LAMPIRAN

Lampiran 1. Kondisi Aktual Mesin

Gambar 2 Mesin Bubut Type CQ 6230

88



Gambar 3 Mesin Frais/ Milling ZAY 7032
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Lampiran 2. Perhitungan Minitab

Descriptive Statistics

N N* Mean StDev Median Minimum Maximum Skewness Kurtosis

4 0 325 125831 3 2 5 1,12934 222715
Goodness of Fit Test

Distribution AD P

Normal 0,361 0,234
Exponential 0,938 0,096
Weibull 0,388 >0,250
Lognormal 0,293 0,383

ML Estimates of Distribution Parameters

Distribution Location Shape Scale Threshold

Normal* 3,25000 1,25831
Exponential 3,25000
Weibull 3,19933 3,63592
Lognormal* 1,12495 0,37531

* Scale: Adjusted ML estimate

Gambar 4. Perhitungan Goddess of fit untuk lama perbaikan spindle (Minitab 19)
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Descriptive Statistics

N N* Mean StDev Median Minimum Maximum Skewness Kurtosis

3 1 2,5 0,5 2,5 2 3 0
Goodness of Fit Test

Distribution AD P

Normal 0,189 0,631
Exponential 0,988 0,072
Weibull 0,249 >0,250
Lognormal 0,193 0,613

ML Estimates of Distribution Parameters

Distribution Location Shape Scale Threshold

Normal* 2,50000 0,50000
Exponential 2,50000
Weibull 7,08718 2,67503
Lognormal* 0,90268 0,20307

* Scale: Adjusted ML estimate

*

Gambar 5 Pengujian Goddess of fit untuk lama perbaikan chuck (Minitab 19)

Descriptive Statistics

N N* Mean StDev Median Minimum Maximum Skewness

Kurtosis

3 1 466667 0,577350 5 4 5  -1,73205
Goodness of Fit Test

Distribution AD P

Normal 0,488 0,057
Exponential 1,159 0,042
Weibull 0,703 0,044
Lognormal 0,488 0,057

ML Estimates of Distribution Parameters

Distribution Location Shape Scale Threshold

Normal™* 4,66667 0,57735
Exponential 4,66667
Weibull 14,30778 4,86720
Lognormal* 1,53506 0,12883

* Scale: Adjusted ML estimate

*

Gambar 6. Pengujian Goddess of fit untuk lama perbaikan motor (Minitab 19)
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Descriptive Statistics

N N* Mean StDev Median Minimum Maximum Skewness

Kurtosis

3 1 3,66667 0,577350 4 3 4 -1,73205
Goodness of Fit Test

Distribution AD P

Normal 0,488 0,057
Exponential 1,104 0,050
Weibull 0,703 0,044
Lognormal 0,488 0,057

ML Estimates of Distribution Parameters

Distribution Location Shape Scale Threshold

Normal* 3,66667 0,57735
Exponential 3,66667
Weibull 11,09797 3,86357
Lognormal* 1,29040 0,16609

* Scale: Adjusted ML estimate

*

Gambar 7 Pengujian Goddess of fit untuk lama perbaikan gear (Minitab 19)

Descriptive Statistics

N N* Mean StDev Median Minimum Maximum Skewness Kurtosis

3 1 445 253403 526 161 648  -1,29145
Goodness of Fit Test

Distribution AD P

Normal 0,277 0,335
Exponential 0,476 0,407
Weibull 0,432 0,243
Lognormal 0,352 0,178

ML Estimates of Distribution Parameters

Distribution Location Shape Scale Threshold

Normal* 445,00000 253,40284
Exponential 445,00000
Weibull 2,35543 502,67155
Lognormal* 5,94020 0,75101

* Scale: Adjusted ML estimate

*

Gambar 8 Pengujian Goddess of fit untuk jarak antar kerusakan spindle (Minitab 19)
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Descriptive Statistics

N N* Mean StDev Median Minimum Maximum Skewness

Kurtosis

2 2 696 166877 696 578 814 *
Goodness of Fit Test

Distribution AD P

Normal 0,250 0,227
Exponential 0,674 0,167
Weibull 0,365 >0,250
Lognormal 0,250 0,227

ML Estimates of Distribution Parameters

Distribution Location Shape Scale Threshold

Normal* 696,00000 166,87720
Exponential 696,00000
Weibull 7,00775 746,53900
Lognormal* 6,53077 0,24210

* Scale: Adjusted ML estimate

*

Gambar 9 Pengujian Goddes of fit untuk jarak kerusakan chuck (Minitab 19)

Descriptive Statistics

N N* Mean StDev Median Minimum Maximum Skewness

Kurtosis

2 2 535 50,9117 535 499 571 *
Goodness of Fit Test

Distribution AD P
Normal 0,250 0,227
Exponential 0,815 0,101
Weibull 0,365 >0,250
Lognormal 0,250 0,227

ML Estimates of Distribution Parameters

Distribution Location Shape Scale Threshold

Normal* 535,00000 50,91169
Exponential 534,99998
Weibull 17,80162 551,88125
Lognormal* 6,28000 0,09531

* Scale: Adjusted ML estimate

*

Gambar 10 Pengujian Goddess of fit untuk jarak keruakan motor (Minitab 19)
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Descriptive Statistics

N N* Mean StDev Median Minimum Maximum Skewness Kurtosis

2 2 5845 191626 5845 449 720 *
Goodness of Fit Test

Distribution AD P

Normal 0,250 0,227
Exponential 0,597 0,223
Weibull 0,365 >0,250
Lognormal 0,250 0,227

ML Estimates of Distribution Parameters

Distribution Location Shape Scale Threshold

Normal* 584,50000 191,62594
Exponential 584,50000
Weibull 5,08093 639,01692
Lognormal* 6,34314 0,33392

* Scale: Adjusted ML estimate

*

Gambar 12 Pengujian Goddess of fit untuk jarak kerusakan gear (Minitab 19)

Parameter Estimates

Standard 95,0% Normal Cl

Parameter Estimate Error Lower Upper
Location 1,12495  0,162513 0,806432  1,44347
Scale 0,325027  0,114914 0,162545 0,649927

Characteristics of Distribution

Standard 95,0% Normal Ci

Estimate Error Lower Upper
Mean(MTTF) 3,24714  0,541461 2,34187 4,50234
Standard Deviation 1,08390 0,477945 0,456726 2,57233
Median 3,08007 0,500553  2,23990 4,23538
First Quartile(Q1) 2,47373  0,445395 1,73817  3,52055
Third Quartile(Q3) 3,83504  0,690501 2,69470 5,45794

Interquartile Range(IQR) 1,36131  0,536701 0,628594 2,94813

Gambar 11 MTTR Komponen Spindle (Minitab 19)
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Parameter Estimates

Standard 95,0% Normal Cl

Parameter Estimate Error Lower Upper
Mean 25 0235702 2,03803  2,96197
StDev 0,408248  0,166667 0,183410 0,908711

Characteristics of Distribution

Standard 95,0% Normal Ci

Estimate Error Lower Upper
Mean(MTTF) 2,5 0235702 2,03803  2,96197
Standard Deviation 0,408248  0,166667 0,183410 0,908711
Median 25 0,235702 2,03803 2,96197
First Quartile(Q1) 2,22464  0,261137 1,71282  2,73646
Third Quartile(Q3) 2,77536  0,261137  2,26354  3,28718

Interquartile Range(IQR) 0,550719  0,224830 0,247416  1,22583

Gambar 14 MTTR Komponen Chuck (Minitab 19)

Parameter Estimates

Standard 95,0% Normal CI

Parameter Estimate Error Lower Upper
Mean 4,66667 0,272166  4,13323  5,20010
StDev 0,471405  0,192450 0,211784 1,04929

Characteristics of Distribution

Standard 95,0% Normal Ci

Estimate Error Lower Upper
Mean(MTTF) 466667 0272166  4,13323 5,20010
Standard Deviation 0,471405  0,192450 0,211784 1,04929
Median 466667 0272166  4,13323 5,20010
First Quartile(Q1) 434871 0301535  3,75771 4,93971
Third Quartile(Q3) 498462 0301535  4,39363 5,57562

Interquartile Range(IQR)  0,635915  0,259611 0,285692  1,41547

Gambar 13 MTTTR Komponen Motor (Minitab 19)
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Parameter Estimates

Standard 95,0% Normal Cl

Parameter Estimate Error Lower Upper
Mean 3,66667  0,272166 3,13323  4,20010
StDev 0,471405  0,192450 0,211784 1,04929

Characteristics of Distribution

Standard 95,0% Normal Ci

Estimate Error Lower Upper
Mean(MTTF) 3,66667  0,272166 3,13323  4,20010
Standard Deviation 0,471405 0,192450 0,211784 1,04929
Median 3,66667  0,272166  3,13323  4,20010
First Quartile(Q1) 3,34871  0,301535  2,75771 3,93971
Third Quartile(Q3) 3,98462  0,301535  3,39363 457562

Interquartile Range(IQR)  0,635915  0,259611 0,285692 1,41547

Gambar 16 MTTR Komponen Gear (Minitab 19)

Parameter Estimates

Standard 95,0% Normal Cl

Parameter Estimate Error Lower Upper
Mean 445 119455 210,872 679,128
StDev 206,903 84,4676 92,9532 460,540

Characteristics of Distribution

Standard 95,0% Normal Ci

Estimate Error Lower Upper
Mean(MTTF) 445 119455 210,872 679,128
Standard Deviation 206,903 84,4676 92,9532 460,540
Median 445 119,455 210,872 679,128
First Quartile(Q1) 305,446 132,346 46,0532 564,839
Third Quartile(Q3) 584,554 132,346 325,161 843,947

Interquartile Range(IQR) 279,107 113,945 125392 621,259

Gambar 15 MTTF Komponen Spindle (Minitab 19)
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Parameter Estimates

Standard 95,0% Normal Cl

Parameter Estimate Error Lower Upper
Mean 696 83,4386 532,463 859,537
StDev 118 59 44,2875 314,400

Characteristics of Distribution

Standard 95,0% Normal CI
Estimate Error Lower Upper
Mean(MTTF) 696 83,4386 532,463 859,537
Standard Deviation 118 59 44,2875 314,400
Median 696 83,4386 532,463 859,537
First Quartile(Q1) 616,410 92,4426 4352226 797,594
Third Quartile(Q3) 775,590 92,4426 594,406 956,774

Interquartile Range(IQR) 159,180 79,5898

59,7429 424,119

Gambar 17 MTTF Komponen Chuck (Minitab 19)

Parameter Estimates

Standard 95,0% Normal Cl

Parameter Estimate Error Lower Upper
Mean 535 25,4558 485,107 584,893
StDev 36 18 13,5114 95,9187

Characteristics of Distribution

Standard 95,0% Normal CI
Estimate Error Lower Upper
Mean(MTTF) 535 25,4558 485,107 584,893
Standard Deviation 36 18 13,5114 95,9187
Median 535 25,4558 485,107 584,893
First Quartile(Q1) 510,718 28,2028 455,442 565,995
Third Quartile(Q3) 559,282 28,2028 504,005 614,558

Interquartile Range(IQR) 48,5633 24,2816

18,2267 129,392

Gambar 18 MTTF Komponen Motor (Minitab 19)
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Parameter Estimates

Standard 95,0% Normal Cl

Parameter Estimate Error Lower Upper
Mean 5845 95,8130 396,710 772,290
StDev 1355 67,75 50,8556 361,027

Characteristics of Distribution

Standard 95,0% Normal CI

Estimate Error Lower Upper
Mean(MTTF) 584,5 95,8130 396,710 772,290
Standard Deviation 1355 67,75 50,8556 361,027
Median 5845 95,8130 396,710 772,290
First Quartile(Q1) 493,107 106,152 285,052 701,161
Third Quartile(Q3) 675,893 106,152 467,839 883,948
Interquartile Range(IQR) 182,787 91,3934 68,6031 487,018

Gambar 19 MTTF Komponen Gear (Minitab 19)
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Lampiran 3. Kuisioner

KUISIONER PENELITIAN I

NAMA S Aous Zawel Arn
JABATAN Ligiaen
Kuisioner ini bertujuan untuk menentukan Failure Effect berdasarkan data historis maint untuk peny RCM Information Worksheet.
) ___ RCM Information Worksheet \
No.  Componen | Function Functional Failure Failure Mode ~ Failure Effect g
1. | Spindle Memutar benda kerja Spindle bergetar Spindle aus dan longgar |9&rakan Wang fdaw s e nasuw
yang dijepit chuck. FOrems NerUsAUaM gadg pHenda wer)e
Bearing spindle pecah Kgausgn karena beban Menmakarvwen  enwd ®es250\ay,
i tinggi terus-menerus <aat ogeray’
|
Spindle aus Ges:l:il:mb:sr:’l‘a:l‘ﬁit:npa P)ﬂ'(o xonsr Tnen YAl ’
vematexan /seizure fade spuedie
o qe mervsaw REr MU Uea A
Fan spindle tidak Fan aus, tidak diganti - 3
berfungsi bertahun-tahun besw®  Oves Y\QA)(\%
2 Chuck Menjepit benda kerja Chuck longgar Sistem pengunci aus . 2z a
agar stabil saat karena usia Resieo ek
berputar.
| Sistem mekanis tua, - X %
penguncian lemah gonqumaren bende Aidew Wi\
1
Sistem pengunci tidak
diganti sejak lama \Q.g:\m 2 mendadaw Vavg
i
3 | Motor Memberikan tenaga Motor tidak bekerja Motor tua, putaran tidak . ) .
| untuk putaran chuck dengan stabil konsisten Vares we X )“é'g‘(
JRX WO TR\
| Motor Overheat Motor lama, pelumasan
; kump; Keavgau \nwerng) den
‘ Mehmgwetiue  wecera
Motor tidak menyala Komutator rusak ?q- o
o)Q“hgv\ \(bmv;f\cvl
URNg  raende$ak
4 Gear Mengubah rasio Gear utama aus Gear sudah tipis kan.'ena ©HO Ay
putaran dan arah gesekan jangka panjang ?e'w baken ] 5
putaran TRVG tnemipeviep il OURRUE

Gear trnasmisi slip

Gigi gear menipis

“Wansfer dave Adew efisieu

Gear berbunyi kasar

Gear tidak presisi lagi
karena aus

Vibcesi 0o Vaug
MRmPergeruil  woelisas

-~

Rertaeswan,

SIDOARJO, 24  MEI 2025
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KUISIONER PENELITIAN I

NAMA D elon Yalta  §Swante
JABATAN
Kuisioner ini bertujuan untuk menentukan Failure Effect berdasarkan data historis maintenance untuk penyusunan RCM Information Worksheet.
RCM Information Worksheet oz il
~ No. | Componen Function Functional Failure Failure Mode Failure Effect
1. Spindle | Memutar benda kerja Spindle bergetar Spindle aus dan longgar | Yigaye Ry Sa
£ yang dijepit chuck. ;' Brevy i ¥WLM
Bearing spindle pecah Keausan karena beban Peral
tinggi terus-menerus Koulme  Cejat =
Spindle aus Gesekan berulang tanpa
pelumasan rutin v ‘ { w
Fan spindle tidak Fan aus, tidak diganti
berfungsi bertahun-tahun "? .
e nywan J{lw N bvuag [
|
2 Chuck = Menjepit benda kerja Chuck longgar Sistem pengunci aus
| agar stabil saat karena usia ;
berputar. Whenpy trvany? ‘T‘}j b ey
Sistem mekanis tua,
penguncian lemah t(/lﬂ"f/? 27N 2”7 Clorcn
Saat  Prses
Sistem pengunci tidak
diganti sejak lama V&(’O»V \%“ \ &‘U i
3. Motor Memberikan tenaga Motor tidak bekerja Motor tua, putaran tidak «
untuk putaran chuck dengan stabil konsisten Rebar  leerys vt g
Wenang leak
Motor Overheat Motor lama, pelumasan
S vy Yakow wiotor \BM
Motor tidak menyala Komutator rusak
Gotom wak
4. Gear Mengubah rasio Gear utama aus Gear sudah tipis karena ]
putaran dan arah gesekan jangka panjang YeniVisam Ay Yoy eninglat
putaran

Gear trnasmisi slip

Gigi gear menipis

TM\’F(/ dvaa b(r'pﬂ'ﬂ*\)

Gear berbunyi kasar

Gear tidak presisi lagi
karena aus

wetnforcPab  cavsan

SIDOARIJO, MEI 2025

100



KUISIONER PENELITIAN I

NAMA NMuzak! Rownmay
JABATAN : OPrrarod
Kuisioner ini bertujuan untuk menentukan Failure Effect berdasarkan data historis maint untuk peny RCM Information Worksheet.
RCM Information Worksheet P
No. | Componen  Function Functional Failure Failure Mode Failure Effect
1. | Spindle Memuta_{ benda kerja Spindle bergetar Spindle aus dan longgar | Tidax Prisisi  Smor ?Lm bubuion
yang dijepit chuck.
Bearing spindle pecah Keausan karena beban k<
tinggi terus-menerus pontn  Copar Rusax
Spindle aus Gesekan berulang tanpa
pelumasan rutin OVerhearing
Fan spindle tidak Fan aus, tidak diganti
berfungsi bertahun-tahun V‘M nginan '\'idnt OPHmat
2, Chuck i Menjepit benda kerja Chuck longgar Sistem pengunci aus t\_/h
[ agar stabil saat karena usia urany i ©t
| Bervinae fquranyi  tingar Prass
‘ Sistem mekanis tua,
penguncian lemah Kumng,\ﬂmm %tswm\
l o ?‘WS
Sistem pengunci tidak
diganti sejak lama
?b\u\s: Kecvaraad \Geya
|
3. Motor | Memberikan tenaga Motor tidak bekerja Motor tua, putaran tidak
untuk putaran chuck dengan stabil konsisten bb"m Kine Siswew Yrocemisi
| tAeqingvar.
| heat Motor | lumasan
1 Motor Overheal otor lama, p; Uleire ?‘“’ LN Agte e B
\,
Motor tidak menyala Komutator rusak
Siste N Aot
4 Gear Mengubah rasio Gear utama aus Gear sudah tipis karena 1
putaran dan arah gesekan jangka panjang Qoapsae  Qlg Yany
putaran NAeningrar
Gear trnasmisi slip Gigi gear menipis
’“‘ﬂf\!ﬂ.r A&j& \Du\‘uraﬂj
Gear berbunyi kasar Gear tidak presisi lagi
i oo Mempertepor — Krausan
SIDOARIJO, MEI 2025

( Muzaki Qohmat )
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NAMA
JABATAN

C Agus Zowel A_t\é\m

¢ Rieepinen
Kuisioner ini bertujuan untuk menentukan Consequence Evaluation, Proactive Task, Default Action dan Action Required berdasarkan hasil RCM
Information Worksheet untuk penyusunan RCM Decision Worksheet Result.

KUISIONER PENELITIAN IT

RCM Decision Worksheet
H1 | H2 | H3
Information Reference e P S1|S2 |S3 Def:.ault g ;
No. | Componen E on S0 103 Action Action Required
F FF FM H|S|E|O|NI|N2|N3|H4 HS|S4
1. | Spindle Memutar | Spindle | Spindle NO!T\W\’{“Q GRAQTEY
benda bergetar | aus dan %
kerja yang longgar P (E
dijepit N NN N N
chuck.
Bearing | Keausan Penorp whan  Kompouer: sesugl
spindle | karena <d 3
pecah beban D) s\
tinggi N Y \( NNV \r - | = |-
terus-
menerus
Spindle | Gesekan >
i hécalng Overnavt spindle
tanpa e e
pelumasan v v M 1 MY NV
rutin
Fan Fan aus, -~
spindle | tidak Pemenksas dan  pembersihan
tidak diganti B x|V Y Y VREY Vi o ] B B
berfungsi | bertahun-
tahun
2. | Chuck Menjepit | Chuck Sistem o ek
benda longgar | pengunci f:;"“”:m SacHngah
kerja agar aus karena ) ke uc
stabil saat usia N ¥l \( ot V| NV
berputar.
Sistem < s
mekanis m —pergerreten
tua, A g
penguncia | N|Y V| | M AR = Overhewt  dhuew
n lemah
Sistem s
P_ed:kguﬂd Retlac ement. Ftnquncfou
il N e il
sejak lama
3. | Motor Memberik | Motor Motor tua, 2
antenaga | tidak putaran Montors
untuk bekerja | tidak VINIMYIX | Vv - |
putaran dengan | konsisten
chuck stabil
Motor Motor Mo -~
Overheat | lama, R e neeoreng suhv
pelumasan [N |Y [V/| Y ¥ | A o
kurang
Motor Komutator
tidak | rusak il _| Overhawf
menyala N v S e £oa M
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4. | Gear Mengubah | Gear Gear

rasio utama sudah tipis ngszuhen  gaar
putaran aus karena I/A/ﬁ/Y/VA/Y"’"P 3
chuck gesekan

jangka

panjang Gl

Gear Gigi gear
transmisi | menipis

Monttorims
slip I R d A el R o

Gear Gear tidak 3 0
berbunyi | presisi lagi Meusoruy svare aav

kasar karenaausUNNYYNA/~‘\ 9)0\6‘&/\

SIDOARIJO, MEI 2025

e

KUISIONER PENELITIAN II
NAMA : ke )\q,k‘ Fiwon ke
JABATAN

Kuisioner ini bertujuan untuk menentukan Consequence Evaluation, Proactive Task, Default Action dan Action Required berdasarkan hasil RCM
Information Worksheet untuk penyusunan RCM Decision Worksheet Result.

RCM Decision Worksheet
HIl |H2 [ H3
Information Reference Combesmos. 15557 (53] ol : ]
No. | Componen Evaluation o1 0203 Action Action Required
F FF FM H|S|E|[O|NI1|N2|N3|H4 | H5|S4
1. | Spindle Memutar | Spindle | Spindle
benda bergetar | aus dan vielwie| e |V Wentanfao O,an»wtn‘/
kerja yang longgar wwtas
dijepit ko
chuck.
Bearing | Keausan ;
spindle | karena ‘( wWerdant  Ignaltmen
pecah | beban Nl g 0 Kl )
tinggi
terus-
menerus
Spindle | Gesekan AR
aus berulang oV ndie
tanpa VI Ve[X[(WV|Y |V
pelumasan
rutin
Fan Fan aus, ¢
sinde [tdak |l lulx|x [v o | % Weemer'ksa Lo Welskolean
tidak 5 diganti Q Do
berfungsi | bertahun-
tahun
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Chuck Menjepit | Chuck Sistem
benda longgar | pengunci |y ""“"wu"". ek oncangan
kerja agar aus karena Chwels
stabil saat usia
berputar.
Sistem
mekanis ?(A\m‘a« ol Lhooke
tua, N
penguncia
n lemah
Sistem
pengunci ""‘QO‘MM S ko
tidak W
diganti ¥ egomes
sejak lama
Motor Memberik | Motor Motor tua,
an tenaga | tidak putaran ¥ Mgk ke
untuk bekerja | tidak
putaran dengan | konsisten
chuck stabil
Motor Motor
Overheat | lama,
pelumasan | V¥ [ oy S
kurang
Motor Komutator X
tidak Theak (vu\h ,k-m"ﬂ* Setmy
menyala Y " W
Gear Mengubah | Gear Gear
rasio utama sudah tipis Yemvator  Gron tne
putaran aus karena (N
chuck gesekan
Jangka
panjang
Gear Gigi gear
transmisi | menipis .
slip N Pory e ¢
Gear Gear tidak
berbunyi | presisi lagi
kasar karena aus [V INDPO P Uv"vv-v/

SIDOARIJO, MEI 2025

104



NAMA NMuZak: Rohmat
JABATAN . OPeratof

Kuisioner ini bertujuan untuk menentukan Consequence Evaluation, Proactive Task, Default Action dan Action Required berdasarkan hasil RCM
Information Worksheet untuk penyusunan RCM Decision Worksheet Result.

KUISIONER PENELITIAN II

RCM Decision Worksheet

H2

H3

: Consequnce Default
No. | Componen Inforistion Refwence Evaluation (S)l] ?)22 ?):; Action Action Required
F FF FM H|S|E|O|[NI|[N2|N3|H4|HS
1. | Spindle Memutar | Spindle | Spindle <
benda bergetar |ausdan | 4|\ piy | Y || W Mematiton  Agnment /frarusan
kerja yang longgar w
dijepit
chuck.
Bearing | Keausan
spindle | karena Mmans.‘ \Gn\?om-n
pecah beban &YV v | 74
tinggi
terus-
menerus
Spindle | Gesekan
al‘l)s berulang v Ovtrhaal  SQinaw
tanpa wlv\v| T\ Y
pelumasan
rutin
Fan Fan aus,
spindle | tidak R Memerice, don Whuocu ean
tdak  |diganti |y |y |W|Y | A |V Pvassifan
berfungsi | bertahun-
tahun
2. | Chuck Menjepit | Chuck Sistem
benda longgar | pengunci V | M
kerja agar aus karena | 1 i le(n'ksaun \Cc.hmnngan Chucie
stabil saat usia
berputar.
Sistem
mekanis
& 4
tua, kil o ?W\Naw\ﬂ toral Clhuce
penguncia
n lemah
Sistem
pengunci
idak | v\ glM| Y| VY Penagantian  Sisieen Pensuncan
diganti
sejak lama
3. | Motor Memberik | Motor Motor tua,
an tenaga | tidak putaran LB
untuk bekerja | tidak NIV Y ) M
putaran dengan | konsisten tmaMdou - Sunu
chuck stabil
Motor Motor
Overheat | lama, N
pelumasan (A i ol BT Nuvantas  Sunu
kurang
Motor Komutator y v
tidak rusak N
menyala Vg i Jaok! Kemutator Sesua:

umur  Paral
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Mengubah
rasio
putaran
chuck

Gear Gear
utama sudah tipis
aus karena w ?Lraw“uc\ Yeare oty
gesekan
jangka
panjang
Gear Gigi gear
transmisi | menipis r
slip meufmoo Qearr
Gear Gear tidak
berbunyi | presisi lagi
kasar karena aus |4/

MLMGM«V Nioras

SIDOARIJO, MEI 2025

( Muzaxi Qonmar )
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Lampiran 4. Perhitungan Reliabilitas Sebelum dan Sesudah

Spindle
tp R(t) R(T)™n R(t-nT) | Rm(t)

8 0 | 0,860784 1,00000 | 0,86078 | 0,8607844
16 0]0,670773 1,00000 | 0,67077 | 0,6707726
24 0 | 0,526557 1,00000 | 0,52656 | 0,5265566
32 0 | 0,420836 1,00000 | 0,42084 | 0,4208359
40 0 | 0,342235 1,00000 | 0,34224 | 0,3422354
48 0| 0,282583 1,00000 | 0,28258 | 0,2825827
56 0| 0,236404 1,00000 | 0,23640 | 0,2364039
64 0 | 0,200018 1,00000 | 0,20002 | 0,2000176
72 0 | 0,170899 1,00000 | 0,17090 | 0,1708995
80 0] 0,147279 1,00000 | 0,14728 | 0,1472795
88 0| 0,12789 1,00000 | 0,12789 | 0,1278898
96 0]0,111804 1,00000 | 0,11180 | 0,1118042
104 0 | 0,098334 1,00000 | 0,09833 | 0,098334
112 0 | 0,086959 1,00000 | 0,08696 | 0,0869591
120 0| 0,077281 1,00000 | 0,07728 | 0,0772806
128 0 | 0,068989 1,00000 | 0,06899 | 0,0689892
136 0 | 0,061842 1,00000 | 0,06184 | 0,0618417
144 0 | 0,055645 1,00000 | 0,05565 | 0,0556452
152 0 | 0,050245 1,00000 | 0,05025 | 0,0502451
160 0 | 0,045516 1,00000 | 0,04552 | 0,0455163
168 0 | 0,041357 1,00000 | 0,04136 | 0,041357
176 0 | 0,037683 1,00000 | 0,03768 | 0,0376834
184 0 | 0,034426 1,00000 | 0,03443 | 0,0344264
192 0 | 0,031528 1,00000 | 0,03153 | 0,0315283
200 0 | 0,028941 1,00000 | 0,02894 | 0,028941
208 0 | 0,026624 1,00000 | 0,02662 | 0,0266239
216 0 | 0,024543 1,00000 | 0,02454 | 0,0245426
224 0 | 0,022668 1,00000 | 0,02267 | 0,022668
232 0 | 0,020975 1,00000 | 0,02097 | 0,020975
240 0 | 0,019442 1,00000 | 0,01944 | 0,0194423
248 0 | 0,018051 1,00000 | 0,01805 | 0,0180514
256 0 | 0,016786 1,00000 | 0,01679 | 0,0167865
264 0 | 0,015634 1,00000 | 0,01563 | 0,0156336
272 0 | 0,014581 1,00000 | 0,01458 | 0,0145807
280 0 | 0,013617 1,00000 | 0,01362 | 0,0136173
288 0 |0,012734 1,00000 | 0,01273 | 0,0127342
296 0 ]0,011923 1,00000 | 0,01192 | 0,0119233
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304 1/0,011177 0,99880 | 1,00000 0,9988
312 1| 0,01049 0,99880 | 0,860784 | 0,8597515
320 1| 0,009856 0,99880 | 0,670773 | 0,6699676
328 1| 0,00927 0,99880 | 0,526557 | 0,5259248
336 1/ 0,008728 0,99880 | 0,420836 | 0,4203309
344 1 0,008226 0,99880 | 0,342235 | 0,3418247
352 1| 0,00776 0,99880 | 0,282583 | 0,2822436
360 10,007327 0,99880 | 0,236404 | 0,2361202
368 1] 0,006924 0,99880 | 0,200018 | 0,1997776
376 1] 0,006549 0,99880 | 0,170899 | 0,1706944
384 1 0,006199 0,99880 | 0,147279 | 0,1471028
392 1 0,005873 0,99880 | 0,12789 | 0,1277363
400 1| 0,005568 0,99880 | 0,111804 0,11167
408 1 0,005283 0,99880 | 0,098334 | 0,098216
416 1| 0,005016 0,99880 | 0,086959 | 0,0868547
424 1| 0,004766 0,99880 | 0,077281 | 0,0771879
432 1| 0,004532 0,99880 | 0,068989 | 0,0689064
440 1| 0,004312 0,99880 | 0,061842 | 0,0617675
448 1] 0,004105 0,99880 | 0,055645 | 0,0555784
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Chuck
Tp R(t) R(T)*n R(t-nT) Rm(t)

8 0| 0,847495831 | 1,0000000000 | 0,8474958 | 0,847496
16 1| 0,253073046 | 0,2530730460 | 1,0000000 | 0,253073
24 1| 0,049085112 | 0,2530730460 | 0,8474958 | 0,214478
32 2 | 0,009250058 | 0,0640459666 | 1,0000000 | 0,064046
40 2 | 0,001867564 | 0,0640459666 | 0,8474958 | 0,054279
48 3| 0,000412315| 0,0162083078 | 1,0000000 | 0,016208
56 3] 9,94656E-05 | 0,0162083078 | 0,8474958 | 0,013736
64 4| 2,60439E-05 | 0,0041018858 | 1,0000000 | 0,004102
72 4| 7,34347E-06 | 0,0041018858 | 0,8474958 | 0,003476
80 5| 2,21295E-06 | 0,0010380767 | 1,0000000 | 0,001038
88 5| 7,07881E-07 | 0,0010380767 | 0,8474958 | 0,00088
96 6| 2,3893E-07 | 0,0002627092 | 1,0000000 | 0,000263

104 6 | 8,46534E-08 | 0,0002627092 | 0,8474958 | 0,000223
112 7| 3,13416E-08 | 0,0000664846 | 1,0000000 | 6,65E-05
120 7 1,2078E-08 | 0,0000664846 | 0,8474958 | 5,63E-05
128 8| 4,82811E-09 | 0,0000168255 | 1,0000000 | 1,68E-05
136 8 1,996E-09 | 0,0000168255 | 0,8474958 | 1,43E-05
144 9| 8,51134E-10 | 0,0000042581 | 1,0000000 | 4,26E-06
152 9| 3,73483E-10 | 0,0000042581 | 0,8474958 | 3,61E-06
160 10 | 1,68297E-10 | 0,0000010776 | 1,0000000 | 1,08E-06
168 10| 7,77332E-11 | 0,0000010776 | 0,8474958 | 9,13E-07
176 11| 3,67403E-11 | 0,0000002727 | 1,0000000 | 2,73E-07
184 11| 1,77433E-11 | 0,0000002727 | 0,8474958 | 2,31E-07
192 12| 8,74356E-12 | 0,0000000690 | 1,0000000 | 6,9E-08
200 12| 4,39127E-12 | 0,0000000690 | 0,8474958 | 5,85E-08
208 13| 2,24509E-12 | 0,0000000175 | 1,0000000 | 1,75E-08
216 13| 1,1674E-12 | 0,0000000175 | 0,8474958 | 1,48E-08
224 14 | 6,16729E-13 | 0,0000000044 | 1,0000000 | 4,42E-09
232 14 | 3,30735E-13 | 0,0000000044 | 0,8474958 | 3,75E-09
240 15| 1,79967E-13 | 0,0000000011 | 1,0000000 | 1,12E-09
248 15| 9,92539E-14 | 0,0000000011 | 0,8474958 | 9,48E-10
256 16 | 5,54001E-14 | 0,0000000003 | 1,0000000 | 2,83E-10
264 16 | 3,13083E-14 | 0,0000000003 | 0,8474958 | 2,4E-10
272 17| 1,79856E-14 | 0,0000000001 | 1,0000000 | 7,16E-11
280 17| 1,03251E-14 | 0,0000000001 | 0,8474958 | 6,07E-11
288 18 | 6,10623E-15 | 0,0000000000 | 1,0000000 | 1,81E-11
296 18 | 3,55271E-15| 0,0000000000 | 0,8474958 | 1,54E-11
304 19 | 2,10942E-15| 0,0000000000 | 1,0000000 | 4,59E-12
312 19 0| 0,0000000000 | 0,8474958 | 3,89E-12
320 20 0| 0,0000000000 | 1,0000000 | 1,16E-12
328 20 0| 0,0000000000 | 0,8474958 | 9,84E-13

109



336 21 0| 0,0000000000 | 1,0000000 | 2,94E-13
344 21 0| 0,0000000000 | 0,8474958 | 2,49E-13
352 22 0| 0,0000000000 | 1,0000000 | 7,44E-14
360 22 0| 0,0000000000 | 0,8474958 | 6,3E-14
368 23 0| 0,0000000000 | 1,0000000 | 1,88E-14
376 23 0| 0,0000000000 | 0,8474958 | 1,6E-14
384 24 0| 0,0000000000 | 1,0000000 | 4,76E-15
392 24 0| 0,0000000000 | 0,8474958 | 4,04E-15
400 25 0| 0,0000000000 | 1,0000000 | 1,21E-15
408 25 0| 0,0000000000 | 0,8474958 | 1,02E-15
416 26 0| 0,0000000000 | 1,0000000 | 3,05E-16
424 26 0| 0,0000000000 | 0,8474958 | 2,59E-16
432 27 0| 0,0000000000 | 1,0000000 | 7,72E-17
440 27 0| 0,0000000000 | 0,8474958 | 6,54E-17
448 28 0| 0,0000000000 | 1,0000000 | 1,95E-17
456 28 0| 0,0000000000 | 0,8474958 | 1,66E-17
464 29 0| 0,0000000000 | 1,0000000 | 4,94E-18
472 29 0| 0,0000000000 | 0,8474958 | 4,19E-18
480 30 0| 0,0000000000 | 1,0000000 | 1,25E-18
488 30 0| 0,0000000000 | 0,8474958 | 1,06E-18
496 31 0| 0,0000000000 | 1,0000000 | 3,17E-19
504 31 0| 0,0000000000 | 0,8474958 | 2,68E-19
512 32 0| 0,0000000000 | 1,0000000 | 8,01E-20
520 32 0| 0,0000000000 | 0,8474958 | 6,79E-20
528 33 0| 0,0000000000 | 1,0000000 | 2,03E-20
536 33 0| 0,0000000000 | 0,8474958 | 1,72E-20
544 34 0| 0,0000000000 | 1,0000000 | 5,13E-21
552 34 0| 0,0000000000 | 0,8474958 | 4,35E-21
560 35 0| 0,0000000000 | 1,0000000 | 1,3E-21
568 35 0| 0,0000000000 | 0,8474958 | 1,1E-21
576 36 0| 0,0000000000 | 1,0000000 | 3,29E-22
584 36 0| 0,0000000000 | 0,8474958 | 2,79E-22
592 37 0| 0,0000000000 | 1,0000000 | 8,32E-23
600 37 0| 0,0000000000 | 0,8474958 | 7,05E-23
608 38 0| 0,0000000000 | 1,0000000 | 2,11E-23
616 38 0| 0,0000000000 | 0,8474958 | 1,78E-23
624 39 0| 0,0000000000 | 1,0000000 | 5,33E-24
632 39 0| 0,0000000000 | 0,8474958 | 4,52E-24
640 40 0| 0,0000000000 | 1,0000000 | 1,35E-24
648 40 0| 0,0000000000 | 0,8474958 | 1,14E-24
656 41 0| 0,0000000000 | 1,0000000 | 3,41E-25
664 41 0| 0,0000000000 | 0,8474958 | 2,89E-25
672 42 0| 0,0000000000 | 1,0000000 | 8,64E-26
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680 42 0| 0,0000000000 | 0,8474958 | 7,32E-26
688 43 0| 0,0000000000 | 1,0000000 | 2,19E-26
696 43 0| 0,0000000000 | 0,8474958 | 1,85E-26
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Motor

tp R(t) R(T)"n R(t-nT) Rm(t)

8 0| 0,99999998 1,0000 | 0,99999998 0,999999982
16 0| 0,99997294 1,0000 | 0,99997294 | 0,999972936
24 0| 0,99924915 1,0000 | 0,99924915 | 0,999249147
32 0| 0,99480039 1,0000 | 0,99480039 | 0,994800389
40 0| 0,98157809 1,0000 | 0,98157809 | 0,981578092
48 0| 0,95539430 1,0000 | 0,95539430 0,955394299
56 0| 0,91490478 1,0000 | 0,91490478 0,914904780
64 0| 0,86158825 1,0000 | 0,86158825 0,861588252
72 0| 0,79867016 1,0000 | 0,79867016 0,798670156
80 0| 0,72996571 1,0000 | 0,72996571 0,729965710
88 0| 0,65906830 1,0000 | 0,65906830 0,659068296
96 0| 0,58892910 1,0000 | 0,58892910 | 0,588929098

104 0| 052172660 1,0000 | 0,52172660 | 0,521726596
112 0| 0,45890645 1,0000 | 0,45890645 | 0,458906450
120 0| 0,40130047 1,0000 | 0,40130047 | 0,401300468
128 0| 0,34926764 1,0000 | 0,34926764 0,349267642
136 0| 0,30282699 1,0000 | 0,30282699 0,302826990
144 0| 0,26176918 1,0000 | 0,26176918 0,261769181
152 0| 0,22574380 1,0000 | 0,22574380 0,225743803
160 0| 0,19432396 1,0000 | 0,19432396 0,194323964
168 0| 0,16705191 1,0000 | 0,16705191 0,167051914
176 0| 0,14346974 1,0000 | 0,14346974 | 0,143469743
184 0| 0,12313889 1,0000 | 0,12313889 | 0,123138892
192 0| 0,10565157 1,0000 | 0,10565157 0,105651572
200 0| 0,09063654 1,0000 | 0,09063654 | 0,090636543
208 0| 0,07776108 1,0000 | 0,07776108 0,077761085
216 0| 0,06673051 1,0000 | 0,06673051 0,066730515
224 0| 0,05728621 1,0000 | 0,05728621 0,057286214
232 0| 0,04920282 1,0000 | 0,04920282 0,049202819
240 0| 0,04228504 1,0000 | 0,04228504 0,042285036
248 0| 0,03636437 1,0000 | 0,03636437 0,036364367
256 0| 0,03129593 1,0000 | 0,03129593 | 0,031295931
264 0| 0,02695548 1,0000 | 0,02695548 | 0,026955482
272 0| 0,02323669 1,0000 | 0,02323669 | 0,023236694
280 0| 0,02004871 1,0000 | 0,02004871 | 0,020048714
288 0| 0,01731400 1,0000 | 0,01731400 0,017314003
296 0| 0,01496643 1,0000 | 0,01496643 0,014966434
304 0| 0,01294965 1,0000 | 0,01294965 0,012949646
312 0| 0,01121561 1,0000 | 0,01121561 0,011215611
320 0| 0,00972341 1,0000 | 0,00972341 0,009723410
328 0| 0,00843817 1,0000 | 0,00843817 0,008438173
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336 0| 0,00733018 1,0000 | 0,00733018 | 0,007330184
344 0| 0,00637410 1,0000 | 0,00637410 | 0,006374103
352 0| 0,00554832 1,0000 | 0,00554832 | 0,005548319
360 0] 0,00483439 1,0000 | 0,00483439 | 0,004834386
368 0] 0,00421655 1,0000 | 0,00421655 | 0,004216554
376 0| 0,00368136 1,0000 | 0,00368136 | 0,003681362
384 0| 0,00321730 1,0000 | 0,00321730 | 0,003217301
392 0| 0,00281452 1,0000 | 0,00281452 | 0,002814521
400 0| 0,00246458 1,0000 | 0,00246458 | 0,002464584
408 0| 0,00216026 1,0000 | 0,00216026 | 0,002160258
416 0| 0,00189534 1,0000 | 0,00189534 | 0,001895340
424 0| 0,00166450 1,0000 | 0,00166450 | 0,001664500
432 0| 0,00146316 1,0000 | 0,00146316 | 0,001463160
440 0| 0,00128738 1,0000 | 0,00128738 | 0,001287380
448 1| 0,00113377 0,9988 | 0,99999998 | 0,998799982
456 1| 0,00099940 0,9988 | 0,99999998 | 0,998799982
464 1] 0,00088176 0,9988 | 0,99997294 | 0,998772968
472 1| 0,00077866 0,9988 | 0,99924915 | 0,998050048
480 1| 0,00068822 0,9988 | 0,99480039 | 0,993606628
488 1| 0,00060882 0,9988 | 0,98157809 | 0,980400198
496 1| 0,00053905 0,9988 | 0,95539430 | 0,954247826
504 1| 0,00047768 0,9988 | 0,91490478 | 0,913806894
512 1| 0,00042365 0,9988 | 0,86158825 | 0,860554346
520 1| 0,00037605 0,9988 | 0,79867016 | 0,797711752
528 1| 0,00033407 0,9988 | 0,72996571 | 0,729089751
536 1| 0,00029701 0,9988 | 0,65906830 | 0,658277414
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Gear

Tp R(t) R(T)"n R(t-nT) Rmt)

8 0 | 0,9996430271 | 1,0000000 0,99964 0,999643027092
16 0| 0,9718938228 | 1,0000000 0,97189 0,971893822764
24 0 | 0,8523796290 | 1,0000000 0,85238 0,852379628971
32 0 | 0,6680752222 | 1,0000000 0,66808 0,668075222197
40 0 | 0,4839791756 | 1,0000000 0,48398 0,483979175594
48 0| 0,3342937969 | 1,0000000 0,33429 0,334293796897
56 0 | 0,2248043851 | 1,0000000 0,22480 0,224804385075
64 0| 0,1491288902 | 1,0000000 0,14913 0,149128890243
72 0 | 0,0983901649 | 1,0000000 0,09839 0,098390164893
80 0 | 0,0648924971 | 1,0000000 0,06489 0,064892497100
88 0 | 0,0429222162 | 1,0000000 0,04292 0,042922216250
96 0 | 0,0285288536 | 1,0000000 0,02853 0,028528853579
104 0] 0,0190781318 | 1,0000000 0,01908 0,019078131756
112 0 | 0,0128455777 | 1,0000000 0,01285 0,012845577652
120 0 | 0,0087118663 |  1,0000000 0,00871 0,008711866299
128 0 [ 0,0059523281 | 1,0000000 0,00595 0,005952328099
136 0 | 0,0040972796 | 1,0000000 0,00410 0,004097279570
144 0 | 0,0028412557 | 1,0000000 0,00284 0,002841255668
152 0 | 0,0019846149 | 1,0000000 0,00198 0,001984614901
160 0 | 0,0013961138 |  1,0000000 0,00140 0,001396113758
168 0 | 0,0009889182 | 1,0000000 0,00099 0,000988918172
176 0 | 0,0007051880 | 1,0000000 0,00071 0,000705187990
184 0 | 0,0005061292 | 1,0000000 0,00051 0,000506129157
192 0 | 0,0003655407 |  1,0000000 0,00037 0,000365540701
200 0 | 0,0002656041 | 1,0000000 0,00027 0,000265604098
208 0| 0,0001941185 | 1,0000000 0,00019 0,000194118481
216 0 | 0,0001426734 | 1,0000000 0,00014 0,000142673373
224 0 | 0,0001054330 | 1,0000000 0,00011 0,000105433012
232 1] 0,0000783222 | 0,0000783 0,99880 0,000078228194
240 1| 0,0000584773 | 0,0000783 0,99880 0,000078228194
248 1] 0,0000438741 | 0,0000783 0,99880 0,000078228194
256 1] 0,0000330730 | 0,0000783 0,99880 0,000078228194
264 1] 0,0000250445 | 0,0000783 0,99880 0,000078228194
272 1] 0,0000190485 | 0,0000783 0,99880 0,000078228194
280 1] 0,0000145496 | 0,0000783 0,99880 0,000078228194
288 1] 0,0000111590 | 0,0000783 0,99880 0,000078228194
296 1] 0,0000085926 | 0,0000783 0,99880 0,000078228194
304 1] 0,0000066419 | 0,0000783 0,99880 0,000078228194
312 1] 0,0000051532 | 0,0000783 0,99880 0,000078228194
320 1] 0,0000040126 | 0,0000783 0,99880 0,000078228194
328 1] 0,0000031354 | 0,0000783 0,99880 0,000078228194
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336 1] 0,0000024582 | 0,0000783 0,99880 0,000078228194
344 1| 0,0000019337 | 0,0000783 0,99880 0,000078228194
352 1| 0,0000015259 | 0,0000783 0,99880 0,000078228194
360 1 0,0000012079 | 0,0000783 0,99880 0,000078228194
368 1| 0,0000009590 | 0,0000783 0,99880 0,000078228194
376 1| 0,0000007636 | 0,0000783 0,99880 0,000078228194
384 1| 0,0000006098 | 0,0000783 0,99880 0,000078228194
392 1| 0,0000004883 | 0,0000783 0,99880 0,000078228194
400 1| 0,0000003920 | 0,0000783 0,99880 0,000078228194
408 1| 0,0000003156 | 0,0000783 0,99880 0,000078228194
416 1| 0,0000002547 | 0,0000783 0,99880 0,000078228194
424 1| 0,0000002061 | 0,0000783 0,99880 0,000078228194
432 1 0,0000001671 | 0,0000783 0,99880 0,000078228194
440 1/0,0000001359 | 0,0000783 0,99880 0,000078228194
448 1 0,0000001107 | 0,0000783 0,99880 0,000078228194
456 1| 0,0000000904 | 0,0000783 0,99880 0,000078228194
464 2 | 0,0000000740 6,13,E-09 0,99880 0,000000006127
472 2 | 0,0000000607 6,13,E-09 0,99880 0,000000006127
480 2 | 0,0000000499 6,13,E-09 0,99880 0,000000006127
488 2 10,0000000411 6,13,E-09 0,99880 0,000000006127
496 2 | 0,0000000339 6,13,E-09 0,99880 0,000000006127
504 2 | 0,0000000280 6,13,E-09 0,99880 0,000000006127
512 2 | 0,0000000232 6,13,E-09 0,99880 0,000000006127
520 2 | 0,0000000193 6,13,E-09 0,99880 0,000000006127
528 2 | 0,0000000160 6,13,E-09 0,99880 0,000000006127
536 2 | 0,0000000133 6,13,E-09 0,99880 0,000000006127
544 2 | 0,0000000111 6,13,E-09 0,99880 0,000000006127
552 2 | 0,0000000093 6,13,E-09 0,99880 0,000000006127
560 2 | 0,0000000078 6,13,E-09 0,99880 0,000000006127
568 2 | 0,0000000065 6,13,E-09 0,99880 0,000000006127
576 2 | 0,0000000055 6,13,E-09 0,99880 0,000000006127
584 2 | 0,0000000046 6,13,E-09 0,99880 0,000000006127
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