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A Simulation Study on the Application of Cellular Manufacturing System

in the Automated Welding Line Producing Excavator—parts

Hye Jeong Kim - Seung Woo Lee - Dug Hee Moon

ABSTRACT

Mixed model production system means that various products are manufactured alternately in a line, and it has
become a popular system in the era of multi-product small-quantity production. However, in the mixed model
production system using flow line, the unbalance among stations is not inevitable because the workloads of stations
cannot be the same. Thus, flow line system has been replaced to cellular manufacturing system for reducing the loss
of waiting due to the unbalance of stations. In this paper, we introduce the simulation case study of an automated
welding line which produces the parts of excavator. The factory has considered replacing the mixed model flow line
to the cellular manufacturing system based on FMC concept. The increase of production quantity is estimated about
26.7%, and the lead time is reduced more than 55%. Furthermore sensitivity analyses are conducted considering the
changes of product-mix.

Key words : Mixed model, Cellular manufacturing system, Excavator, Welding processes, Simulation, Automation
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Fig. 1. Example of lower center frame of excavator

Table 1. Production quantities of model types

Model Type A | Type B | Type C Type D

Percentage | 23.2% 43.0% 9.4% 24.4%
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Table 2. Cycle times of tack welding and robot welding

Tack Robot welding cycle times (min)

welding| Robot | Robot | Robot | Robot
time 1 2 3 4

Type A| 295 | 22.1 | 235 24.4 22.0 | 92.0
Type B| 31.7 | 274 | 295 29.0 305 | 1164
Type C| 37.7 | 30.7 | 323 309 304 | 1243
Type D| 38.8 | 323 | 33.1 32.6 28.8 | 126.8

Total
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Table 3. Tool change frequencies and times of robots

As-Is To-Be
Cycle Cycle
Frequency time Frequency time
Tip and torch 1 unit 3 min| 1 unit |3 min

check

Other calibration| 20 units |10 min| 5 units |10 min

Wire 72 units |15 min| 18 units |15 min

Spring liner 360 units |10 min| 90 units |10 min

TCP revision 600 units |15 min| 150 units |15 min

Hose package | 800 units |20 min| 200 units |20 min

Torch change | 1400 units {20 min| 350 units {20 min

Long liner 2000 units {25 min| 500 units |25 min
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Table 4. Results of simulation (Daily throughput :Unit)

Table 7. Changes of cycle times (min)

As-Is To-Be To-Be Final Increment
Mean |[95% CI.| Mean | 95% C.L Type A 92.0 92.0 0.0
Type A 7.02 +0.16 8.69 +0.23 Type B 116.4 119.0 2.6
Type B 1291 +0.18 15.82 +0.23 Type C 1243 143.0 18.7
Type C 2.78 +0.09 3.50 +0.14 Type D 126.8 145.0 18.2
Type D 7.19 +0.23 8.86 +0.23
Bl 29.91 +0.24 36.87 +0.06 Table 8. Comparison of To-Be model and final model
Daily throughput(Unit)| Lead time (min)
Table 5. Results of simulation (Utilizations : %) To-Be Final To-Be Final
As-Is To-Be Type A 8.69 8.70 110.3 139.8
Mean [95% CI.| Mean | 95% C.L Type B 15.82 15.83 128.7 154.7
AGV 78.51 +1.19 25.55 +0.12 Type C 3.50 3.49 1343 174.3
Robot 1 89.00 +0.18 88.25 +0.25 Type D 8.86 8.87 136.7 176.7
Robot 2 88.27 +0.31 87.68 +0.46 A 36.87 36.89

Robot 3 87.54 +0.45 85.95 +0.26
Robot 4 85.44 +0.30 83.79 +0.37
Stock 1 92.10 +0.21 0.00 +0.00
Stock 2 86.08 +1.44 0.00 +0.00
Stock 3 66.02 +4.78 0.13 +0.02
Stock 4 33.51 +9.46 3.97 +0.10

Table 6. Results of simulation (Lead Time : min)

As-Is To-Be
Mean |95% CI.| Mean | 95% C.L
Type A 266.4 +4.67 110.3 +0.35
Type B 293.7 +2.86 128.7 +0.23
Type C 301.6 +3.12 1343 +0.39
Type D 300.4 +3.23 136.7 +0.25
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Table 9. Production percentages for sensitivity analysis (%)

Type A | Type B | Type C | Type D
Final 23.2 43.0 9.4 24.4
Case 1 10.6 63.1 7.7 18.5
Case 2 18.2 553 8.9 17.6
Case 3 18.8 41.0 11.6 28.6
Case 4 12.1 51.6 9.1 273
Case 5 16.7 372 12.3 33.8

Table 10. Daily throughputs of sensitivity analysis (unit)

Type A | Type B | Type C |Type D| Total
Final 8.70 15.83 3.49 8.87 | 36.89
Case 1 3.92 23.22 2.73 6.77 | 36.65
Case 2 8.70 15.83 3.49 8.87 | 36.89
Case 3 6.92 14.79 4.30 10.27 | 36.28
Case 4 4.43 18.62 3.37 9.68 | 36.08
Case 5 6.05 13.10 453 12.00 | 35.68
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