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Abstract

Purpose: Through the simulation and test analysis of drilling high strength steel, cutting regimes are
studied quantitatively for the influence law of cutting force and torque, to improve the quality of the
workpiece life and processing efficiency to provide a theoretical basis. Means: Finite element analy-
sis software is used for simulation analysis; a 3D drilling model is established; single factor control
variable method is adopted. Then, the change rules of axial force and torque of drilling under dif-
ferent cutting regimes are obtained by calculation and analysis. The orthogonal experiment design
is used in the experimental study. Relevant data of axial force and torque are obtained by means of
Kistler three-way dynamic piezoelectric plate dynamometer and DynoWare software. Then, the
change rules of axial force and torque of drilling under different cutting regimes are obtained by
calculation and analysis. Conclusion: The simulation results of drilling are consistent with the cut-
ting experimental results; the cutting force increases with the increase of the cutting speed; torque
decreases with the increase of cutting speed; both cutting force and torque increase with the in-
crease of feed; the cutting force and torque increase with the increase of bit diameter.
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Table 1. Drilling simulation process parameter and tool geometry parameter table
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70 025
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Figure 1. Three-dimensional cutting force and torque simulation results
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Table 2. Single factor test data table
=2 BERABEIER

VIHIERE v A J) Fz T HeES A Fz T TIHHEAD 7 Fz T

(m/min) (KN) (N'm) (mm/r) (KN) (N'm) (mm) (KN) (N'm)
20 1.38 14.8 0.10 1.62 9.3 4 1.18 3.69
40 1.95 13.2 0.15 1.98 10.4 10 2.36 11.7
55 2.36 11.7 0.2 2.36 11.7 16 432 16.8
70 2.24 111 0.25 2.88 12.6
80 2.19 10.6 0.30 3.65 13.7
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Table 3. Orthogonal test table
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1 4 )] 70 0.15
2 4 () 55 0.20
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5 10 ) 40 0.15
6 10 3) 70 0.20
7 16 (1 40 0.20
8 16 ) 70 0.25
9 16 3) 55 0.15
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Figure 2. Signal diagram of axial force and torque
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Table 4. Analysis table of extreme difference of drilling and cutting force test results
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(mm) HABRZERER) (m/min) (mm/r) (KN) (N'm)
1 4 (€8] 70 0.15 1.12 3.53
2 4 2) 55 0.20 0.98 3.74
3 4 3) 40 0.25 1.53 4.12
4 10 1) 55 0.25 2.68 9.58
5 10 2) 40 0.15 2.13 8.93
6 10 3) 70 0.20 2.74 10.1
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Continued
7 16 1) 40 0.20 4.16 172
8 16 ) 70 0.25 487 15.8
9 16 3) 55 0.15 3.99 14.6
K1 3.63 7.96 8.73 7.24
K2 7.55 7.98 7.65 7.88
K3 13.02 8.26 7.82 9.08
k1 121 265 291 2.41
K2 2.52 2.66 2.55 2.63
k3 434 275 2.61 3.03
MezE 9.39 0.28 0.91 1.84
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Figure 3. Drilling axial force and torque at different cutting speeds

E 3. TEEIRELEE TR EI%E DR HEE

DOI: 10.12677/met.2020.94036 348 IR N EASE N


https://doi.org/10.12677/met.2020.94036

RKE

4.2. HEE RN R AFERR M

4 B AN [ EESS 52 B el 1 0 AR A 07 SOMNR B8 0] B R I MR LBl T AR i, ks
HOMOK, Bl B, RO, B E R Dyt gy m YIS R LB, DIEI AR, TR
ANYIE CL A T BN AT 2 18] O BESE 028K, e D AR R 2 9K, Al i Calie An 07 5 fr 2R —
.

404 . I 18] - it
. 17 e W
]
=35 e _ 161
g £ 15 )
Em . Z 14 B "
s = %37 . -
&= 3 114 "
2.0 e 10 "
=" 9] ¥
1.5 v 8]
: : : : : 71— : : : :
010 0I5 020 025 030 010 015 020 025 030
BEGYR f (mm/r) B S f (mm/r)

Figure 4. Axial force and torque at different feed rates
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Figure 5. Axial force and torque under different drill diameters
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