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Abstract. The problem faced is damage, especially to the screw conveyor

Correponding email V: from the Continuous Ship Unloader (CSU) as a dry bulk material transfer
syamsul.hadi@polinema.ac.id equipment (phosphate rock) which is taken from the ship's hold which is
syampol2003@yahoo.com flowed by a screw conveyor followed by the belt conveyor to the material

warehouse to be processed into a type of fertilizer. The purpose of planning
is to obtain a schedule and estimated cost of maintenance and repair of CSU
for the period 2022 to 2025, and to obtain the ratio of maintenance-repair
costs to the profit of the machine. Planning methods uses the IRRO
(Inspection, Replace, Repair, and Overhoul) method include data collection
of machine maintenance history and component breakdowns, checking CSU
specifications, making a list of component life predictions and component
prices, predicting costs and duration of component dissasembly, screw
conveyor repair, maintenance and repair scheduling, and maintenance and
repair cost estimates. The real results of planning in the form of a
maintenance and repair schedule for the period of 2022 to 2025; maintenance
and repair costs respectively for the years 2022 to 2025 are IDR 136,873,000;
IDR 335,986,000; IDR 160,687,000; and IDR 464,733,000; and the ratio
between maintenance costs to profit for the years 2022 to 2025 is 0.51, 1.22,
0.57, and 1.63 which means the machine is still fit for use without the need
for refurbishment because it is still prospective.

Keywords : Continuous ship unloader, screw conveyor, dry bulk material, phosphate rock, belt conveyor,
IRRO.

1. INTRODUCTION

Industrial development in Indonesia, especially the chemical industry has increased from year to year.
Progress in the industrial sector has a very important role in national development in all fields in order to improve
people's welfare. Especially in industries that have a role to support the provision of national fertilizers to achieve
food self-sufficiency program and support the economy, especially the agricultural sector. The expansion of the
agricultural sector in the early 1970-1980s was inseparable from the role of the fertilizer industry which enabled
farmers to optimize the results of the green revolution to increase their production. Along with the increasing area
of agricultural land and plantations in Indonesia, the need for fertilizer is increasing from year to year. One of the
fertilizer industries in Gresik, east Java, Indonesia is the port of Terminal for Own Activities for loading and
unloading activities, one of the equipment used in the loading and unloading process is the CSU (Continuous Ship
Unloader). Raw materials that are transported/unloaded are phosphate rock, ZA steel grade, ZA-caprolactam,
MOP-red, MOP-white, MOP-pink, sulfur and SP 36. The way CSU works is that the material in the hold of the
ship is sucked in through the feeder inlet then followed by a vertical screw conveyor through the horizontal screw
conveyor then the material falls through the hopper and the material dust is sucked in by the dust collector at the
end of the hopper, so that the material falls on the belt conveyor to be forwarded to the warehouse. Due to the
important role of CSU at Terminal for Own Activities, an effective maintenance and repair plan must be made to
avoid damage that causes breakdown.
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Maintenance is an attempt to eliminate the causes of the breakdown, if possible before the congestion occurs.
These efforts can take the form of cleaning, lubrication, periodic inspections, servicing, and tune-ups so that their
performance remains within the expected performance range. Repair is the treatment of the effects of a congestion
event. So the difference between maintenance and repair lies in the effort before the congestion/damage occurs
and treatment of the effects after the congestion incident [1]

Screw conveyors are generally right-hand with screw designs that are selected according to the material
being moved, trough screw or continuous screw is selected to move dry granules or powder. Screw normally made
of steel sheet which is welded to the shaft [2].

In operational, maintenance and repair activities must comply with the principles of occupational health
and safety (OHS). Safe and healthy at work is the condition of workers that must be realized in the workplace, of
course with all efforts based on science and thought to protect workers in accordance with human rights and
applicable laws and standards [3].

Total Productive Maintenance/TPM is a treatment related to all elements of the company with the aim of
achieving zero product defects, zero breakdown and zero accident. TPM as a maintenance method that maximizes
efficiency, solidifies preventive maintenance systems, maximizes productivity, reduces downtime, and motivates
all company production lines to avoid sudden repairs and minimize unscheduled maintenance [4]-[5].

Preventive Maintenance (PM) policy is a proactive technique that has been used since the inception of
maintenance systems research [6]. The efficiency of PM when applied to leased objects is considered the
determinant of revenue for the next rental period [7].

The total average cost per unit time which includes production costs, warranty, and system maintenance is
applied to the useful life of the equipment [8].

The case study model of multi-objective genetic algorithm can increase availability, reduce maintenance
costs, increase plant profits, can be applied in a continuous operating system for chemical plants with modifications
to its operating characteristics [9].

An increase in the predictive maintenance level can lead to a lower quality control cost [10].

The balance between preventive maintenance and corrective maintenance to minimize costs varies between
organization and assets, but there is a rule of thumb for balancing preventive maintenance and corrective
maintenance with an 80/20 ratio [11].

Preventive maintenance and predictive maintenance are based on a history of maintenance which gives an
indication of the degree of damage periodically with possible shifting of component life due to the possible
variation in the operating conditions of an equipment. Corrective maintenance is possible if an equipment condition
requires adjustment without changing its basic principles in order to keep it functioning. Maintenance and repair
costs can increase sharply if good planning is not done, because early symptoms of deterioration are not
immediately stopped or reduced through scheduled treatment planning. With scheduled maintenance, unexpected
losses can be minimized.

2. METHODS

Planning methods uses the IRRO (Inspection, Replace, Repair, and Overhoul) method include collecting
data on CSU operational history and component failure, reviewing CSU specifications, formulating damage
problems, making a list of components to be handled, predicting component life, predicting spare parts prices,
predicting repair costs, predicting duration and maintenance costs for components assembly, maintenance and
repair scheduling, estimated total annual costs for the period of 2022 to 2025.

Figure 1. Continuous Ship Unloader/CSU
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The CSU as the object of maintenance and repair planning is shown in Figure 1 which is marked by an oval
line, the material in the hold of the ship in the right side is sucked in through the feeder inlet then followed by a
vertical screw conveyor through the horizontal screw conveyor (yellow color) then the material falls through the
hopper and the material dust is sucked in by the dust collector at the end of the hopper, so that the material falls
on the belt conveyor to be forwarded to the warehouse in the left side.

The CSU specification is shown in Table 1 [12].

Table 1. The CSU Specification [12]

No. Unit Description

1 Inlet Feeder
Transmission Enclosed oil lubricated gear
Motor Type Electrical
Control System Stepless control or automatic mode
Motor Location On top of vertical conveyor
Other Overload protection

2 Vertical Arm Conveyor
Type VST-640
Length 22 m
Transmission Enclosed oil lubricated gear
Motor Type AC-motor
Control System Direct Start
Other Speed guard

3 Horizontal Arm Conveyor
Type HST-1000
Length 28,75 m
Transmission Enclosed oil lubricated gear
Motor Type AC-motor

Control System

Direct Start

4 Hydraulic System

Location Main unit on the horizontal arm
Working Preassure 250 bar (max)
Motor Type AC-motor
Control System Direct Start
Insulation No
5 Electrical System
Supply Voltage Power 6 kV
Frequency 50 Hz
Voltage On The Ship Unloader
Motor Voltage 380 V/50 Hz
Operating Voltage 230 V/50 Hz
Transformer 2500 kVA
Type Dry insulated
Location In the electrical container
Power
Installed 1629 kW
Largest Motor 400 kW

The sections of the CSU are shown in Figure 2 [12].

Inlet feeder
Vertical arm conveyor

Auxiliary hoist
Horizontal arm conveyor

R W N =

Intermediate bearing and shaft

6 Operator cabin

7 Upper turret

8 Counter weight
9 Electrical system
10 Travelling beam

Figure 2. Parts of the CSU [12]
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3. RESULTS AND DISCUSSION

CSU maintenance is carried out to obtain stable performance by conducting inspection, replace, repair, and
overhaul.

Inspection activities to check the cleanliness, good or bad condition of existing components, check whether
the existing lubricant/oil/grease is sufficient, insufficient, contaminated or dirty. CSU inspections are carried out
every 3-4 months for components and for lubricants, inspections are carried out once a month. Weekly inspections,
before and after full retrieval of one hold is carried out by the CSU operator, but by visual inspection and from
inside the cabin by checking from the monitor or from the control room. The good synergy between the operator
and the maintenance mechanic makes equipment maintenance better.

One such inspection with an example of greasing the end bearing is shown in Figure 3 [12].

Figure 3. Greasing of the end bearing [12]

An example of an inspection of intermediate shaft and screw conveyor is shown in Figure 4 [12].

Figure 4. Inspection of intermediate shaft and screw conveyor [12]

Checking the conveyor screw by hearing or from the sound of the motor that increases the load whether the
material coming out is unstable or not suitable, if so, then the horizontal arm conveyor casing is opened to check
the clearance between the flight screw and the inside of the vertical arm conveyor casing, in case of overclearance
due to friction from the material, then the screw conveyor is immediately replaced with a spare screw conveyor,
after that contact the Fabrication Department and report the conveyor screw to be repaired or reconditioned.

Replacement of spare parts according to the predicted component life is shown in Table 1 [12]. The price
and lifetime predictions of the CSU components are shown in Table 1 [12]. Indonesian currency unit is Rp which
is stated in IDR.

Spare parts are replacement components that are prepared based on the limited life time prediction of
components due to the limited nature of the material, the shorter the component's life time, the more spare parts
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that must be prepared. The price of spare parts can be predicted based on the purchase note of the same spare parts
in the previous period by adding the price related to inflation to the previous purchase period, for example an
increase in price of about 4% per year, if inflation is expected (decrease in the value of money due to the influence
of the amount of money in circulation is more than required [ 1] Calculation of the price of spare parts using formula
(1).

N = (Initial Price x 4%) + Initial Price (1)
where:
N : Price prediction for the next period
Initial Price: The price of the current/initial period
4% : Inflation per year (as an example)

Predictions of spare parts prices can be obtained from sources including: 1) Purchase notes for spare parts,
2) Information from shops selling or supplying spare parts, 3) Price information from the internet online, 4)
Workshop where to order spare parts, and 5) Maintenance planners can make predictions based on the function of
components relative to other components [1].

Table 1. Price and Life Time Predictions of CSU Components [12]

No. CODE UNIT/PART PRICE LIFE TIME PRICE PREDICTED/YEAR PCS
(X1,000 (X1,000 IDR)
IDR) HOUR WEEK 2022 2023 2024 2025

BCSUI1-1-IF  Inlet Feeder

}31:(}1‘:551-1- Flange Shaft 70 10,000 178 70 71 71 71 8
BCSU1-1- .

IF-HB Hanger Bearing 90 6,000 107 90 91 91 92 16
BCSU1-1- .

1 IF-UIC U-Joint Shaft 1,80 6,000 107 1,81 1,82 1,83 1,84 2
DU pinion 85 6000 107 8 8 8 8 1
ESSS]I;I-I- Slewing Bearing 45,00 12,000 214 4545 4567 4590 46,13 1
}3}3(8}[};1 -1- Gearbox-IF 600,00 15,000 268 606,01 609,04 612,09 615,15 1
BCSU1-2-VC Vertical Arm

Conveyor
}\3/%‘_55(:1 -2 Screw Conveyor 75,00 15,000 268 75,75 76,13 76,51 76,89 5
BCSU1-2- .

2 VC-EB End Bearing 3,50 6,000 107 3,53 3,55 3,57 3,58 2
BCSU1-2- Intermediate
VC-IBS Bearing and Shaft 78,70 15,000 268 79,48 79,88 80,28 80,68 4
BCSU1-2-

VC-GB Gearbox-VC 600,00 15,000 268 606,01 609,04 612,09 615,15 1
BCSUI-3-HC Horizontal Arm

Conveyor
Eg_sgcl-} Screw Conveyor 75,00 15,000 268 75,75 76,13 76,51 76,89 6

3 EESEBI " End Bearing 350 6,000 107 3,53 355 357 3,58 2
BCSU1-3- Intermediate
HC-IBS Bearing and Shaft 78,70 15,000 268 79,48 79,88 80,28 80,68 5
Eg_sg};-} Gearbox-HC 600,00 15,000 268 606,01 609,04 612,09 615,15 1
BCSU1-4-DC Dust Collector

4 ggi}-ﬁ 4 Fan/Blower 4,50 12,000 214 4,54 4,56 4,59 461 1
BCSU1-4- .

DC-FB Filter Bag 12 6,000 107 12 12 12 |

5 BCSUI1-5-HS Hydraulic System
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No. CODE UNIT/PART PRICE  LIFE TIME PRICE PREDICTED/YEAR  PCS
(X1,000 (X1,000 IDR)
IDR)  HOUR WEEK 2022 2023 2024 2025

ESSUI-S-HS- Hydraulic Pump

ggslyplép Pump Hose 300 5000 8 3,03 304 306 307 1
oSy Control Valve 3500 12,000 214 3535 3552 3570 3588 1
ggslfpléF Hydraulic Filter 1,20 5000 89 121 121 122 123 1
ggslyplép Gear Pump 1500 12,000 214 1515 1522 1530 1537 1

BCSU1-5-HS- Hydraulic oil
HP-HOC cooler
BCSUI-5-

10,00 12,000 214 10,10 10,15 10,20 10,25 1

HS-HP-S Seal 1,80 5,000 89 1,81 1,82 1,83 1,84 1
BCSU1-6-HCI Hydraulic Cylinder
Pendulum
BESUL6- geal 2,10 5000 89 2,12 213 214 215 2
6 HCP-S
BCSUI-6- .
HCP-OR O ring 1,20 5,000 89 1,21 1,21 1,22 1,23 2
ggf)Elelf- Piston Rod 15,10 13,000 232 1525 15,32 1540 1548 2
BCSU1-7-HCI Hydraulic Cylinder
Luffing
BCSU1-7-
; HCL-S Seal 2,10 5,000 89 2,12 2,13 2,14 2,15 2
BCSU1-7- .
HCL-OR O ring 1,20 5,000 89 1,21 1,21 1,22 1,23 2
BCSU1-7- .
HCL-RP Rod piston 15,10 13,000 232 1525 15,32 1540 1548 2
BCSU1-8-HS Hydraulic Slewing
BCSU1-8- . .
HS-SB Slewing Bearing 150,00 13,000 232 151,50 152,26 153,02 153,78 1
8 BCSUI-8- .
HS-PSG Pinion Spur Gear 1,80 6,000 107 1,81 1,82 1,83 1,84 1
BCSU1-8- .
HS-HM Hydraulic Motor 75,00 15,000 268 75,75 76,13 76,51 76,89 1
BCSUI1-9-AH Auxiliary Hoist
iﬁ%j\/i{&- Wire Rope 36,00 9,000 160 36,36 36,54 36,72 36,90 90m
9 9.
BESUT-9 Hook 13,00 10,000 178 13,13 13,19 13,26 13,32 1
AH-H
BCSU1-9- Gearbox-Auxiliary
AH-GB Hoist 600,00 15,000 268 606,01 609,04 612,09 615,15 1
BCSUI1-9-AH End Carriage
10 iﬁ?g;]@- Idler Wheel 7,80 15,000 268 7,87 7,91 7,95 7,99 40
iﬁ?gé@- Gearbox-EC 200,00 15,000 268 202,00 203,01 204,03 205,05 8
BCSU1-9-O0 0il
ESSU1-9-O- Hydraulic Oil 5,50 2,000 36 5,55 5,58 5,61 5,63 2090
11 -9.0-
cB}gzs VIO Gearbox ol 490 2,000 36 494 497 499 502 209V
(B}S(Sle-9-O- Grease 8,20 500 9 8,28 8,32 8,36 8,40 2090
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The costs and duration of disassembly and assembly of CSU are shown in Table 2 [12].

Table 2. Cost and Duration of disassembly and assembly of CSU [12]

DURATIO COST/HR (X1,000 IDR)
N
No. PART TECH. LEVEL (HR/PART 2021 2023 2024 2025
)

Inlet Feeder
Flange Shaft SHS 0.5 19 21 22 23
Hanger Bearing SHS 0.5 19 21 22 23

1 U-Joint Shaft SHS 0.5 19 21 22 23
Pinion SHS 2 19 21 22 23
Slewing Bearing 3-Year Dipl. 8 21 23 24 25
Gearbox-IF SHS 4 19 21 22 23
Vertical Arm Conveyor
Screw Conveyor 3-Year Dipl. 4 21 23 24 25

2 End Bearing SHSI 2 19 21 22 23
Intermediate Bearing and Shaft 3-Year Dipl. 3 19 21 22 23
Gearbox-VC SHS 4 19 21 22 23
Horizontal Arm Conveyor
Screw Conveyor 3-Year Dipl. 4 21 23 24 25

3 End Bearing SHS 2 19 21 22 23
Intermediate Bearing and Shaft 3-Year Dipl. 3 21 23 24 25
Gearbox-HC SHS 4 19 21 22 23
Dust Collector

4 Fan Blower SHS 1 19 21 22 23
Filter Bag SHS 0.25 19 21 22 23
Hydraulic System
Hydraulic Pump
Hose pump SHS 1 19 21 22 23

5 Control Valve SHS 1 19 21 22 23
Hydraulic Filter SHS 1 19 21 22 23
Gear Pump SHS 2 19 21 22 23
Hydraulic oil cooler SHS 2 19 21 22 23
Seal SHS 1 19 21 22 23
Hydraulic Cylinder Pendulum

6 Seal SHS 2 19 21 22 23
O ring SHS 4 19 21 22 23
Rod piston SHS 4 19 21 22 23
Hydraulic Cylinder Luffing

7 Seal SHS 2 19 21 22 23
O ring SHS 4 19 21 22 23
Rod piston SHS 4 19 21 22 23
Hydraulic Slewing

3 Slewing Bearing 3-Year Dipl. 168 21 23 24 25
Pinion Spur Gear SHS 4 19 21 22 23
Hydraulic Motor SHS 4 19 21 22 23
Auxiliary Hoist

9 Wire Rope SHS 4 19 21 22 23
Hook SHS 2 19 21 22 23
Gearbox-Auxiliary Hoist SHS 3 19 21 22 23
End Carriage

10 Idler Wheel SHS 3 19 21 22 23
Gearbox-EC SHS 3 19 21 22 28
Oil

1 Hydraulic Oil SHS 2 19 21 22 23
Gearbox Oil SHS 2 19 21 22 23
Grease SHS 2 19 21 22 23

Note: SHS: Senior High School
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CSU repairs, especially in the reconditioning of screw conveyors, are carried out every 6000 hours or 107
weeks provided that they operate in one day with 1 shift for 8 working hours [12]. The repair work is carried out
by the Fabrication Department who has a special duty or a specialist in screw conveyor repair.

The damage that occurs due to erosion of the flight surface due to friction causes the conveyor screw to
wear out. The friction that occurs is the friction between the screw conveyor and the material and the casing,
because if the material between the flight/blade of screw conveyor and the casing is left alone, the effect will be
even greater. The effect of screw conveyor damage is less optimal/efficient in the transportation process. If the
friction that occurs is greater, it can cause motor power to be wasted to overcome the friction and a lot of residual
material settles on the casing due to not being moved. If this is continued, it can cause more fatal energy wasted
because the efficiency of transportation of materials decreases.

Figure 5. Examples of worn screw conveyor blades [12]
The prediction of material prices for CSU repair activities is shown in Table 3 [12].

Table 3. Predictions of material prices for CSU repair activities [12]

N PART NAME PRICE PRICE PREDICTION/YEAR (X1,000 IDR) pCS
0.
(X1,000 IDR) 2022 2023 2024 2025
1 Plate Duplex 250 253 254 255 256 34
2 Electrode E2209 1,500 1,515 1,523 1,530 1,538 4
3 Electrode E8838 1,700 1,717 1,726 1,734 1,743 7
4  Cleanser SKC-S 90 91 91 92 92 2
5 Liquid Penetrant Red SKL 90 91 91 92 92 2
6  Developer SKD-S2 95 96 96 97 97 2

The process of repairing screw conveyors includes the following stages:
1) The cutting of a duplex plate of 16 mm thick with a width of 25 mm using plasma cutting is shown in Figure
6 [12].

Figure 6. Cutting duplex plates with Plasma Cutting [12]

2) Installation of cylinder shock at both ends of the screw conveyor shaft which serves as a support for the
bearings/rollers is shown in Figure 7 [12].
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Figure 7. Installation of cylinder shock at both ends of the screw conveyor shaft as a support for the
bearing/roller [12]

3) Reduction of the flight screw conveyor to ¢ 585 mm with a lathe is shown in Figure 8 [12].

N e
Lo A

K “ S— -

!
-

Figure 8. Reducing the diameter of the flight screw conveyor to ¢ 585 mm with a lathe [12]

4) Coating flight screw conveyor with coating material from duplex plate with a thickness of 16 mm and a width
of 25 mm using welding with an electrode E22209 which follows the Welding Procedure Standard. The
welding is carried out along the flight screw conveyor on 2 sides which a process called layding/lining is
shown in Figure 9 [12].

Figure 9. Coating flight screw conveyor with coating material from duplex plate [12]

5) After cleaning from the crust, the duplex plate is then overlaid or coated on both sides of the duplex plate
using the E8838 electrode to exceed 635 mm. The electrode used is similar to the E2209 electrode, but has a
higher hardness value, so that the flight screw conveyor surface becomes harder [12].

6) The finishing process of a flight screw conveyor with a turning using a 6000 mm lathe, the diameter of the
flight screw conveyor turned into 635 mm is shown in Figure 10 [12].
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Figure 10. The finishing process of a flight screw conveyor with a turning using a 6000 mm lathe [12]

7) The screw conveyor is carried out by a balancing process with a balancing machine to balance its rotation
when used and to minimize vibration.

8) Visual check, dye penetrant test, and dimensional check to ensure the quality of repairs, if the screw conveyor
does not meet the requirements, it is repaired and if it meets the requirements, then the screw conveyor shown
in Figure 11 [12] is ready to be installed into the CSU.

Figure 11. Screw conveyor after repaired [12]

Overhaul at CSU is carried out every 15,000 hours or 268 weeks provided that it has been operating for one
day with 1 shift for 8 hours [12]. Some large and expensive components such as gearbox, motor, and slewing
bearings replacement can take up to 2 weeks to take apart with additional overtime. Since CSU maintenance and
repair planning has a period limit of 4 years or 11,648 hours or 208 weeks while the overhaul schedule is 15,000
hours or 270 weeks, the overhaul activity does not go into details and cost estimates.

The CSU has a loading/unloading capacity of up to 1000 tons per hour which makes CSU the backbone of
loading/unloading activities, however, with the high utility of CSU, the number of damage also increases, even
CSU often experiences a breakdown [13].

CSU 1 experienced a breakdown of 52 times from November 2015 to January 2016, so it is necessary to
analyze the damage data for the formulation of its maintenance policy by using two alternative policy models,
namely repair maintenance policy and preventive maintenance policy. From the calculation results, it is found that
the maintenance policy is better for preventive maintenance which has an average machine runtime/period and a
smaller repair cost compared to the maintenance repair policy, which is carried out every 7 weeks at a cost of IDR
4,291,241.00 [14].

Using the CSU greatly affects the productivity of loading and unloading activities, because the tonnage yield
achieved when unloading using the CSU tool is greater than using other tools, and the unloading is completed
faster [15].

An important element in the electric steam power plant (PLTU) is the Ship Unloader (SU) as the main
loading and unloading facility for coal fuel from the barge to the stockpile. SU is only treated after damage occurs
which is analyzed for treatment planning using the Markov Chain method. The Markov Chain results show that
the cost of preventive maintenance at moderate status is decreasing by 84.40% from IDR 1,505,211.50 to IDR
234,820.77 for SU 1 and the cost of preventive maintenance in mildly damaged status decreased by 86.22% from
IDR 1,019,642. 35 to IDR 137,893.05 for SU 2 [16].

An example of the results of making a CSU Maintenance and Repair Schedule in the 2023 period is shown
in Table 4 [12].
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Table 4. Example of CSU Maintenance and Repair Schedule in the 2023 Period [12]

No COMPONENTS WEEK OF THE YEAR OF 2023
AND MAIN PARTS JAN FEB MAR APR MAY JUNE JUL AUG SEP OCT DEC
1 3 4 8 9 10 13 14 18 19 21 22 23 24 25 29 30 31 33 34 35 36 38 39 40 49 50 52
Inlet Feeder
Flange Shaft I I I I
Hanger Bearing Rc I I I I
1 U-Joint Shaft Rc I I I I
Pinion Re I I I I
Slewing Bearing I I I I
Gearbox-IF I I I I
Vertical Conveyor
Screw Conveyor Rr I I I 1
End Bearing Rc I I I I
2 Intermediate Bearing
and Shaft Rr ! ! ! !
Gearbox-VC I I I I
Horizontal Conveyor
Screw Conveyor Rr I I 1 1
End Bearing Rc I I I I
3 Intermediate Bearing
and Shaft R ! ! ! !
Gearbox-HC I I I I
Dust Collector
4 Fan I I I I
Filter Bag Rc I I I I
Hydraulic System
Hydraulic Pump
Hose pump I 1 1 1
5 Control Valve I I I I
Hydraulic Filter I I I I
Gear Pump I I I 1
Hydraulic oil cooler I I I I
Seal I I I I
Hydraulic Cylinder
Pendulum
6 _ Seal I I I
O ring I I I
Rod piston I I I
Hydraulic Cylinder
Luffing
7 _Seal I I I
O ring I I I
Rod piston I I I
Hydraulic Slewing
3 Slewing Bearing I I I
Pinion Spur Gear Re 1 I I
Hydraulic Motor I I I
Auxiliary Hoist
Wire Rope Rc I I I I
9  Hook I I I I
Gegrbox-Aquhary I I I I
Hoist
1 End Carriage
0 Idler Wheel I I I
Gearbox-EC I I I
0il
1 _ Hydraulic Oil I Rc I I 1 I I I I Rc 1
1 Gearbox Oil I Rc I I 1 I I I I Rc I
Grease Rc Rc Rc Rc Rc Rc

Remarks: I: inspection, Rc: Replace, Rr: repair, O: Overhoul

In Table 4, due to the limited journal space, columns that do not have activity content are deleted to only
display the column containing the activity contents.

From the CSU maintenance and repair schedule planning for the period 2022 to 2025 only shows an example
for 2023 period where there are screw conveyor repair activities.

The ratio between maintenance cost and profit is shown in Table 5 [12].
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Table 5. The ratio between maintenance costs and profits [12]

Year Malntgl]grﬁc)e Cost Annual Profit (Idr) Mamtenanc(:;)fﬁ’roﬁt Ratio
2022 136,873 26,829,682 0.51
2023 335,986 27,336,275 1.22
2024 160,687 27,883,000 0.57
2025 464,733 28,440,660 1.63

4. CONCLUSION

The results of planning in the form of a maintenance and repair schedule for the period of 2022 to 2025;
maintenance and repair costs for the years 2022 to 2025 are IDR 136,873,000; IDR 335,986,000; IDR 160,687,000;
and IDR 464,733,000; and the ratio between maintenance costs to profit for the years 2022 to 2025 is 0.51; 1.22;
0.57; and 1.63 respectively which means the machine is still fit for use without the need for refurbishment because
it is still prospective.
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