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Stability Analysis of the Vibration-Assisted Turning Process

Morteza Shankayi, Mohammad Javad Netegh”

Department of Mechanical Engineering, Tarbiat Modares University, Tehran, Iran
*P.0.B. 14115-143, Tehran, Iran, nategh@maodares.ac.ir

ARTICLE INFORMATION ABSTRACT

Chattering is a kind of self-excited vibration encountered in different machining processes such as
milling and turning. This type of self-excited vibration rapidly develops after commencement and
destabilizes the whole process. This phenomenon leads to, among other issues, increased noise, wavy
surface finishes, discontinuous chips, and failure in the tool or machine parts. The depth of cut is the
Keywords: main parameter in t_h_e occurrence of chattering in chhi_ning processes. _Avoidin_g_ the critical depth of
Turning ) cut ensures the stability of the process. Process modeling is a way to obtain the critical depth of cut. The
Chatter vibration-assisted turning process has many advantages and is of a different nature than the
vibration-assisted turning conventional machining. In this paper, the vibration-assisted turning process is modeled and
Dormand-Prince method numerically solved and the critical depth of cut is obtained. Validation of the results is performed using
experimental data and comparison with conventional machining. In the vibration-assisted turning
process, higher stability is obtained with lower ratios of cutting duration to the total vibration period.
This ratio is directly proportional to vibration frequency and amplitude and is inversely proportional to
the cutting speed.
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Fig. 3 Results of first model a) Conventional turning b) Vibrational
turning

Bl (0 i 6,555l (8 Jgl Joe gl 50 soal s 4y polie 3 Y

ks |
Depth of cut=2.3 mm, Spindle speed =200 rpm,
Feed rate=0.1 mm/rev, Frequency =20 kHz, Amplitude =1 mm

alold jo il Sbule lade 5 o0l o (goae g, SeS 4 (9) akl,
JSa" e el sa sols Lai (B) 5 (4) sla s o 4l 10 K0 Sbe;
b B el oo ools oyl ol 3l,El b Lol g, ol anT,s M4
5 ST e il Geed BB L3l S s o)) wlile )| als

aos o las |y (b) bl g (a) i B ol e alales )l ol

oIl slayloged puw, ~1-2
A el 00l une (Jdow Do 4 Yol S Joe (Sasmn Jdo
sl 00 oolaiwl (g laul (slaloged oy Sl gdas Eg, 5l U e
59y 02l 9 el o oolil T iy pymake 90 g, 5l S¥oles U sl
obid Al S Lo Rl b bl anmgs UgSmly by, sl 2 45
5 099 yxie Sloj il gy pl Hoad walys il guaxy alads
Ol cel g sl amlys cans 4 Koo Wolee 6 acle b abaii e
50 OYobe Jo sllas ol ouls Slvlre Cop g OYolae (55000
2S¢ algs O(R®) wliie

005 o1 sl )l (Sl i Ges 05] s a4 slp
Wil el anlp & Sise 0 008 e U Bl dlal) 5 05 o

1 Dormand-Prince (RKDP) method

79

p tCP . 2Pct§: 1  nowt,
== — —SIN——CO0S nwT
uat T ct T n 2

n=1

(6)
R sy R @ g Bl vnn T oop gleyte b, Gl )2
98 abaly oo )18 bzl (s (G5B 50 (chy 8958 Pt o oBla3 )
e 53 lag) Glogi o0 slagall oges adlal 1 g ((1) alal 5o
walgs s 4 iyl 65 il sly Il il ) aloles (oolp o2

el
mi(t) + cx(t) + kx(t) =dP + P
= keahgy + kea[x(t — 7) — x(¢)]
+ [% Py + Z‘T’[C‘Z%":lisin Mz)tc cos na)‘r[] )

S5 4 (Gl g 0098 (See (oS slagty, 398 dolas >
S5 4 Wl opl Jo l Jele @bt 08 Jo soue slagsy,
CNC-TME40 ilp olfiws (Spolns ple> polie glp goue slo g,
ol (Sealips (olys anl 0l "3 S8 10 (2 Jsor 5 1 Jsoz)
a5 (S oy el o] G 4 iolol SS 4y CNC-TME40 3l 5
Cewd &y Ghalel raaz el b oj)) 3 (Sl (o es ol
S ortle (Sealizs (2155(5) 5 (4) Laly, SoS 4 s 5 Sl o0l
5hess 5er o Seelas olsn 0os] Css 4y el sud il
4 ALT07S Sashad iz Glp 5 o cord ol (B9 crl bl
Llgy 5l eolinul 5 5 Glagys @pSoslail by Gialesl S8
ol 00 s A5 i o

Sl Jloged il oo (i S5 4 by mlis "a8 UK o
G g ol w35 13 095 Sl s 0 o Ges o5 el ]
039 (g 55 1 b Il abele Sl (b cend) (o505
G o e sk sl & iz ol Gl as 50 e s
IR Gl a9 waledu (o5 (S e Sl e (53|
G p) Sy @b oaay ol oges Jaw sl 09 dalgs Saalad
D9 s

(t)_{l, nT <t<nT+t,
= OnT+t. <t<n+1)T+t, (8)

Tee ey oy oloj te (Bl JInl oglis 0)93 T 398 alail, 5o
aald ol ably lgs oo g odel Cows 4 il )l 5 ol 5 0 Jolee

g (9) el llas | (o3l ) (6,5 515
mi(t) + cx(t) + kx(t) = {ktaho + ksalx(t —7) —x(OBf (1)  (9)
Sl Lol ) 00,8 e ploml s ol d oS oKie YU alal, 4 axg b
£ i anT5 S s Jy el 3, 4 35 e SIS wslan
aS odel 099 s ol3T Wil ) b ot o (a3 ,1 150l cus ) 205 o

00,8 o il ej ) ol )l asals pals cuels s Culte Sied

CNC-TME40 il 5 olfiws (Seoliss olgs 1 Jgaar
Table 1 Dynamic properties of CNC-TME40 lathe

Sl Bl eles
k (N/m) ¢ (Ns/m) m (kg)
618150 2764.8 36

2T slo el 2 Jouor
Table 2 Cutting parameter of turning process

S syl
ks (N/mm®) Ry (mm)
250.46 0.1

10 o lesis 16 093 1395 5o (e Suille  Swiiie



GhU dlga 3o 9 (b (85 )0

Gl G 15 ) 3T Hd Golaaly w) 2

e 50, i by 5l ool 5 Lauas 1S5 L (2 JS8) el salys
Al dles oy s g0 cBo b o szl):qé.o.c
a5 (5) 5 (4) alal; oo plnil silaJos 09 Conyd paseis slp
solie oolaiwl b g conl Lol )l o, ol o gl Gip Ges Sl
el o] Cowss "6 K" ollae (5 laul Hloges g oads =2 91 oo
Jleel 52 51 Jglaz 3l oolizl 55 4 (9) 5 (8) adasl, 5l oolissl by cpizean
ailas b a8 e Cewsay (55l o oS 4,600 5 500 400 rpm il
Grhin oSy 5 aS 00,8 o odslice 5 el ouds ool lis ape slo
Jolse 3975 Jodsar ol (Sied lace ju 0 oS Col ety @ Y
i o polie bl ad sbml s ganld e dlax 5l s 8
OBl cpl [25-23] WS el il ol 4y opes al g je Slin
bt Jelse (28,5 50 oo ead e Ges &S el o>
O 12mm 5l i Ges 4 Slisbejl jo Lol el eads o i 0.4 MM

[25] ol o sl oo (ol

SR vy 3os 0397 Cawd 4 guloiT -3
sblbs Jds 3 Bl a4 4y wliok;] o cds Jea> sl
O Bl g Siilatuga lolas colis ol ol Bl 3 Slotanns
Lol el S talejT plosl 5o g of plsl ol (inlesT 51 L3 il
oo el el bl 4 a8 el 0l LS5 b s sl clallas
S ezsSU Gogy om walym p ase s oleg eolialesl o IS5 sy
all e 5t wolisles] (mals e waliie sloasl)] 5 e slaig,
4 4 Il awais wiS oo Ol oS b 4 (2o byl ],
Lyl wains ol oyen bbb SaS 4 b oad 42,5 L o ol
3 Gyas p 5T 5l Sankd i il Lge 1) gogee 5 3l 5
@ oy sl g ol Shd g el oaua S Ol Ladlen o el molio
Il e o Cusgume) LBl )5 55 )5 amds Sl

sl 0 S I3 4 Sgz g0 abolie

0.0020 r
0.00195
E
s
3
w5 0.0019F
£
a
>
o
0.00185 |
0.0018 L L L L L )
350 400 450 500 550 600 650
Speed (RPM)

Fig. 6 Depth of cut resulted from modeling (square marker) vs. closed
form solution of stability lobe (solid line) in conventional turning of
CNC-TMEA40 lathe machine

b dlie o (555 gye) Gilode 5l onel s 4 b Gas polie 6 JSUD
CNC- ily olfsws lp ( bohhs) w5035 0 Gds s J>

TMEA40
Feed rate=0.1 mm/rev

Josl 6.?1)50 C o Ay S ‘@‘)"? Doy Bof Ol s ass1 Jdo

1Bisection method

10 o lesis 16 093 1395 5o (e Swille  Swiye

x 10

Tool displacement
3t — — — Generator Pulse

Tool vibration (m)

o
N
wh
IS
o
o
~
w
o
]

Time (s)
Fig. 4 Tool separation and stability increase in vibrational turning
Sl @A e ol bl g IRl Gl 4 g5
Depth of cut=2.75 mm, Spindle speed =400 rpm,
Feed rate=0.1 mm/rev, Frequency =0.11 Hz, Amplitude =1 mm

x 10

08

06

Tool vibration (m)

04

02¢

o
N
wh
IS
[
o
~
@
©
=]

N

Tool vibration (m)
&
P

051

0 1 1 1 1 1 1 1 1 1 J
0 1 2 3 4 5 6 7 8 9 10
Time (s)

b
Fig. 5 Results of second model a) Conventional turning b) Vibrational
turning

Gl (B o 653055 (A pgo Joe gl j sdel caws 4 polia 5 S

ks |
Depth of cut=2.3 mm, Spindle speed =200 rpm,
Feed rate=0.1 mm/rev, Frequency =20 kHz, Amplitude =1 mm

Ay 4 gy s polie Bygo (ul pE 40 5 009 Sgize (! u';',L,d)l) Y yolie

80



GhU dlga 3o 9 (b (85 )0

hlei)l 5)0’0‘“)3 29 éa'gT)é GIlak w0

oolidl 3l wlakad (6,5 55 55 5,8 150 Sgu ilS 2 L (55 5950
2 @S otle oS Sl phiSrs 4 o S ol e
3 S o5 55 5 oo b B (a5 1 2L ot
a3 oo |y S 53 030 S92g 5l oS LS el ile
@l 2 Jolw g slagl 1 sloojl 4 )5 515 slogyd (99,5 &S5 L,
ey oyils b oo S o ateie Cawl 00305 o5 ) Lo anl g aSile
il Camdse w59t 5 (Sge S ke (39 (aiin S g 05 ) £900
5 Shgy (il o s aseiis plie ol 0 (L Bas i g alaod (T o
4l o gl @ s L ogam g9t 5 (Slgo Sy polie Sl

il anlgs

B b3l 9 i oo gbi-4
Silwdae gbi-1-4
ol sl g iales] 5l el caws a5 gla sl )b (sl (g3l Joe Y olas
Cewd 4 polie g el 00l J> 9 4 8 alayl, sllae CNC-TME40 il 5
el o s0ls (yLis M9 S (o iy Slme e glp el

o2 b losei YU Jlhes slace o )0 el oo odaline a5 4isS lon
59 el Gz Cep 5l Ghy Gy (AT sanas il g odd Bulate
odel Cuws 4 Gilwdoe o b aS Gl iy Ges polie M10 S
slaiolesT (69,9 o yal )b eogame ;o loges opl sl sads ools LS
byl glaaials [0 cil astin a5 A4S oles il 0l g,y (0)58
sdips lis oS el a8 S 18 6V Caxdse o gluly Hloged YL
13 ke )| aals el Il Golas ) 5YL slaaiols [ 0l d i (o lab

20,5 o0 )l e Sl o (GBS Il (g S

byl ls-2-4

B B R RUSLIE- PR U= EUIE A
53 Sl osls plas 1) 393 el JSB (59) 03 H1 s lnl Al
38 089 S aw glls el oud o) s a5 sleoly Mam11 S
aal 55 irlas & LT USE" s 3l e L o3, g o5l Sl

Amplifier

Dynamometer -
Ampifier
\‘5‘:\ >

Sensor
Power

Supply

Ultrasonic i

Generator &

: N S

Fig. 8 Experimental setup (Instruments, Generators, Scopes, etc.)

5 oS Ol e ladae 5 Sguldl lss Glesez e B S
abl 5 yogelid

Cowd 4y (6999 Tobaw 51 e p» Il 5o GeSile p3lie (55T Julow o

81

el 00 ooliiul Slinlejl plosil (sl o 5 51 el Slwgs g (Jas .8
oBeiws ws S ojlul lnl slacusgame 4 azgi b )55l o zolaw Sl
S0 el oad ools lis 3 Jgazx 0 4 wilesw] Caws 4wl g
ol o 00lo lis 4 Jgaz 5o 5 ol b slayal)b
ol S el o ools (Lis "8 5 7 UK o LialesT e
e sy b ool 3,5 13 3] S oF (K05 o o
Oype 4 oy 79,5 agly wled Sud 105 ey ST Il oloml>

S G Gos o509l Caws 4y-1-3
2Ol Bl s s A ows o oSl Jele glagg s
bz K 3 eslizad b o) cdeay Sl bl o ilas,) 6,5 bl
G5 il b lald sola s et 4 20805 s b5 oS

ol sk 5 Gilojl (5255 slay5S6 3 Jgur
Table 3 Input factors of experimental test and its levels

2=l gobe 555516 ol

fm 0,0.4,7,10,13 ol plas ) asels

rpm 50,100,200,300,400 Jil Ceyun
mm/rev  0.05,0.1,0.15,0.2,0.25 (g5, ey

Ohlesl bl 4 Jouor
Table 4 Experimental test conditions

50,100,200,300,400 M il e
4.7,9.4,19,28 37 m/min Sy e by bl
0050.1,0.150.2025  mmirev o s, e
a, =5° g ool agl;
_ Awdid
Yo =0° yoll el
3
RV Ly Szl i
AL 7075 i
30 mm s Sald
300 mm Jobo
0,04,7,10,13 Om wls
2005 kHz s T

Sensor
Sensor

Dynamometer [§
Dynamometer

: .‘&‘,’ﬂ

! =Y y
Fig. 7 Experimental setup (Work-piece, Tool, Instruments, etc.)
JSankid 5 I, oz S il o o T S

10 o lesis 16 093 1395 5o ()3 SHlse (Swiie



GhU dlga 3o 9 (b (85 )0

hlei)l G)Uuhl)a" 2 éa'gT)é GIISsl w3

ot 28 ol ol 4idly 8IS Gy G Bes i (53t S8
50yl as e el oS cul ganld ol elS Loy Sl
ety e 5o el eals (lis Hlages CaS Wl (Glhsd ey 9
S Syge slagilejl Coma (s 293 a5 wllie sl g
el
el ool oals jlis 14 4 13 S o lalas yog Jloy loges
oy 4 blhs o Jbg bys oSl ol esims ylis P-Value sae
oads il comie Skl 4o lallas w565 M15 S js Ll assly gass
LT ogr Jaee 51 oyl lallas i 0gr (Bolad ol oads ool ol

Sl

3.6

3.2

Mean
~
®

2.4

2.0

0 4 7 10
Amp. (um)

13 0.05 010 0.15 0.20 025 50 100 200 300 400
Feed (mm/rev) Speed (RPM)

Fig. 12 Mean values of depth of cut vs. input parameter levels
5999 zoka 4 Cond Lools Sl poliae 12 Yo

95
90
80
§ 70
60|
g 50
e g’g Mean  2.521
20 StDev  0.7966
N 23
10 AD 0.407
5 P-Value 0323
1
0.5 1.0 1.5 2.0 25 3.0 35 4.0 4.5

Depht of Cut (mm)
Fig. 13 Probability plot shows normality of errors

blbs yog Jby loges 13 &

Anderson-Darling Normality Test

A-Squared 0.41
P-Value 0.323
Mean 2.5213
StDev 0.7966
Variance 0.6345
Skewness 0.21930
Kurtosis -1.07470

23
Minimum 1.2885
st Quartile 1.7637
Median 2.5969

3rd Quartile 3.1583

— Maximum 4.0180
95% Confidence Interval for Mean
95% Confidence Intervals 2.1769 2.8658
95% Confidence Interval for Median
1.8505 2.9934
95% Confidence Interval for StDev
0.6161 11274

Fig. 14 Errors are normal
b yog Jby loges 14 K

10 o lesis 16 093 1395 5o ()3 SHlse (Swiiue

4 w555 led Ll oo sols plis 12 K" o polie opl el ol
St g 0l Gl G Bes S35 2 ) 6 e el et
(ol )| asals oy e 0sls Siigl il Glales )| asels e 9 (S50
2 Fodes 0.05) 1 gl cggpbuy oy 0yt (095500 13) 5 el

ool (4283 13,90 300) 4 zxlans « Jly90 e po i 9 (590

0.014
0.012 . ===7 micron
[ ===== 13 micron
[ O
0ottg g :
e i
= 0008F g _*
o - o,
bud N
2 ooosk 11 3=l “uan,
. e e RN
o (Y RPN | H
0.004 :,-\_ FR LT N,
- b iaent “erravaa,
0002 - CPTTTT TN
0

0 100 200 300 400 500 600 700 800 900 1000
Spindel Speed (RPM)

Fig. 9 Stability border in conventional and vibrational turning
Silodae SoS @y g 5 (3 )M 50 syl losed 9SS
Feed rate=0.1 mm/rev, f=20 kHz

0.014

—o—CT

=-B--4 micron
e 7 micron
=+= 10 micron
=P+~ 13 micron

0.012}

0.008

0.006

Depth of Cut (m)

0.004

L L L L L L
050 100 150 200 250 300 350 400
Spindel Speed (RPM)

Fig. 10 Modeling results for critical depth of cut
Sildae @b o Gl oy Gos polis 10 S5
Feed rate=0.1 mm/rev, f=20 kHz

b a
Fig. 11 Chips a) with chatter mark b) without chatter

05 g 3y 00l (B oslyy o5 BT (@ 05,0 plp y0 0ol oloxl 11 Jsi

Gl Sl e e e Segeel T Lt asals Jlaie gl b
ORIFIL 5 03 (oS (S9rty Sy 330 )3 Mg, nl Sl axdly

82



GhU dlga 3o 9 (b (85 )0 Sl G Ghlys 53 30T 3 s)lsl w2
ol eas Bl Ghe serbe OBl bl k .
0.75
(%) (mm) (mm) (rpm)  (mm/rev) (mm) 050 . .
18.5 2.6310 2.1426 400 0.15 4 1 = . °
95  1.8480 20236 200 0.20 10 2 3 0% .
45 2.0873 3.0389 300 0.15 13 3 < uoo-»-»_-_-. _______________________________ ¢ e
o0 b ° ° .
°
Lhufulnﬂ (T D -3-4 s ® °, °
ol 5 s @bl Gl ulos coo anl gl 48,5 ©)se sl iles] 050 Y.
. . A . 15 20 25 30 35 20
Slp 0sd oo canlice a5 wigS len (sl odel 5 Jgaz y0 oad iy Fitted Value

ca gl end ileil 5 el st polie 25 1 slagtles]
Coo Lislejl polie 5l ailg o 55 3 ialejl jo las oiies el
o b obgte gl pr Lol alivlesl a4 cas 1p) il e

S5 4m -5

S0 o)lpen w0 pslice 0)ly anTd &S e Jdods o)) sany calis
S35 2 2ddd 5 Giludae sl oy g Sl 0oy G SKingh g
o9y 4 Jo el s @ Ll (Saomn Jodods il oals pll
@il (Bl Gl sl gl jl lassluae ool 5o (soae
phite Jog g ghad e Il ols Glugi b a5 allbioo 5 A5 )3 o
o Gl g anl sl (Rals 5ol (ol 5 93,5 o0 00ln by
Gl e llin il s ond bl gilodoe b ooyls olyan & |, s
makeyss B9y eI ol p oSl sy 5wl all b)) @Sl
o oy Blae yd LSl S 6ylnl Hsbires Wil Jo iy
el aels Uy apiins dlal, s iy ek 45 0 ools (Lt g A
S Gir Gee 055 18 @ 09,5ee T 51 b)) asels (181G ol
G Ges i iledss jl Jolo @l 4 azgi b oS oo T Gl 58
3 S i 5, ol sl a8 100 rpm Sho s lhes cae e jo ilyeu
Faheo 1257 5| G w5 4 (BT ) A sl el e e 2
Goe A0 TPM e yus 55 jsbo e Zul Il (35 ) (49,500 13 5 7 (5l
593 wilbiee ke 2 090 s AP ln &S Sl 2p
R AWl 0sSee 13 5 7 sl 5 (LB GBS sl e
Oy (gl a5 09d oo Azl weS pl binlesl mls ol Lal )
(09,52 13) 5 o ¢ o8l )| sl (i X (5500l oy b (5T 8
S g e 3 (599 22 yaishee 0.08) 1 grhans (o S pus 020
el (4285 90 300) 4 xbans o S99

Bowgs 9 K5 9 gudi -6
Sliglel plnl j0 a5 jpo glosks dpa> iS5 BT 51 ol s

ilodges ool pen |y o g

&7

[1] K. Cheng, Machining Dynamics (Fundamentals, Applications and
Practices), pp. 21-89, London: Springer, 2009.

[2] B. Balachandran, M. X. Zhao, A Mechanics based model for study
of dynamics of milling operations, Meccanica, Vol. 35, No, 2, pp.
89-109, 2000.

[3] N. Deshpande, M. S. Fofana, Nonlinear regenerative chatter in
turning, Robotics and Computer-Integrated Manufacturing  Vol.
17, No. 2-1, pp. 107-112, 2001.

83

Fig. 15 Residuals are in a random pattern
ol i3l Hlaie 3l lallas alold loges 15 JSis

Gos 55 2 8909 S bl Bl 1l Gl ee (bl 5T S8 o
ol ools lis M16 JSE" j0 Jloged cnl woged samlie 1) Sl g
Cowl o ools ol "17 JS;L" 30 a5 sy blae jo aiels Sloges el
RS as )9bQL<)Jb RGO K (_g)L_\g_L% 6“)‘09‘3 3 LS!L&:M Q|536a |)
i b oo cpliaiis 5 650 ool b i sleaisls ol
JS.Z)" 3 "17 JS.;L" anlie Lais 8 o i jlao 881 jgmme 0 atals
Ll gas gy sdmsy (228 ol 5 (55lu e s (ol Ko 4 ol e 10
3 bl plass gilogae 5 Gialejl o RoaSs 4 cod gl oKL
ol ganld ol 5l b s 2 gl )ls, Lo 4 polie ciglss o5 >

_4F
2 B
E ) Amp. (micron)
s3L o=t 10
2 = 4
° . 7
£ 2 — A 10
g2 \ —> 13
e 3,
o
1L
005 o1 015 020 0254 [
Feed (mm/rev] z
eed (mm/re) E Feed (mm/rev)
510 —— 0.05
;5 -——- 0.10
. 015
k] , —A- 0.20
c2f
£ —p 025
o

50 100 200 300 400
Speed (RPM)

Fig. 16 Interaction plot for depth of cut vs. input parameter levels
S i Ges 2 (899y9 o) i 5116 S

4.0

w
n

w
=]

Amp.  (micron)

Depth of Cut (mm)
N
n

20| - 4
cngue 7
— - 10
15 —_—p-- 13
1.0
50 100 200 300 400
Speed (RPM)

Fig. 17 Depth of cut vs. spindle speeds and different tool vibration
amplitude

Dglite glo yoles )l asals g ey ;0 Slizn oy Gos polie 17 JSC&

o (B3l polie g lalejl )0 Sz (b Gee polie anlin 5 Jguor
Table 5 Predicted and experimental test depth of cut

b iy e by Bes i iy acls 0l

10 o lesis 16 093 1395 5o (e Suille  Swiiie



Gt .\I,.;.\Azo 9 U (85 )0

SIS G5 ) 3T Hd olasly Gw)

tip temperatures of a tunable vibration turning device operating at
ultrasonic frequencies, Precision Engineering, Vol. 33, No. 4, pp.
505-515, 2009.

[15] H. Soleimanimehr, M. J. Nategh, B. Gholamzadeh, Experimental
Analysis of Work-piece’s Diametrical Error in
Ultrasonic-Vibration-Assisted Turning, AIP Conference
Proceedings, Vol. 1315, No. 1, pp. 1175-1180, 2011.

[16] N. Ahmed, A.V. Mitrofanov, V.l. Babitsky, V.V. Silberschmidt,
Analysis of forces in ultrasonically assisted turning, Journal of
Sound and Vibration, Vol. 308, No. 3-5, pp. 845-854, 2007.

[171 D.E. Brehl, T.A. Dow, Review of vibration-assisted machining,
Precision Engineering, Vol. 32, No. 3, pp. 153-172, 2008.

[18] M. Xiao, S. Karube, T. Soutome, K. Sato, Analysis of chatter
suppression in vibration cutting, International Journal of Machine
Tools and Manufacture, Vol. 42, No. 15, pp. 1677-1685, 2002.

[19] C. Ma, J. Ma, E. Shamoto, T. Moriwaki, Analysis of regenerative
chatter suppression with adding the ultrasonic elliptical vibration
on the cutting tool. Precision Engineering, Vol. 35, No. 2, pp. 329-
338, 2011.

[20] H. Jung, T. Hayasaka, E. Shamoto, Mechanism and suppression of
frictional chatter in high-efficiency elliptical vibration cutting,
CIRP Annals - Manufacturing Technology, Vol. 65, No. 1, pp. 369-
372, 2016.

[21] C. Ma, E. Shamoto, T. Moriwaki, L. Wang, Study of machining
accuracy in ultrasonic elliptical vibration cutting, International
Journal of Machine Tools & Manufacture, VVol. 44, No. 12-13, pp.
1305-1310, 2004.

[22] C. Maa, E. Shamoto, T. Moriwaki,Y. Zhang, L. Wang, Suppression
of burrs in turning with ultrasonic elliptical vibration cutting,
International Journal of Machine Tools & Manufacture, Vol. 45,
No. 11, pp. 1295-1300, 2005.

[23] S. A. Tajalli, Mohammad R. Movahhedy, J. Akbari, Investigation
of the effects of process damping on chatter instability in micro end
milling, Procedia CIRP, Vol. 1, pp. 156-161, 2012.

[241 Y. kurata, S. D. Merdol, Y. Altintas, N. Suzuki, E. Shamoto,
Chatter stability in turning and milling with in process identified
process damping, Journal Of Advanced Mechanical Design,
System, And Manufacturing, Vol. 4, No. 6, pp. 1107-1118, 2010.

[25] Y. Altintas, Manufacturing Automation, Second Edittion, pp. 135-
149, New York: Cambridge University Press, 2012.

10 o losis 16 ©)93 1395 s codde Sulle Swaiie

[4] X.H. Long, B. Balachandran, Stability analysis for milling process,
Nonlinear Dynamics, Vol. 49, No. 3, pp. 349-359, 2007.

[5] L.Vela-Martinez, J. C. Jauregui-Correa, O. M. Gonzalez-Brambila,
G. Herrera-Ruiz, A. Lozano-Guzman, Instability conditions due to
structural nonlinearities in regenerative chatter, Nonlinear
Dynamics, Vol. 56, No. 4, pp. 415-427, 2009.

[6] A.H. Nayfeh, N. A. Nayfeh, Analysis of the cutting tool on a lathe,
Nonlinear Dynamics, Vol 63, No. 3, pp. 395-416, 2011.

[71 AR. Yusoff, N.D. Sims, Optimisation of variable helix tool
geometry for regenerative chatter mitigation. International Journal
of Machine Tools and Manufacture, Vol. 51, No. 2, pp. 133-141,
2011.

[8] H. Moradi, M. R. Movahhedy, G. Vossoughi, Dynamics of
regenerative chatter and internal resonance in milling process with
structural and cutting force nonlinearities. Journal of Sound and
Vibration, Vol. 331, No. 16, pp. 3844-3865, 2012.

[9] H. Soleimanimehr, M.J. Nategh, S. Amini, Analysis of
diametrical error of machined workpieces in ultrasonic vibration
assisted turning, Advanced Materials Research, Vols. 264-265, No.
1, pp. 1079-1084, 2011.

[10] V. Ostasevicius, R. Gaidys, J. Rimkeviciene, R. Dauksevicius, An
approach based on tool mode control for surface roughness
reduction in high-frequency vibration cutting, Journal of Sound and
Vibration, Vol. 329, No. 23, pp. 4866-4879, 2010.

[11] H. Soleimanimehr, M. J. Nategh, H. Jamshidi, Mechanistic model
of work-piece diametrical error in conventional and ultrasonic
assisted turning, Materials and Manufacturing Technologies XIV,
Vol. 445, No.1, pp. 911-916, 2012.

[12] H. Soleimanimehr, M. J. Nategh, An Investigation on the Influence
of Cutting-Force’s Components on the Work-piece Diametrical
Error in Ultrasonic-Vibration-Assisted Turning, AIP Conference
Proceedings, Vol. 1315, No. 1, pp. 1145-1150, 2011.

[13] A. S. Adnan, S. Subbiah, Experimental investigation of transverse
vibration-assisted orthogonal cutting of AL-2024, International
Journal of Machine Tools & Manufacture, Vol. 50, No. 3, pp. 294—
302, 2010.

[14] J. L. Overcash, J. F. Cuttino, In-process modeling of dynamic tool-

84



