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Abstract

In this paper, titanium alloy Ti6Al4YV is used as the object of study, and the finite element analysis
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software ABAQUS is used to simulate two-dimensional cutting to study the effect of tool front angle,
cutting speed and depth of cut on cutting force and cutting temperature during the cutting process.
The orthogonal test method is used and the simulation results are analyzed by range analysis to
study the influence of each factor on each index, and then the ranking score method is used to find
the optimal combination of process parameters with minimum cutting force and cutting tempera-
ture. The simulation experiments and the results of the range analysis show that the tool front angle
is the main factor of the cutting part force RF: in the direction of vertical cutting motion, and the
depth of cut is the main factor of the cutting force RF1 in the direction of cutting motion and the
maximum temperature during cutting. The final best process parameters are derived as tool front
angle 10°, cutting speed 1 m/s and depth of cut 0.5 mm.
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Figure 1. Cutting simulation model when the rake angle of the tool is 5°
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Table 1. Physical, mechanical, and thermal parameters of Ti6Al4V materials
= 1. Ti6AIAV RV . HhE. RAESH

- 3 R S E| AT Eb A MK R 5 Pt R
I (kg/m) (GPa) AL EL (Jkg-C) (c (W/C)
4440 92~112 0.34-0.37 0.9 565-1060  9.4e-6-1.07¢-5  6.7~154

Table 2. Physical, mechanical, and thermal parameters of YG6X materials
2. YGEX MRIEIEE. h1%. AFESH

5 = ; E (LR e bL ) ISR Hfle e
L (kg/m3) KA R (GPa) TAFALL 23 (kg C) c1 (W/C)
14,580 640 0.22 0.9 176 4.7e—6 79.6
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Table 3. JC constitutive parameters of Ti6AI4V materials

= 3. TIBAI4V #HRHEY IC A2

A (MPa) B (MPa) C n m Tm (C) T:(C)
1098 793 0.01 0.386 0.71 1560 20
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Table 4. JC failure criteria parameters for Ti6AI4V materials
= 4. TIBAIAV RN IC RHLEN S

d1 d2 ds da ds Tm (C) T (C)
—-0.09 0.27 —0.48 0.014 3.87 1560 20
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Table 5. Experimental parameters of Ti6Al4V material cutting simulation
= 5. TiGAI4V #FEHIBIAE I B8

USEESES PARSX:IVS[@) DIHi# EE (m/s) DIHIAE (mm)

K1 0 1.0 0.5
KT 2 5 2.0 1.0
KT 3 15 3.0 15
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Figure 2. Distribution diagram of equivalent stress during the cut-
ting process of titanium alloy Ti6Al4V
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Figure 3. Distribution diagram of cutting temperature during the
cutting process of titanium alloy Ti6AlI4V
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Figure 4. Changes in horizontal cutting forces during the cutting process
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Figure 5. Changes in vertical cutting forces during the cutting process
5. YIEIE P EE A REYIEIIHNEL
Table 6. Ti6Al4V material cutting simulation test parameters and test results
= 6. TiGAIAV MRHIHITERESHRIABER
JIEFTA VIHEE DI

0 (mis) (mm) RE(N)
W 1 0 1 0.5 893.75
W 2 0 2 1 1650.88
R 3 0 3 15 2040.88
R 4 5 1 1 1498.52
R 5 5 2 15 2056.95
R 6 5 3 0.5 899.69
g 7 10 1 15 2177.32
Table 7. Analysis results of RF1 range of cutting components
Fz 7. YIHIS 1 RAREDRER
PAREN: b DI IR
K1 4585.50 4569.59 2665.30 K1
K2 4455.16 4579.69 4689.45 K2
K3 4589.24 4480.62 6275.14 K3
k1 1528.50 1523.20 888.43 k1
k2 1485.05 1526.56 1563.15 k2
k3 1529.75 1493.54 2091.71 k3
R 44.69 33.03 1203.28 R
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Table 8. Analysis results of RF2 range of cutting components
Fz 8. YIHIS 11 RRRE D EER

VARSN:Iip DIH#EE DIHIGR

K1 1042.14 557.64 467.73 K1
K2 617.18 700.42 663.26 K2
K3 261.30 662.55 789.62 K3
k1 347.38 185.88 155.91 k1
k2 205.73 233.47 221.09 k2
k3 87.10 220.85 263.21 k3
R 260.28 47.59 107.30 R

Table 9. Max.Temp range analysis results of maximum temperature
9. mEmE Max.Temp IRESTLER

VARY:IP DI VIR

K1 2157.50 1919.10 1722.40 K1
K2 1964.10 2065.40 2091.90 K2
K3 2004.60 2141.70 2311.90 K3
k1l 719.17 639.70 574.13 k1l
k2 654.70 688.47 697.30 k2
k3 668.20 713.90 770.63 k3
R 64.47 74.20 196.50 R
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GETE AT 0T, 3 HAESTIEI N RF. RF, LR =R S Max. Temp i /NOEAR T 2540,

HEBANVE /52 L5 B H R S IR S, HEF 4 HvPoE, JHE S/ N S br i T 8 . 1IXFh 7
VEN] B R IR bR AR TS A i o, X B S RIS BT IR AR E, A 5 0 E R IR BT
g3, SR BE5 1R ES B FT A Fa b 10 2 BRI B3 2850 70« SR e PP s iR 5, AlReRmii i .
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¥ —min(x)
max (X)—min(x)

A xR A S R x 58 T RIS R A R385 | AR5 5 i E. Bl
IEI2> 71 RE G, 28 8 ALk i) RF(EAEEEA RECE RN, 129 10 705 565 7 46 9 R EAE A
RFEHEK, 188 150, HARJUARRHFEDE RS R A UK TG e FIEE Ao 5 55 4P
B SEVE I Ja MEIN s RO AT 45 e A 4R 1P 2y . BARIEROTE 2 k10 s

A =10-9% @)
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Table 10. Results of the queuing scoring method

= 10. HBAITFSTELER

RIFEAR VT
IR ras)

RF1 RF2 Max.Temp GV
1 9.85 5.76 10.00 15.61
2 4.63 2.48 3.88 7.10
3 1.94 1.00 1.00 2.94
4 5.68 6.55 7.88 12.23
5 1.83 5.42 4.13 7.25
6 9.81 8.04 9.15 17.85
7 1.00 9.21 4,74 10.21
8 10.00 10.00 9.86 20.00
9 5.39 9.82 5.25 15.21

Table 11. Results of range analysis of queuing scoring method

= 11 HBATF AR E SRR
VARSN-IP DI DIHIAEE

K1 25.65 38.05 53.45 K1
K2 37.33 34.36 34.54 K2
K3 45.42 36.00 2041 K3
k1 8.55 12.68 17.82 k1l
k2 12.44 11.45 1151 k2
k3 15.14 12.00 6.80 k3
R 6.59 1.23 11.02 R

WAL IENE, BRI RZE AT 11), MR X 77 LA S J5 7o I FEE 1 5
K, HUCHTIRRTH, BREYIMRRE . 3 HEIM KL, k2, K3 T4, A b1 77 L S ot e dat
BETESY0N: JIRRA 107, YIMEERE 1 m/s, YIMIERE 0.5 mm.
4, LERIGF

e EIRAG I iR T ESHOFAE IR B HVEH A, P ELRE =B £ ABAQUS ik BIFizfT, I
BT BB O BB AR B . BARSE Randk 12.

Table 12. Cutting simulation test results of optimal process parameters
#12. RETZSHYEHIBTERRER

JIEATAA() I8 B (m/s) VI B (mm) RF1 (N) RF2 (N) Max.Temp (C)
Wik 13 10 1 0.5 860.44 80.37 554.6

XHEIEASREG 45 R AT H, % T EZHCT IEI S VT 3 70 AR DT A m A e vt P S
BN, BAIE T HEBAPE ik a5 R B IEf
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