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Generalized Method for Constructing
Cutting Force Coefficients Database in End-milling

Seong Ho Ahn’, Jeong Hoon Ko"*, Dong-Woo Cho”

ABSTRACT

Productivity and machining performance can be improved by cutting analysis including cutting force prediction,
surface error prediction and machining stability evaluation. In order to perform cutting analysis, cutting force
coefficients database have to be constructed. Since cutting force coefficients are dependent on cutting condition in the
existing research, a large number of calibration tests are needed to obtain cutting force coefficients, which makes it
difficult to build the cutting force coefficients database. This paper proposes a generalized method for constructing the
cutting force coefficients database using cutting-condition-independent coefficients. The tool geometry and workpiece
material were considered as important components for database construction. Cutting force coefficients were calculated
and analyzed for various helix and rake angles as well as for several workpiece. Furthermore, the variation of cutting
force coefficients according to tool wear was analyzed. Tool wear was found to affect tool geometry, which results in the

change of cutting force coefficients.

Key Words : Cutting Force Coefficients(24t2 7l<r), Cutting Condition(H 2+ 273), Tool Geometry(3 7 ¥/,
Workpiece Material(A]38 A 3&), Tool Wear(F 7 FI2)
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Fig. 1 Cutter geometry, coordinate system and unit
vectors on the rake surface
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Fig. 2 Extraction of the cutting forces generated by one
helical edge of a single disk elements °
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Table 1 Experiment condition

Carbide endmill(2 flutes)
Feed rate = 160 mm/min, Spindle revolutions = 1000 rpm
Test A TiAIN coated carbide, Carbide,
(Tool High speed steel
material) | AI2024-T4, , w = 3 mm, d;/d, =2 mn/1.5 mm
Test B
(Coolant Coolant on/off
on/off) SCM 440, w = 2 mm, dy/dy= 2 muv/1.5 mm
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| « TIAN coated carbide endmill |

I > Carbide endmill
+ High speed steel enamill
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Fig. 3 Variation of K s with respect to tool material.
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Fig. 4 Variation of K s with respect to coolant on/off.
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Table 3 Relationship between hardness and K
Hardness Kn(A)(MPa)
12 2037.5
20 2297.6
30 2568.8
40 2769.1
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Fig. 12 Relationship between hardness and K
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Table 5 K, with respect to workpiece material
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—- Simulated cutting forces|
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Cutter rotation angle{deg.]

Fig. 13 Comparison between simulated and measured
cutting forces (SKD11, HRC = 50, width of cut
= 0.5mm, depth of cut = 2mm, feed rate =
200mm/min)
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Z
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Cutter rotation angle[deg.]
Fig. 14 Comparison between simulated and measured

cutting forces (SKD61, HRC = 17, width of cut
1 mm, depth of cut = 2mm, feed rate =
200mm/min)
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Table 6 Wear land length
Tool 1 Tool 2 Tool 3 Tool 4
Wear land ength 0 81.3 1254 | 159.7
(um)

Table 7 Relationship between wear land length and K,

Wear land

length(u m) In(Kn(A1)) K«(A1)(MPa)
0 7.2736 1441.8
81.3 7.3713 1589.6
125.4 7.4974 1803.3
159.7 7.5815 1961.6
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Table 8 Experiment condition

Feed ra.te rcvc’li.l?ltt)ilons (;;:irég Feed per tooth

(mm/min} (rpm) (mm/min) {mm/tooth)
Test 1 40 1000 31416 0.020
Test 2 60 1000 31416 0.030
Test 3 80 1000 31416 0.040
Test 4 100 1000 31416 0.050
Test 5 100 800 25133 0.063
Test 6 100 1200 37699 0.042
Test 7 100 1400 43982 0.036

A2t Zo|(Cutting length)i= 2] (13)o] <& At

.
I, = (27R-RPM)-(l, | F,) (13)

l: Cutting length, lg : Movement distance,
F,: Nominal feed rate
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Fig. 17 Wear land length with respect to spindle speed
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Table 9 Experiment condition & predicted K,

Spindle . Predicted
Feed rate y Cutting length Kq[A{]
(mm/min) “V("l_‘:)‘:,';’“s (mm/min) "E:;J:’l‘fl')" (MPa)
Test 1 100 1100 967611 200 2068.0
Test 2 50 1000 659736 170 1953.5
600 oo
500 F The measured cutting forces The measured cutting forces
(Wear length=200) T(Wearlength=0) " !
Z A0 e preticies
E 300 Nm:?f::;:aas’zom A
2 200 |- /
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Cutter rotation angle[deg.]

Fig. 18 Comparison between simulated and measured
cutting forces (Test 1)
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Fig. 19 Comparison between simulated and measured
cutting forces (Test 2)
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