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Study on Prediction Model of Milling Force of Titanium Alloy
Based on Finite Element Method
Liu De, Yan Song,Zhang Suyan, Liu Caijun,Zhao Yameng, Li Zhixin

Abstract: The finite element analysis of milling process of titanium alloy material is carried out by ABAQUS, and the
milling force data is obtained. Then the milling force test is carried out under the same parameter condition, and the reliabil-
ity of the FEM model is verified by comparing the simulated milling force with the measured milling force. The milling
forces are obtained by taking the feed peer tooth as a single factor variable, providing a reference for the selection of process
parameters in titanium alloy milling process.

Keywords : titanium alloy ; milling force ;finite element method

1 5|F

BRA B APRH AR/, 238 R YT EI N T
FEH AT &, i ) B s e S R AU, 78
DI A B A5 AN 21 R I BTk, Xof 70 5L R A
LRI . BEH] R B EI AR R T
ESBAHURSE T 25 (9 B 2K Hl . P, st 57— ol
AR B B B O PN R A 0 AT AT B HOR
EHEE A, X T A B RN TS RO = A
IR RA HE

UTAER , [ N S AR 22 2 38 S B HI 0 T A 7 st
17K, S TARZ LI ) PR R, 3= 22
53 R 220 B 7 M BRI RO D TR R |
A WG T ABE P TN T o 2 9 % 0 A 7 p 2k
Horb A BROCTIUINAS 7Y [ BE A% X0 BE | B R R AT
ST TR S REAS B DT HILEE S5 RS SR AR
SR, BT IR B e o 3 . E W45 1
ABAQUS # LA TI6AIAV Sy TR #P R, fE 57 1 4%
UL SEPREEEIN A FROCE T, A T VI E
A5 NI A BEAE IR P SR 1A R B
LT P BEH 7 , S8 1R FERR IR TR A R
FOR MBS il 1 ABAQUS IR 18k A 42 BEHI

rFs HER: 2020 4E3 A

PEFRT LA, LLBEEI S ARSI R R, R
PRI FIIE A TR A0HT 1 T3 TUAR] £ 18 X B 1 A 1)
TR B (SR X BRI 1 07 B4 AT TR
IE. Tk AR FIH ABAQUS #7484
G = AR IAT R TR ) 5 AT R 7 LA AT, AR
FoMHE T AR 4 1F T B BE IR B S A Bk g
.

A SC UM R T BB Sk SRR 5T
X4, e BURE Bk i 7 BT 20 M7, 76 ABAQUS % f:
HET S BRI R R A R R
A5 FSE T 05 R A R T RS, Sk A 4
el T TSR 2%

2 YIHIAERERR

2.1 MRARMEER

B VI RS PR IR Jm e ] BAE TR &
L7 E - I - B R B A SR A
FREALRL T v A, VI v ol 2 5 5 o0 B 8
AFGIETY 5 S PEA R Johnson-Cook 5
B Zerrilli-Armstrong 5%  Bodner-Paton R AI4E:  H
H1, Johnson-Cook #AYfE iz BB L i 2l M7 7 5 By A% |
AR AR BE A OC R, I HA M S B0 | ) 243K
A2, B DLz s B AE U1 E) 05 5 B BTz
Johnson-Cook A AT IR H



2020 455 54 48 No. 10

o=t [rean( )] 1- (775 |0

K, o ARSI J15A,B,n, C,m 2} Johnson-
Cook SBVEARIGZHL; & F S BUIBRNENAZ s & R 33K
IR AR R s 80 NS HNER T HIRE; T, HE
U5 T ARG SR EE
AR J-C S8k 1 poRt .
x1 $%&EE J-CAHBSH

A(MPa) | B(MPa) | C n m g | Then (C) |To(C)
875 793 | 0.01]0.386|0.71 | 1 1286 25
2.2 R RAEN
A4 AR DRI SR DU X6 oy A ARk A2 T e A v ) 450403 2R 3
W B, ZESE BRI H 3k B v B A U0 8 A 7 . M
A5} F Ui S DU R 43 SA LAl o DU FH A R U 2K, L
AR UL % 40 DRI AR B 2 T AR 3] JT SR i B IT T S Y B
B IZEE BN T A Im FHE R, TR AW R )
L 0 1 S DRI R A 2 ) R B TT T R B L T g AR
BV e Ay L, i B e ok A I A ELR
FITR AW,
H T AR PS80k J-C A 24k, Bt DU
FH Johnson-Cook B 4] 2K 24 v A A U115 Wy 284 4 00
ZHEM I RS BRI
p-yAg (2)
gnf
X, A & R RO AR R B & N SR 1) 4 5k
BAZ, D=1, BITRIL

S B B PR MR D, AR

?: (Dl + D, expD, %) -
o

(1+D4ln£)x[l—D5( r-1, )m] (3)

& T.—T,
X, D, Dy, Dy, Dy, Ds AMEERECR R 0, AERK
EH ,;j? Von Mises Jw 11,
ASCE I RS Hondk 2 R,
#2 $kA % Johnson-Cook k355
D, D, D, D, D;

-0.09 0.25 -0.5 0.014 3.87

3 WIRITEIRERSH

3.1 HEdE

B RS AR A 4 = eI, kA4 T
AR SF 2mm x 2mm x 6. Smm, #18 5 Ti6Al4V, &t
JIZH0N . 5% d =20mm , #2jiE /A B =30°, Hiffl y =

79

10°,J5 /1 a =10° 550K 2, INESH0h  VIH|
600r/min , YJHIVRE 6mm, Y H| 98 & 0. Smm, & 14 3
Z RN 0. L A, A0 DT, 150 5K i iy
[i] 0. 007s,

N T R EITRASR R, OB —/ N T
DI A% T ER 53VE Ry T BAGERY [N, Bxf A58
TR DI ER o AT SR R RS I dee /N A RS O
0.02mm, AT DLZWgBE ) e Tad A v i 22 2
i, K BE IR B E S WIR, JFEBUBE T s
VE 225 i, 1Tt 7132 3 8007 1 it fin e J5 22 U
FIRS S o A A AR Y I A e o [ 29 o, I
Xof T3 AN T3 475 1) T A ik 25 5 1) i) P A
PIASTRE , ARHAR A lE K T R 5 L)
JEAATRT SR AE Sy R, ST, TS A
ABAQUS/ explicit iz ZR fft ae 773K i o

t

1 Z#HBHITERE
3.2 fHESH
SRISEMUG U7 HA RN 2 Fis. WL, B
DIHIRBEAT B B  B UTHI 238 0 5 B R A
TOrE L BIE . FERE A PR e T BN RS
% RAL ST AT oA, 45 S BRI A e i U

I (WK 3) .
o
§

-

i
(a) =0.001s (b) =0.002s

A £ /
(¢) 1=0.003s (d) 1=0.004s

Al o i

(f) =0.006s

2 (FEHVIBRA

(¢) 1=0.005s



80

400

350 &

300 : P
. YJ7 1 43 79
Z 250 )
=200 .
% 150 /Zﬁﬂ 57
=100

500] \

0 AT 43 71

-50

00 1.0 20 30 40 50 60 7.0
I 1] (s) [x1.E’]

E3 (hESIIMTIH ik

HIUTHI s #hZenl LA S B BUHIdE R R 1T
BETIOIHN TTZER I A, =AT7 1) i BE I 1 B fEL
PPV R . 2 1~0.0045s I, i T UEm 87T 5 1)
8 2 i fk 1A AR O, = 1ol B ) T Mt 3R ) e K
fHo Horr, XI5 53 T35 K290 80N, Y J5 1) 53 11 e
RZy2 320N, Z J5 153 J1Ee R #9709 110N, & 1k
2479 350N, BEH| 72 BUAR 29 8h , 5 I8 S VITH
D7 B R AN WA 0 RS e A R AR, 1 BLBE A
/NI T RS T R

4 YIHIRIEIEIE

5B TE UG , M BET EA5 R, P Bk
B A TR T T PRt EiREs o LA R etk m
Ftn Ty X5 ) Bl @20 R G 4 ) A IR
Bk P o OI8O R — B 6 Kis-
tler9257B =[] I 3 A HEAT BEH] I3 i i, 5
PRI 4 B

ZJi 9y 71
e

R
-100

14520 14523 14525 14528 14530 14533 14.535
fif 1] (s)

5 XINFRIBEHIF B £k

T AR

TEM T AL BB Dynoware A5 & DIHI 1, If:
T #] Origin AT 4R AL PE . BERRRSE VIHIPIR S
RN BE T T A AR L g ) ) £k, il 5
F7R o

XTECIE 3 A S AT LA R, 15 BT AR 0
L5 BRI BEE T th R AEth &L 3%, A
AN TIVT B UK S S R . IF
H 5 BT =5 [l B BEE 43 71 L G e 8UE
et SR B A A i — S, LR X
U

#=3 HESHANSREHEE XL

5iH et | sl T 2= GBS
HIZI(N) | HIJ1(N) H(N) | EH(%)

X J 4 80 110 30 37.5

Y Ir5 1 320 310 10 3.1

Z Ji5 1 110 50 60 54.5

el 350 340 10 2.9

XFEEIHTRT L, 41 BB EI ) AR B T 7E B
B4 & MY J5 18 oy 1 RO B, A 22 0 51 R
2.9% M 3. 1% ;76 X J5 51 b wzek 37.5% ;15
Z iy EAmZE R, IR E) T 54.5% . %8R| Z
7 16 73 3 6 0 A5 K0 A S SON, e feL A 25 4
60N, FHXS FHEHI & 1ok i A AR —80, Fr LA
NHARZE(E AT LA o 73 Hr Z J7 1l 3 T3 A 22 30K
D) MR RILE BRI E AP ES AU E-RAE s
LR, A FROC M TAR 22 BRAR AL 26 F, TR
N T PR RO R Z A0 AT T ik, 5|

HLIRZE
400F
-a-XTJ5T53 7]
E 2004 //‘
R ok
200 .\.\'\'
0.05 0.10 0.15 0.20
B3 14 12 45 & (mm)
E6 JigHBLETHE AR
5 BiRHAEXHEINERN
S5 B AR IR A BE ) 1 AT X E B IE T

ﬁﬁﬁ?ﬁﬁ%i T BEH )y AR AT SRR, ERCE S
b i B4 E g R O B R R R R BOE 2 o
0.06mm,0. 1mm,0. 14mm,0. 18mm , A S ECA AR,
BT T 53 = B A A5 3 TR, dn ]
6 fi7n. HEAT DL, B f A k25 A O, = et



2020 455 54 48 No. 10

R BN ERELGEU N FIT AN

a4k AR, 20’
VP AS BOLH AREBE s LRSS 5 PR Aot

E: A ROCEUERAY k0B 1A [ 5 T8 (5 AR ) IR i BRI Ty i o BRG] R 2
Dy SRS 553 TS A 5 24 SR U7 EE T A o T AT S, 2R I g S T 2B P S A AT, 35 4 8 A S 4
TAEARAT 5% 5 FLAEHA SEBEPE I TR AT A0 P X PR A L B A 19 2 T S R LR

REEIR: AP mAR Rk I )5 A s AT BROG

FESZES: TG407;TH161;0346. 1 XEkERERRD: A DOI:10.3969/j. issn. 1000 —7008. 2020. 10. 017

Effect of Crack Location on Mechanical Behavior of Welded Joints

Sun Jianwei, Sun Jianguo, Wang Shuai

Abstract: The mechanical properties of stress corrosion crack tip at different interface locations are analyzed by
means of finite element numerical simulation. The results show that the surfacing layer is a weak part that is easy to fail.
When the applied load exceeds the working load at the interface position,the crack tip stress decreases with the increasing
of the load,which is related to the work hardening inside the material and the accurate analysis and evaluation of its struc-
tural integrity is of great significance to ensure the safety and reliability of nuclear power equipment.
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