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Simulation Study on Surface Quality of Titanium Alloy in Elliptical Ultrasonic
Vibration-Assisted Machining
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[ABSTRACT] Elliptical ultrasonic vibration-assisted machining(EVAM) technology is an effective method to improve
the processing quality of difficult-to-cut materials. The aim of the present study was to develop a finite element model in
order to investigate the effects of ultrasonic vibration parameters (frequency and amplitude) on the machining residual stress
and surface morphology of Ti6Al4V. The results of finite element analysis showed that ultrasonic vibration-assisted cutting
could increase the maximum residual compressive stress distribution depth, but would deteriorate the surface morphological
integrity of the workpiece. The Y-directiona vibration impulse impact load on the surface of the workpiece was conducive
to increase the residual compressive stress field of the workpiece. The morphological integrity of the workpiece surface
gradually improved with the increasing of vibration frequency and X-direction amplitude, and deteriorated with the
increasing of Y-direction amplitude. Increasing the vibration frequency and amplitude was beneficial to the formation of
residual compressive stresses on the workpiece surface and improve the machining quality of the workpiece.
Keywords: Titanium alloy; Elliptical ultrasonic vibration-assisted machining (EVAM); Surface quality; Residual stress;
Surface morphology
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Fig.1 Finite element model of ultrasonic vibration cutting of
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Fig.2 Morphology of workpiece under different machining methods
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Fig.3 Cutting forces ( F, ) under different machining methods
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Fig.4 Schematic diagram of elliptical ultrasonic vibration cutting process

B, J5e A% A% R N g P 1 R R i/ 5 2 R s A % e ik
45 kHz W, S KER A TRV ) M2 AR R, 38 KR sh it
A Bl T ) BB B[R] PG A Jok o B
FITIE R Ty . A3 35 kHz B, e KA
JEN J13R 8 i KAE Ky —787.3 MPa, IR N 64.5 um.,

K7 =B, ©n TR IR SR ) 43 AT AR 230 H 6T
P ST AR SR . ZEBARM RN IIR T T AR
T B A, X T AR R s A e, T AR iH 3
JFEE L5 oM R . iR ) nT A, B HiR 3h
AR IE, TT AT Y T 1) I R ik B 2 B R T



‘_‘i’ » »
RESEARCH E;I:%rex

"~ .
TEMP/'C TEMPIC
(Avg: 75%) [Avg: 75%)
Fee W
453.64 295 ea ) TEMP/C
. 452,40 (Awg: 75%)
374.79 403,16 578.19
335.37 36530 S51.87
295.95 35565 45516
256.53 279.44
236.20
19236
14972
106,48
63.24
20.00

(a) CM (b) CDVAM (c¢) EVAM
B 5 AEmIAXEVIERE
Fig.5 Cutting temperature of different machining methods
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Table 2 Ultrasonic vibration simulation parameters
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Fig.7 Morphology of machined surface with different vibration frequencies
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Fig.8 Effects of X-direction vibration amplitudes on residual stress
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Fig.9 Morphology of machined surface with different X-directional vibration amplitudes

92 Wiz MG A - 202245 565 & 55 151]



‘_‘i’ » »
RESEARCH E{%tﬁi

75 I s U A U0 B 2 B A T T v
HHo
223 Y H @Rkt A m RS e Hh

PEM X 7 [0 ¥R IR a=10 um, #% =25 kHz, %} 5
Hr 15 pm.25 pm.35 um .45 pm F1 55 pm 5 FAR[E ¥ )7
PRI AV T & 10 AR Y 7 1 4R Sh ik iR
TSR BE T 1) B BRI 143 Ao L 10 (a) AT L H,
Bl Y J7 T 40 6 4 156 K, 5% A HE I 7 5 i J2 TR B2 /)
R HL YR/ 1) S B A 388 X 7 T 0 s 52 i) P 9/ N G 70
ME 10 (b) ATRAE S HR 06 R 25 um B, S KFEAR
N 13k E] ~754.5 MPa, REER 70 pm. SRR E S
25 pm I, B HR 0E A 38, B R BR A R 7 Bl 2 6/
5 8 (b) MXT LT LIE Y AT X 7 R ok Ay
I FIHSE I B Y )y T i WX T A7 v i i K 1) 8
A 1, AR TFIE BE R SRR R T

11 AR Y T R s i TR 2 TR
SUBIRNE . W LAFE 2 Y J7 R A/ N, I T2
B BRI BER Y J7 [ PRIR AR, T2
[T SpaIE I EIR e s | /R A SR R A A S L <
¥ 75 i) I 8 49 8 A A [ 8 70 LBl ) A 1 L
Z [ (AR S B R AR A, VDT I )i b , 2 5 S B0 T
FIME BRI

3 i

AR A BRIGA BT A o TR TE I 107 =0
Ti6AV &4 TR LSRRI S HEEMTT
AN[F] EVAM T2 S50 T A4 B8R A0 ) RS e 55 14
SEMRLAE . UL BB AT LIS R AN 24518 .

(1) XF I CM. CDVAM H1 EVAM 3 #hn T.)5
3 e R A% A% R TR EE 43 3R 25.3 pm 34.9 pum FI

=500

-568.1

-576.4

-600

-700

R4 F1/MPa

-800

-900
10 15 20 25 30 35 40 45 50 55

Y J5 T/ um
(b)Y I IR e K BR AN ST 5 1)

10 7R[E Y 75 ERIERT 7% AR B 195500

Fig.10 Effects of Y-direction vibration amplitudes on residual stress

200
o0& — —— —— =
| T =3
i Y 5 1 B e
< . —a—
£ -200 , 15 um
= . —e— 25 um
<
= ! —a— 35 um
= | ——
400 ! 45 pm
ﬁ; [ —#*— 55 um
= ! PN
i 15 pmFR AR
_ L 5y >
600 ﬁﬁ\\\\mﬁwmﬁ&
[ 55 umARAE
[y N
-800 - 7545 MPa | ! o FT 50 Ak
1 1 1 1 1 1 1 ]
0 0.05 0.10 0.15 020 025 030 035 040
Y 7 18R /mm
= £ e L :
(a) ANIRY J7 R IR TR UR EE T [0 FR AR N 1 3 AT
S, Mises/MPa S, Mises/MPa
(Avg: 75%) (Avg: 75%)
+8.9666+02
¥8.2216102 Yoias1es0s
1704750402 17.6830402
+6.7300402 ¥6.9150402
1519850402 161470402
1812390402 183708102
144940402 +4.611+02
+3.749e+02 +3.843e+02
+3.003e+02 1%‘%;?24&2
regggerts ¥1.5398+02
+7AT3e+01 +7.706e+01
+21199e+00 +2.584e-01
(a) CM
S, Mises/MPa S, Mises/MPa
(Avg: 75%) (Avg: 75%)
+8.350e+02 +8.6628+02
+7.655e+02 +7.942e+02
+6.960e4+02 +7.221e+02
+6.265e+02 +6.501e+02
+5.571e+02
Ii8reins b
+4.151le+02 +4.340e+02
+3.486e402 +3.619e+02
4+2.792e402 +2.899%e402
+2.097e+02 +2.178e402
+1.402e+02 +1.458e+02
+7.075e+01 +7.371e+01
+1.271e400 +1.65%e+00

(d) 35um

Fig.11

(b) 15 um

(e) 45 um

11 AR Y FEiRsIRIEH B TRE R

Morphology of machined surface with different Y-direction vibration amplitudes

20224E 55658 5515 00] « it hlE A 93

S, Mises/MPa

(Avg: 75%)
+8.584e+02
+7.870e+02
+7.1568+02

(c)25um.

S, Mises/MPa
(Avg: 75%)
+7.638e+02

(f) 55 um



,—‘? N »
lﬂ:l:jl‘lﬁx RESEARCH

66.1 pum. B PR S VA B 48 KRR 1 77a L =
EVAM J52UH T Y 7 4R 8 VR A 2 80T AR
TESH BT R

(2) MJ50R Ry 35 kHz i, e KB AT R Sk Bk
BN —787.3 MPa, TR N 64.5 um., R IRSIIR, VI
PEA KB Z A B Tolocs TR .

(3)4 X JFiadRiE -l 20 um B, e KR4 13k
F e RAH ~729.3 MPa, RJE N 55.4 um. FlE X J5 ik
e (A3 A, 70 ELX ) T ) ek 2ty 186K, O LA R
130 2 [B) (A AF AC R 250N, AR T U0 B bR, TR
B A e SR i

(4)3 Y I dRiE R 25 um B, e RFRAYE RN F1i5
F i KIE N ~754.5 MPa, RER 70 pmo 3K Y Tk
XSS A2 T it Jn B K A8 sh S bl 77, A R FIE B R
BRI 7 o ARLRE/I A R B30 22 [B] 1% R 52 B 25 Bl 2
R, 5 R TAFR DY e AL

& % X #

(1] WREEME, &%, 298, & A Sl s RSB THIDESY
HEJRE[J]. R BB LR, 2020, 12(5): 151-158.

CHEN Dexiong, SHE Qingqing, LI Zhe, et al. Research progress
of ultrasonic vibration assisted machining of titanium alloy[J]. Journal of
Netshape Forming Engineering, 2020, 12(5): 151-158.

[2] YANG S C, HE C S, ZHENG M L. A prediction model for
titanium alloy surface roughness when milling with micro-textured ball-end
cutters at different workpiece inclination angles[J]. The International Journal
of Advanced Manufacturing Technology, 2019, 100(5-8): 2115-2122.

[3] FUH K H, WU C F. A residual-stress model for the milling
of aluminum alloy (2014-T6)[J]. Journal of Materials Processing
Technology, 1995, 51(1-4): 87-105.

[4] PRIV BB ORI TR S (GERES AD M. L5
HUBR Tl T A, 1985.

KUMABE J. Precision machining vibration cutting (foundation and
application)[M]. Beijing: China Machine Press, 1985.

[51 KAL), SLA TR, 2017, 53(19):
1-2.

ZHANG Deyuan. Ultrasonic processing in China[J]. Journal of
Mechanical Engineering, 2017, 53(19): 1-2.

[6] LU D, CAI L, CHENG Q. Finite element study of ultrasonic
elliptical vibration turning of Ti6Al4V[J]. Applied Mechanics and
Materials, 2014, 494—495: 383-386.

[71 LIZ,GUOHJ, LILZ, et al. Study on surface quality and tool
life in ultrasonic vibration countersinking of titanium alloys (Ti6Al4V)[J].
The International Journal of Advanced Manufacturing Technology, 2019,
103(1-4): 1119-1137.

[8] PEI L, WU H B. Effect of ultrasonic vibration on ultra-
precision diamond turning of Ti6Al4V[J]. The International Journal of
Advanced Manufacturing Technology, 2019, 103(1-4): 433—440.

[9] MUHAMMAD R, HUSSAIN M S, MAUROTTO A, et al.

Analysis of a free machining o+ titanium alloy using conventional

94 Wiz MG EEA - 202245 565 % 55 151]

and ultrasonically assisted turning[J]. Journal of Materials Processing
Technology, 2014, 214(4): 906-915.

[10] PATIL S, JOSHI S, TEWARI A, et al. Modelling and
simulation of effect of ultrasonic vibrations on machining of Ti6AI4V[J].
Ultrasonics, 2014, 54(2): 694-705.

[11] DING H, IBRAHIM R, CHENG K, et al. Experimental
study on machinability improvement of hardened tool steel using two
dimensional vibration-assisted micro-end-milling[J]. International Journal
of Machine Tools and Manufacture, 2010, 50(12): 1115-1118.

[12] WZEPR, Wl EMVER . R G a2 ) i 75 iR Zh Bt ) 3R i
HUBEHEDTFE [7]. A2 HIEHR |, 2016, 59(4): 58-62.

YU Hongqing, GAO Yanfeng, WANG Shunqin. Study on surface
roughness of titanium alloy under radial ultrasonic vibration milling[J].
Aeronautical Manufacturing Technology, 2016, 59(4): 58—62.

[13] MAROIJU N K, PASAM V K. FE modeling and experimental
analysis of residual stresses in vibration assisted turning of Ti6A14V[J].
International Journal of Precision Engineering and Manufacturing, 2019,
20(3): 417-425.

[14] KHAJEHZADEH M, BOOSTANIPOUR O, REZA RAZFAR
M. Finite element simulation and experimental investigation of residual
stresses in ultrasonic assisted turning[J]. Ultrasonics, 2020, 108: 106208.

[15] XIE H B, YANG Z Q, QIN N, et al. Strain rate analyses
during elliptical vibration cutting of Inconel 718 using finite element
analysis, Taguchi method, and ANOVA[J]. Advances in Manufacturing,
2020, 8(3): 316-330.

[16] JOHNSON G R, COOK W H. A constitutive model and
data for metals subjected to large strains, high strain rates and high
temperatures[J]. Engineering Fracture Mechanics, 1983, 21: 541-548.

[17] JOHNSON G R, COOK W H. Fracture characteristics of
three metals subjected to various strains, strain rates, temperatures and
pressures[J]. Engineering Fracture Mechanics, 1985, 21(1): 31-48.

[18] YAICH M, AYED Y, BOUAZIZ Z, et al. A 2D finite element
analysis of the effect of numerical parameters on the reliability of
Ti6Al4V machining modeling[J]. Machining Science and Technology,
2020, 24(4): 509-543.

[19] LI A H, PANG J M, ZHAO ]J, et al. FEM—simulation of
machining induced surface plastic deformation and microstructural
texture evolution of Ti—-6A1-4V alloy[J]. International Journal of
Mechanical Sciences, 2017, 123: 214-223.

[20] ZOREV N N. Inter-relationship between shear processes
occurring along tool face and shear plane in metal cutting[J]. International
Research in Production Engineering, 1963, 49: 42-49.

[21] LIU X B, XIONG R L, XIONG Z W, et al. Simulation and
experimental study on surface residual stress of ultra-precision turned
2024 aluminum alloy[J]. Journal of the Brazilian Society of Mechanical
Sciences and Engineering, 2020, 42(7): 1-7.

[22] HAN L, ZHANG J J, CHEN J C, et al. Influence of vibration
parameters on ultrasonic elliptical vibration cutting of reaction-bonded
silicon carbide[J]. The International Journal of Advanced Manufacturing
Technology, 2020, 108(1-2): 427-437.

BIRAEE « WREEHE, A, W55 100 by SE it iR AR

(T 2 R)



