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Machining of Curved Surface of Wood by Ball End Mill

—A preliminary study on flat surface machining—
Katsunori Fujino®, Yutaka SAwWADA®, Yoshihisa Fujir* and Shogo OKUMURA®

A=W Z Y FINZEBAMOZREHIENT.ORELT B L LA FRHERE LT, CNCA—F 2HWTH N
te/ FEFEML Lz o LiFEERICE Lixd, B8, Y, SEEmicxds2TERY A, %) #E
TEMOBEBROEELRI L, A ETEEREHEREO =R THNEE: BRBEIC L > THEL 2. Z0E, T
B3O FIASEHEEIT IO L TIOR3 EIFEICER SNZEO RSN, BT 254t L0mo TE%
0 HICIK E N BBBIBOEEAHI L oz, T, HDPBWHEETICHTOBAICE, TRMEEMIEL L
W&o THRMICEWE LR85 2 ATEZ, 8618, RVEEOKTICE D Ho THEVHIZ IR o 72,
X—T7—FIFR=NVZ Y FIN, FEMNL, +EFHE, TEMOMER, %0 HE

In order to optimize the cutting conditions for machined surface by ball end mills, flat and edge grain surfaces of
boards of makanba and hinoki were cut by flat surface machining through the successive feed in an increment of 2
mm using a CNC router, and the effects of species, feed direction to the grain, feed speed, and tool inclination angle
on machined surface were examined. Machined surface were visualized three dimensionally and also observed by
the naked eye. The bottom of grooves, which were produced on workpiece surfaces, was not smooth when the feed
direction was parallel to the grain, while the ridge of grooves was rougher when perpendicular to the grain. The tool
inclination resulted in the smooth surface for the parallel feed to the grain, and the surface roughness was improved
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with the decrease of feed speed for all conditions.
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Fig.1. CNC router
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Unit: mm

1.36 0.52

Fig.2. Shape of ball end mills (i) and (ii)
Note: Tools (i) and (ii) have chisels on their tops, of which width
is 1.36 and 0.52 mm, respectively.
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Fig.3. Rake angle and relief angle of ball end mill
Notes: End rake angle: (i) 23.4°, (ii) 22.3°. End relief
angle: (i) 125°, (i) 12.0°.

; Feed
direction

Pick feed

Fig.4. Scheme of cutting
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Table.l. Experimental conditions

Experiment 1 2
Tool i i
Radius of ball nose (mm) 7.5
Inclination angle 0°, 15°
Wood species Makanba, Hinoki
Cut surface flat-grain flat-grain
edge-grain
Feed direction along and across the grain
Feed speed (m/min) 3.0 | 0.4,0.8,1.5,3.0
Spindle rotation (rpm) 12000
Depth of cut (mm) 0.5
Stroke (mm) 50
Pick feed (mm) 2.0

Tool inclination
angle: 15°

Fig5. Tool inclination
Note: Tool was inclined in the plane perpendicular to feed
direction and rotated to up cut the surface.

Machined surface

Direction of trace

Unit: mm

Fig6. The area of measurement of primary profile
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Fig.7. Machined surface estimated theoretically
Note: The origin of height is set at the bottom of profiles.
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Fig.8. Geometric profile by cutting edge
Notes: (1) Ideal edge. (2) Actual edge with chisel.
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Fig9. Three-dimensional distribution of primary profiles of machined surfaces for Experiment 1
Notes: Cut surface: flat grain. The origin of height is arbitrarily set.
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Fig.10. Comparison of actual and theoretical primary profiles for Experiment 1
Note: Characters, a - h, correspond to those in Fig9.

Flat the grain

Edge the grain

Fig.11. Comparison of actual profiles between flat and edge grain surface of makanba
Notes: Feed direction: across the grain. Tool inclination angle: 15°.
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Fig.12. Three-dimensional distribution of primary profiles of machined surfaces for makanba

in Experiment 2.

Notes: Cut surface: flat grain. The origin of height is arbitrarily set.
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Fig.13. The same as Fig.12, but for hinoki
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