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Effects of Cutter Runout on Cutting Forces in Up-endmilling of Inconel 718

Young-Moon Lee*, Seung-Han Yang', Seung-Il Jang™, Seung-Ki Baek", Sun-Il Kim™~, Dong-Sik Lee™

r , —r Abstract 1\—

In an end milling process, the undeformed chip section area and cutting forces vary periodically with the phase change
of the tool. However, the real undeformed chip section area deviates from the geometrically ideal one owing to the cutter
runout and tool shape error. In the current study, a method of estimating the real undeformed chip section area which
reflects the cutter runout and tool shape error is presented during up-end milling processes of Inconel 718. The specific
cutting forces, K and K; are defined as the radial and tangential cutting forces divided by the modified chip section area,
respectively. Both of the K, and K; values become smaller as the helix angle increases from 30° to 40°. Whereas they
become larger as the helix angle increases from 40° to 50°. The K, and K values show a tendency to decrease with increase

of the modified chip section area.
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Fig. 1 Cutting model of up end milling
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Fig. 2 Cutting force components in up-end milling
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Fig. 3 Spread undeformed chip cross section
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Fig. 4 Cutting edge length depends on cutting edge position
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Table 1 Cutting conditions

Diameter of tool (mm) 8
Radial depth of cut, a (mm) 1
Axial depth of cut, b (mm) 12
Cutting velocity, V (m/min) 30

Helix angle, §( ° ) 30, 40, 50
Number of tooth, z 4
Feed per tooth, St (mm) - 0.06
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Fig. 5 Undeformed chip section area(mmz) depending on time

Table 2 Undeformed chip area(mm’)

Helix angle ( ° ) 30 40 50
Max area (one tooth) 0.0919 | 0.0679 | 0.0478
Max area (total) 0.1378 | 0.1358 | 0.1357
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Fig. 6-1 Undeformed chip section area(mm’) and radial cutting force, F«(N) depending on time
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Fig. 6-2 Undeformed chip section area(mm’) and tangential cutting force, F(N) depending on time
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Fig. 7-1 Modified undeformed chip section area(mm’) and radial cutting force, F{N) depending on time
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Fig. 7-2 Modified undeformed chip section area(mm’) and tangential cutting force, F{N) depending on time
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Table 3 Specific cutting forces

Helix angle ( ° ) 30 40 50
Max. 270112 | 1862.88 | 2182.22
K 2 Avg. 2205.83 | 170624 | 1994.87
(N/mm’)
Min. 1899.87 | 1568.66 | 1901.45
Max. 273555 | 205230 | 2260.93
K 2) Avg, 2071.09 | 1875.53 | 2062.11
(N/mm’
Min. 1964.70 | 171806 | 1816.40
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® = rotation angle of tool

B = helix angle

S; = feed per tooth

r = radius of tool

a = radial depth of cut

b = axial depth of cut

h = undeformed chip thickness

F: = radial cutting force component
F; = tangential cutting force component
K: = radial specific cutting force

K: = tangential specific cutting force
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