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A Study on Simulation of Chip Recycling System for the
Management of Cutting Chip in 5-Axis FMS Line
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ABSTRACT

The primary element of machining automation is to maximize the utilization of machine tools, which
determines the output and lead-time. In particular, 95% of raw materials for wing ribs are cut into chips and
0.6 ton of chips are generated every hour from each machine tool. In order to verify the chip recycling
system that controls the chips from the machines in five-axis FMS line, a simulation of the virtual model is
constructed using the QUEST simulation program. The optimum speed of the chip conveyor and its operating
conditions that directly affect the efficiency of the FMS line are presented including the chip conveyor speed,
the maximum capacity of the hopper, and the number of chip compressors
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Fig. 1 Process sequence of the product and machining
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Table 1 Chip volume of machining processes

Table 2 Experimental design of the conveyor speed

Operation Machining type Magnification Size(mm/lkg)

NC 1st Rough 30 600x200x900

NC 2nd Rough & Finish 20 600x200x77

NC 3rd Finish 15 600x200x46
Slope conveyor Hinge conveyor

Chip volume
12000W) X 50(m)

Chip volume
6000w X 80(m)

200mm
200mm

1200mm

T T '
CV1/2=28800mm CV3/4=27900mm CV5/6=31500mm

(@

Simulation volume

Actual volume

()

Fig. 3 Conveyor size and 3D simulation volume
of chip

Case CVs/6 CV3/4 CV1/2

1 2m/min 3m/min 4m/min

2 3m/min 4m/min Sm/min

3 4m/min Sm/min 6m/min
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Fig. 6 CRS component connection and conveyor

Table 3 CRS component input data

Equipment No unit Specification
1, 2 100
Main Conveyor 3, 4 Speed mm/sec 83.3
5,6 50
Slope Conveyor
1~ 133.
(SCO) 6 Speed mm/sec 333
Hopper 1, 2 Capacity kg infinite
. . Uniform
Briquetter 1 ~6 Time sec/part (15.20)
BQ Conveyor
~ 4 Speed mm/sec 1333
(BQO) P
Box 1 ~ 2 Capacity kg 4000.0
. as any one
Truck - IAT min box.full
Chip - Length mm/kg 90mm/lkg
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Fig. 7 Basic scenario of CRS simulation
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Fig. 8 Speed relation of CRS component
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Table 4 The number of CRS simulation

Scenario Contents Case Details information
Al CV5/6=4m/min
S| CVS/t A2 CV5/6=3m/m%n
A3 CV5/6=2m/min
A4 CV5/6=1m/min
A5 CV3/4=4m/min
CV5/6=2m/min
A6 CV3/4=3m/min
© CV2/4 CV5/6=2m/min
(CVS/6 & 5714 A7 CV3/4=2m/min
CV5/6=2m/min
AS CV3/4=1m/min
CV5/6=2m/min
CV1/2=2m/min
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CV5/6=2m/min
CV1/2=2m/min
Al0 CV3/4=2m/min
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83 (CV3/4/5/6 4 =719k CV1/2=4m/min
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Table 5 Results of conveyor speed(Case A12)

Scenario Conveyor Speed Max. Load vs Capacity
(Case) No (m/min) (%)

CV1 4 58.5

Cv2 4 64.1

CV3 3 54.9
53 1AL Cv4 3 65.9

CV5 2 67.5

CV6 2 46.3

Hopper capacity(kg) = 9,999,999

Capacity(mm)
25,000

— €Vl — CV3 — CV5 — CV2 — CV4 — CV6

i J
e zm TV TR T TR TV TR T TR T um 1;01 Teor 17m
Time(xtomin)

Fig. 10 Result of Case A12 camrying capacity
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Fig. 11 Result of hopper capacity
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Fig. 12 Installation of chip recycling system
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