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Fig.1 Flexible process and operation planning
system

(a) Initial shape of workpiece

(b) Finished shape of workpiece

(¢) Total Removal Volume (TRV)

Fig.2 Initial and finished shapes of workpiece and Total Removal Volume (TRV) to be machined
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Fig.3 Machining primitives generated from TRV and machining sequence determined from geometric relation

among machining primitives
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Fig.4 Machining features considered in this study
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(a) Initial shape (b) Finished shape

(¢) Total Removal Volume (TRV)
Fig. 6 Machining shape for experimental verification
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Table 1 Requirements to select cutting parameters
Work material FC250
Tool Type End mill / Ball end mill /Face mill /
Drill
Material Carbide
Coating Coated
Finish condition Rough

Machining Selection of cutting tool
feature . .
TTosed Pockot T Tool diameter. 1 <w. Table 2 Cutting tools prepared for.experlment
/ Fnd mill which satisfios Tool ID Tool Lype Diameter (mm)
5 < 1 End mill 6
X =
w 2 End mill 10
Open Pocket [Flat end mill which has maximum diameter 3 End mill 16
Closed Slot w @ Width of slot. 4 Ball end mill 6
l End mill which satisfies 5 Ball end mill 10
3x < w 6 Face mill 80
W 7 Center drill 3
Open Slot w @ Width of slot. 3 Drill 10
End mill which satisfies
{
3x =w . .. .
Table 3 Predicted productivity for each operation
W plan
Face Face mill which has maximum diameter Division Productivity
Step Face mill which has maximum diameter plan
Thorough Hole Drill which fit to hole Plan 1 Cutting time (sec) 1806
Blind Hole Drill which fit to hole Number of tool change 8
Free Form Ball end mill which has maximum diameter Plan 2 Cutting time (sec) 1786
Number of tool change 6
Fig.5 Selection of cutting tool and its diameter o 3 Cutting time (sec) 1805
for each machining feature Number of tool change 8
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Table 4 Results of process and operation planning for direct machining experiment

Tool path pattern [ ® 80, Scanning—line

® 10, Contour—line

® 16, Scanning—line

Operation 1 2 3 4 5
sequence
Cutting tool, Face mill End mill End mill End mill End mill

® 10, Scanning—line | ® 10, Scanning—1line

mode mode mode mode mode
Cutting S 1000rpm S 2450rpm S 1680rpm S 2450rpm S 2450rpm
parameters F 230mm/min F 346mm/min F 241mm/min F 346mm/min F 346mm/min
RD 8. Omm RD 1. 6mm RD 4. 5mm RD 1. 6mm RD 1. 6mm
AD 5. Omm AD 3. 8mm AD 2. 1mm AD 3. 8mm AD 3. 8mm
Machining Face Closed Pocket Open Pocket Closed Slot Closed Slot
feature

Machining primitive

4

>
¢ V¥

Operation sequence 6 7 8 9 10
Cutting tool, Tool End mill End mill Ball End mill Center drill Drill & 10,Drilling
path pattern ® 6, Scanning—line | ® 6, Scanning—line | ® 10, Scanning-line | ® 3,Drilling mode mode
mode mode mode
Cutting parameters S 3539rpm S 3539rpm S 2580rpm S 1154rpm S 848rpm
F 413mm/min F 413mm/min F 335mm/min F 232mm/min F 180mm/min
RD 1. 2mm RD 1.2mm RD 1. 3mm
AD 2. 1mm AD 2. 1mm AD 3. 2mm
Machining feature Closed Slot Open Slot Free Form Blind Hole Blind Hole
Machining
primitive ‘ . ‘
\ [ \ e [
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Fig.7 Setup for direct machining experiment

Fig.8 Finished shape obtained by experiment
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(b) STL data
Fig.9 Target shape for practical direct machining

(a) Original 3D CAD data
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Table 5 Process planning parameters and finished shapes in direct machining operation

Operation

(Total : 113 min 25 s)

sequence ! 2 3
Operation Rough Semi—finish Finish
Cutting tool, Tool path Ball end mill & 8, Ball end mill & 8, Ball end mill & 6,

pattern Contour—-line mode Scanning—line mode Scanning—line mode
Spindle speed (min-1) 6000 6000 10000
Feed speed (mm/min) 1500 1500 1412
Radial depth of cut (mm) 1.8 1.8 0.1
Axial depth of cut (mm) 1. 007 0.5 0.1
Cutting time 46 min 16 s 4 min 2 s 63 min 7 s

Machining result

Table 6 Process planning parameters and cutting time in conventional machining operation

Operation sequence 1 2 3 4 5 6 7
Operation Rough Rough Rough Semi—finish Finish Finish Finish
Tool path pattern Contour Pocket Pocket Contour Pocket Pocket Contour
Spindle speed (min-1) 10000 10000 10000 10000 10000 10000 12000
Feed speed (mm/min) 1500 1500 1500 1500 1500 1500 1500
Radial depth of cut 3.0 0.3 0.3 0.3 0.3 0.3 In cusp
(mm)
Axial depth of cut (mm) 0.5 0.5 0.5 0.5 0.5 0.5 |  -—
Cutting time M3minds | Imni3s | 6mn35s | 4min3s | 3min5s | 18 min 52 s | 20 min 47 s
(Total : 98 min 12 s)

(a) Conventional machining operation

(b) Direct machining operation

Fig. 10 Finished shapes in practical direct machining experiment
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