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The Application Effect of Induction Heat and Ultrasonic Vibrations on,
Surface Quality and Cutting force of Machined Work piece in Hybrid Machining

M. Fasihi Department of Mechanical Engineering, University of Tarbiat Modares, Tehran, Iran
M. J. Nategh Department of Mechanical Engineering, University of Tarbiat Modares, Tehran, Iran
Abstract

Hard to cut materials such as hardened steel and super alloys are well known and popular in transportation, aerospace, marine and
medical industries, due to their strength, high corrosion and fatigue resistance and high working temperature . However, their low-
machinability is one of the major problems in using them. In this article we examine machinability of the hardened CK45 steel in
four processes including; conventional turning, hot turning, ultrasonic assisted turning and hot ultrasonic assisted turning as a hybrid
machining. The results of these four processes are compared with each other. The heating technique is induction type which has
much lower construction cost compared to other techniques such as laser beam and plasma arc. It has been illustrated in the present
study that combining the heating technique with ultrasonic vibration has the most effect in improving surface quality and reducing
cutting forces compared to other turning process. The chip formation under the heat and ultrasonic vibration and its influence on the
surface quality have also shown that hybrid process has the most affection.

Keywords: Induction heat, Ultrasonic vibration, Hybrid machining, Surface quality, Chip formation, Cutting force.
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? Electric arc heating

? Electric contact heating using high frequency feeding through
cutting tool
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Depth . Heat
Feed Speed N Frequency | Amplitude
No. of cut rate
(mm) | (REM) | 0O (KHz) (um) pirst
1 0.1 150 0.3 20 al T1
2 01 150 013 20 al T1
3 01 150 013 20 a2 T1
4 01 150 03 20 a3 T1
5 0.1 150 0.3 20 al T1
6 0.1 150 0.3 20 a2 T1
7 0.1 150 0.3 20 a3 T1
8 0.1 150 0.3 20 al T1
9 0.1 150 0.3 20 al T2
10 0.1 150 0.3 20 al T3
11 0.1 150 0.3 20 al T2
12 0.1 150 0.3 20 a2 T2
13 0.1 150 03 20 a3 T2
14 01 150 03 20 al T3
15 0.1 150 03 20 a2 T3
16 0.1 150 0.3 20 a3 T3
Amplitude: a;=0p, a,=6p, a;=8u
Heating Temperature: T;=25°C, T,=150°C, T;=250°C

cod Fyolibo S oS5 5 ole S slaanl ol jlam s o0
A ggazme 0 dszge Yl ol 4 azgl wilaid S LE el
ooyl aals g Lo a2l ¥ gl o ) nileys ()5 e s
3 oleebl 5 relae Sl 4 Ganm; sln AT S S92y glie
TV ggomo ;0 a5 00,8 IS5 ) bagl aspe ¥ dacens (620,155

Sy soplil oads 45 sla el (soled (sl s

o sy )-F
25 ailhe e & S0 ST Ghp IRl &8 GBSl g9
Dy o 4
aiie g 009 15 Cae s Slaiial [z owles addie ()
Al ey 9 il 2o Jol> adlios Lol
s e ahl ) g Cuz p3Y Hlgs
9 033 ,lpl Gaptay &8> Sl )3 i 90 adlie (¥
Y
3 958l e ye ol Sl pamge 9pt 5950 (F
e (Brae lF Olme Gy 59t Sy
Sl oo 9,8 oS o
4 g oog IS azhd elad olaiel o el adie  (F
el By yre eled (595
S0 el Al g G 0)50 9y A o ieghy (il
» b 5 Gypme 5 flad Glagys (05 ngal Glp oS
Cwd Vooled S8 Bllae XYZ o Slase ol slocys
[21] A"""LS"

o gyt ol

3 o300y Ko 4y (oraS 5 (850005 WigT 53 o5 5b 0 S
Sl Gl

oz ojlemib g Al wnlE F s jlisyse Sliees
] 0l yaseio 70)LA.$JS..Z).> ‘5)15.......:'" Sle

(@

ol oy 2

Olova o,lg> 5k 9 Wl —7 JS&
Oile JB10 Ol (@) Ol A5 sled ()
ol o)l 5k (7)

el o B Y Jgozr 45 o, Senile sla el

ey g gbid -F

Gl ¥ oled @Y Ala A% Sl ojleds gy olKisly Sl piige 4525

GbU oy dome 5 (eead Sgrme = JolS Liwgh — VYF-IYO amas N F- .

V-



sl oled BY Wla A1 Sl oled iy ol SlSe g 4 25

b ol o 5 read Sgnma = JolS gsy — VYFIIYD amio ) F-

VF

50 4z V0 (sled o HT aipld 50 by (59505 ke slogai o
o, Y sgaz 4o ax,0 YO sles ;0 UAT ol b 4 cos a5 aib
5 dde aiels )3 By (S e S e Sl iy
OF ogaz o atiun sled g atals ;o ] Jlade 5l az o YO oo
oS5 8l g cals S pl a5 cal odd iy a0
wadge plai |y LS ST s (gl p ol

2 9 owin 35 By g B (chp slages Jlaged aslsl 5o
ailen g Cosliond oy p By (chp lagys Ve 9 1 IS5 jloges
il 4zl 2lS g s oS 5 ket aals il b Y S Jlogas
» (Sarbey sbly 55 9 Frog (bl 6959 Fy slog
4 055 b aiiin Ho e 6)Sal5 4 cod HUAT ol
e o yhalS ds o Ve 9 F s S
» i wr UAT

HUAT

UAT
gan HUAT
':zo HRT s
]

25°C 150°C  250°C 25°C 150°C  250°C 5°C 150°C  250°C
al a2 a3
Amplitude (1)

@0 eV (G pay NBr Joawl Cos o UFy (Sl 950 -4 S0
9 T;=25°C, T,=150°C, T;=250°C g3 o3l 4w g+/¥ by

a,=0p, a,=6p, a;=8p 4wls

uar
40 uat
W HUAT
2 30
= HUAT
0 HUAT
HUAT
10 l I
o

25°C  1S0°C  250°C  25°C  1S0°C  250°C  25°C  1S0°C  250°C
al a2 a3
Amplitude (i1}

Bos /) 5a by 0+ Skl a8 s UF, (o 5510 S8
9 T,=25°C, T,=150°C, Ty=250°C  lod o3l aws g +/¥ by

a,=0p, a,=6p, a;=8p awls

T CohsS (owy -Y-F

Sldas )0 ekt (9> So plpea mhe ) el
Lo ye cobo U5 0k 4ol (635 sl Sl hils (6,800l
o i Sl A sl Sl (Sl b mhv 05 4
S soudplel Cead (uizman g Olge (S joe pgata Dlakd
Syl Sl et &b )il CoS g [22] )l askad
123] el (5999

Foghlyn g (owled 58 5l gy cnl 5S edlitul 3,50 (g,
Joe ggisice Wiy 5l colaiul oy90 oiws [24] wilise S
Ry o)y s 655 o3l gl 55 ol il 4588 oL ST-201P
yol> adlas jo ol a3 T oo I 25 oleiw Ry 9 R,
gobw Obb b ool ol lp Re mhe p; nSke

XVZ Gilasun olomsd & Syt g o (09,5 pigpi -V JSCi

5 old oy (05 ngal lp o ny Lalg, Y S5

oolatwl XYZ gmy Slases ol glacys o cwloo 5 (55950
3L 0)50 Slez as ols vales las tegelins a5 olag i U 0sd 0
oolitul o5 hass (mile 51y cnl 5l et Jas (B el s

Fx| [sink, -cosk, 0][F¢
Fy[=|cosk, sink, Of[F:
F 0 0 11 LF,
G 5o 699y9 slell i RSt Bl a5 G ek

D)

z

IS8 jloges adbion Fy (i olai )| sl 4 bogape S (595
o3 oo LS 1 Z adlge slil) 55 (A 9 anden A

@9 S p pmsing o jlal a4 6Bl slaanlp
bl o ¥ goz 7y s 45 el o o,

&bl sl 3 -F Jgusr

cT s b Jsane 5 S50 5
HT 2o b S SaS 4y g, Ssl s
UAT Syl sl | SaS 4y (oKl
HUAT | igolp syl 5 oo o3 oSS & oS5 55815
350
s — T
HT uaT
250
200 Hr uaT

F (M)
G
B

HUAT
HUAT
100 HUAT  uar
, I I
L}
25°C 150°C  250°C 25°C 150°C  250°C  25°C  150°C  250°C

al a2 a3
Amplitude (u)

ol) St VO Jlomsl St pw bF, (S 9 - A S50
slos o3l auw 9 /¥ oy s
wals 9 Ty=25°C, T,=150°C, T,=250°C
a,;=0p, a,=6p, a;=8p

@b s 2l anl B F 0 Bl (il by jo (85 95
b el ottt Hloges ;o 4 jehilen il azs §° 13 K05 LS o
Sl A iy Mgn 8IS 55 B als 5 LSl
anl s S wlead (oS5 Jeseld il 5 LT aS esls £
20 093 i Vb 4 Cand anTd cpl 0 g5 a5 HUAT
59 e S5 el azdls alS wsye Ve sgas 8 S (6Kl




23la S & Gl b polp Bl sl oSy psgie
sloys ;0 HT anlp aSyshy conl HI65 50 oo Sl b
Ll 5)ls S £ L oawlio ;0 gao,n A (o) mals aia
ol Gl LB 5l M oole )8 slos v 3l s Gl
Slo 50 i (raw alanlST G5 asdad Lislog, js s
Aol Giabe Gl o g mhe 65 GRIP L 2l e
Oirde &5 Sl Lo cpen 4y cldls w0 ) analsl 4
a0 V0 LyS Fp g anaig als )0 iagh ol )0 maw coaS
Slagay (Conl Sglite sole byl g ity o], 40 a5 Lxl (o)
] 00

3Ry o mhw CoaS S0 bl g sl 553 35050 ples
%@Sa%)au&ﬁdm@a“@ab;.ﬁsndm}ng
A S Conl aseine b lagad ;o a5 jshailen g o)ls e il e
69y p oo 56 0k sles Lol el ools & Dap st (5 S0l 5
Oial38l Gl sdy Glog s rals o Ko Bk il la e coalS
Bas cplply cul Seold (il aals uolial 315l sy Les
SG Ol R00Se LS o asals g Les el g (sblie 51y 0se
b (g oS )05 sl

UAT  HOAT  HUAT e HUAT

o
5 1500 250°C 5 TET T EER [ET T

al=0p a=bp aleBp
e 487 238 [ 0T 061 [ [ 0.53 [

A0+ Joipul Cos pa UR, - (naRileo (532 yelyly VY b
tlod 03l dw g /Yy Bos o) (59 pdun
awld 9 T,=25°C, T,=150°C, T;=250°C
a,;=0p, a,=6p, a;=8p

K ()

v AT
WUAT HUAT UAT WUAT HUAT

iy 5 150°C Fils Fiud 1547 s Fils 150°C T56°C

at=op ade b at=itp
"Ry 543 F L1 [ 074 (= 0.7 065 e

B Jorpul €48 you LRy omailoo (525 salyly I S
lod 03l dw g /¥ by o /) g9 pliey
awld 9 T{=25°C, T,=150°C, T;=250°C
a;=0p, a,=6p, a;=8p

P B R S L
S o plodl 5l S oS Cosl b @ Y 00 1) sady ple
Gl ol sl oolel 5 5ead S 3550 s s ) 5T o3l
g diged Cesl jlo (99,80 oz (605 ojll a2y 050 e
P- g5 L ol ool a5 wil o R-Profile goi 5l olws (8L 0
L R-Profile cdl> ;o a5 conl (5 05 SO 9,5 28 o420 5 Profile
2 oo onl o [21] spbiae el yloy eols i LS
O Sz e 3 (g o5 0l el ()5 508 e A ggee
IS8 50 sl o polal a5 09 planil Camlioe w525
ol 4y jlog ashd Jsb oe auly Jdoy awl ool sols las VY
el slond 3l s ol Jsb o IS e bl o
] 00 ool

yob plep g canl oad ooy isled Ry el )l VY SUS jloges o
Sy P czge Lo 03938l Cunl atin logel 9, 5l &S
» bl s s i 0l L anlie o gl Sk
Syolp amsls Gl 5 sel clil,l SeS 4 oSl
S8 a0 65 BRI et 99 ee S SR e
Srolp Sl S 4 g Ll ale F S8 a4 e Sl
Ay QU LS &5 Sloy el Ggeld ST 4 bgye
S5 Ll sgdige hled @ 5b (RalS cal Wgd oo S 5 (ol
aals b ool Lo,S ioli8l aS 0gd o ateie Gloy Lrnl o Lol
GlS (e Ll 55 5 980 e ] Ken i Log) VL il
V00 ales oil o (Spold 5 LeyS (oS5 A5 a4 by
b awslio ;0 sao,0 A talS aS ail o (9,500 A aisls g a0
oy ools yialed Ry ,ielyb VWU Jlogad jo o)l g (o, Kal s
Soges wilen Cwl asin loges (g, 5l A Heb lan g el
5 LS oS5 68l anld 4 bape ralS (ki VY S
5 aBlbige 9, A dely g az 0 V0 oles o3l o el
oettia a5 Cowl oals ooy isles Ryl VEUSE loges cules
6953 45 yeb low Bl oo ald )3 () (i eSiles 00
4 bgiye rals i VYIS loges ailes conl jaseio [loges
5 a0 100 los 0 3 Salp 5 oS onsS 5 (6,505 w8
il 0ySe A aels

Ghale3T Bblis gt (s 505 -1 S

Gl ¥ oled @Y Ala A% Sl ojleds gy olKisly Sl piige 4525

GbU oy dome 5 (eead Sgrme = JolS Liwgh — VYF-IYO amas N F- .

VFY



sl oled BY Wla A1 Sl oled iy ol SlSe g 4 25

b ol o 5 read Sgnma = JolS gsy — VYFIIYD amio ) F-

\VFY

(<) ()

oolisl 3,50 wTd Sy )0 5 9980 S 5 )T b (Fpald il
o wdboe 553 5 93 Sl (S5 o ooly JSB S e 18
Jdo s cdls ol jo ogls ass shatin a4y fe a7 IS5 (558 00l
bl siee ubod pas g Byl Gl 6, 0le 3, G0 5 ey
JS8 o)l (VL S askad mhaws Lo S5 S )bl askad mha
Y 5o Syold il 5 LoyT SaS 4 6,585 el 8 claesly VP

aes oo plad 1) glasls 5 oles o5b

[l Jﬂ‘

(O]
Wy Fyold o 5 5,505 glaesl p 17 Ui

£ awlo g 10+ ‘_;Lna (o o Aol g 10 ‘Sl.né (!

o Kwld g YO glod (o A @l 910 oo (z

A il 9 VO glos (g % aials g YO+ lod (o

S ai -0

¥ 5 odd o CKAS osle (6, irtle ublh allie oyl 4o
ol SaS ay (olil aole I SeS @y g (g Sl sl s
alie 5 Ghalesl cot (sold s 05 oS5 )1 5 sl
ol 23l 5 (b o5 05 LWl g5 5l (pole ) By, 285 18
50 molest Sl b b acalie )3 557 ol s e
el By b amslie ;o 6VL (gl g LoDl (wgd b 5 alea
ol s Jols @l gseme 5l ams e Al el 0)5s L ]
20,5 bltl iz Gl oo o3

Sy @l pole)S ST a4 e o 85 -

S a4 s ) o) A gl CokS dgee Spel

X -0

Gyt pla aals yial)ly skl mlaw ColS dgge ;0 =Y

Syl T Les yal)ly b acolis o

S5 4 el Ay kb gl s L gl T

Soyd Vel 4 )il slag s (Bl s (£33

Dl eo (g (ST b aylis 5o

sk o 5l 6)lo 00ln 53 LAn lagys alS e T

ST Lo el )l b deslio jo (6,008 Jla asels il )l

LS e s LS IS I sl -0

R o @l Kes 4l (Seal s i)l 0 gla sl

ol ol akd ol gl CoiS o Ll wssoe By 9

oy a1yl Ly

Gy il 50 il lagys alS it F

P |
i
i
"
1
1 L]
g
i 40
T
o
W
4 :
i HEAT gy AT Wuap AT
v
250 IS ISFC IS (0T 2Se 5 1SC 2S0°C
atzop alehp al=ll
*he 197 wse am EET z5 261 28 5 29

B+ ool e o LR, (508ilne 5 25 palyly 1P S0
2led o3l dw g /¥ o Goe /) 9 7y
awls 9 T{=25°C, T,=150°C, T3=250°C
a;=0p, a,=6p, a;=8p

00y JuSld 09205 oy o —V-F

gl e v by ool pley o e )81
ol a8 9,5 o0 JS5 o5 o L gmple ©ypa b ool askd
sgicn 03538l LS a5 Slog 4SSl b ol (6,015 oogr s
5 ool @loy eoly (o) Kitle ez p w3y So bl o
a4 @5 5 Bkl aslies )ls ypar b osln g g 0ad
O aakd gl b )l gadze (ules alanly &0 (Sl (Al S
03l VO IS5 [25,26] siws alaiie g ouds 8,5 ISS 4 b ool
a5 amd e lis GleSs slo g, L1, HT 5 CT ail)é 40 slo
el 03,8 saloie Mol 1, b oolyy (5,65 USS o by T wglis

coolyy oS Jlosl oy 50 bl e ol UK o e 4255 Lol
G ) )lg IS8 mlans 55, 51 6510 00l e Sl Lo

CT (&
/ ‘
HT 5 CT o1 ,8 95 glo 001, -1 JSio

S Sloj Lol A7 S () 9 () gl (pim 36,1 Gty whaws (59,
shaiite Coons 4y ooty 058 o a8LSI YL aT)8 4y gl b ol
o ool o il A L e Sl Sy ol oS Wiy ae o
ol ol (V8 S glelghe slas) aiS e sbyl USE (o)l
aalys GLad jlnl jee g aslad o (Blo oy 0loj )3 1 093 256
3 i sla ool aash gl i s & e 505 5 ol
i 45 5,5 o JS (O S il ym) S (05 L o
ey 4 Lo S5 4 (6,180 5 ke (ol s S ]
SO0 K8 o pgad) )l D g Lo o3l aslad mlas ol 5 g
Suld 4 o e gl Blo g Wsd e aniley askd (g,
abanly 4 Feold )l SeS 4 g )80l 50 e oo ail)l s
b e oS Akl L Guled )0 0ad laise Il o Sles ogx
As aladin g oals 0,5 O)ga ool Wil o (Wies uled pac)
By ales 50 )0 1y e ald 50 s il syl Blo &5




assisted turning. Journal of Sound and Vibration, Vol. 38(3-
5), pp. 845-854, 2007.

[9] Sharma V. and Pandey P.M., RECENT ADVANCES IN
ULTRASONIC ASSISTED TURNING: A STEP TOWARDS
SUSTAINABILITY, Cogent Engineering 3.1,2016.

[10]Panjehpour, M.R.S. Yazdi, and R. Shoja-Razavi, An
experimental investigation of pulsed laser-assisted machining
of AISI 52100 steel. Optics & Laser Technology, Vol. 63, pp.
137-143, 2014.

[11]Muhammad R., Maurotto A., Roy A. and Silberschmidt V.,
Hot ultrasonically assisted turning of p-Ti alloy. 5th CIRP
Conference on High Performance Cutting. 2012, p. 336-341.

[12]Farahnakian M. and Razfar M.R., Experimental study on
hybrid ultrasonic and plasma aided turning of hardened steel
AISI 4140. Materials and Manufacturing Processes, Vol. 29,
No. 5, pp. 550-55, 2014.

[13]Xavierarockiaraj S. and Kuppan P., Influence of Process
Parameters on Surface Temperature during Laser Assisted
Preheating of SKD 11 Steel based on Response Surface
Methodology. Materials Today: Proceedings, Vol. 5, No. 5,
pp. 13451-13458, 2018.

[14]Rudnev V. and Totten G.E., Theoretical Background from:
Handbook of Induction Heating CRC Press. Chapter 3, pp.
95-103, 2017.

[15]Mohammed K.A., Abdulhameed J.J. and Al-Ameen E.S.,
The Effectiveness of Hot machining process for the
Machinability of Hard to cut materials: 4 REVIEW. In IOP
Conference Series: Materials Science and Engineering, IOP
Publishing, Iraq, 2020.

[16]Adina C.E., Sabin P.M., Stefan S., Dan P., Virgil V.O. and
Toan J.C., Ultrasonic Assisted Machining for Hard-to-Cut
Materials. In Applied Mechanics and Materials. 2015.

[17]https://steelselector.sij.si/steels/CK45.html

[18]https://www.denitool.com/en/insert-details/vegt-160404-fn-
250-dx30.html

[19]Parida AK. and Maity K., Modeling of machining
parameters affecting flank wear and surface roughness in hot
turning of Monel-400 using response surface methodology
(RSM). Measurement, Vol. 137, pp. 375-381, 2019.

[20]Adamczak S., Zmarzty P. and Janecki D., THEORETICAL
AND PRACTICAL INVESTIGATIONS OF V-BLOCK
WAVINESS MEASUREMENT OF CYLINDRICAL
PARTS, Metrol. Meas. Syst., Vol. 22, No. 2, pp. 181-192,
2015.

[21]Paulo Davim J., Traditional machining processes: Research
Advances. In Springer International Publishing (Ed.),
Innovative computational intelligence, pp. 55-96, AG
Switzerland, 2014.

M S35 s Slelae 6" Lo arb Bjle (ol gl sn dozxa [1Y]
O35 Vb 6)ale o Il Gl s o 655 2 B
AFee XG0 o e ol STl g Y
Al (gilmainty 5 (o225 adllla” (i ol ol e [YY]
7S by, 3l sl Ly ALT075 5LT (55 o (S iUl a5
ATAD D o o e ol Cle ki 6,5

[24]Adamczak S., Zmarzly P. and Janecki D., THEORETICAL
AND PRACTICAL INVESTIGATIONS OF V-BLOCK
WAVINESS MEASUREMENT OF CYLINDRICAL
PARTS, Metrol. Meas. Syst., Vol. 22, No. 2, pp. 181-192,
2015.

[25]Shunmugavel M., Goldberg M., Polishetty A., Nomani J.,
Sun S. and Littlefair G., Chip formation characteristics of

selective laser melted Ti—6A1-4V, AustrAliAn JournAl of

MechAnicAl engineering, 2017.

[26]Liu Y., Agmell M., Xu D., Ahadi A., Stahl J. and Zhou J.,
Numerical contribution to segmented chip effect on residual
stress distribution in orthogonal cutting of Inconel718, The
International ~ Journal of Advanced  Manufacturing
Technology, 109:993-1005, 2020.

ooy Vo ol 4 sl ond sy Ssol il g LojS
X A
los IS aslad 4y 3y I3l 395 L HUAT anlg e -y
o o andl a5 oyl w1 F o ,o |y e oty i3
JSis 5o eaijloil Jee S5 03 nl g wiboe LRl ciS
ilse (o5 lnl g9, n anilal ald
@ i (6815 50 ool JuSaT 0920 oy A 0 A
A5 Lyl 5 i3 le eoly askd mlan S s
wibioe b gl SuheS Gl Az oS 008 o0 JSL Sz sS
5 3 ooy ool Ssp Jdaw o el LS (09580 L Lol
A 5ol Bk 3l g WS e 093 4 )ls S e
5® 0 ity 1l 0 Sl 092 alanlyy 39 W] B 4 Sgal b
0 Sygar osly wilioo (oudl jgar a5 askd b ules
Py O e deds 4 el s s sl 5 oad
5l axkad o b lpl sies (wled pas 5 35k S 5l g ile
Syl oVl oS axkad o 3lo ,Syo U5k
8 askad mhw gled oS Cenl e o 45 (il @z
o il fals oSl eles 5l S8 alasd (s 0al oS
T e OOES de Gy 4 bgye ales BT
ke ol 18 il e dnkid o 4yl ol b sle S
5,5 Ll Gigle) s oloj 30 Comlyan | aslos U]
Sgaz> 0 A wd (6,5 ojlail Hles AW L) o)
i as) 6los 45 e ol s § 032 A0 T IO
9 <85 18 Ogesl Ced bazme g b 03938l oAl S

&=l %

[1] Rahim E., Warap N. and Mohid Z., Thermal-Assisted
Machining of Nickel-based Alloy, Chapterl. Advanced
Machining Research Group, University Tun Hussein Onn
Malaysia, Parit Raja, Batu Pahat, Johor, Malaysia, 2015.

Gt LS rile a1 (s e bl 5 | Bolosaza o [¥]

St 5 58 Sl e SIS VI Sl ST 5

S e ol iy Sl wdigo dloes s sla el )b adsmais
ATIA O L fR

[3] Takeyama, H., and S. Kato. "Burrless drilling by means of
ultrasonic vibration." CIRP annals Vol. 40.1 pp. 83-86, 1991.
[4] Lei S. and fefferkorm F., A REVIEW OF THERMALLY
ASSISTED MACHINING. Proceedings of the 2007
International Manufacturing Science and Engineering
Conference MSEC2007, Atlanta, Georgia, USA, 2007.
Przestackil D. and Jankowiak M., Surface roughness analysis
after laser assisted machining of hard to cut materials, /4th
International Conference on Metrology and Properties of
Engineering Surfaces, Journal of Physics: Conference Series
483,2014.
Lucia O., Maussion P., Dede E.J. and Burdio J., Induction
Heating  Technology —and Its  Applications:  Past
Developments, Current Technology, and Future Challenges.
IEEE Transactions on Industrial Electronics, Institute of
Electrical and Electronics Engineers, vol. 61, pp. 2509-2520,
2013.
Farahnakian M., Razfar M. and Biglari F., Analytical and
experimental modeling of cutting force in plasma assisted
turning of hardened steel, Modares Mechanical Engineering,
Vol. 15, No. 1, pp. 108-116, 2015.
Ahmed N., A. Mitrofanov V., Babitsky V.. and
Silberschmidt V.V., Analysis of forces in ultrasonically

[5

=

[6

=

[7

—

[8

—

Gl ¥ oled DY alx A Gl o)led 5 olBiils SilSe wdige 4 S

BbU gz dame g (pread Sgrun = JolS siogh — VWF-IYO azio N F-

VFY



