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ABSTRACT

This paper performs a systematic analysis for failures in gumelectro automatic overwrapping machines
using FTA technique. Data for failures which occurred from January, 1978 to June, 1983 are collected from
machinery maintenance department at L. Confectionery Co. Ltd. In order to analyse them, COBOL com-
puter program is performed because of a lot of time and effort. The minimal cut sets of the system failures

are obtained from computer program. Through a set of analyses, the critical basic failures are found out.
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Events to be developed further Basic Events
Inconsequential Events, Triangle-in Triangle-out.

or, Insufficient Data to Develop

Fig. 1. Events Symbols for Fault Tree Analysis.
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Fig. 2. Logic Gates for Fault Tree Analysis.
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Fig. 3. Fault Tree of Gum Electro Automatic
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[Table 1] Basic Events & Codes

(1) Breaker Section

Subsystem Code Contents Failure Rate (1)
Breaker Cutter 001 Wear 20x107%
Shaft Fajlure 002 Assembly Fault 10x107%
003 Oiling and Cleaning Fault 1.1x1073
Cutter Shaft 004 Wear 42x10-5
Metal Failure 005 Oiling Fault 6.6x10%
Hopper Pusher 006 Bending 1.1x107*
Failure 007 Stroke Fault 24x1072
Breaker Pusher 008 Wear 2.8x107%
Cam Failure 009 Timing Fault 3.5x1073
010 Broken 3.6x1074
Solenoid Relay 011 Contact Point Broken 1.6x1073
Failure 012 Setting Fault 2.7x1073
Solenoid Timer 013 TR Out Fault 48x10-4
Failure 014 Setting Fault 21x103
Micro Switch 015 Broken and Wear 6.0x10™*
Cam Lever Failure 016 Position Fault by Gap 3.2x10"3
017 Cleaning Fault 25x10°3
Micro Switch 018 Wear 6.2x107%
Cam Coro Failure 019 Position Fault by Gap 16x10-3
Micro Switch 020 Lead Wire Fault 29x10~4
Failure 021 Switch Broken 6.5x10™
022 Switch Contact Point Broken 1.2x10"2
(2) Silver Paper Flow Section
Silver Paper 1st 023 Broken 23x1073
Flow Roller 024 Roller Press Irregularity 5.7x10°3
Failure 025 Wear 13x10-3
Silver Paper 2nd 026 Broken 29x1073
Flow Roller 027 Roller Press Irregularity 46x1073
Failure 028 Wear 1.5x1073
Silver Paper 029 Wear 7.8x104
Cutter Failure 030 Broken 23x10™
Holder Breaker 031 Breaker Leather Wear 3.1x104
Failure 032 Breaker Press Irregularity 3.1x10"3




Table 1. Continued

Subsystem Code Contents Failure Rate
Silver Paper Cam 033 Broken 1.8x104
and Cover Failure 034 Cam Timing Fault 1.5x1072
Silver Paper Double 035 Broken 39x10°3
Big Gear Failure 036 Wear 36x1073
Silver Paper Double 037 Broken 3.3x1073
Small Gear Failure 038 Wear 2.7x1073
Silver Paper Double 039 Broken 1.1x1073
Gear Shaft Failure 040 Wear 13x1073
Silver Paper Double 041 Bearing Needle Broken 24x107°
Gear Shaft

Bearing Failure 042 Oiling Fault 1.1x1073
Silver Paper Turning 043 Broken 3.0x1072
Gear Shaft Failure 044 Wear 27x107?
Shaft Bushing 045 Oiling Fault 35x107
Failure 046 Wear 21x1073
Coupling Joint 047 Broken 15x1073
Failure 048 Wear 11x103
1dle Gear Shaft 049 Wear 13x1073
Failure 050 Broken 23x1073
Idle Gear Shaft 051 Wear 39x1073
Bushing Failure 052 Oiling Fault 1.6x1073

(3) Inner Turret Section

Inner Link Metal 053 Wear 3.8x107%
Failure 054 Oiling Fault 49x107*
Link Frame Liner F. 055 Liner Broken 52x107
Link Finger Pin Bolt Failure 056 Broken 11x1073
Link Finger 057 Wear 45x107%
Shaft Failure 058 Assembly Fault 29x107*
Turret Fish Failure 059 Press Irregularity 45x10™

060 Broken 35x1073
Turret Fish Coro 061 Coro Pin Broken 20x1073
Failure 062 Coro Pin Wear 15x1073
Gum Pressure Fixing 063 Broken 7.0x107%
Pin Failure 064 Wear 63x107%




Table 1. Continue

Subsystem Code Contents Failure Rate
Gum Pressure Lever 065 Press Irregularity 20x10-3
Failure 066 Broken 1.8x10°3
Rounding off the 067 Wear 1.8x1073
Edges Nail Failure 068 Assembly Fault 1.7x10-3
Level Adjustment 069 Assembly Fault 1.2x10"3
Bolt Faijlure 070 Broken 6.6x10~4
Inner Turret Joint 071 Assembly Fault 59x10~%
Failure 072 Joint Broken 3.1x107%
Turret Shaft Metal 073 Wear 78x107¢
Failure 074 Oiling Fault 41x10™4
(4) Label Flow Section
Label 1st Roller 075 Press Irregularity 2.2x1073
Failure 076 Wear 1.1x10™%
077 Broken 44x10*
Label 2nd Roller 078 Press Irregularity 2.3x%x10°3
Failure 079 Wear 1.0x1073
080 Broken 24x107°
Label 3rd Roller 081 Press Irregularity 1.6x103
Failure 082 Wear 25x1073
083 Broken 11x1073
Label Cleaner (A-Z) 084 Wear 2.7x1073
Frame Failure 085 Position Fault 23x1073
Label Motion 086 Wear 20x10°3
Big-Small Roller Failure 087 Broken 48x104
Label Motion 088 Wear 26x1073
Metal Failure 089 Oiling Fault 14x1072
Label Cutter Failure 090 Broken 30x107¢
091 Wear 45x103
Paste Box Roller 092 Bending 73 %1074
Failure 093 Cleaning Fault 35x1073
094 Wear 2.7x1073
BC3 Gear Failure 095 Wear 1.2x1073
096 Broken 6.1x10%
Arch Streke Adjustment 097 Setting Fault 33x1072
Joint Failure 098 Broken 2.7x107%
Arch Cam Failure 099 Timing Fault 23x1073
100 Broken 3.6x107°




Table 1. Continued

(5) Gear Box Section

Subsystem Code Contents Failure Rate
Middle Shaft Bearing 101 Oiling Fault 4.5x102
Failure 102 Wear 6.0x104
Middle Shaft Sprocket 103 Broken 2.9x10-4
Failure 104 Wear 1.1x1073
105 Assembly Fault 3.0x10-4
Link Turning Gear 106 Oiling Fault 1.1x10-3
Bearing Failure 107 Wear 40x10™4
Link Turning Shaft 108 Broken 2.7x1074
Failure 109 Wear 13x10~%
110 Oiling Fault 40x1072
Geneva Gear Shaft 111 Broken 1.5x104
Failure 112 Wear 1.1x10-4
113 Bending 1.2x1074
Geneva Metal ¥14 Wear 2.3x1074
Failure 115 Oiling Fault 29x104
Geneva Coro and 116 Wear 2.6x10°3
Pin Failure 117 Broken 1.6x10°3
Outer Turret 118 Assembly Fault 1.2x10™4
Shaft Failure 119 Wear 6.7x10-5
120 Cutting 3.3x10°5
Outer Turret 121 Wear 9.2x10°5
Metal Failure 122 Oiling Fault 1.3x104
Main Gear Failure 123 Broken 1.7x1074
124 Wear 9.2x10°5
Main Shaft Bearing 125 Oiling Fault 7.8x10-4
Failure 126 Wear 1.6 x 103
(6) Cellophane Silver Paper Flow Section (Overwrapping)
One-way Clutch 127 Assembly Fault 61x107*
Failure 128 Bending 11x104
129 Wear 5.0x10-5
130 Press Irregularity 7.8x10¢
Cellophane Silver 131 Press Lregularity 1.1x10-3
Paper 1st Roller 132 Wear 1.8x10%
Flow Failure 133 Oiling Fault 31 x10™

—B53-




Table 1. Continued

Subsystem Code Contents Failure Rate
Cellophane Silver 134 Press Irregularity 8.1x104
Paper 2nd Roller 135 Wear 36x10~4
Flow Failure 136 Oiling Fault 41x107%
Cellophane Silver 137 Assembly Fault 1.6x1074
Paper Cutter 138 Wear 5.0x107%
Shaft Failure 139 Bending 1.2x10 ¢
Wregly Cutter 140 Wear 1.6 x10 -3
Failure 141 Broken 1.5x104
142 Assembly Fault 36x10~%
Tumbler Lever 143 Assembly Fault 6.8x10~%
Failure 144 Position Fault 20x10"3
145 Wear 18x10™
2nd Rounding off 146 Broken 1.0x104
the Edges Nail Failure 147 Wear 1.6x1074
Wax Lever 148 Position Fault 1.5%1072
Failure 149 Wear 3.2x107%
Wax Roller 150 Timing Fault 1.8x1073
Failure 151 Wear 36x107%
Heater Block 152 Assembly Fault 2.2x1073
Failure 153 Wear 6.3x107%
2nd and 3rd 154 Position Fault by Gap 24x1073
Rounding off the 155 Wear 7.2x104
Edges Guide Failure 156 Broken 11x107?
(7) AMPand Electpic Section
Lamp House Lamp 157 Lamp Out 25x1073
Failure 158 Position Fault 3.0x1073
159 Cleaning Fault 27x1073
Photo TR Failure 160 Position Fault 1.1x10-3
161 Breaking of a Wire 39x10-4
Micro Switch 162 Breaking of a Wire 48x10™*
Failure 163 Broken 68x10~%
Lead Wire Failure 164 Breaking of a Wire 62x107%
165 Insulation Fault 5.1x107°
Heater Failure 166 Breaking of a Wire at Control Switch 41x10™4
167 Breaking of a Wire at Thermostat 49x10~4
Electronic Clutch 168 Wear 53x107%
Failure 169 Breaking of Lead Wire 23x1074
Magnetic Switch 170 Contact Point Wear 48x10*
Failure 171 Breaking of Lead Wire 14x107%
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Table 2. Minimal cut sets to cause system failure occurrence.
(The number of minimal cut sets is 256.)

1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd
Basic Basic Basic Basic Basic Basic Basic Basic Basic
Event Event Event Event Event Event Event Event Event
001 004 011 014 01s 012 014 018
001 005 011 014 016 012 014 019
002 004 011 014 017 012 014 020 i
002 005 011 014 018 012 014 021 '
003 004 011 014 019 012 014 022 |
003 005 011 014 020 023 026 !
006 011 014 021 023 027

007 011 014 023 023 028

008 012 013 015 024 026

009 012 013 016 024 027

010 012 013 017 024 028

011 013 015 012 013 018 025 026

011 013 016 012 013 019 025 027

011 013 017 012 013 020 025 028

011 013 018 012 013 021 029

011 013 ] 019 012 013 022 030 ‘
011 013 020 012 014 015 031 |
011 013 021 012 014 016 032 :
011 013 022 012 014 017 033

034 075 079 083 100

035 036 075 080 081 101 103 106
037 038 075 080 082 101 103 107

039 040 075 080 083 101 103 108

041 076 078 081 101 103 109

042 076 . 078 082 101 103 110

043 044 076 . 078 083 101 104 106

045 076 079 081 101 104 107

046 076 079 : 082 . 101 104 108

047 048 076 079 i 083 101 104 109

049 050 076 080 081 101 104 110

051 076 080 082 101 108 106

052 076 080 083 101 105 107

053 055 056 077 078 081 101 105 108

053 055 057 077 078 082 101 105 ; 109




1st 2nd 3rd st 2nd 3rd 1ts 2nd 3rd
Basic Basic Basic Basic Basic Basic Basic Basic Basic
Event Event Event Event Event Event Event Event Event
053 0S5 058 077 078 083 101 105 110
054 055 056 077 079 081 102 103 106
054 055 057 077 079 082 102 103 107
054 055 058 077 079 083 102 103 108
059 061 062 077 080 081 102 103 109
060 061 062 077 080 082 102 103 110
063 064 065 077 080 083 102 104 106
063 064 066 084 102 104 107
067 068 085 102 104 108
069 086 087 102 104 109
070 088 102 104 110
071 089 102 105 106
072 090 091 102 105 107
073 074 092 102 105 108
075 078 081 093 102 105 109
075 078 082 094 102 105 110
075 078 083 095 096 111

075 079 081 097 098 112

075 079 082 099 113

114 129 132 136 157 160 163
115 129 133 134 157 160 164
116 117 129 133 135 157 160 165
118 129 133 136 157 161 162
119 | 130 131 134 157 161 163
120 ¢ 130 131 135 157 161 164
121 | 130 131 136 157 161 165
122 130 132 134 158 160 162
123 124 130 132 135 158 160 163
128 | 130 132 136 158 160 164
126 130 133 134 158 160 165
127 131 134 130 133 135 158 161 162
127 131 135 130 133 136 158 161 163
127 131 136 137 158 161 164
127 132 134 138 158 161 165
127 132 135 139 159 160 162
127 132 136 140 159 160 163
127 133 134 141 159 160 164
127 133 135 142 159 160 165
127 133 136 143 159 161 162
128 131 134 144 159 161 163
128 131 135 145 159 161 164
128 131 136 146 147 159 161 165
128 132 134 148 150 166

128 132 135 148 151 167

128 132 136 149 150 168

128 133 134 149 151 169




1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd
Basic Basic Basic Basic Basic Basic Basic Basic Basic
Event Event Evnet Event Event Event Event Event Event
128 133 135 152 154 170
128 133 136 152 155 17
129 131 134 152 156
129 131 135 153 154
129 131 136 153 155
129 132 134 153 156
129 132 135 157 160 162
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Broken 29
Table 3. Basic Events to affect system failure Assembly Fault 11
greatly Oiling Fault 10
Pressure Fault 6
Code Bending 3
Number Contents The others 8
009 Timing Fault in Breaker Pusher Cam N
045 Oiling Fault in Shaft Bushing I & =&
051 Wear Fault in Idle Gear Shaft Bushing & FisEsl A = FTAf®ES st 24 Ada
093 Cleaning Fault in Paste Box Roller SR diEe) oial R AMT-E kgl o
032 Pressure Fault in Holder Breaker Bitgol A LA sl & S BEE #E SEst
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