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ABSTRACT

The objective of this research was to improve the machine maintenance system
based on reliability, focusing on increasing machine efficiency in terms of availability (the
proportion of time a machine is available for use), performance, and quality rate. Tools
utilized include a machine maintenance plan, daily check sheet, repair request and repair
record form. The daily machine inspection abnormalities in the machine and take
corrective action immediately. The results of the research after the improvement showed
that the overall equipment efficiency (OEE) increased by 17%, the reliability performance
(MTTF) increased an average of 22.68 hours, the machine maintenance performance (MTTR)
decreased an average of 7.68 hours, and the system availability performance (A%)
increased by 4.2%. The results of the research showed that improving the machine
maintenance system based on reliability can result in machines that are more reliable,
resulting in increased uptime, machine performance, and production quality, which has a

positive impact on the overall production efficiency of the factory.
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Coil foil machine
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Figure 1 Count of machine breakdown (a), loss timeof machine (b), (Sep - Nov2022)
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Table 1 Information of coil foil machine breakdown before improvements

Cooling oil Foil Counter Hydraulic Coolant )
’ Cylinder Total
Month pump stand set geartype  oil pump gutter i .
) ) ) . ) set (min) (min)
(min) (min) (min) (min) (min)

September 1,800 2,010 600 0 320 0 4,730
October 1,250 0 1,200 2,160 420 420 5,450
November 0 1,920 500 1,860 0 480 4,760
Total 3,050 3,930 2,300 4,020 740 900 14,940

Ms1efl 1 uansdeyanainisugadenveaaissiunssdssdiieuiuensy - ngainieu
2565 LanIIAIANLLEsMEAaznSaTldinGy %aaamamquﬂﬁqﬁu 14,940 UkALAIY
Fevngvasusiarenssiudiuau 22 A%t 903U 2 wansdnuerudemeusesifeulneiiey
fugneudiuam 8 ase WaunaIANTILI 8 pduasifoungednmeusiuan 6 ads

Breakdown (Count)

9
M cylinder set
8
7 B Coolant gutter
6 .
B Hydraulic oil pump
5
q H Counter gear type
3 B Foil stand set
2
1 B Cooling oil pump
0 T

September October November Month
Figure 2 Information of foil coil machinebreadown before improvements (Sep -Nov 2022)

5. mylATedeyaUsEAvsHan1sviuveLaIsiunsydnesdrieunsUTuUse
NTINMUNTDUNITAULATES (Availability: A)

Table 2 Information availability of foil coil machine before improvements

Breakdown Time to repair ~ Operating time o
Month _ _ Availability (A)
(count) (min) (min)
September 8 4,730 20,620 0.81
October 8 5,450 19,900 0.78
November 6 4,760 20,590 0.81
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ausInuENISIAuAIes (Performance Efficiency: P)

Table 3 Machine operation performance data before improvements

Operating Work pieces produced Number of Performance
Month time according to standard Producted actually efficiency
(min) time (pieces) (pieces) (P)
September 20,620 92 69 0.75
October 19,900 80 60 0.75
November 20,590 88 66 0.75

AITNN 3 LAAIALTIOULNITAULATOINUAREAWB AT IR UAUENEY — WOAINIBY 2565
LIAINNTAULAS DAL INUILTUNUNNAR ATIANENTTaUE SRR RIINSIRAYSoaY 75.00
9M31ARNIN (Quality Rate: Q)

Table 4 Data quality rate before improvements

Month Producted actually (pieces)  Produced defect (pieces)  Quality rate (Q)

September 69 il 0.94
October 60 2 0.96
November 66 3 0.95

MINN 4 UARITYASNIIAUAMYBINITNERN FIUABUAUEIEY - WoAINIEU 2565 F98nT
AN MVBALATDINUADEANUATWILTUNUTING R ATlA18nTIAMNNRAsSaaY 95.00

Table 5 Data loss time of machine downtime before improvements (Sep — Nov 2022)

Machine Number Equipments Tdm/h a/time
3 Cooling oil pump 10.16 4
2 Foil stand set 13.10 4
Foil coil 4 Counter gear type 6.38 5
machine 1 Hydraulic oil pump 13.40 4
6 Coolant gutter 3.08 3
5 Cylinder set 5.00 2
Total loss time and number of breakdown 51.57 22
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Figure 3 Analysis of root cause of machine breakdown
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Daily machine maintenance inspection report

Month: Machinery / equipment number: Section: Production
Year: Name of machine / equipment: Eico Inoustries Location: Coil Wrap
Suggestions / Comments
Ne. Inspection List Time Result Sign the inspector Notation
Damage report
1 Foot pedal
2 Foil coil wrap machine frame
3 Control cahinst
4 Gear revolution counter
5 Control panel the winding evoles
6 Insulaticn wrapping machine
7 Foil coil-wrapped shaft set
8 Electric saw
Note Y Nomsal X Absosmal "
Sopervizor .
(Laadar maintanance)
Figure 4 Sample of the daily check sheet for the foil coil machine
Smrns of machine
Mo Lizt Checiing Inzpection mathod Imzpecricn sandards Run Swp Irzpacrion
time machins mackize | Bels
1 Foot pedal Daily Viznally, Feet touck Kot being stack or asuck. ¥
2 Foil cofl wrap machine frams Dy Visnally, Hands rowch Cleanlines: of the machine il
3 Comtrol calpime: Daily Visnally, Work reaultz Wark resulz
4 Gear revelution coanter Daily WViznally, Hand: touch Kot amuck %
5| Conral panel the winding cyeles Daily Vizually, Hands touch Comtpare the cycle widh the gear fpe il
] Imzulation wrapping mackine Doaily Viznally, Work reauliz Wark requliz W
F Foil cofl-wrapped skadt set Daily Vizually Wark result 4
B | Blectic saw Daily Vizually, Hands touch Wat sck il
o | Coolam pusp zet Weaekly Wisnally, Meazure the water leval | Meazure the water level in tank ¥
10 Coolant gutter Weekly Viznally, Remuliz of wark Ko clogged dim, po beaks Rl
11 | Foil stand zet Waskly Visually, Resubs of mark Wark resuis il
12 | evlinder Weaekly Visnally, Resultz of wark Wark remult hl
15, Hypdraalic ofl prezoars gauge Dlcaiily Viznally, Remuliz of wark Meazured by dizplay k'
14 | Copperarchead Momthly | Visually, Durasion Wark resuis il
15 | Air pressare gasge Nloetkly Visnally, Resultz of wark Meazared by wark hl
1€ Hyéraalic pump z2t 3 months Ol lewe] ar specified imerval: Meazured by warking dizrance b
17 Hyrdraalic brakes puwp zet 3 months Ol lewe] ar spacifiad imervalz Meazared by warking dizeance !

Figure 5 Sample of the inspection plan for the foil coil machine
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Table 6 Action guidelines to solve the problem of stopping the foil coil winding machine

Problem Cause Solution

1. Employee has no knowledge, Employees are not trained in -Training on machine maintenance work for
Lack of skills and no clear maintenance work. Including no  operators and machine operators.
work guidelines. clear operating procedures. - Prepare a manual and operating procedures

to guide the work to a standard.

2. Machinery lacks maintenance Machines have a long service - Establish an inspection plan and create
and no standards for life. and there is no proactive standards for inspection of foil coil winding
inspection operations. inspection to prevent damage. machines.

3. There is no inspection No established inspection -Design a foil coil winding machine

standard. Examination of standards and methods for inspection sheet and define a checklist and
machinery and lack of clear inspecting machinery. methods for employees to use.

operating procedures.

4. No PPE protective equipment. Employees do not wear when -Set it as a mandatory standard in work.

working.

(2) WANIFUILLIUNANTENUNAUATYEAERTANNUaBnABkaLATUAWINGBNINANIS
Usziliudanandlunsnein 7

Table 7 Results evaluation of impacts on 3 aspects of the foil coil winding machine.

List Equipment Economics  Results  Aspects  Results  Environmental  Results
Safety Impact
Cooling oil pump 18 A 6 B 2 C
Foil stand set 18 A 3 C 1 C
Counter gear type 15 A 3 C 1 C
Hydraulic oil pump 24 A 8 B 2 C
Coolant gutter 12 B 1 C 1 C
Cylinder set 15 A 3 C 1 C
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Table 8 Information availability of foil coil machine after improvements

Breakdown Time to repair  Operating time

Month . . Availability (A)
(count) (min) (min)
January 5 2,040 22,990 0.91
February 4 1,950 19,900 0.92
March 4 1,740 23,290 0.93

3NAN3199 8 wansdeyadninisiiunIesiunesdrlosd Wouunsiau — duiau 2566
wansliliuiasesdinameadonanas snsinnuniounisinuesenadeinduiuiosas 92.00

Table 9 Machine operation performance data after improvements

] ) Number of
Operating Work pieces produced Performance
) ) Producted o
Month time according to standard efficiency
_ _ ) actually
(min) time (pieces) , (P)
(pieces)
January 20,620 80 78 0.98
February 19,900 80 76 0.95
March 20,590 88 86 0.97

INAITUA 9 LAAIANTTOAULAITHAULAIBINUABYANDYAYTINABUNNIIAU-TUAN 2566
LARILIAINITHAULAT BILALIIUIUTUINUNNAR LATANENTOULNSHLLATBITNS RS DAY 96.66

Table 10 Data quality rate after improvements
Producted defect

Month Producted actually (pieces) . Quality rate (Q)
(pieces)
January 78 2 0.97
February 76 4 0.95
March 86 2 0.97
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Table 11 Data of foil coil machine breadown after improvements (Jan — Mar 2023).

Cooling oil  Foil stand Counter Hydraulic Coolant  Cylinder

i Total
Month pump set gear type oil pump gutter set ]
. ) . . _ ) (min)
(min) (min) (min) (min) (min) (min)

January 690 450 550 0 350 0 2,040
February 690 0 420 500 0 340 1,950
March 0 440 280 800 0 220 1,740
Total 1,380 890 1,250 1,300 350 560 5,730

M1T97 11 war 12 wassamaitigaiazinuiuasiiidslundasiiouradniaaiunaes
Woed lnedin1sven 13 ATHALLIANTINNITNYATENLATEITNT 5,730 W1l FellAranaudaSeuiiey
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Table 12 Information frequency and loss time of foil coil winding machine

Machine No. Equipments Before (Sep - Nov2022) After (Jan - Mar2023)
Tdm/h a/time Tdm /h A/ time

1 Cooling oil pump 10.16 a4 7.66 2
2 Foil stand set 13.10 a4 4.94 2

Foil coil 3 Counter gear type 6.38 5 4.16 4
machine 4 Hydraulic oil pump 134 4 5.14 2
5 Coolant gutter 3.08 3 5.83 1
6 Cylinder set 5.00 2 3.11 2

Total loss time and frequency 51.57 22 30.84 13

Table 13 Comparative data on losses of foil coil winding machines.

Before improvements After improvements
(Average:Sep - Nov 2022) (Average:Jan - Mar 2023)
Machine Loss cause Loss Percent Loss Percent
Frequency . Frequency .
time loss time loss
(count) ) (count) .
(min) (%) (min) (%)
Cooling oil pump 4 3,050 9.77 2 1,380 4.56
Foil stand set 4 3,930 12.59 2 890 2.94
Foil coil  Counter gear type 5 2,300 737 4 1,250 4.79
machine Hydraulic oil pump 4 4,020 12.88 2 1,300 4.29
Coolant gutter 3 740 2.37 1 350 1.15
Cylinder set 2 900 2.88 2 560 1.85
Total 22 14,940 47.86 13 5,730 22.89
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Table 14 Compare the machine overall effectiveness (OEE) before and after improvements.

No. Before improvements After improvements OEE
(Sep - Nov 2022) (Jan - Mar 2023) percentage
A P Q OEE A P Q OEE increase
1 0.81 0.78 0.81 051 091 098 097 0.77 26
2 0.94 0.78 081 059 098 095 095 0.73 14
3 0.94 0.96 095 085 097 097 097 091 6
Average  0.89 084 085 063 095 09 096 0.80 17
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Figure 6 Data overall effectiveness of equipment before improvements (Sep - Nov 2022)
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Figure 7 Data overall effectiveness of equipment after improvements (Jan - Mar 2023)

Table 15 Comparative results of machine availability (A) before and after improvements

Month

Before improvements (Sep - Nov 2022)

Month

Tup
(hour)

(2022)

Tdm

(hour)

a

(time)

MTTF

(h/time)

MTTR
(hour)

A%

(2023)

After improvements (Jan - Mar 2023)

Tup

(hour)

Tdm
(hour)

a

MTTF
(time) (h/time)

MTTR

A%
(hour)

September 520
October 520
November 520

87
85
79

8
7
7

31.01
33.02
31.03

20.02
20.48
2391

92.84
93.16
92.12

Janualy
February
March

504
504
504

29
32
36

5
a4
a4

54.02
56.05
53.01

15.71 96.84

12.61 97.31

13.05 96.55

Total/Av. 520

80.66

22

31.68

21.47

92.70

Total/Av.

504

32.33

13

54.36

13.79 96.90
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Figure 8 Comparison of maintenance efficiency in terms of performance and reliability
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Figure 9 Comparison efficiency of maintenance performance
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