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The runout of the end mill with two teeth affects the machined micro profile
during side milling. In this research, the influence of critical runout on the surface
roughness and mean width of profile elements is studied using a theoretical
model, geometrical simulation, and experiment. The surface roughness values
obtained using the theoretical model and via geometrical simulation were similar.
However, they were lower than the value obtained experimentally because of the
cutting mechanism. The average width of the profile element is equal to the feed
per tooth when the runout is lower than the average critical runout; otherwise, it
is double. Generally, runout increases the surface roughness. However, it does
not affect the roughness if it is greater than the maximum critical runout.
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Fig. 1 Runout, feed per tooth and ideal surface roughness in
case of side milling
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where,
Rimax :

7 . Tool radius

Ideal maximum roughness

x : Horizontal distance from valley to peak
e : Radial runout of two teeth
f: . Feed per tooth
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Fig. 3 Ciritical runout, feed per tooth and ideal surface roughness
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Fig. 4 Geometrical simulation of side milling using depth buffer
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Table 1 Experimental equipments in steel machining test

Table 2 Experimental conditions in steel machining test

Equipments Model Specification Condition Unit Value
- - : dl
Machining Vesta 1000 Spmdle(max). 10,000 rpm Spindle rpm 5000
center Feed(max): 36 m/min Feed per tooth mm/tooth 0.1, 0.2
TESA Tronic Resolution / range Depth of cut mm Axial 5, Radial 0.05
LVDT sensor 0.2 pm / £10 pm
10 Runout um 0.3, 2.5, 11
0.1 pm / £ 5 pm
. Resolution / range
M
R"t“gimress S‘Jtuztgz" 0.1 pm / 100 pm L5 (um)
este 0.01 pm / 10 um
Flat endmill
Tool OSG ®10 mm, 2 edges, carbide 0
Workpiece SM45C 100 x 100 x 50 mm 0 05 1 15 2

Fig. 6 Runout measurement with LVDT sensor
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Fig. 8 Runout and dynamic chatter surface
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Fig. 9 Critical runout, feed per tooth and experiment roughness
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