36 -24 . yo e 12 o louds 7 093 1399 Sl (yl pal Sags 9 Al w Jigo Al

D9 3y sole doliolo

Ol g g SOl (qunige

www.smeir.org

/4

Oyl g o J80 (2555 (owyp 9 (omablio Jlow 00iiS T po (g5lw dmds 9 (250

&

ooy Oldes o 1l

2 . *1
o qiin> G>g ¢ sol.o‘ Cy0
et Olete sVl G5B o olKtils (Sl pwdige ¢ loliwl -1
St axly oS oliTol&ils oy g el eiges 0| bl IS asgal s =2
dr.emami@bkatu.ac.ir 63616 -47189 ., sgaio (ylemte *

oS Wlio Sled!

"

Jol5 g allia

1399 ols > 19 ol
1399 5 505 2 tadsl 59l
1399 L16: 5 pd

5 o Sbnl s Ygons (5130305 50 s> £l oo jled 4 6,5 wtle (slaanl 3 55 gl slaosyay 3l (S iz Lol
anngi 5y ol 1005 oo 6,5 tle londly o alisde BB 2alS g ) e ralS ¢ Saskd mhaw oilS 2alS wyad glas
S oetle slaanld o 5l lals)l el sl gl (i o Sles Sorte Grizres 5 sl Rl Gl a5 ceslis sla g,
s Cilides oo o Ll ) 65,1 Sdlgiul Bas b oS axtes Sy dloas 51 ebline Jlow slooasST s sl (55,5

o crblie Sl aatiST e Sy gt ol 8 el 6 eble classl d o (6 SIS g (slosill U5 5 et sols {8 lgals
oo s o 45 oatiS e e 395 se 45 5 oo a6 K a3 i LS| (3,5 e jslaie & FE:05 3 Sl
ol 5 15l SLal | o g ol o sloiales] 5 55,5 on o s 53Vsh sla S anksd aigad (5158 Slibes 5 oy e JLl*“l“‘:(L'j

Rt elals)

ool b aS oo o ol o] Cansds =l 0gd oo anslie 5 bl 5l Gl JUKw 5 mFoslail b coaiiST s g g 00iiST o b
e 215 s I8 olime & A7 g5 ol 45 sy &Iyl Sk | gurblide Jlw 22550

Design and Simulation of Magneto-Rheological (MR) Fluid Damper and
Experimental Study of its Effect on Tool Vibrations in Cut-off Operation

Mohsen Emami'”, Vahid Hasan Nasab?

1- Department of Mechanical Engineering, Behbahan Khatam Alanbia University of Technology, Behbahan, Iran.
2- Department of Mechanical Engineering, Shiraz Branch, Islamic Azad University, Shiraz, Iran

* P.0.B. 63616-47189 Behbahan, Iran, dr.emami@bkatu.ac.ir

Article Information Abstract

Original Research Paper
Received: 8 January 2020

First Decision: 23 August 2020
Accepted: 27 October 2020

Chatter vibration is one of the undesirable phenomena in machining processes. The chatter in metal cutting
typically causes severe noise, reduced workpiece surface quality, reduced tool life, and a significant reduction
in machining efficiency. Therefore, developing suitable methods that increase stability and improve cutting
performance is necessary to control tool vibrations in machining processes. Magneto-Rheological (MR) fluid

damper is among the equipment developed to dissipate vibration energy in various industries and has the
potential to be used in machining processes. In this study, an MR fluid damper containing Fe,O3 nanoparticles
is designed and fabricated to dampen the chatter vibrations during the cut-off turning process. The fabricated
damper is then experimentally tested in the cut-off turning operation of steel work samples. In the empirical
experiments of this research, the tool vibration in damped and non-damped modes is evaluated and compared
through measuring the tool acceleration signals. The obtained results show that by using the MR fluid damper,
the tool vibrations are significantly reduced, especially in the case of chatter occurrence.

Keywords:

Cut-off Turning
Magneto-Rheological (MR) Damper
Tool Vibrations

s SO axdad g 1l dcgesre Wi oo ploil HSaskd 4
anld o Oyl alE wes o Sis | Sl
Ll a8, o] jo g 0ol &, adsl ‘Si..a,ﬂ S 68 eile
> cpl 50 098 0 plys (2505,) Slog SIS > L S askas
G a8l SG Sus ooly Sl (o 0 (64lasbl ol b
I g 00l Cawlrs Sy g 00,5 s olalss )l Sl o
A Gin slesnd n Seelus sk a4 & Wl 252
Sl aolobs )l aels 5093 agi 4y oy glogpd psd 0,105 oo

Please cite this article using:

dodio -1
Of 32 4 95800 wsmims gyl pedly wnl ) Sy )5 rele
o3l eyip i iz hylo JSaakad 5l e il Sl eslal b
Ol¥ss B bl slaanlp (n fege dlox jl09d oo lax
SERCT IS S N1 C PSSP L ST
O prle bosly laskad (45,0 4y l5l 3585 L Laaal 3 ()l
51 0s ga xS aakd oole I (wad Sadly JS& i)

Sl o (Sl slog s 99 adawlgy b Slles a5 Ll

soum Lo oolaiwl 3 whlee 51 Ao ol s gl (6l

M. Emami, V. Hasan Nasab, Experimental Investigation of the Effects of Magneto-Rheological (MR) Fluid Damper on Tool Vibrations in Cut-off Operation, Iranian

Journal of Manufacturing Engineering, Vol. 7, No. 12, pp. 24- 36, 2021 (in Persian)


http://www.smeir.org
mailto:dr.emami@bkatu.ac.ir
mailto:dr.emami@bkatu.ac.ir

S s 39 olel auze

G 3 Slikog 33 Hljal bl )l 3 usablice Jhus 03365 30 385 75 w0

o b oaS ol plis Wil ragh mls (06s S cud o8
Gl L) plgor it (ormb W52 g (2l
A6 1] olen 5 oy ol 58 a2y LB b
anld o lnl slals)) 1) ceadblse Jlw ouisST e
5 oolaiwl b oas ol las Lyl ld i )S swypm 6)55,8
law Sals 5,8l alaly ) cwablce Jlw ouisST
Gl 5 6B dle slag s g Bl d9 gl (Blo 05
J5S caz [12] fsen 5 Jsb sl ol 3
AlISI oo g 5w o8 oilyg, Sldas jo Il wlilss
W50, oolatwl pwadlise Jlw oSl Gl 4340
e (2 c
)‘)J‘ ULAAJLXJ)‘ ) ad )LhAA.AJ‘ GLQJL\XM.J )| oolazul L: I et
0aiiST e 3929 a5 ol slas Ll regh caisges b )
ools el Cow )l ple o penbliss L
Sl Gl UK ¢ L5l liles )l o g 958 o0 I3l Sliles )|
2 )l gy Il Camds b Gl @8 bl Sse
i eaisSle 51 [13] e 5 Jsly oo oty
59,5 ool (g ol anl s Jil5ey Oldes jo cwpblion
S by il w5l vgame yledl (gjlwancd 51 eolaiwl b gy
G 00| 0929 a8 ol las Ll mls wais,s LT
sl Grizes 2sioe il sl (WILE GRIH
Jhw ooisSToe 5 oolanwl L oas ol plas Wl om0
ool o0,8las g 4Bl als by lnl Clils )l ( cuadblise
L [14] ohlsen 5 sl aloise S5 5530 s5b & sl
slo ey 5t g2 lagilesl 5 JLdos Laly, 5l oolind
sl miblise Jlow b oa J555 ) cAales) 1, i
o5l eolatul b gy ol 4o aioges ey Gyl a8
A dewloe 0ol Cwls g Gl el aels (ool Jowe
Jlws oaisSToe 5l oolawl as o las Ll slaces
JB b a Blys, Sldes o 1y Rl L)) penblise
95 b gy @S o Grires S e GRalS slabi>e
5 oS Sl Sezy asr e Wil o @l
(6,8l anl B o Il lils )l uS cye [15] R ovs
50 g5 oolaiwl g (b 1) cwndblise Jlow caiiST w0 S

sbliie L JBa @ie Guled 5 (omy 2 Su RRo% O
Ll zbs ol colaiul vgasme ladl (gilwas 5l wasSTyw o
Qilgd co (pumbline Jlw 0aiSlym 5l oolawl oS ol ylis

S 5] el esle ledly 5 ams zals 1 Il el )|

2 Acoustic Emission (AE)

25

as ‘>)5Tg5‘° Sez g |y gloauay g amo oo ialidl ) ol g anslds
2 Sy 093 gz [2 ] el Byt Sy ings iz
SS9 (golal Z80 p pails yob 4 B nble slaiy) )3
siie 86 lopedly 5 p aizmes 5 Baakd e
(6,5 omile glaon] By vl s Slil )| [1] 3,188 oo
oolS syl ool Hleasly mals ol ymole (mal58l o
Sl oeile Gl BBL 4 cowl g Saxkd mhe blo
P33l 5y Sl )| ggoge Coanl & azgi L [3 2] 5500
Olpl el Lol 75 5l 6Ssl> cya ol el &)
alaly ol o (b glagiassy 055 Tl Jels e
Jbd S 4 oles co ba iaghs ol a1l ool plodl
L Sl 008 e g iz Jlsb a5 Jlab it
[4] 3,5 o,Lil S aslad
onSlse alex I cwnblin Jlw gloaisTw
Caz Jlb aes b Jlsb pd oty 4 Ypens o wiies
g Mg oo ooliwl  SilSe (sl pineen Sl ) asels jualS
sleeile (Glee Glaosle Slil,l Jpus jo eSG
QO L{bod.,_.f‘)a.a U"‘ aslails b).:)ls LQJMAy‘ 9 ‘@Wu
@UlF 5 srdy olde (5Pl oS Bpae (Sole s
3,8 sl logally Joeily e olisS slageuly 4y ol
s ML [6 5] wls 5ot ol s
Sylpl o sz gl Sl Jlzal sg [7] oS
oyl emmbline Jlow oaisST e 3l oolanl b L3l 5 J=ls
£3589 el 0uiST e £l (6,510 a5 aszdl o g WS
Sorte 1 AP Slles g5lnl 5 wes e SRS )
Jhw eaisSTiw o 5 [8] ollbl 5 lage coidy oo
Loy wioged ool calgdsl anlp o awoblse
3 HBaskad xhauw 65 9 il Olals )l oy (680l
b 008 e a5 o, domdd ol 4 @lize sbacws
g lpl olals )l glakasMe bB b a4y wilgs o cunbline
S [9] oSen 5 oo ams palS I, Saalss mhw g
aaly by Sul Jlesl oLl b cwcblse Jluw ouisST,w
& Wl ioged (Hhb 3l ol anld sl ol &
55 (e ol 1) seiie Gz Do Jlael &S Wi, amess
BOMW)OWMWU)B le)‘woulrﬁ
5 o S e )y olals)l 65585 ok 4 Wlg e
szt Ghgy sl eolaal b oty J3ls Il 6l [10] R ovs
S0 A g ‘57-‘).]0 G.w..lah.xn Jl.w.: OJ.;ZS‘).:A S5 Sgdee

! Self-excited chatter

12 ol 7 095 1399 suauwl Wl 3dgs 9 walw Swadiie



S . 39 (olel e

SIS 33 ilghos 53 il libslai)l p pblide Jbws 03435 pp0 3836 51055 G

()

(©)
Fig. 1 (a) Straight turning operation forces, (b) Slotting/Cut off
operation forces
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Fig. 6 Experimental setup including the turning machine, workpiece,
tool, MR damper, accelerometer, and power supply.
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Fig. 7 Comparison of the tool acceleration signals and their corresponding FFT graphs obtained for two modes” without damper” and “with damper”-
(machining parameters n=500 rpm f= 0.08 mm/rev, a= 3 mm)
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Fig. 8 Comparison of the tool acceleration signals and their corresponding FFT graphs obtained for two modes” without damper” and “with damper”-
(machining parameters n=500 rpm f=0.08 mm/rev, a= 4 mm)
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Fig. 9 Comparison of the tool acceleration signals and their corresponding FFT graphs obtained for two modes” without damper” and “with damper”-
(machining parameters n=710 rpm f= 0.08 mm/rev, a= 4 mm)
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