ABSTRAK

PT Dinamika Energitama Nusantara (DEN) Surabaya merupakan
perusahaan nasional yang bergerak di bidang industri power generation. Dalam
penelitian ini, penulis akan menghitung nilai overall equipment effectiveness
(OEE) dari mesin bending di lantai produksi PT DEN Surabaya. Mesin bending
adalah alat yang digunakan untuk membengkokkan pipa pada derajat tertentu.
Setelah nilai overall equipment effectiveness dari mesin bending diperoleh,
selanjutnya dilakukan analisis menggunakan metode markovian decision process
untuk menentukan kebijakan perawatan atau perbaikan yang optimal. Nilai
overall equipment effectiveness tertinggi diperoleh pada bulan desember 2012
sebesar 79,98 % dan nilai overall equipment effectiveness terendah diperoleh pada
bulan maret 2013 sebesar 73,12 %. Nilai overall equipment effectiveness mesin
bending di lantai produksi PT DEN Surabaya selama periode oktober 2012 —
maret 2013 masih belum memenuhi standart benchmark world class yang
dianjurkan JIPM (japan institute of plant maintenance), yaitu OEE = 85%. Hasil
perhitungan overall equipment effectiveness kemudian digunakan untuk
menentukan state pada perhitungan markovian decision process yaitu OEE 86 % -
100 % (state A), OEE 61 % - 85 % (state B), OEE 41 % - 60 % (state C), dan
OEE 0 % - 40 % (state D). Hasil perhitungan markovian decision process
diperoleh alternatif kebijakan yang optimal berdasarkan nilai ekspektasi terbesar
yaitu alternatif 6 (perawatan jika pada kondisi D) dengan nilai ekspektasi Rp
164.802,88,-.
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ABSTRACT

PT Dinamika Energitama Nusantara (DEN) Surabaya is a national
company in the power generation industry. In this study, the author will calculate
the value of overall equipment effectiveness (OEE) of bending machines on the
production floor PT DEN Surabaya. Bending machines is the tool used to
bending tubes to a constan degree. Once the value of overall equipment
effectiveness of bending machine is obtained, it will be analyzed using markovian
decision process to determine the optimal maintenance or repair policies. Overall
equipment effectiveness highest value is obtained in december 2012 of 79.98%,
and the while lowest value is obtained in march 2013 of 73.12%. Overall
equipment effectiveness value of bending machines on the production floor PT
DEN Surabaya during the period of october 2012 to march 2013 still does not
meet benchmark standards recommended by (japan institute of plant
maintenance) JIPM world class, i.e, OEE = 85%. Overall equipment effectiveness
calculation results are then used to determine the state for markovian decision
process, i.e, OEE at 86% - 100% (state A), OEE 61% - 85% (state B), OEE 41% -
60% (state C), and OEE 0% - 40% (state D). As a results, the optimal policy,
based on the largest expected value, is the alternative 6 (treatment if the condition
is D) with the expectation value of Rp 164,802.88, -.

Keywords: Overall equipment effectiveness, world class benchmark, markovian

decision process.

Universitas Trunojoyo Madura Vv


http://www.jipm.or.jp/en/
http://www.jipm.or.jp/en/

DAFTAR ISI

L WY I Y N AN 1 5 1 i
LEMBAR PERNYATAAN ..ottt i
LEMBAR PENGESAHAN.......ooiiiee et ii
AB ST RAK e \Y;
ABST RACT . a e e e Y
KATA PENGANTAR oottt e e Vi
DAFTAR IST e a e viii
DAFTAR GAMBAR. ...ttt Xiii
DAFTAR TABEL ...oiiiii e snsnnnnnnnnnnne Xiv
BAB | PENDAHULUAN ..o nnnnnnsnnne 1
1.1, Latar BelaKang .........couvoiiiiiiiici e 1
1.2. Perumusan Masalah ............ccocvieiiiiiiie e 4
1.3. Tujuan PeNElItIan .........coovvveiiiie e 4
1.4. Batasan Masalah ... 4
1.5, ASUIMIST .ttt ettt ettt et e bt e bbb e e nbee s 5
1.6. Manfaat Penelitian .........cccoooiiiiiiiiiie e 5
1.7. Sistematika PenUIISAN .........ccooiiiiiiiiiii e 5
BAB I1. TINJAUAN PUSTAKA ..ottt 7
2.1. Total Productive Maintenance (TPM) ........cccocveiiiieiiiee e 7

2.1.1. Definisi Total Productive Maintenance (TPM) ..........ccccccvvevivveennnen. 7

2.1.2. Keuntungan Penerapan TPM ... 8
2.2. Pengertian dan Tujuan Maintenance............cccceeevveeiiieeeiiveeesieeesiee e 9

2.2.1. Pengertian MaintenanCe ...........cccvvvuuuiiiiiiieeeeeeeiiiiie e eeeeeeeniiiens 9

2.2.2. Tujuan MainteNaNCE ........coivuveeiiie et 9
2.3. Jenis-Jenis MaiNteNaNCE ..........cccuierieiiee st 10

2.3.1. Planned Maintenance (Pemeliharaan Terencana)...............cccceeene... 10

2.3.2. Unplanned Maintenance (Pemeliharaan Tak Terencana) .................. 11

Universitas Trunojoyo Madura Vi



2.3.3. Autonomous Maintenance (Pemeliharaan Mandiri) ...........ccccceeneee. 11

2.4. ANalisa SIX BIg LOSSES. .......eeiiiiiiieiieiiee sttt 11
2.5. Overall Equipment EffECtIVENESS .......ccooveiirieirneiees e 13
2.6. MArKOV Chain ......ooiiiiiiieie s 17

2.6.1. Klasifikasi State Markov Chain ..........ccccoeoernnennnineneensees 18

2.6.2. Steady State Probabilities dan Mean Return Times of Ergodic Chains

................................................................................................................. 19
2.6.3. First Passage TIME ......cciiiriiirieieisiee et 20
2.6.4. Analisis AbSOrbing States ..o 21
2.7. Markovian DeCiSION PrOCESSES .......cccevrereeeriresiesieresseneeeseesesseseesessesesseses 22
2.7.1. Finite-Stage Dynamic Programming Model ..........ccccoccovviiniinnn. 22
2.7.2. Infinite-Stage Model. ..........ocooviiiiiiii 23
2.7.2.1. Exhaustive Enumeration Method............ccocoovveiviiencinncnicieseen, 23
2.7.2.2. Policy Iteration Method Without Discounting ...........c.ccceevvveeene. 24
2.7.2.3. Policy Iteration Method With Discounting ...........c.cccvveeinininen. 24
2.7.3. Linier Programming SOIULION..........ccceviieeiiiie e 25
2.8. Penelitian Terkalt ..........ccoovrieiiiieiisieiss s 27
BAB I1l. METODE PENELITIAN ..ottt 29
3.1, SUIVEY Lapangan .......ccuvuiiiiiiieeiiiiiiiiiiie e 29
3.2. ldentifikasi Masalah ..o 29
3.3, TINJAUAN PUSLAKA........ceiviieiiiee et cee et 30
3.4. Pengumpulan Data........cccccoiieeiiiie e 30
3.5. Pengolahan Data ...........cccveiiiiiiiiie et 31
BAB IV. PENGOLAHAN DAN ANALISIS DATA ..o, 34
4.1, Pengumpulan Data.........ccceeiiireiiieeiiie e 34
4.1.1. Data PrOAUKSI ...covieiiiiiiesieecie et 35
4.1.2. Data Jam Kerja dan DOWNtIME..........ccceoviveiiiee e, 35
4.1.3. Data Profit Per Unit Pipa Bending...........ccccccovveiiiiiiiiee e, 36
4.1.4. Data Profit Per Bulan Pipa Bending ............cccooveivivieviie e, 36

Universitas Trunojoyo Madura vii



4.1.5. Data Jenis Perbaikan / Perawatan............oeeeeeeeee oo 37

4.2.Pengolahan Data ...........ccceiviiiiiiiiieiiieie e 37
4.2.1. Perhitungan Availability RAtio .............cceviiiiiiiiieiiicic e 37
4.2.2. Perhitungan Performance EffiCIENCY ...........cccoevviiiiiiii i, 37
4.2.3. Perhitungan Rate of Quality Product.............ccccooveiiiiniiiieniiennnn 38
4.2.4. Perhitungan Overall Equipment Effectiveness.........c.ccocevvveviennen, 38
4.2.5. Perhitungan Markovian DeciSion ProCess...........cccocvevveiiieeniieeninns 39

4.2.5.1. Penentuan State ...........cocvieiiiieiiiieeiee e 39

4.2.5.2. Perhitungan Matrix Transition Probability Tanpa Maintenance

............................................................................................................ 40
4.2.5.3. Perhitungan Matrix Transition Probability Dengan Maintenance
............................................................................................................ 40
4.2.5.4. Limiting State Probability ...........cccooooiiiiiii 41
4.2.5.5. Perhitungan Return Tanpa Maintenance.............cccoocvevveenieennnn. 42
4.2.5.6. Perhitungan Return Dengan Maintenance..............cccoceveevieennn. 42
4.2.5.7. Pilihan Alternatif Markovian Decision Process ...............c....... 43
4.2.5.8. Perhitungan Nilai Ekspektasi Seluruh Alternatif ...................... 43
4.2.5.8.1. Perhitungan Nilai Ekspektasi Alternatif 1.............c........... 44
4.2.5.8.2. Perhitungan Nilai Ekspektasi Alternatif 2......................... 45
4.2.5.8.3. Perhitungan Nilai Ekspektasi Alternatif 3......................... 46
4.2.5.8.4. Perhitungan Nilai Ekspektasi Alternatif 4............c............ 48
4.2.5.8.5. Perhitungan Nilai Ekspektasi Alternatif 5......................... 49
4.2.5.8.6. Perhitungan Nilai Ekspektasi Alternatif 6......................... 51
4.2.5.8.7. Perhitungan Nilai Ekspektasi Alternatif 7........................ 52
4.2.5.8.8. Perhitungan Nilai Ekspektasi Alternatif 8......................... 53
4.2.5.8.9. Perhitungan Nilai Ekspektasi Alternatif 9......................... 55
4.2.5.8.10. Perhitungan Nilai Ekspektasi Alternatif 10..................... 56
4.2.5.8.11. Perhitungan Nilai Ekspektasi Alternatif 11..................... 57
4.2.5.8.12. Perhitungan Nilai Ekspektasi Alternatif 12..................... 59
4.2.5.8.13. Perhitungan Nilai Ekspektasi Alternatif 13..................... 60
4.2.5.8.14. Perhitungan Nilai Ekspektasi Alternatif 14..................... 61

Universitas Trunojoyo Madura viii



4.2.5.8.15. Perhitungan Nilai Ekspektasi Alternatif 15.................... 63

4.2.5.8.16. Perhitungan Nilai Ekspektasi Alternatif 16..................... 64

4.2.5.9. Nilai Ekspektasi Seluruh Alternatif.............cccccoooviiiiiiicnnnnn. 65

BAB V ANALISA DATA DAN PEMBAHASAN .......ccoociiiiieiici 68
5.1. Analisa Perhitungan Nilai Overall Equipment Effectiveness ................... 68
5.2. Analisa Perhitungan Markovian Decision ProCess ..........ccccoveveervveennenn. 70
BAB VI KESIMPULAN DAN SARAN. ..ottt 72
6.1, KESIMPUIAN .....eiiiiiii s 72
B.2. SAIAN ..ot 73
DAFTAR PUSTAKA ettt 74
LAMPIRAN L oottt ettt 76

Universitas Trunojoyo Madura ix



DAFTAR TABEL

Tabel 2.1 Rumus Perhitungan Overall Equipment Effectiveness ................... 15
Tabel 2.2 World Class OEE ..........oooiieiiie e 16
Tabel 4.1 Data Produksi Tube Boiler Bulan Oktober 2012 — Maret 2013 ...... 35
Tabel 4.2 Data Jam Kerja dan Downtime Mesin Bending Bulan Oktober

2012 — Maret 2013 ... 36
Tabel 4.3 Data Profit per Unit Pipa Bending ..........cccccoveveeiiieniicnieiiie s 36
Tabel 4.4 Data Profit per Bulan Pipa Bending .........c.cccoovvviieniiiniiiiiene 36
Tabel 4.5 Data Jenis Perawatan / Perbaikan ............ccccccoivviiinniiiniiiiien 37
Tabel 4.6 Perhitungan Availability Ratio ..........cccoovvviiiiiiiii e 37
Tabel 4.7 Perhitungan Performance EffiCiency .........cccoooviiiiiiiniiiicnn, 38
Tabel 4.8 Perhitungan Rate of QUality ..........ccocoeiiiiiiiiiiei e 38
Tabel 4.9 Perhitungan Overall Equipment Effectiveness ..........ccccocvvvennnene 39
Tabel 4.10 Tabel State ......cocveiiiiie e 40
Tabel 4.11 Tabel Matrix Transition Probability Tanpa Maintenance............. 40
Tabel 4.12 Tabel Matrix Transition Probability Dengan Maintenance ......... 41
Tabel 4.13 Tabel Limiting State Probability Tanpa Maintenance ................. 41
Tabel 4.14 Tabel Limiting State Probability Dengan Maintenance................. 42
Tabel 4.15 Tabel Return Tanpa Maintenance .............cccevvvveeviiveecieeesiie e 42
Tabel 4.16 Tabel Return Dengan Maintenance ..........c.cccocveevivveeviveeesiineesnnn. 42
Tabel 4.17 Tabel Alternatif Markovian Decision Process ...........cccccevvveineene. 43
Tabel 4.18 Tabel Matrix Probability Transition Alternatif 1 ........................ 44
Tabel 4.19 Tabel Limiting State Probability Alternatif 1 .............c...ccooee. 44
Tabel 4.20 Tabel Nilai Ekspektasi Alternatif 1 .............cccooeeviieeiiieeiiiee, 45
Tabel 4.21 Tabel Matrix Transition Probability Alternatif 2 ....................... 45
Tabel 4.22 Tabel Limiting State Probability Alternatif 2 ..............cc.cccovee. 46

Universitas Trunojoyo Madura X



Tabel 4.23 Tabel Nilai Ekspektasi Alternatif 2...........ccccooeviiiiiiiiiicn 46

Tabel 4.24 Tabel Matrix Probability Transition Alternatif 3 ..............c.......... 47
Tabel 4.25 Tabel Limiting State Probability Alternatif 3 ...............cccocoeenen 47
Tabel 4.26 Tabel Nilai Ekspektasi Alternatif 3...........cccccovviiiiiiiiiiiiee 48
Tabel 4.27 Tabel Matrix Probability Transition Alternatif 4 ......................... 48
Tabel 4.28 Tabel Limiting State Probability Alternatif4 ..............c.ccooeeeen. 49
Tabel 4.29 Tabel Nilai Ekspektasi Alternatif 4 ...........cccccoeviieiiiiniiiiienn 49
Tabel 4.30 Tabel Matrix Transition Probability Alternatif5 ........................ 50
Tabel 4.31 Tabel Limiting State Probability Alternatif5.............cccccoovenee 50
Tabel 4.32 Tabel Nilai Ekspektasi Alternatif 5...........cccoooeviiiiiiniciiie 50
Tabel 4.33 Tabel Matrix Transition Probability Alternatif 6 ......................... 51
Tabel 4.34 Tabel Limiting State Probability Alternatif 6 ...............cccocoeernee. 51
Tabel 4.35 Tabel Nilai Ekspektasi Alternatif 6.............ccocevviiiiinciiinnen 52
Tabel 4.36 Tabel Matrix Transition Probability Alternatif 7 ......................... 52
Tabel 4.37 Tabel Limiting State Probability Alternatif 7 .............cccceeeveenen. 53
Tabel 4.38 Tabel Nilai Ekspektasi Alternatif 7...........cccccccovvevieeviie e, 53
Tabel 4.39 Tabel Matrix Transition Probability Alternatif 8 ......................... 54
Tabel 4.40 Tabel Limiting State Probability Alternatif 8 ..............ccccccoveenen. 54
Tabel 4.41 Tabel Nilai Ekspektasi Alternatif 8..............cccccvveviveevieeiiieece, 54
Tabel 4.42 Tabel Matrix Transition Probability Alternatif 9 ........................ 55
Tabel 4.43 Tabel Limiting State Probability Alternatif 9 ..............cccccooveen. 55
Tabel 4.44 Tabel Nilai Ekspektasi Alternatif 9...........cccccoveeviiiiie e, 56
Tabel 4.45 Tabel Matrix Transition Probability Alternatif 10 ...................... 56
Tabel 4.46 Tabel Limiting State Probability Alternatif 10 .................cccoece. 57
Tabel 4.47 Tabel Nilai Ekspektasi Alternatif 10 .............cccceeviveeiiieeviieeeen, 57
Tabel 4.48 Tabel Matrix Transition Probability Alternatif 11 ...................... 58
Tabel 4.49 Tabel Limiting State Probability Alternatif 11 ............c.cccoeiinennne. 58
Tabel 4.50 Tabel Nilai Ekspektasi Alternatif 11 ...........cccoooevviiiicinicniiienn 58

Universitas Trunojoyo Madura Xi



Tabel 4.51 Tabel Matrix Transition Probability Alternatif 12..............cccoc...... 59

Tabel 4.52 Tabel Limiting State Probability Alternatif 12 ...........cccccccveenee. 59
Tabel 4.53 Tabel Nilai Ekspektasi Alternatif 12 ............cccccoevvivevieeiineenen. 60
Tabel 4.54 Tabel Matrix Transition Probability Alternatif 13...................... 60
Tabel 4.55 Tabel Limiting State Probability Alternatif 13 ............c.cccoevnee 61
Tabel 4.56 Tabel Nilai Ekspektasi Alternatif 13 ..........ccccooeveiviiinniinnininniennns 61
Tabel 4.57 Tabel Matrix Transition Probability Alternatif 14.............c.cc........ 62
Tabel 4.58 Tabel Limiting State Probability Alternatif 14 ............cccccoeevninnne. 62
Tabel 4.59 Tabel Nilai Ekspektasi Alternatif 14 .............ccccoevviveiineiieeeen, 62
Tabel 4.60 Tabel Matrix Transition Probability Alternatif 15....................... 63
Tabel 4.61 Tabel Limiting State Probability Alternatif 15 ............c.cccovevnee 63
Tabel 4.62 Tabel Nilai Ekspektasi Alternatif 15 ...........ccccovveviiinieiiiennnnn, 64
Tabel 4.63 Tabel Matrix Transition Probability Alternatif 16....................... 64
Tabel 4.64 Tabel Limiting State Probability Alternatif 16..............ccccocevervnne. 65
Tabel 4.65 Tabel Nilai Ekspektasi Alternatif 16 ...........ccceoevveiinneicnnniennines 65
Tabel 4.66 Tabel Nilai Ekspektasi Seluruh Alternatif ...........ccccooeovveiviieriennn. 66
Tabel 5.1 Tabel Perhitungan Nilai Overall Equipment Effectiveness Mesin
Bending Periode Oktober 2012 — Maret 2013 ...........cccvevvveennen. 67

Tabel 5.2 Tabel Alternatif Kebijakan Hasil Perhitungan Markovian

DECISION PFOCESS ..o 69

Universitas Trunojoyo Madura Xxii



DAFTAR GAMBAR

Gambar 1.1  Grafik Proyeksi Kebutuhan Listrik pe Sektor di Indonesia ..... 2

Gambar 3.1 Diagram Flowchart Proses Pengerjaan Penelitian................... 33

Gambar 5.1 Grafik Perhitungan Nilai Overall Equipment Effectiveness
Mesin Bending Periode Oktober 2012 — Maret 2013 .............. 67

Universitas Trunojoyo Madura xiii



