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ABSTRACT

The pumps in Steam System PT XYZ frequently fail, resulting in a cumulative downtime of
15000 hours and potentially affecting output. The goal of this study is to examine the problem
by 1) knowing the pump reliability, 2) evaluating the pump maintenance system using MVSM,
and 3) offering recommendations based on the reliability and MVSM results in the Steam
System Area of PT XYZ. The reliability values of pumps G04-111-A, G04-1-S, G04-1-A, GO7-
A, and GO2-S were calculated as 52,20%, 45,59%, 50,19%, 47,09%, and 43,15%, respectively.
The maintenance system was then evaluated using MVSM, yielding a Current State Map with
a maintenance efficiency of 51%, a VA activity time of 8927 minutes, and an NVA activity
time of 9672 minutes. The Future State Diagram The advice resulted in a 99% gain in
maintenance efficiency, and NVA activity time was teduced by 9600 minutes. Maintenance
time intervals on pumps G02-S, G04-1-A, GO4-111-A, G04-1-S, and G07-A are recommended
every 49 days, 31 days, 44 days, 35 days, and 76 days, respectively, while recommendations
with the MVSM approach are in the form of eliminating the time delay that occurs when the
material is not available, which is done by estimating the time the material is needed and the
previous purchase time. This study concludes that by following the recommendations, the
pump maintenance system in the Steam System Area of PT XYZ may be optimized.
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1. INTRODUCTION

Every company has various needs to support
production activities, including production
facilities. One  production facility that
significantly affects a company's production
process is production machinery. Using these
machines requires maintenance activities so that
the production process in a company can run
smoothly, following the company's target to be
achieved. According to Ngadiyono (2013), one of
the maintenance objectives is to ensure that the
necessary equipment is optimally available and
suitable to meet the planned production activities
so that the production process can achieve
maximum investment returns. A well-organized
maintenance system is needed to support the
smooth production process of the production
machinery used.

A well-organized maintenance system will
have an impact on the sustainability of the
production system. The sustainability of a more
assured production system can be achieved in
various ways, one of which is by paying attention
to the machines' reliability in the production
process. Machine accuracy is one of the most
critical factors in ensuring the smoothness of the
production process and the quality of the
products produced. Machine reliability can help
predict the ability of a machine component to
function following the desired purpose within a
certain period (Purba et al., 2021).

PT XYZ is a company in the petrochemical
industry that produces chemicals from natural
gas. PT XYZ involves various production units
consisting of various machines or production
facilities in producing these products. One of the
PT XYZ production units with various
production facilities is the Steam System Area.
The unit is an area that provides Boiler Feed
Water (BF'W). This area has 14 pumps supporting
the chemical flow process, which have different
capacities. This pump is essential in providing the
Boiler Feed Water (BFW) needed to produce
steam. Steam is needed in every production
process and utility in the company, especially in
driving turbines and power generators as one of
the sources of electricity used by the company. If
the steam supply process is disrupted, it will
hamper the production and utility processes that

take place so that the source of electrical energy
needed by the company is not optimally
accommodated.

The time the equipment is inoperable is called
downtime (Dhillon, 2002). The total downtime
of all pumps in the Steam System Area of PT
XYZ in 2017 — 2022 reached 15,000 houts.
Those show that pumps in this area often fail.
Frequent failures in a pump indicate that the
maintenance system that applies to the pump is
still not optimal. The non-optimality of the
maintenance system will cause the pump to be
damaged more often. Pumps increasingly
experiencing damage will interfere with providing
steam the company needs as a source of electrical
energy so that ongoing production activities can
be  hampered. Optimizing this  pump
maintenance system needs to be done direct so
that downtime can be minimized and the
applicable maintenance system can occur more
optimally.

The maintenance system that applies at PT
XYZ is in the form of Preventive Maintenance
and  Corrective  Maintenance.  Corrective
Maintenance (CM) occurs when the pump is
damaged, requiring component replacement. The
implementation of CM is still being determined
because damage to equipment can occur at any
time. Meanwhile, Preventive Maintenance (PM)
is carried out regularly four times yearly. PM
activities include checking the condition of the
equipment, such as cleaning components,
providing grease, and others. Both maintenance
activities have the same sequence of activities.
These activities include notification of work
orders for equipment damage, checking by the
supervisor, briefing the mechanic by the
supervisor, making a work permit, carrying out
repairs, and testing the equipment. Implementing
these maintenance activities needs to be studied
further to optimize the time required for each
maintenance activity.

Based on the existing problems, a reliability
analysis of the pumps in the Steam System Area
of PT XYZ needs to be carried out. Reliability
analysis will help the company know the pump's
reliability level and maintenance time interval.
The company can determine the best decision on
handling the pump if the level of reliability is
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known. In addition, identification needs to be
done on a more extensive system, namely the
maintenance system. The maintenance system
consists of several activities carried out to carry
out maintenance activities. Identification is done
by using Maintenance Value Stream Mapping
(MVSM). MVSM helps in evaluating the current
maintenance system. That way, the company can
optimize the current maintenance system based
on the activities that make up the maintenance
activities at PT XYZ.

2. METHODS
2.1. Reliability

Reliability reflects the state or condition of a
facility. These conditions can be positive or
negative. Reliability involves using statistical
methods to measure and understand the
condition and performance of equipment owned
by the company. Those allow the company to
make predictions and decisions regarding
decisions regarding the maintenance and
treatment of the equipment. According to
Ebeling (1997), reliability is generally defined as
the likelihood that a system will perform its
intended function for a specified period under a
specified set of conditions. The times below
represent a specific set of conditions.

Calculating the reliability of a component or
equipment begins with determining the failure
distribution model of a component or equipment
expressed statistically. Distributions that are
commonly used in calculating the reliability of a
component or equipment include the
Exponential, Weibull, Lognormal, and Normal
distributions. According to Ebeling (1997), the
distribution can be identified using least-square
curve fitting to obtain damage and repair times.
The most common method for calculating least-
square curve fitting is the following formula:

- Medium Rank

, i-0,3
F(E) = o @1
- Index of Fit
— .anwl.—(le)(Zlyt) _ 2.2)
VInExi)-Ex)2][nE yi2)-C yi)?]

The formula for each distribution is described as
follows:

a. Exponential Distribution
The equations used in determining the
distribution, parameters, MTTR and reliability
of this distribution include:

Xi=ti 2.3)
Vi = I (g ) 4

R (2.5)
MTTR = % _________________________________________ 2.6)
R =e M (2.7)

b. Weibull Distribution
The equations used in determining the
distribution, parameters, MTTR and reliability
of this distribution include:

Xi=Inti (2.8)

. 1
em() 29
ﬁ — nY xiyi—(X xi)(X yi) (210)

nyxi2—(Yxi)2 T

a = w ________________________________ ( 2'11)
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0 = B (2.12)

MTTR =6 F(% + 1) (2.13)
t

R(t) = @ (2.14)

c. Normal Distribution
The equations used in determining the
distribution, parameters, MTTR and reliability
of this distribution include:

Xi=ti_ (2.15)
Yi=@ ' [FED] oo (2.16)
=2 (2.17)
o Z(ti;”)z ____________________________________ (2.18)
MTTR=pu=IMtyeq .o (2.19)
RO=1-0[=5 (2.20)

d. Lognormal Distribution
The equations used in determining the
distribution, parameters, MTTR and reliability
of this distribution include:

Xi=Inti___ ] (2.21)
Yi= @ FQ)] 2.22)
p= % _________________________________________ (2.23)
s = /M _______________________________ (2.24)
tmea =€* (2.25)
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MTTR = tpmeqg €2 ...
RO=1-0[tn =] ... (2.27)

Regular inspections are essential to control
defect rates, maintain machine performance, and
reduce unexpected downtime due to component
failure. Those can ultimately avoid increased
costs. Based on research conducted by Taufik
and Septyani (2015), optimal inspection time can
be calculated using the following calculation:

- Average time required for repair

[ = e —— (2‘28)

- Average Working Hours

- Average inspection time
1 Average 1 time maintenance
i

i Average working hours per month

- Average time of damage
k= Average time of breakdown

period of breakdown
- Calculation of inspection frequency

- Maintenance time interval
__ Maintenance time interval

t; =

n

2.2. Maintenance Value Stream Mapping

The Maintenance Value Stream Map (MVSM)
method is a development methodology of the
Value Stream Mapping (VSM) method that is
specialized for maintenance activities (Kannan et
al., 2007). VSM can assist in visually depicting the
flow of the production process as well as
identifying waste and sources of waste through
the value stream (Rother & Shook, 1999). On the
other hand, MVSM aims to map the flow of
processes and information in maintenance
activities. The results obtained include time that
can be categorized as value-added (VA) and non-
value-added (NVA), as well as maintenance
efficiency.

The MVSM development process involves
creating a Current State Map that depicts the
company's maintenance process. Maintenance
activities are evaluated at this stage to determine
whether they provide added value. Time
components such as MTTO, MTTR, and MTTY
are used as the basis for creating the Current State
Map in the creation of the framework
(Nainggolan, 2017). Future State Map is the result
of improving the Current State Map by
eliminating activities that do not provide added

value. This stage is the final stage in the approach
using the MVSM method. Using the MVSM
method, the percentage increase in maintenance
efficiency on components that experience
damage that is prioritized (Lukodono et al., 2013)
can be calculated. This maintenance efficiency is
obtained by comparing the actual maintenance
conditions (current state map) with the
recommended maintenance (future state map).

Mean Maintenance Lead Time (MMLT)
refers to the average time required to perform
machine maintenance until the machine can
operate normally. Mathematically, MMLT is
formulated with the equation (Huda et al., 2015):
MMLT = MTTO + MTTR + MTTY .___._(2.33)
Description:

MTTO = Mean Time to Organize (Average time
required to coordinate tasks to initiate machine
or equipment maintenance activities after a
breakdown or according to a predetermined
schedule)

MTTR = Mean Time to Repair (Average time
required to carry out maintenance activities on
machinery or equipment)

MTTY = Mean Time to Yield (Average time
required to verify readiness to reuse machinery or
equipment after the maintenance process)

In the MMLT representation, only MTTR is a
time component that provides value to
maintenance activities, as only this time is
required to perform maintenance or repair on
machinery or equipment. Other time
components, such as MTTO and MTTY, are
considered non-value-added time. Those are
shown by the equation (Huda et al., 2015):

VA time = MTTR (2.34)

Maintenance  efficiency is  mathematically
calculated by comparing MTTR with MMLT in
the following formula (Huda et al., 2015):

MTTR
MITR » 100%...(2.36)

Y%maintenance ef ficiency =

3. FINDINGS AND DISCUSSION
3.1. Reliability

The calculation of the reliability value is
preceded by conducting a data distribution test of
each pump. The data distribution test was carried
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out on the TTR and TTF data of the pumps in

the Steam System Area of PT XYZ, which

consisted of five, namely pumps with codes GO2-

S, GO4-I-A, G04-11I-A, G04-1-§, and GO7-A. An

example of calculating the fit index for each

distribution is as follows:

- Normal Distribution

S 10(214,21)—(1512)(0)
J[10(240192)—(1512)2][10(7,53)— (0)?]

_ 2142,14-0
J[2401920-2286144][75,32—0]
2142,14

=——=10,72538
2953,11

- Lognormal Distribution
S 10(1,8163)—(49,8327)(0)
"~ J[10(249,1632)—(49,8327)2][10(7,5325)—(0)?]

_ 18,1630-0
J[2491,632—2483,301][75,325—0]
18,1629

= =0,72503
25,0513

- Exponential Distribution
_ 10(1538,780)—(1512)(9,2757)

r =
J[10(240192)—(1512)2][10(14,7617)—(9,2757)2]
15387,8—14024,88

J[2401920-2286144][147,6166—86,0389]

_ 13629197 _ 0,51045
2670,0594
- Weibull Distribution

10(47,3695)—(49,8327)(9,2757)

V[10(249,1632)—(49,8327)2][10(14,7617)—(9,2757)2]
15387,8—14024,88

J[2491,6320-2483,301][147,6167—86,0389]

— 114999 _ 150600
22,6502

The results of the index of fit value of TTR
and TTT for entire pump can be seen in the Table
1 and Table 2.

Table 1. Index of Fit of TIR Data

Pump Normal Lognormal Eksponential =~ Weibull

GO4-III-A - 0,92661 0,96541 0,96612 0,90147
GO04-1-S 0,97607 0,94834 0,96527 0,77197
GO07-A 0,93650 0,90016 0,85875 0,80783

The appropriate data distribution type is
continued by calculating the parameter values
used in each data. Calculating parameter values in
TTR data is needed to obtain the average repair
or MTTR value used in calculating maintenance
time intervals and repair activity times in the
details of maintenance activities in MVSM.
Calculating parameter values in TTF data is
needed to obtain parameter values in calculating
reliability values. The results of the calculation
parameter values of each type of pump data
distribution can be seen in the Table 3.

Table 3. Pump Distribution Parameters

Pump Normal Lognormal Eksponential =~ Weibull

Pump Data Distribution Parameter
a= -4,5196
TTR Weibull = 0,9975
G02- 6= 92,8527
S a=  -132315
TTF Weibull = 1,5960
0 = 3985,2575
U= 4,9993
G04- TTR Lognormal s = 0,4996
I-A tmea = 1483075
TTF Eksponential A= 0,000597
U= 151,2
G04- TTR Notmal — 34.0259
III-A 9= %
TTF Eksponential A= 0,000341
U= 5,0152
TTR Lognormal s = 0,2721
G04- 1
LS tmed = 50,6884
= 1291,5
TTF Notmal
o= 152431
U= 12688
TTF Notmal
o= 7323,6406
Gj(il U= 5,1533
TTR Lognormal s = 0,1649
tmea =  173,0024

G02-S 0,72694  0,72543 0,86092  0,86272
GO4LA 064232  0,81252 075274  0,78483
GO4-IILA  0,72538  0,72503 0,51045  0,50600
GO4IS  0,78523  0,78651 0,42181 0,41167
GO7-A 0,9365  0,93470 0,85555  0,86453

Table 2. Index of Fit of TTF Data

Pump Normal Lognormal Eksponential =~ Weibull

GO02-S 0,93685 0,97642 0,99068 0,99953

GO4IA 097282  0,96007 0,97783 0,81287

The Mean Time to Failure (MTTR) value is
calculated using a formula according to the type
of distribution of each data. MTTR GO02-S uses
the formula in Equation 2.13. MTTR GO4-I-A,
GO04-1-S, and GO7-A use the formula in Equation
2.26. MTTR GO4-III-A uses the formula in
Equation 2.19. The recapitulation of MTTR
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calculations for the entire pumps can be seen in

Table 4.

Table 4. MTTR
Pump MTTR (hour) MTTR (hour)
G02-S 92,9521 3,87
GO4-T-A 168,020 7,00
GO4-111-A 151,20 6,30
GO04-1-S 156,3708 6,52
GO7-A 175,3706 7,31
Average 148,7827 6.20

The reliability value of the equipment is
calculated by adjusting the type of data
distribution obtained. The reliability value of
pump GO2-S can be calculated using the formula
in Equation 2.14. The reliability value of pumps
GO04-I-A and GO4-III-A can be calculated using
the formula in Equation 2.7. The reliability value
of the GO04-I-S and GO7-A pumps can be
calculated using the formula in Equation 2.20.
The results of the reliability value of each pump
can be seen in Table 5.

performing proper routine maintenance of each
pump. Determination of the maintenance time
interval can be done using the formula in
Equations 2.28 - 232. The results of the
maintenance time interval of each pump can be
seen in Table 6.

Table 6. Maintenance Time Interval
Pump Mtc. Interval (hour)  Days

GO02-S 1194,88 49
G04-1-A 749,03 31
GO4-11I-A 1077,60 44
GO04-1-S 840,49 35
GO07-A 1834,97 76

The implementation of routine maintenance
at PT XYZ is currently carried out every four
months or about 120 days for each piece of
equipment. A comparison of the current
maintenance time interval with the results of the
previous reliability calculation can be seen in

Table 7.

Table 7. Comparison Maintenance Lime Intervals

Table 5. Index of Fit of TTTF Data Existing Mtc. Time Mtc. Time
Pump Reliability Value Pump Mtc. Time Recommendation Difference
G02-S 4315% (day) (day) (day)
GO4-LA 45,59% G02-5 120 86 34
GOA-TILA 52,20% GO&T-A 120 31 89
VEES =100, GO4-II-A 120 45 75
— o G04-1-S 120 34 86
GUT-A 47,09% GOTA 120 76 m

Based on Table 5, it is known that the pump
reliability value in the PT XYZ Steam System
Area from the highest to the lowest is pump G04-
III-A of 52.20%, G04-I-A of 45.59%, G04-1-S of
50.19%, GO7-A of 47.09%, and GO2-S of
43.15%. These results show that the pump's
performance in the process has decreased. Those
are what underlie the many failures that occur in
the pump. The number of failures that occur
makes the pump downtime in the Steam System
Area of PT XYZ will continue to increase.
Failures that occur can be optimized by

3.2 Maintenance Value Stream Mapping

The Maintenance Value Stream Mapping
(MVSM) stage begins with creating a Current
State Map diagram based on activity data and
pump maintenance activity time at PT XYZ. The
Current State Map diagram of pump maintenance
activities at PT XYZ can be seen in Figure 1. The
results of observations of pump maintenance
activities at PT XYZ based on the Current State
Map diagram are summarized in Table 8.
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Chemical pump
is damagec

WO notification for ,\ Problem idantiastion Repair Details Briefing S
pump repair by Supervisor Creats a
O N [— —> Work Permit Qe

3 ° [NvA = g672]

8927 VA = 8927

Figure 1. Current State Map

Table 8. Observations Maintenance Activites

No. Activity

Maintenance

Duration =~ MMLT Activity

Details

(minute)  Categories Categories

Work Order
(WO)
notification is
issued by the
operator
through SAP.

2 MTTO NVA

Problem

identification
by Supetvisor
based on WO

15 MTTO NVA

Supervisor
directs
mechanics on
repair details

5 MTTO NVA

Making work
permit by 5 MTTO NVA
mechanic

Retrieval of
repair
materials and
equipment

10 MTTO NVA

Delay due to
material 9600 MTTO NVA
unavailability

Repair
activities by 8927 MTTR VA
mechanics

Operator
testing of 30 MTTY NVA
tools

Validation of
completed
improvements
to WO

5 MTTO NVA

MTTO 9642

h (MML
MTTR 8927 Jumla D

MTTY 30 18599

The calculation of VA, NVA, and
maintenance efficiency activity time is described
in the following points:

- Value-Added Time
VA time = MTTR
VA time = 8927 minutes
- Non-Value-Added Time
NVAtime = MTTO + MTTY
NVA time = 9642 + 30
NVA time = 9672 minutes
- Maintenance Efficiency

R

%Maintenance Efficiency = MMLT X 100%
27

%Maintenance Efficiency = 18599 X 100%

%Maintenance Efficiency = 47,9972% ~ 48%

Based on these calculations, the value-added
time is 8927 minutes, the non-value-added time
is 9672 minutes, and the percentage of
maintenance efficiency is 48%. Those need
further identification to determine the cause of
the hampered pump maintenance activity
implementation time. The causes of hampered
maintenance activities can be identified using a
fishbone diagram or cause-and-effect diagram.
The results of the cause-and-effect diagram can
be seen in Figure 2.

The results of the cause-and-effect diagram
analysis can be used as a reference in providing
improvement recommendations. Improvement
recommendations are made to increase the value
of maintenance efficiency by reducing or
eliminating the time of current repair
implementation activities. Based on the current
maintenance activities, delays can occur when
materials are unavailable in the warehouse during
maintenance implementation. The causes of
delay based on material factors on the cause-and-
effect diagram are materials that are not yet
available and materials that have not been
inspected. The improvement recommendations
given based on the causes of delay from the
material factor are described in Table 9.
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High factory area

Iempef{ure

Long and
complicated
procedures

Limited outside
work

Manpower

Length of

Work

Inspection
employees are
not available

Fatigue

Components
rarely break down

Materials not
yet available

Problematic
vendors

Materials

Figure 2. Cause & Effect Diagram of Delayed Maintenance

Table 9. Observation of Future

Materials have

inspected

Delayed

Maintenance

Damage to critical

components

Machines

Table 10. Observation of Future

Recommended

Causes .
Action

Factor

Estimating material
time needed based
on previous repair
history

Maintenance
Activity
Details

Duration
(minute)

MMLT
Categories

Activity
Categories

Estimate the
purchase time
according to the
timeliness of the
vendor completing
the order

Materials not
yet available

Work Order
(WO)
notification is
issued by the
operator
through SAP.

MTTO

NVA

Change vendors
who violate the
agreement

Problem

identification
by Supetvisor
based on WO

15

MTTO

NVA

Material -
Materials that are

classified as safe and
easy to inspect can
be directly assigned

Supervisor
directs
mechanics on
repair details

MTTO

NVA

Reconfirm the
inspection schedule
so that it can be
completed  before
the implementation
of the repair.

Material has
not been
inspected

Making work
permit by
mechanic

MTTO

NVA

Retrieval of
repair
materials and
equipment

10

MTTO

NVA

Increase manpower
in the inspection
department

Repair
activities by
mechanics

8927

MTTR

VA

Delays can be eliminated by implementing the
improvement recommendations given. The
elimination of the delay time is used as a
reference in making the Future State Map
diagram and calculating the maintenance
efficiency of the pump  maintenance
implementation at PT XYZ. The Future State
Map diagram and the results of observations of
future maintenance activities can be seen in
Figure 3 and Table 10.

Operator
testing of
tools

30

MTTY

NVA

Validation of
completed
improvements
to WO

MTTO

NVA

MTTO

9642

MTTR

8927

42
8927

MTTY

30

30

and

The calculation of VA activity time, NVA,

maintenance

efficiency

after  the
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recommendation is made is described in the
following points:

- Value-Added Time

VA time = MTTR
VA time = 8927 minutes

- Non-Value-Added Time

NVAtime = MTTO + MTTY
NVAtime = 42 + 30

Chemical pump
is damaged

NVA time = 72 minutes

- Maintenance Efficiency

R
%Maintenance Efficiency = MMLT X 100%
892
%Maintenance Efficiency = 3999 X 100%

%Maintenance Efficiency = 99,1999% ~ 99%

WO nolification for Pro R N Equipment retrievel Repair Activity
" epair Details Briefing i
> Work Permil —>» —> —>
O Q F. xR
: [ L= } | \ | } | } ‘ = ‘ ° wen
8927 VA = 8927

Figure 3. Future State Map

3.3 Discussion

Based on the reliability results, the
maintenance interval times of G02-S, G04-1-A,
GO4-11I-A, G04-1-S, and GO7-A are 49 days, 31
days, 44 days, 35 days, and 76 days, respectively.
There needs to be more than the current
maintenance time interval (120 days) to meet the
maintenance needs of each pump. Those are
shown in the difference between the current
maintenance time, which is different from the
recommended  maintenance  time  from
calculating the maintenance time interval for each
pump. Improper implementation of routine
maintenance can accelerate the decline in pump
reliability so that downtime will increase. The
recommended maintenance time interval can be
considered to optimize the pump maintenance
time.

Based on the results of the MVSM
recommendations provided, the value-added
time is 8927 minutes, the non-value-added time
is 72 minutes, and the percentage of maintenance
efficiency is 99%. Changes occur in non-value-
added time due to  improvement
recommendations in the form of time delays that
are eliminated by estimating the time the material
is needed and the time to purchase. A
comparison of the value of the time component
and maintenance efficiency between previous
maintenance activities and after

recommendations are made can be seen in Table
11.

Table 11. Comparison of Current and Future State
VA Time  NVA Time %Mtc.

(minute) (minute) Efficiency
Ciurrent 8927 9672 51%
Future 8927 72 99%

These improvement recommendations have an
impact on non-value-added time which is getting
lower from the previous 9672 minutes to 72
minutes. The maintenance efficiency value has
also increased by 51% from the previous
maintenance efficiency.

4.CONCLUSION AND SUGGESTION
4.1 Conclusions

The value of pump reliability in the PT XYZ
Steam System Area from the highest to the lowest
is pump GO4-III-A at 52.20%, GO4-I-A at
45.59%, G04-1-S at 50.19%, GO7-A at 47.09%,
and GO02-S of 43.15%. These results show that
the pump's performance in the process has
decreased. This is what underlies the many
failures that occur in the pump.

Evaluation of the pump maintenance system
in the Steam System Area of PT XYZ with
Maintenance Value Stream Mapping (MVSM)
provides an overview of the Current State Map
with the results of the current maintenance
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efficiency percentage of 19.88% with a core
maintenance activity time of 8927 minutes and
other activity time of 9672 minutes.
Recommendations are given in the form of delay
time elimination which results in a Future State
Map picture with an increase in the percentage of
maintenance efficiency by 51%, and non-value-
added time has decreased by 9600 minutes from
the previous maintenance implementation.
Based on the reliability results of the pumps
in the Steam System Area of PT XYZ, the
recommendation is to provide recommendations
for routine maintenance schedules. Routine
maintenance schedules are carried out by
calculating maintenance time intervals. The
maintenance time intervals for pumps GO02-S,
GO04-1-A, GO4-III-A, G04-1-S, and GO7-A are
every 49 days, 31 days, 44 days, 35 days, and 76
days respectively. Based on the results of MVSM
to the current pump maintenance system at PT
XYZ, recommendations are in the form of
eliminating the delay time that occurs when the
material is unavailable, which is done by
estimating the time the material is needed and the
previous purchase time. Based on the results of
calculating the reliability value and MVSM, the
maintenance system on the pump in the Steam
System Area of PT XYZ can be optimized.

4.2 Suggestions

The company is expected to consider
implementing the recommendations given. The
results showed that these recommendations
make the maintenance system in the Steam
System Area of PT XYZ more optimal, especially
in terms of maintenance time.

Time constraints and company privacy caused
this research not to discuss costs. Therefore,
further research is expected to analyze costs so
that the implementation of maintenance at PT
XYZ can produce a more optimal system. Cost
factors need to be analyzed so that companies
can optimize the expenses needed to implement
maintenance. That way, the maintenance system
takes place more efficiently.
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