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This study deals with replacement analysis of deteriorated equipment for improving productivity of production system. Frequent
breakdown of the deteriorated equipment causes a situation that reduces productivity such as low product quality, process delay,
and repair cost. However, the replacement of new equipment will be required a high initial investment cost, so it is important
to analysis the economic feasibility. Therefore, we analyze the effect of the production system due to the aging effect of the
equipment and the feasibility of equipment replacement based on the economic analysis. The process flow, working time, logistics
movement, etc. are analyzed in order to build the simulation modeling for a ship and land switchboard production system. Using
numerical examples, the economic feasibility analysis of equipment replacement through replacement of existing deteriorated equip-
ment and additional arrangement of new facilities is performed.
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<Figure 1> Production Process for Ship/land Switchboard
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<Table 1> Equipment Used in the Process

Equipment
Process —
Logistic Work
CNC Punching Punching Machine
Bending Bending Machine
. Crane/ . .
Welding Fork lift Welding Machine
Grinding Grinding Machine
Painting -
Frame Assembly Crane
PINBO Mounting Electric
BUSBAR Assembly Hand-Car Screwdriver/Spanner
Final Assembly
Quality Inspection
. Crane/ .
Final Test Hand-Car Test Equipment
Packing
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<Table 2> Processing Time for Ship Switchboard

Processing Time
Process (dd:hh:mm:ss)
Mean Stdv.

CNC Punching 1:19:12:00 0:01:17:34
Bending 1:19:12:00 0:01:17:34
Welding 0:21:36:00 0:00:38:53
Grinding 1:04:48:00 0:00:51:12
Surface Painting 1:04:48:00 0:00:51:12
Frame Assebly 3:00:00:00 0:02:09:24
PINBO Mounting 0:14:24:00 0:00:25:55
BUSBAR Assembly 0:14:24:00 0:00:25:55
Final Assembly 3:00:00:00 0:02:09:24
Quality Test 3:00:00:00 0:02:09:24
Final Test 1:19:12:00 0:01:17:34
Packing 0:21:36:00 0:00:38:53
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<Table 3> Processing Time for Land Switchboard

Processing Time
Process (dd:hh:mm:ss)
Mean Stdv.

CNC Punching 1:20:09:36 0:01:19:17
Bending 1:20:09:36 0:01:19:17
Welding 0:22:40:48 0:00:40:49
Grinding 1:05:02:24 0:00:52:04
Surface Painting 1:05:02:24 0:00:52:04
Frame Assebly 3:00:00:00 0:02:09:24
PINBO Mounting 0:15:07:12 0:00:27:13
BUSBAR Assembly 0:15:07:12 0:00:27:13
Final Assembly 3:00:00:00 0:02:09:24
Quality Test 3:00:00:00 0:02:09:24
Final Test 1:20:09:36 0:01:19:17
Packing 0:22:40:48 0:00:40:49
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<Figure 2> Lay-out & Process Flow
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{Table 4> Cost Factor for Simulation

Cost Factor Input data
General Simulation time 876,000
Purchase Cost 50,000,000
Repair Cost 1,000,000
Cost Labor Cost(h) 15,000
Land 2,500,000
Lost Cost(EA) -
Ship 3,000,000
Time Repair Time(h) 168
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<Figure 4> Comparison of Total Production due to Decreased
Reliability of One Equipment
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<Table 5> Comparison of Working Time(%) Comparison of Lost Sale Costs due to Decreased Reliability of One Equipment

Process Working(%)
95% 80% 60% 40%

CNC Punching 57.51 54.34 48.19 37.15
Bending 57.55 54.38 48.22 37.18
Welding 19.18 18.12 16.07 12.39
Grinding 9.59 9.06 8.03 6.19

Surface_Painting 38.36 36.25 32.14 24.77

Frame Assebly 95.88 90.61 80.35 61.95

Process Ground Ship Ground Ship Ground Ship Ground Ship
PINBO Mounting 62.32 35.79 58.88 3322 5222 29.08 40.23 22.74
BUSBAR Assembly 37.38 21.47 35.32 19.93 3132 17.44 24.14 13.64
Final Assembly 37.39 2148 35.33 19.94 31.33 17.45 24.14 13.64
Quality Test 12.47 7.16 11.78 6.64 10.45 5.81 8.05 4.55
Final Test 57.50 57.50 54.33 5433 48.17 48.17 37.13 37.13
Packing 37.40 2148 35.33 19.93 3132 17.44 24.15 13.63
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{Table 6> Comparison of Lost Sale Cost due to Decreased
Reliability of Multi-inspection Equipment

Lost Cost (Unit: 10,000won)
Product Labor Repair Total
CASE 1 21,400 80,574 10,429 11,240
CASE 2 -5,600 -21,103 13,036 -1,867
CASE 3 -6,100 -21,129 15,643 -2,159
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<Table 7> Comparison of Working Time(%) due to Decreased Reliability of Multi-Equipment

Process Working(%)
CASE 1 CASE 2 CASE 3

CNC Punching 54.34 58.46 58.46

Bending 54.38 58.50 58.50

Welding 18.12 19.49 19.49

Grinding 9.06 9.75 9.75

Surface_Painting 36.25 38.99 38.99

Frame Assebly 90.61 97.46 97.46
Process Ground Ship Ground Ship Ground Ship
PINBO Mounting 58.88 33.22 63.35 35.79 63.35 35.79
BUSBAR Assembly 35.32 19.93 37.99 2147 37.99 21.47
Final Assembly 35.33 19.94 38.01 21.48 38.01 21.48
Quality Test 11.78 6.64 12.68 7.16 12.68 7.16
Final Test 54.33 54.33 58.46 58.46 58.47 58.47
Packing 35.33 19.93 38.01 21.48 38.01 21.48
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