator engine experienced a problem that did not reach the temperature in the food
storage room.

Based on an incident researchers experienced in October 2021 while sailing from Seattle, America,
to Zhousan, China, the chef complained about the poor quality of the ingredients after being stored
in the storage cupboard. To ensure everything is in a safe condition, the third engineer checks the
temperature on the refrigerator engine panel. There is a high temperature in each food storage
cabinet, and what is checking the volume of refrigerant in the system, spraying icing on the
evaporator, cleaning the condenser, to replacing the filter dryer. Based on this background, the
researcher chose "Unreachable Temperature in the Food Storage Room at MV. Pan Flower."

This study aims to determine the cause of the temperature rise in the food storage room and the
impact of the temperature increase, as well as determine strategies to prevent temperature rise in
the storage room.

LITERATURE REVIEW
Refrigeration is a method used to keep product temperatures lower than ambient temperature.

Temperature is achieved by transferring heat from the product that has been produced to the
surrounding environment (Ziliwu, 2020). The refrigerator machine consists of primary and
additional components that maintain the quality of food ingredients in the Refrigerated Chamber.
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Some components are the compressor, condenser, evaporator, dryer, expansion valve, oil
separator, and solenoid valve. In addition, there are several control devices, such as high/low-
pressure switches, water failure switches, safety valves, and temperature control switches which
function to regulate the overall performance of the refrigerator system.

Maintenance is a series of actions taken to maintain and care for a machine and make repairs to
reach a condition that functions appropriately. The higher the machine hours in a production
system, the more significant the maintenance management role in the system (Hamim Rachman, et
al 2017).

Storage of food ingredients aims to regulate and maintain the condition of food ingredients so they
do not spoil quickly. After the food ingredients that meet the standards are received, they will be
immediately stored in a warehouse or cold room. To avoid spoilage caused by microorganisms,
foodstuffs need to be stored in locations according to their type classification.

Table 3.3 3 Storage

1 Dry storage Cereals, canned foods, 21°C * Should be clean
flour, sugar, shortenings, * Adeguate ventilation
spices, certain fruits and with sufficient air
vegetables fike bananas, circulation
onions and potatoes. * Low humidity
2  Refrigerator Fresh, cooked or partially 0-7°C » Regular cleaning of
storage cooked foods {milk, meat, condenser coif shouid
vegetables) be done
» Do not open the door
frequently
3 Frozen Meat, Ice cream, Butter, -18¢C * Accumulation of ice
storage Cheese, Milk should be deared
frequently
e Proper air circulation
is preferable.

Figure 1. Food storage classification

This research framework aims to develop research contexts and concepts to clarify aspects such as
the research context, the methodology used, and the use of theory.
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Figure 2. Research framework

METHODOLOGY

Research Method

This research was conducted during sea practice on the MV. Pan Flower from 10 June 2021 to 11
June 2022. This ship is managed by the company PT. Jasindo Duta Segara. Sources of data obtained
in this study are primary data and secondary data. Primary data was obtained from interviews and
direct observation of the research object. In comparison, the secondary data was obtained from the
log book and the cooling machine instruction book manual.

The methods used to collect data in this study are observation, interviews, documentation, and
literature study. Observations were made about the refrigerator engine experiencing an abnormal
condition, increasing temperature. The interview was conducted with the chief engineer and third
engineer at MV. Pan Flower. The documentation is obtained from the results of the work, as well as
the literature study is carried out regarding the refrigeration machine manual book so that theory
can be connected to the problem.

In qualitative research, the data collection tools are human informants (researchers themselves),
and non-human tools (questionnaires, observation guidelines, interview guidelines, and literature
study guidelines and documentation guidelines) can be used, but their function is limited. The data
analysis technique used in the preparation of this research is the Software, Hardware, Environment,
and Liveware (SHEL) method. In qualitative research, testing data validity includes various aspects,
such as credibility, transferability, dependability, and confirmability. Through testing the validity
of this data, data in qualitative research can be accounted for as part of valid scientific research.

FINDINGS AND DISCUSSION

Researchers made observations of the object of observation, namely the AC refrigerator on the MV
ship. Pan Flower. The cooling machine cycle has several stages, including compression, expansion,
and heat absorption. The compression stage occurs when the compressor compresses the
refrigerant. The expansion stage occurs when the expansion valve circulates refrigerant in the
evaporator and during the compressor suction step. The heat absorption stage occurs during the
condensation process in the condenser and evaporation in the evaporator. When all these stages
are combined in one system, it produces a cooling process.

The problem of needing the optimal performance of the refrigerator engine, which increases the
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temperature in the food storage room, can cause losses. Researchers used these constraints to
formulate the problem of the problem under study regarding the causes of the rise in the
temperature of the cold room so that the room does not reach average temperatures for cooling
food ingredients.

Figure 3. The cold room temperature panel has increased in temperature

Factors that cause a temperature rise in refrigerated food storage rooms are discussed
using the SHEL analysis approach, which includes software, hardware, environment,
and liveware components and is supported by interviews with the chief engineer &
third engineer (interview attachment) and a literature study.

The factors causing not achieving the temperature in the food storage room are as
follows: a). Implementation of irregular maintenance schedules, b). Running hours of
cooling machines are not suitable, c). Impaired expansion valve performance, d). The
emergence of frost on the evaporator, e). Accumulation of dust on the filter dryer, f).
Dirt and mud in sea water entering the ship's sea chest can cause blockages and
interfere with the condensation process, g). Cooperation or communication is one of
the causal factors in this problem. When the ship's crew can communicate well, they
can solve work problems efficiently.

RUNNING HOURS REF. PROVISION MACH.

BULANZ020 |RPNot | TOTAL [RPNo2| TOTAL
SEPTEMBER | 2092 | 202 | 1504 | 2092
OKTOBER 1508 | 2373 | 2018 | 3158
NOVEMBER 214 | 4508 X NIL
DECEMBER 4505 | 7204 X NIL
Figure 3 Running Hours Ref. Figure 4 Dirt and shells in condenser

Provision Mach.
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Figure 5 Evaporator is blocked by ice

The impact of the factors causing the temperature not to be reached in the food storage room
are as follows: a). The work done needs to be measurable and planned. When work is not
properly planned, there is a risk of delay in completing tasks or projects, b). Component
wears on each component of the refrigerator engine. Each refrigerator engine has a maximum
limit recommended by the manufacturer, c). The performance of the refrigerator engine is
disrupted due to the non-maximum performance of the refrigerator engine components, d).
The formation of a layer of ice on the evaporator can block the flow of air that should pass
through the evaporator. This layer of ice forms when condensed water vapor in the air
condenses on the cold surface of the evaporator, e). Blockages in the condenser pipes hurt
the condensation process, f). The performance of the filter dryer is not optimal, g). Lack of
coordination in carrying out work orders can make alighment between crews in achieving
common goals easier.

Figure 6 Exp. valve is blocked by ice Figure 7 Dirty dryer filters

The efforts against the factor of not achieving the temperature in the food storage room are as
follows: a). Carry out the Plan Maintenance System (PMS) regularly and plan. In addition, record
inspection, maintenance, and repair activities and the results of work performed, b). Check the
dryer filter, refrigerant line pipe, and ensure no ice crust or dirt is blocking the flow, c). The problem
of cleanliness in a dirty cooler room can be solved by cleaning it when the refrigerator is turned off,

d). Regularly evaluate team performance and identify areas where teamwork can be improved.




RSF. Conf. Proceeding Ser. Eng. Tech.

Figure 9 Renew filter dryer

Figure 10 Cleaning evaporator side Figure 11 Toolbox meeting

CONCLUSION AND FURTHER RESEARCH

Based on data analysis using the SHEL technique, as well as the discussion in the previous chapter,
the researcher can conclude the formulation of the problem from not achieving temperature in the
food storage room, the impact of causal factors, and the influence of efforts to maintain food cooling
machines in MV. Pan Flower, as follows: a). The causes of not achieving the temperature in the food
storage room are the accumulation of ice flowers attached in large quantities to the evaporator and
the condition of the expansion valve, which has been damaged due to exceeding working hours, b).
The impact caused by the factor of not achieving the temperature in the food storage room is
increasing the temperature in the refrigerated chamber so that the food material's shelf life does
not last long and will result in losses for the company, c). Efforts to overcome these causative
factors are to manually defrost all components that have accumulated ice, especially on the
evaporator, and then to overcome the cause of not reaching the temperature in the storage room is
to replacing new parts so that the refrigerant circulation process with the evaporator can run
normally.
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