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Analysis of Chip Thickness Model in Ball-end Milling

Ki-Joung Sim*, Sang-Don Mun"

|[ Abstract |

This paper describes a analysis on the chip thickness model required for cutting force simulation in ball-end milling.
In milling, cutting forces are obtained by multiplying chip area to specific cutting forces in each cutting instance.
Specific cutting forces are one of the important factors for cutting force predication and have unique value according
to workpiece materials. Chip area in two dimensional cutting is simply calculated using depth of cut and feed, but
not simply obtained in three dimensional cutting such as milling due to complex cutting mechanics. In ball-end milling,
machining is almost performed in the ball part of the cutter and tool radius is varied along contact point of the cutter
and workpiece. In result, the cutting speed and the effective helix angle are changed according to length from the
tool tip. In this study, for chip thickness model analysis, tool and chip geometry are analyzed and then the definition
of chip thickness and estimation method are described. The resulted of analysis are verified by compared with
geometrical simulation and other research. The proposed chip thickness model is more precise.

Key Words : chip thickness(%5=7)), chip area(FerH4]), helix angle(++412}), depth of cut(Zd4F7Z10]), cutting force(4H=),
specific cutting force(H]Z2412)
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Fig. 1 General tool geometry of the end mill
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Fig. 2 Geometric model of the ball-end mill
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Fig. 3 Tool deflection model of the ball-end mill
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Table 1 Calculations of the tool geometry(spindle
speed: 2,400rpm, tool radius: Smm, PL)
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Table 2 Calculations of the chip thickness(spindle
speed: 2,400rpm, feed: 0.08mm/tooth, PL)

0,(0,2), 60° 6,(8,2), 40°
z(mm)
proposal basic proposal basic
0.0308 0.0432 0.0444 0.0320 0.03
0.0309 0.0432 0.0445 0.0319 0.05
0.0311 0.0430 0.0446 0.0317 0.09
0.0314 0.0429 0.0449 0.0315 0.15
0.0316 0.0427 0.0450 0.0313 0.19
0.0318 0.0426 0.0452 0.0311 0.23
0.0321 0.0424 0.0454 0.0308 0.29
0.0323 0.0423 0.0455 0.0307 0.32

Table 3 Calculations of the chip thickness(spindle

speed: 2,400rpm, feed: 0.08mm/tooth, 15IN)

z R(2) 8(z) v 6(z)

(mm) (mm) (% | (/min) | (°) 6;(6,2), 53° 0,(6:2), 45°
z(mm)

0 0 0 0 40 proposal basic proposal basic
0.03 0.55 3.61 8.25 39.80 0.0355 0.0394 0.0407 0.0347 0.15
0.07 0.83 5.50 12.57 39.54 0.0360 0.0390 0.0411 0.0343 0.25
0.11 1.04 6.87 15.73 39.27 0.0364 0.0387 0.0415 0.0339 0.35
0.15 1.22 7.99 18.33 39.01 0.0369 0.0383 0.0419 0.0335 0.45
0.19 1.37 8.96 20.59 38.74 0.0371 0.0381 0.0420 0.0333 0.5
0.23 1.50 9.82 22.60 38.49 0.0373 0.0379 0.0422 0.0330 0.55
0.27 1.62 10.60 24.44 38.22 0.0377 0.0376 0.0426 0.0326 0.65
0.32 1.76 11.49 26.54 37.88 0.0380 0.0374 0.0428 0.0324 0.7
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Table 4 Calculations of the chip thickness(spindle
speed: 2,400rpm, feed: 0.08mm/tooth, 158U)

0,(0,2), 31° 6,(0,2), 24°
z(mm)

proposal basic proposal basic

0.0217 0.0214 0.0272 0.0158 0.85
0.0222 0.0209 0.0277 0.0152 0.95
0.0227 0.0204 0.0282 0.0147 1.05
0.0233 0.0199 0.0288 0.0141 1.15
0.0235 0.0196 0.0290 0.0138 1.2
0.0238 0.0193 0.0293 0.0136 1.25
0.0241 0.0191 0.0295 0.0133 1.3
0.0243 0.0188 0.0298 0.0130 1.35
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