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Table 1 V-groove test processing parameters

SH

HEZEHE /(mm- min™")

V R /mm
IYRIZEL
B2V /mm
V K /mm
PRFIFA kHz

(a) TAF BRI V AR

LCC ik LEVAC 538
300 300
600 600
1000 1000
0.1 0.1
5 5
0.02 0.02
100 100
0 18.1

T
-400.0 -200.0 o0 200.0 400.0

Vium]

(o) ST Y v Tl = 4E 50

E7 VEIREM TR R

Fig.7 V-groove machining experimental results

20184E 55615 M52100] - B &R AR 73



%ﬁ TEI‘ ";I_;i‘ NEW VIEWPOINT

IEL9 Hal g SR oy IR AL 5
HIl 5 2 TR FE 8 0. 1mm /Y V 1l
B, A B 3 2 A 152 i 2 % B U 1
752, ARAT Y VR 3 T AR R R
AR Z, 3 PR DI T, K3k
T FELRS 5 B S 4R 25 RRAR T 31% /2
4, IEB T LEVAC T 7 AR
e TTHLRE B 1 (A8 RO, 3 A, A
&9 Rl LA H, LEVAC JaUiigk
5V U ) 3 TDHELRE B B4 A v 25 2
H LCC Jr =i /h—2 30OR i R
F LEVAC =0T v Bt R4
HF A PR TIRE , (22
T Tl R P UIEIHT T He N, R
F A HADK Y EFAE S B, %
AT RELARE B2 o0 A L34 5, DR e e v
FEBLN—2
3 LIHE xR E AR R O RN
a9 fr s, 4 Gl ok H LCC
1 LEVAC J5 =U0n T2 v RUA#, 4 Fb
Jin Ty 243 5% A v,=300mm/min .
v,=600mm/min . v,;=1000mm/min 3 7
ANEIR YT BN T v il
MBS 2 Y VR A )
WERA LA, STV
RURE T T, SR PR R4 3l B U )
JITARAS IV TR 2 LA J3E 22 LR
FHRE S YTHI N TR 3RAS S /N, 2T
J HAE . A, WA U R 1
i, W RO T 7 T ARAR ) VAR
FE IR RLRE A R AR, X 5 22 T
XV RIS SR () BRAS Ar b — 3K,
BT E U0 )3 B sk, A0 5 40 sl
vy in 107 2 R A B B TRAR 1Y
VI, B R B 5% A B 2 bl 3
K, PRI el 45 VU A f% 2 T RS
xR,
4 MIARIIBRASHIRM
TG R 0. 1mm By V RIS,
I B 48 v=600mm/min, M%<
LCC #1 LEVAC Pl T 7 3L F iF
AT B, FEilcre W ise T ik
Xt nE 10 (a) #(b) Fias.
WE 10 FrR ,  o SEE i 5 &
M, LCC T vlE 2GR

74 WisshEEEA - 20184 615 55 2110]

- -
- 4 - o

(¢ )v=1000mm/min

B8 AEMIAXTVEEBIEER(EBRALCCHN, HGEALEVACHRN)
Fig.8 V-groove cutting topography under different machining methods (the LCC method
for the left and the LEVAC method for the right)

R2 VEESHIRE

Table 2 V-groove parameter error

Tk R b/ pm iR2Z 6/% P JE s/ pm TR72 0%
i E 100 529.4 —
LCC Ji=t 91.52 8.48 622.69 17.7
LEVAC J7{ 105.84 5.84 580.77 9.70

HEEER, M LEVAC 7R F Ay E &
M RRIR AR ELOR, HEB R A S
I PR 4 1 Ji R B T AE LCC
IR VB AEST U A2 3 g
KHEFE R YIN 7, Mi7E LEVAC
BN N7 T R o8 ) I T e
BYUIR 130, H ok sy, P it
EHEPIFAFEIEIES; 546,
LCC 7720 N M9 3RA5 19 1) Jig iy >R 2
148 R=44.84 um, 1ff LEVAC J5 2
TARAS DD iR AR T R — s,

08. EALCCHA RNLEVAC =R
07} 0.6442 00824
g 06}
b 0.5¢
04t
funa|
g 03t
w02t
0.1}

300 600
VIR v/ (mm- min™")

E9 AEMIFXAIVIEEREHAEE

Fig.9 V-grooe wall surface roughness of

1000

different processing methods



NEW VIEWPOINT ﬂjgi Tm Y

H R=61.04 wm, X -55LFRUELH 1)
LCC 7750 F 3RS A9 1) 5 5 R 25 i A4
— 3, i kA IA ) J R  TAE
PRI T 75 =0 Ut fE v, b))
152 AT, i 11 s .

TELCC =T, JJEAXS T T
AR Bz 8, V) g 52 8 J] 2K F
BE 1 Fo, 5380, Ul A ) b HE S
R JTER R T R TT F e
THIARRIBY B, 32 TG AR A
I Re Jr I a2 bm R, anfEl 11 (a)
U NWARES ORI N ER CEAS VS ST aEINN

B “He3a” fEH; e LEVAC X
L, | FJIEAXF TARE 52
Bl A JE P A 2 sl B e )
JB 1932 14 it 5 R AR A, A
11 (b) i, 78 ] B i — iz 8 &
W ABCDE v, X4 7] Hiz 85| AB Bt
) Py s T T HAR XS U0 E 1)
Nz s, J1H X E ) B ) F,
Jrl R e R, VB Z A 17 )
Ry &bl F 14 J) Hiz 53] BC Bt
P, 5B, JTEAX FUIE W iz g,
ISV W EEEERL S1 F, J5 12k

(a)LCC =t

(b)LEVAC 7=

E10 YIBHERMKE
Fig.10 Chip shape and enlargement

T

(a)LCC =k

PARSYIBU

(b)LEVAC /=

B AERVIAAXTHBZNE
Fig.11 Chip cutting force under different cutting methods

- [ S S G A N S 7 L1 s R
B B HE S, A A T Ry T 1]
Ayt L 11 (o) AR,
U1 8 HAT ) A R MER FE
CDE B JJH 58 KA 4r 85 1IE =&
M T 7€ LEVAC &f 2 rp 7] 2 X5 918
JESE b b PR A (A
PIB MRS e LCC R
MR,

Zie

(1) N T ffpfi v AR T i
() B ) | SR 5 T L, S ER VR
SN T, B T —Fh 4 A R
BT T

(2) A4 v BUREE) LA REAE , %)
A3 JZ M B4R s Bh VI H] Vv R A
WA 5 550, AR P (5 P 2
B O EI R R L S TV R 5
SR S R VR A R R T
HELRE 2 1 PR B A T 40T o

(3) R AR B I T 7 Kty
BN T, XTI A VR R 2 T
FERE B AU B B S 1% Ee oy #r ,
JE R E P Sh Al B T AE RIS V iR
A REURS 5 FNHE S 7 T LA AR R,
SR FH 4 J2 A0 (50 4 sl %l B T HG 2 g
FEAE B 5 KT FAAIR 38.9%

2 £ X #

(1] BPHH, IMISFR , B8, % . &M
B PRI RE S5 AR ST R HARWITE (], KIEH TR
2, 2012, 52(3): 362-366.

ZHAO Danyang, SUN Pengxiang, WANG
Minjie, et al. Study on structure replication of
shark skin micro grooves [J]. Journal of Dalian
University of Technology, 2012, 52(3): 362
366.

[2] WEN L, WEAVER J C, LAUDER
G V. Biomimetic shark skin: design, fabrication
and hydrodynamic function[J]. The Journal of
Experimental Biology, 2014, 217(10): 1656—
1666.

[3] WALSH M, LINDEMANN A.
Optimization and application of riblets for
turbulent drag reduction[J/OL]. AIAA, 1984:

20184 61 B 55210y - it hiEEAR 75



%ﬁ TEIJ 4'15\ NEW VIEWPOINT

http://arc.aiao.org/doi/abs/102514/61984-347.

[4] KIM G D, LOH B G. Direct
machining of micro patterns on nickel alloy
and mold steel by vibration assisted cutting[J].
International Journal of Precision Engineering
and Manufacturing, 2011, 12(4): 583-588.

[5] LEESJ,JANGY G. Control of flow
around a NACAO0012 airfoil with a micro-riblet
film[J]. Journal of Fluids and Structures, 2005,
20: 659-672.

[6] Huldd, midk . —FhRi B 2 45
B AR T i i D BEL ) S B F 5 [9]. s
4R, 1997, 18(4): 455-457.

YANG Hongwei, GAO Ge. Experimental
study for turbulent drag reduction using a novel
boundary control technique[J]. Acta Aeronautica
et Astronautica Sinica, 1997, 18(4): 455-457.

[7] KLINK U, FLORE G. New

technologies of honing[J]. Society of

35.

[9] BRINKSMEIER E, RIEMER O,
GESSENHARTER A. Finishing of structured
surfaces by abrasive polishing[J]. Precision
Engineering, 2006, 30: 325-336.

[10] CHANG W L, SUN J, LUO X H,
et al. Investigation of microstructured milling
tool for deferring tool wear[J]. Wear, 2011, 271:
2433-2437.

[11] WU Z, DENG J X, XING Y Q,
et al. Effect of surface texturing on friction
propertities of WC/Co cemented carbide[J].
Materials and Design, 2012, 41: 142-149.

[12] SUY S, LI Z, LIL, et al. Cutting
performance of micro-textured polycrystalline
diamond tool in dry cutting[J]. Journal of
Manufacturing Processes, 2017, 27: 1-7.

[13] KAWASEGI N, SUGIMORI H,
MORIMOTO H, et al. Developmenting cutting

tools with microscale and nanoscale textures

force variation with respect to tilt angle of
trajectory in elliptical vibration V-grooving[J].
International Journal of Precision Engineer and
Manufacturing, 2013, 14(10): 1861-1864.

[15] HBMA%, #ase . Aol T4 s
FUEAR BARIRAEST [M]. PE IR : BRI Tolk
Rz HREAE 2014

CUI Baidi, GUO Jianliang. Turning
simulation technology and experimental
research[M]. Harbin: Harbin Institute of
Technology Press, 2014.

[16] SRk . T 7 4G [ 4k ) o B
2R B DI N T AR 5E [D]. FE ot
RIS TR R, 2016.

SHI Guilin. Study of ultrasonic elliptical
vibration assisted-cutting micro-texturing[D].
Nanjing: Nanjing University of Aeronautics and

Astronautics, 2016.

WIS sk, W R, EE NS

Manufacturing Engineer, 1998, 21: 98-210.
[8] LUDOLF H, HORST L, MIKE H, PRGN T AR 53 Mg ity
] 3 R AR B I RS M 5 AT Y

E-mail: meeczhang@nuaa.edu.cn,

to improve frictional behavior[J]. Precision
Engineering, 2009, 209: 1612-1620.
[14] KIM G D, LOH B G. Cutting

et al. Targeting diesel engine efficiency[J].

Industrial Laser Solutions, 2004, 10(19): 32—

Research on Path Planning of Elliptical Vibration Assisted Machining for
Micro V-Grooving

HOU Lei, ZHANG Chen
(College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and Astronautics,
Nanjing 210016, China)

[ABSTRACT] Biomimetic studies have shown that the micro-textures of pits and grooves have much excellent properties
such as drag reduction, noise reduction and self-cleaning. It is of great significance to realize micro-texture precision ma-
chining to improve the product performance. However, the current micro-texture machining methods have the problems of
poor adaptability of the reference surface, high machining cost and long processing cycle. Therefore, taking the V-grooving
as the target micro-texture, this paper presents a layered elliptical vibration assisted cutting micro-texture method, and real-
izes the machining of the V-grooving on the surface of the workpiece. Firstly, according to the trajectory characteristics of
elliptical vibration, the morphological parameter model of V-grooving was established, and the relationship between the
maximum scallop height and the cutting speed was derived. Secondly, according to the machining depth of V-grooving, de-
signed layered elliptical vibration assisted cutting path; Finally, the V-grooving machining experiment was carried out, and
the obtained V-grooving is compared, which verified the theoretical analysis of the topography model. It shows that the lay-
ered elliptical vibration assisted cutting of the V-grooving can reduce the cutting force and inhibit the generation of burrs.

Keywords: Micro V-grooving; Elliptical vibration assisted cutting; Topograpy model; Layered cutting; Surface roughness
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