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Experimental Research on Cutting Forces of Titanium Alloys of Three Kinds

of Metallographic Structure in Cutting Process

LIU Dong ZHOU Kaixiang WANG Xin CHEN He
(College of Mechanical and Material Engineering, North China University of Technology, Beijing 100144)

Abstract  TA7 (a phase) , TB6 (B phase) and TC4 (o + B phase) alloys were selected for cutting
experiments, and the right—angle cutting model was designed, and the cutting speed was the only variable to analyze
the cutting force changes of the three kinds of titanium alloys during the cutting process. The cutting experiment
results show that the cutting force of B phase titanium alloy is much greater than that of o phase titanium alloy and o+
B phase titanium alloy during the cutting process. The cutting force of the three titanium alloys increases first and
then decreases with the increase of cutting speed during the cutting process, reaching the maximum when the cutting
speed is 50 m/min. The sawtooth chips are collected and observed, and the formation mechanism is analyzed, and it
is observed that with the increase of speed, the chips change from banding to sawtooth. Based on the cutting force
data and chip morphology changes of the three kinds of titanium alloys with the change of cutting speed during the
experiment, the two formation factors of adiabatic shear have an important impact on the cutting force and chip

morphology in the process of cutting from low speed to high speed.
Key words Titanium alloy, Cutting force , Chip analysis, Adiabatic shear

0 315 BB G o AN[R] AR ZH 215 B0 B 4 PR REAT 1
R G0 20 IHAL SOARAUR ORI — R B2 KAV, o BBRG & EEA LU o M, ARG &

gt mAr R, BA TR il R L Pe s R AR B D0 S A R P, R LY A9 AT TAT (Ti-5A1-

A, AT 5 B T2 B T B IR A A
PR AU o H TR 4 19 23 2605 il 4 IR AR 25
TR R E TR S RAETRIS A o B ot
B BRI =R, HE— AT 4o Ml o B 5 AR B

Wik H :2022-04-06
4T H by Toalk K2 “Gt A1 A 735 5 5% B

2.58n) A4 SR ENERIFF R MR GEZ—; a+p il
BRE 4 FEHLEA o, XAFTE B A1, i EL P AH AR
P, AL R LG PERE  H TC4(Ti-6A1-4V) & 4
S HETRN TR 2 H AR S5 R A S A 4 5 B ALK

FH—AEZ TN XA, 1976 4F H A, 2P, A S0, F 8 N EEHMEI T AR T. T2 W58 TAE . E-mail: liudong@ncut. edu. ¢n
HAEAEE ATTRE, 1997 S th A B WP A, EZ NI TAPEHIHI R LRI TAE . E-mail : 18610575290@163. com

FHIMBEITZ  http://www.yhclgy.com 2024 4F Eal]



G4 BB SR B AR, HAT B 05 B AR 55 0 A
Ab B AR AL S TB6 (Ti-10V-2Fe-3A1) & 4 )12
N T 8 RN

B &K A ST N, A o T ZEia sk
R R H TS S AR B mam E CT R AT
FEAL, VIHI R i 55 00 EL fal s BRI 20, 7 A A 4R
T RAE TR AR, S I HI X R  F 2
IR A RBTY), eV R b R R R A
AR U E i A v, YT D D) JE R A A DT
FEIE R LA PR 2, A i 4 I B U B 4 1)
BLEA . ARG YR AR MORLTE U I 2 v Rl B 42
A RS T v el R R B A R B T TR Ak
RO B, 7 =g AR il S 328 Ry A BORHZE DT
R R BRI . A INBT U AR — ik R A1
PE ARSI EE R RN R R AR AT M A BT DI R R
B, 2t U0 w3k A & AR B U 2R 38, % T2 1D AR AR

AR

] P A2 3 0 A B DT AF TS A T R T
SHASHIKANT 454 AR H IEAS YT HI S8 i 58 1 —F
AR S AL (M B A at+p A K& 4 DI i
2R B A S XY E A R AT D) A 73
m/min &4 VIE LB iE G4 MG 2 U)E
(2L, TR el RSO 6 A8 SR N B BRI | b1 54
4 Z R (1) e FR RV AE /)N 5 Bl R DD HI RS i e, DT HI
T A A R P R R SR T )N i Ak e B4 1
— 83 D AT S 1 ) A R AR A R T T v
ARG A BB VEREAR, B E g AHIS £, U1)E
SRR B E TR O R TNl B 92 9520 |F - O P N D S
AR K E TCA SR A 48k HEAT VI HI 5258, BF 5T
T 5500 AL AR e R B VT S, S5 Rk
B TCA KA A TE VI RE vh |, 55 D)y P 28U R A
SR B FEAER T &8 T 24k, MRz Y E
FRITE B I 2 R T I s B o

ARSCR B A VIR B AR5 o« MRS 4
BAHEKG 4 .+ B AHER B S AE VI HI i A T ) iy A
b, 32D 5 0 4 A 2 2L A T B0
()5 ) E AT 0 BT 5 F 9 LU 8 = Fh k& 4 T4
YIEETE S 8 AR AL B, 14T A AL 2L SR
S AT AS TRI VDI B 0 T T A 0 A AR R, I 1 Xt
VB LEA A e sy IRk 4 A0 BT 1 i A2
(R FE I
1 SEIgit
1.1 ZRTHERIE

X = b4 A LH S H TAT . TB6 .\ TC4 8k A 4,
RS Y ERREE IR 1 TR

K B A VIEIALTY , J& 48 FUIH] 71 5 V1H] 5 )
68 —

R1 =MRESYIERFEITLE
Tab.1 Comparison of physical properties of three kinds of
titanium alloys

VN PUhmsEE  mRSRE MR dagiR R

o, /MPa o/MPa 8% Y% /HB
TA7 539 485 25 25 240~300
TB6 1145 1082 1.1 644  240-300
TC4  960~1200 825 10 25 330~370
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Fig. 1 Drawing of cut sample
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Fig. 2 Tools used in the experiments
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Fig. 3 Experiments process
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Fig. 4 Measurement principle of experiments
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Tab.2 The average data of experiments cutting force

711) 5 YIHIJ1/N
B o/ TA7 TB6 TC4
min™ | F. F F F F.

30 133.9 271.3 181.9 331.9 136.3 271.2
40 140.3 317.7 187.1 366.3 141.7 286

50 141.6 318.7 191.4 371.4 137.6 303.9

60 125.7 309.5 200.5 362.2 118.6 298.9
70 131.3 302.1 213.8 355.7 129.5 295.4
80 134.5 298.1 241.7 3525 132 291.8
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Tab.3 Metallographic changes of chips produced by three kinds of titanium alloys at different cutting speeds
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Fig. 9 Sawtooth dimension measurement
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Fig. 10 The chip serration degree at different cutting speeds
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