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ABSTRACT: The work aims to study the effects of different process parameters on the surface properties of titanium alloy in
the ultrasonic burnishing process, to obtain the processing parameters of the best workpiece surface quality. By the ultrasonic
processing technology, Titanium alloy TC4 was tested with one-dimensional ultrasonic vibration burnishing device and
CA6140B/A lathe and the theoretical model of ultrasonic burnishing pressure and residual stress was established on the basis of

the Hertz theory. Then, the effect of different ultrasonic burnishing pressure on residual stress was simulated by the ABAQUS

WisEHA: 2019-08-08; fEITHHEA: 2019-10-04

Received: 2019-08-08; Revised: 2019-10-04

BE&WH: BEAAAFES (51475148, U1604255)

Fund: Supported by National Natural Science Foundation of China (51475148, U1604255)

EBEN: FRAE (1979—), &, BEARLE, TZMRFTAIMERFENL, BEERSHEABH AL,

Biography: LI Feng-qin (1979—), Female, Doctor, Research focus: precision and ultra-precision machining, ultrasonic vibration surface
technology processing.

BIAEE: Rk (1956—), B, HL, #¥&, TEMRETOAAFEIRE, HEHNERE, 4. zhaob@hpu.edu.cn

Corresponding author: ZHAO Bo (1956—), Male, Doctor, Professor, Research focus: precision machining theory and equipment. E-mail:
zhaob@hpu.edu.cn



Fa8k H10M

software. Through comparative analysis, the variation trend of the simulation results was the same as the experiment results.
When other processing parameters were constant, the surface residual stress first increased and then decreased with the increase
of the burnishing pressure, and the residual stress was the largest at 600 N burnishing pressure. The surface roughness measured
by super depth of field and roughness meter reached a minimum when the burnishing pressure was 600 N, and the quality could
be better when the burnishing pressure was 500~800 N, and surface damage and cracks occurred when the burnishing pressure
was over 800 N. The surface hardness and the degree of hardening measured by the microhardness tester increased with the
increment of the burnishing pressure, indicating that the surface hardness was not smaller when the surface hardness was larger.
Through the analysis on metallographic structure and XRD phase, the degree of plastic deformation increased with the
increment of burnishing pressure, and the weaker the B-Ti diffraction peak was, the more refined the grain refinement was. The
ultrasonic burnishing pressure parameters can produce good processing effect in a certain range, which provides theoretical basis
for ultrasonic burnishing of titanium alloy materials.

KEY WORDS: titanium alloy; ultrasonic rolling; surface properties; residual stress; finite element simulation; plastic

RS W N TR IR T XS 6 3R 2 R B R -35-

deformation

A4 TCA fE—Fh atp XA 4, HA LR
FER . MR | M IR SR A, WIS R
Tolb Pl A A EE AR (B e 22 | Bk
BN | ORGP R SR B, B A A — R AR s i T
PR, FEIN Tt R v 8 AR e, (AR o T3 1
FELEIN TAEAL IR, BRAR T MARMR R L i, ™85
M) 25424 F) i P i RN A5 e

B P TR TN T8 AR X eI TR T 2 A 5
Iz —, ERR R R M E IR R Fh T 2 45 A8
L ST 4 i T e R o AL SR R AR
EWE LT, figmRm kA MmAE | fk
gifk, FEARRARIEN T, FARREHESE, #mER2E
WERE, AN T TR 3R 2500, DO $2 = Ak it
P55 PERE

Bozdana 4511 A8 7 R R R L TIE SR IR
PR R I sRAL Tk, SRR A L, A TR R R
BIE I Ti-6AL-4V  HA TR H5R AR R I8 A1 N
AR TN £ 2 IS S ) R P - S (O SJ i i
. S. Thamizhmanii 25U HE K5 19 TC4 (k&4 %
TAHELARE B 0 26 T B B AT T AR ST, A SRR, KL
Tt i B 2 T R BRI I U8/ ), Bt 2 e ol 1 34
I SE /NG BN, 2% 1A 38 i VR T e . R b R
R RSB IR K AL AR AT TR A 4
TC4 HFHEERIEM TS, W1 AR 7R %t
TC4 Jin T i T8 500 F 35 1o AR B R s i e, R 9T &
B, MR RS i RRT, Sl T ER A AN A Y
I o LA LRI, SRR T A8 A SRR
EHrEA EE R, HEMRE ARG, fF—ER
FE BRI T AR TR . X TC4 245k
WK TS HORRE NN, HAaE R AR -
HE TN TR, (B4} TC4 2 HLEE TS 18
Feg b

I, A SCRIHM AR R ARXT TC4 kA4

FORLBEAT R B, G 0 A FIR s 1 (RSB RO )
PERE BRBRE A, 1A RS R IR T
XN TR A

1 IHREBRRENFNE

A TR HN v, 0 ) AR sl b i TR S
YERIT I AR, 16382 SRIZ T — ™
ASRIBVEARIE AR Z AL R B, L
A LR T B BE

FEXPRIAE (THSG) IR (TR ) Z e pEE
I3, R 2% S b e U DI T A0 BT, AE R R
Jead R CniE 1 poR ), THERER R, KEA b,
TAFPAR Ry, PIBAEA IR, BhZ A7, 7 AR 1
T A B 20 1R 5 IBAE AR T A PR e o A RE i [ 7 ()

E*ﬂi%ﬁ,@&FM?mMFGj,WM%

E:ﬁ?ﬂﬂh:ﬂ%ﬂ=g+gzg+ma (1)

K, PORBUERE T, PIRIRSIohE T, m A
WAL, a MRFEINEE

HI P 1 AT, R e R A A% O R

Y=Asin(wt)=Asin(2mnft) 2)

Krp, A AEAYIRIIRIE (pm); w
PRSI AR B ARSI (kHz ), itk
TR R FECEA (1) AR

=P +F =F +ma=

P+ mpbR’ (2nf)’ Asin(2mf) (3)

K, p I TCA BRE G W RE, AN A HE fl 55 1) i 2
2h 5 Ry Ry AHECAR/IN TS24 45 (B A 422 fike 1 BT 30 Aotk
A5 TCRRAR R 0E 5 20 WA IR AZ 20 A6 B ) F(x)
AIAVE TG BCARARAL, AP TW ARIRAS



.36 - £ W ¥ A 20194 10 H
F 52
¥ =R —R] - zZ_Rl
(0] 2
E.,V, R, 2 2 X
=R —\|R, —x" = 6
5 " ) 2 2 =X 2R, (6)
CF > Wﬁ*ﬁ%ﬂ C1 N Cz '15\ I‘Eﬂ E@Tﬁﬂ% L(X)ﬂﬂ:
/ x> b2 °3 ) ! 1
E.V, 2h L(x) = + PR P
(x) = (g *+ &) AR
A
1“ Rz _%ziL 1 B Vf + l - V; xZ 7
T[hz E1 E'2 ( )
fBE B AEHZ il TR AR A T8, L(x)=0 (=M ), WP
A XRBCHE, AR SE A o
2 2
- ﬂ RR, y I - N 1 - ®)
0, T (R +R) E, E,

B PRI ) 2R
Fig.1 Schematic diagram for ultrasonic burnishing
contact mechanics
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Fig.3 Comparative analysis of residual stress
simulation and test results
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a) unprocessed; b) 100 N; ¢) 300 N; d) 500 N; e) 700 N; f) 1000 N
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