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Effects of Cutting Conditions on Specific Cutting Force Coefficients in Milling

Sin-Young Lee*

JL Abstract lr

A teasonable analysis of cutting force in end milling may give much advantage to improvement of productivity and
cutting tool life. In order to analyze cutting force, the cutting dynamics was modelled mathematically by using chip load,
cutting geometry, and the relationship between cutting forces and the chip load. Specific cutting constants of the cutting
dynamics model were obtained by average cutting forces, tool diameter, cutting speed, feed, axial depth, and radial depth
of cut. The effects of the cutting conditions on the specific cutting force constants in milling were studied. The model

is verified through comparisons of model predicted cutting forces with measured cutting forces obtained from machining
experiments.

Key Words :  End Milling(A1=% 7Hg), Cutting Force(H4}e)), Prediction(%1%), Chip Load(% £:3}), Depth of Cut(H4}3lol),
Machining Experiment(7F& Ald)
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Axial depth of cut

Fig. 1 End mill and its axial elements
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N, N,
F) = 2 2(— AF (i, k) sin[Ai, k0]
+ AF (i, k, D cos[B(i, k, D]} (5)
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F(h= 2 §{+ AF (i, k, B cos[B(i, k, ]
+ AF (i, k, ) sin[B(7, £, 0]} (6)
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Table 1 Specifications of experimental apparatus

model : Tongil TNV-40

VZS;:EI bed size : 900X 410 mm
m ng feedrate: 1~5000 mm/min
center

spindle speed: 40~4000 rpm

model: Kistler 9257B
Tool range: +5 kN
dynamometer resolution: 0.01 N
sensitivity: 7.5 pC/N

model: Kistler 5019A

Charge measuring range: 999000 pC
amplifier frequency range: 0~200 kHz
sensitivity : 9.99 pC/M.U.
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Table 2 Specifications of end mill

End mill Specification
diameter (mm) 16 20
flutes 2 2

total length (mm) 95 115
shank length (mm) 53 70
cutting edge length(mm) 30 32
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Table 3 Cutting conditions for tests

End mill diameter(mm) ¢ 20 J ¢ 16
Radial depth of cut, Rq (mm) 2, 4,6, 8 10
Axial depth of cut, Ay (mm) 12, 20

Feed rate (mm/min) 67, 85 85, 120

spindle speed (R. P. M.) | 480, 600 | 600, 900
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Table 4 Specific cutting force coefficients(Tool dia. 16)
Rd
rpm | feed | Ad
2 14 16 18110
%5 12 1.369.3251.330].350] .342
600 20 |.405|.383|.356.351| .347
120 12 1.360].350{.343|.338] .344
Kr 20 |.394|.357|.346 |.341| .306
%101 85 12 1.439|.376|.399|.323( .417
900 20 |.513.439].425|.423] 430
120 12 |.404|.408|.401[.348( .346
20 | .4621.3081.312].327].360
g5 12 1.374|.249{.375]|.476| .539
600 20 |.508].359(.344|.356] 381
120 12 1.254.4391.489).515] .548
Kx 20 [.425].395(.385].398] .390
85 12 |1.256 | .388 |.505{.414| .634
900 20 |.441(.417|.422].431] 432
120 12 1.327].533].606.541.594
20 |.632].282.357|.403] .271




Table 5 Specific cutting force coefficients(Tool dia. 20)
Rd

2 14 |6 18 |10
12 |.4531.6061.546| 477 {.546
20 |.546].556 | 461 .518(.349
85 12 |.696 | .616 | .608 | .602 |.608
Kr 20 ) .605].570 | .572 ] .586 |.658
x 101 67 12 | 668 | 639 |.616| .611 |.688
600 20 1.569|.603 | .598 | .612 |.642
12 1.440| 549 [ .586 | .637 | 661
20 1.619].719].746 | .779 | 811
12 |.463 | .351.360| .563 [ 408
20| .217] 421 .630| 422 [ 414
12 1.506 | .470 | .470| 479 |.483
20 | .584].520 [ .492] 465 | 471
12 1.399 | 447 .4601 475 |.605
20 [.532].555].543 | .541 |.544
12 | .474] 438 | .474 | 540 |.562
20 [.276 ] .606 | .562 1 .555 |.556

pm {feed| Ad

67

430

85

67

430

85

Kg

67
600

85

Table 6 Analysis of variance for K (Tool dia. 16mm)

Source SS DOF| MS | F ratio
Ft(Feed/tooth) | 4.21e-2 | 3 | 1.40e-2 | 17.13
Ad 7224 | 1 [722e-4] 088

Rd 1.89%-2 | 4 [4.72¢-3| 5.76

Feed - Ad 497e-3 | 3 | 1.66¢e-3 2.02
Feed - Rd 4.76e-3 | 12 | 397e-4| 048
Ad - Rd 468¢-3 | 4 | 1.17e-3 1.43
Error 9.83e-3 | 12 | 8.19¢-4
Total 8.5%-2 | 39
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Table 7 Analysis of variance for K5 (Tool dia. 16mm)

Source SS DOF| MS F ratio
Ft(feed/tooth) 1.8%-2 | 3 | 6.29%-3 1.59
Ad 2932 | 1 | 2932 7.39

Rd 425-2 | 4 | 1.06¢e-2 2.68

Feed - Ad 2162 | 3 | 7.12e-3 1.82
Feed - Rd 5.80e-2 | 12 | 4.83¢-3 1.22

Ad - Rd 1.90e-1 4 | 476e2 | 12.00
Error 4.76e-2 1 12 | 3.96¢-3
Total 4.08e-1 | 39

Table 8 Analysis of variance for K1 (Tool dia. 20mm)

Source SS DOF| MS F ratio
Ft fed/tooth) 1.26e-1 | 3 | 4.2le-2 | 1623
Ad 1773 | 1 | L77e-3 0.68
Rd 9.49-3 | 4 | 2373 0.92

Feed - Ad 721e2 | 3 | 2.40e-2 9.26
Feed - Rd 7.05e-2 | 12 | 5.88e-3 227

Ad -Rd 3.10e-3 | 4 | 7.76e-4 0.30
Error 3.11e-3 | 12 | 2.5%-3
Total 3.14e-1 | 39

Table 9 Analysis of variance for K (Tool dia. 20mm)

Source SS DOF| MS F ratio

Ft feed/tooth) 4.68¢2 | 3 | 1.56e-2| 229
Ad 570e3 | 1 | 5.70e-3 0.84

Rd 317e2 | 4 | 7.93e-3 1.16

Feed - Ad 731e-3 | 3 | 2.44e3 0.36
Feed - Rd 6.87¢-2 | 12 | 5.72¢-3 0.84

Ad - Rd 4.88e-2 4 1 1.22-2 1.79
Error 8.18e-2 | 12 | 6.82¢-3
Total 291e-1 | 39
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Fig. 2 Average cutting force(dia. 16, 600rpm, F85)
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Fig. 3 Average cutting force(dia.16, 600rpm, F120)
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Fig. 4 Average cutting forces(dia. 20, 480rpm, F67)
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Fig. 5 Average cutting forces(dia. 20, 480rpm, F85)
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Fig. 6 Average cutting forces(dia. 16, x-axis force)
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Fig. 7 Average cutting forces (dia. 16, y-axis force)
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Fig. 9 Average cutting forces(dia. 20, y-axis force)
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