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Cutting constants in turning process by radial tool

Saeed Amini*, Mohammad Baraheni, Farshad Nazari Amir Hosein Ghasemi

Department of Manufacturing, Faculty of Mechanic, University of Kashan, Kashan, Iran
*P.0.B. 8731751167 kashan, Iran, amini.s@kashanu.ac.ir

ABSTRACT

Turning is one of the most popular and widely used machining processes in the industry. Since turning forces have a great impact on the
guality and final surface precision, researchers have tried to predict the machining forces to simulate the process and achieve the cutting
conditions. Turning forces can be predicted in two parts including radial edge and cutting edge of tool and cutting constants may be extracted
by assuming machining input parameters and conditions of workpiece and tool. In this study, two forces (perpendicular to workpiece axis
and tangent to the workpiece surface) have been investigated in 3 levels of engagements with tool radial edge, tool cutting edge and
simultaneous radial and cutting edge. Incorporating the calculated forces, the cutting constants are obtained. Purpose of this research is to
calculate cutting constants (Ktc, Kfc) through the obtained forces from experimental tests and compare with values achieved from numerical
modeling. The results of numerical modeling and experimental results have a good agreement, so the cutting constants in turning process
could be analytically modelled.

Keywords: Cutting Constants, Machining Force, Tool, Turning.

ods 2,8 Jde ol yo aS wilesls &l glalas) (g4, Jow SO [6] S dondo -1

alye (B jlg ol ool dhaiie mhaw b pefitae Connd (S (59 Sl
5515 9 et iload ools o oole (pleS 5 S etle Ll 4y by
Lol ilosls a1 1) calhs «s 5 eiile slog s i St 3 [7]
@75 walre g miin la sl 5l as wilesls I ola g ol
5 [11] 5 ,L,T sladow @ ol oo les ol 5o [10-8] 04 o oolil
Bl Ghp Glogys Gmobn Sz dadae ol o) olal [12] Jies
5 oyt e 3 by o (b3 alal) Spzs (28 b Ygems oo
Sy 1y gy cilides dggpion o Sl (cbp lpd Grizen
5 i [1Ad3] o5 anlne 1) 55 0mble Colg a5 0]
SN5% 9 Ul anlB sleans LIy Ghp calps [1] (S
95 5 SIS Gl 50 )0 G calpo a5 0 sasline 5 ws sl sy
"o Sgliie Sl colps Ll esg (LS $)55,8 50 labad (69

Please cite this article using:

5 il ol mhe b e @l S @B onile Slag s
S8l (o 1o axksd g Il G| Glie jo (SI0AlS (prnl GRS (e
ol el g0 b cow 5 netle anld syl Bk 1 (1]
3 oslital gz cnas [2] wsbise S mble T 5 rile Sialiy
G S (St Sux Dok 9 380 8 dle 98 Jae S0
Syl iletinge Cuz mre Sebl S Gl ) Gedle wld 5o
Jae s (3,b 5laily (oo zrbe ) il wial ;8 005l nali8l 5 oy
walpe Gl 4zpm g o)l (S B dle colpd 4 Sad 4 gy
“omdle Slag s Sy5e )0 Giod ol les 4 Bl el sl FE:80
el oo ploul v Slidos aiw) cpl ,o [3] cel pads S8
Pl SBhasl o ps (@l )8 Gedle Cundy jo (il Sen 5 (Sl g
o555 g [O] Jlgple [4] wilesls asl)) g a3 5 o3lasl wlyb plowil o

anlod 03lisw] 133 e s opl & gloyl gl

S. Amini, M. Baraheni, F. Nazari, A.H. Ghasemi, Cutting constants in turning process by radial tool, Modares Mechanical Engineering, Proceedings of the Advanced Machining and

Machine Tools Conference, Vol. 15, No. 13, pp. 516-521, 2015 (in Persian _..,)


https://dorl.net/dor/20.1001.1.10275940.1394.15.13.13.3
https://mme.modares.ac.ir/article-15-729-en.html

[ Downloaded from mme.modares.ac.ir on 2024-05-03 ]

[ DOR: 20.1001.1.10275940.1394.15.13.13.3 ]

Ve 9 (Suol Susuw

1S glasis 5139l b G5 bl s SiaT ) S yb pa il

Lo iolo;T alowil cga oolawl & g0 515l 1S

-,
<.

Sl sblgs s mSoslasl g1y oo esliwl VMM olSws 2 JSCis

ol 0 00ls iales 3 S 40 an T8 Ssleds sl 2 o 177
Lol S glad ol Sgb 6050 Sl 0 oy (6 S o3Il
Sl cpl o Lo p Bes laie 5 0ud odusmiw (6,3 03ll oo I eolaul
Ozt ol ool 485 Jlai o e Lo 0177 ply g lnl gl o3lul 4
Logldgd 5l lpl s gad x5 S o Glagy adlas oz

D5 S S el Jnl Sg 6,5 ,0 516 o soliiwl o Lo 1 caalies

1]
dFy i6g B | :
JJ&Jl; J‘j-" A b : N \\
| o 4N
I : H
e of W —-X( i L
l T[o o} ;o

i d .
a-r H H 1
©) -
e :
e gl e

[20] jlogless Sgi b ] alwg 4 ()5 Gl T3 Sslat T JsCs

517

-0 Sl ly8 g0 40 IS s 095t g 0ol S jo Siglas cledy a5 ol
"t 1y 6905 il 65y 2 @58 anl il 5 (gl il
Sz Gy sl 0355 8y 9 Joe B Al b sl 5 0o S o
O Sen golials [15] sl RSN SVR NP T SPRCI S RSO
5 2ol ool 6082-T4 p5iasll (55, 52 )55,8 wnl® ) (oo,
5 SWSL o3l Sualid foll 99 (Bl (L Sy a5 sl L
L s, ol 53 o) Kot 5 Sig odlas [16] artliso 5 oy o oo
Sy Slog i Sl Biyb 5l ooz (B, S @l L 595 e 558
St o8 @l by eyl Cesy |y 0B g9 5 i il pd okl
65508 sla 5 [17] ol oas svalive 093 ollas a5 wolo 1,3 anslia
arg b @) oedle Salus alyd (00, Sy S a0l 5o 5
Gl 0 plouil 0, g dnld olad )l cae o 00l p Caalbes @l S6
[18]

Siabesl s Jow 3 Sl Joe gy 398 Dlii 4 4zl Ly
L @B A5 Slogps ilodae b o@ios (ul )3l adow LU joim
Rl Se Ghp iy dbgpe ool plxil 9 Z Y X ez aw o
T o s ad glas s (g5 55

B abo3T ibe oolel -2
45 el o0 oolizsl (M040) 1/4140 o5LIT s¥s 51 LiulesT ploil g
14140 o¥ss el ooul 1 Jgam jo o] ole> 9 3T polie oS 5
oSl o mlio oS o 5l goaxie loos,lS (gl
Jlasl sloalis 5 5,095 Slajgze dloosis £z o (5l WV mleo
[17] sl 0,8

Lsgs 9 TNSO Joo 525 (53leoeile (315 olSiws jo lagajl anls
Syl el ool bl (1) DCMW 111308 oS L K20-S g4 3l
o3l asgly cax 5 84 olT ayoly cax 0 DAIAA L1y aysly sl ks s salizul
"t ke A93 5y ad Jsb 5 e e OITT I3l S glats i
=03l ] 5 5 (VMM) iy (6 5503l olKss Uyl s o3l
Soslatnl b oS ss olejlpl ( olan S oslail lagyile (ol (5,8
g odezmy Slabad oS ojluil el (5> j9me a5 B30 lam g
ool ool ylias 2 S 4o olKiws ol 5l Gliges oS oo Lye |y rlaneo
]

92578 Jow hwsS miwoys Sl oxs xSoill Cua Grizees
ZgY X gz dw 0l g i aS abl oo 10l guiwg i (playo,S oolaiul
Lled g, oluil  Swlins &g 4

ool Hlo el Byl Sl as Il o) eile slo el )y 4 azgi
ol Slygs o il Grdle ()5 Getle sl il )y 03500 5 o
L35 gt s s 0114 5 O/11 0108 0105 gy er 4 4 aids g5 355
85 3 (omyp S S phe 9 (hp S 93 50 g ol Sl
xSy g hr ad Ol S8 S 3 50 5 by (Sl
sTOMT s s Gop Gos g 0 ploil (Gip ad 5 )l S (lojen

[1971 (M040) 1/4140 Vg sl s5WT jolic soys 1 Jgua

ool 058 padee pgS 3K prenkiw ()5 pate gl
97/22 0/035 022 1/10 0/75 025 042 ssys

1. Visual measurement machine

CAMMT il yaiS” =Vlio ac gozxo aobiojus A3 o pleuis 15 0,95 1394 LT ()3 Sule Swiye


https://dorl.net/dor/20.1001.1.10275940.1394.15.13.13.3
https://mme.modares.ac.ir/article-15-729-en.html

[ Downloaded from mme.modares.ac.ir on 2024-05-03 ]

[ DOR: 20.1001.1.10275940.1394.15.13.13.3 ]

Ve 9 (Suol Susuw

1S glasis 5139l b G U5 sl s 3T S yb 2 el

b (99,9

e r:&?&.w‘ s SKlasl asgly o bles asgly ool asgls

S

(8) 5 (3) Lu, 3l oobizl L

il Bles gl e b e s (sl il 59,5 sLls)

NS

Kfc 5 Ktc S SKidle ol o

o 38 5 50 ) ile il po o2k S o s8I 3 S

2 S sl -4
S 2585 (Rl |y g (B oetle slag e 5 S oIl
ol pliebl Gl gz (p3luaBen I Il cual 5l g g 05903 oS
Sz e Gk g (200 Ol ;0 S8 il polaie 4l oad
Joe gySosll cels jlanld Jsbo jo Gip Bes puile il s
mal> uile, Blas 4 glp a5 colaiwl Lo o9iS (59, » Mahr
Olore & olfiws Sepe 5l 6, otle (S90S o IS askad Lope o>
P GrSelr Caz pelat Slag Sl peizmen ol solitul oA
20,5 oolail 6,8 edle Slog sl S )0 (o850 (22585

dof B omdle i 99 50 sl B iabesl Ll b s5lwoslol 51y
Sz ) JE s 9590 Ahe 6 0ile 5 yiadee 1 culis o
S oleyen 6 558) JolS (6553 <l 5 Il S slag s (50l
b sllgh 5l oo ad slogyes gy sl eizeed g abee 5l (2 &
Slade 4 dlg) g (6,15 peile ol 0. 008,85 solaul Foo sk 1 cls
5 55 316 ad ooyl gsm el 4w 5l (ele 1 sgus j0) Jilae
g oy p g 68 0mdle jl Ban (o2 atdl 098 (5Tl 25
o ok Ll Gt Il ad 5 wilioe (B il ad (6550 S o
5 ploml o ST rge 00,5 ol Yliml a5 oo (535 Sl il
1) Lagialojl plowl al> o B JS& bl )] 5 55 ool )50 50 .00 5 o
REX PO A

o lesT alosil 4 JsCis

sroskee LTT gy Gos 5l S o )0 gy oy Sz 5 Ll o
30,5 oolii] Wil e o sad Jsb g )l Ss glad gaame ply oS

by i -3
Sslede 5l (edos Lulg, Sl eolatul b (o) 5 dile ol po drlne g
[20] (2) 5 (1) Ly, 51 Lasly cl o o s 4385 S8 e Jl3800 5 L
Sl 0350,5 oolau]
_ t(cos 6, + tang; tani)
Kee = [cos(6,, + ¢,,) cose; + tand;sing;]sing,,

(1)
K. = TSing,
¢ ™ [cos(6,, + ¢,,) cosep; + tanb; sing;]cosi sing,,

(2)

Wil (oo S9rim (hp CbKie (oulon (B Wl Kie Laly) ol yo &S
Slojgme b (hp e sLlss (@ 5 Bn) il 59,5 sbls; (65 6,)
i saplie B4 IS o a8 anil oo 5l bled dgly i g Slatse
L a5 Cewl oas sslswl [20] (7) G (3) oVoles 51 Llg5 ol dumlome g
Ailoads dwlxe 380 o> o,

sin@; =sin B, sinn (3)

tan(8,, + a,) =tanp, cosn (4)

sing; =+/2 sing; (5)
tan 6;

COS(@n + ¢n) = l/tan(pi (6)

tann = tanicos(¢n—SiaI:l¢)>T—lcos a, tan ¢; (7)

d"’ﬁ‘)ﬁa 9 OO‘)J UL)" 449‘)7'] ch»)s.o.C oéb.» Qﬁ‘)an b‘s) U”‘ ).)
2l 30 45 sl s apunls (8) alayl, 51 SISkl gl sl o SISLac

[20] sislioe (o 6925 Ft 9 59550 5950 Fr alal,

. F
Ba = an +tan 1?: (8)

Lol 00 o3l u,o.uLo.t 5 Jiw B Ju\.o U”‘ J—‘> p—»-’)ji”

[20] o5 5l ol sl bl Lo Sl 2 S

CAMMT ol el lie dc goxo dolio jag A3 o jleis 15 ©)93 1394 LT o3 Sl Swaie 518


https://dorl.net/dor/20.1001.1.10275940.1394.15.13.13.3
https://mme.modares.ac.ir/article-15-729-en.html

[ Downloaded from mme.modares.ac.ir on 2024-05-03 ]

[ DOR: 20.1001.1.10275940.1394.15.13.13.3 ]

Ve 9 (Suol Susuw

1S glasis 5139l b G5 bl s SiaT ) S yb pa il

Splooly aglya g o agly @, adaly -l jo oS ols &3l (11) sakl,
[20] il oo
Pc = E_ (Ba— @) (11)
Sy ol b 85 azms plgi oo 0alh o lae @y 4z g L
Gl L (11) el @ azgs b g wboo (2l (Be) Sasl 4y
Jole (o sy (1als 5 ale 2l (00) o gl «SShacl ay
Lol ()5 dlo log 5 il 38!
-ools (salwg 4 (10) 5 (9) Loy, sl bl o ol (o 2 e
@S a5 09d il ae oz (om)S 5 (hs; 512 Jgaz 50 ead &l sla
Lulg, b ool cavas daly,y (gaumslio 5ol oo ools lis 7 S jo o]
gy, a5 Cunl ssmlive LB oo (o ) slaloges & axg L
a4 by polio 3 Jguz 3eb Grizmen aiilise yidin 59ydey 5l slos
Soy w3 oo Ol &5 Wbl e S8 culpd 3l e oules ulyl
D)l Gy Jos 53 (6 i i (Fr) (olos
S ol 4 5 S5 larad 60550 Sl 13 S (635 e S
Wl ool asgly Jaw ol jo (699,5 (sl el )l aS ous colaiwl (goue Jow
o, liel Gy all e oole b plSouinl g SKasl aely ¢ Jiled
s 4 Jgo> o Ded o oddlin g9 Bl g cel ol anslis

el ooslice B ool s g0

<0 4 —t— F
- P

3301
3001
; Fr=26.6+2497f
X!

C m

1501

100+ Fs = 3.27+1296f

045 005 007 003 009 010 011 0.2 013 0.4
(mm/rey) ga

-8 B

301

0
Fr=27+2952f

190 - Fi=12.2+1634f

045 005 007 083 0.09 020 001 0.12 033 0.4
(mm/rev) g9

519

oolon (25 Sl 05 Sty S 5 pedtle slag s p WS Ll
Sl 53 w5l 5958 4 bgipe culrd g (Kio) 9,8 (250 <ol 5 (Keo)

1201 aizb oo 5 200 4 (Kre) 5978m 5 (Kie) olons
F, = K,.bh + K,.b 9)

Fr = K¢cbh + Kgo b (10)
S (G5 iy e g (D Bes oS 4N g b Ly, cpl o S
Sl Cwly Cond 5 B dle s, SOl daly) o S Ceond
il o s oo oad ol (slo syt 0 4255 b Sl b 55,
i (Sl e BB goae gla g, 3l eolaiwl b o5ed (59,0 4 bogy e
S5y b s s J3las o el ey slogyd siRsk onl
00 yel gy YU Lly, 5l eolinad b g oad Juloo o s em)S,
20,5 dwlxe

S gmbs -5
Oinlesl alizee J>1 e (b )0 0)58 O jgods ool Cawsdy slag s polis
a5 04 oo cadlice oo al)l polie 4 axgr b .Cwl sl 2 Jga> 4o
de b ylnl ad 65550 5 Jlpl Se xS Sl o e ggene
o Bl il ad 3 Sy glen 65,0 Cll o ovel Cusds slag s
S5l

S omtle slog s s9 ey I BI L 05 o0 salin &5 j5blen
A Sige oduay pl sbul o Jele g0 a4 Wb o ol 38
S il 3 455 S i o3l ke o (53t il b (1
205 0 S oetle Slog s Gl o oole (b 25 4 Az g5 L
2913 Gl o 65 ble (slog s (21331 (8) sala, 4 25 L (2
U9 s0 (s 2 Ui g S Lo ag ka5l eolaiul b« 3,k 500,85 oo Slasl

Oialeyl lises Jolie (b ol sy log s 2 Jgu

(rehee 0/77 = oo d*-‘) IRl Se Sy

f (mm/rev) F2(Fo) Fx(Fr)
0/05 153/4 64/64
0/08 222/8 110/6
011 302/2 148/8
0/14 376/6 181/5

Il ad (25 50
0/05 174/8 93/97
0/08 265/1 143/1
011 347/4 191/3
0/14 44216 241/3

SRl S Jlplad plejes 65,0

0/05 435/8 195

0/08 608/4 312

011 802/5 446/2

0/14 979/8 395/7
1. Minitab

CAMMT il paiS” eVlio Ac goazo doliojus A3 oleis 15 ©)9> 1394 LT o3 Sl Swadie


https://dorl.net/dor/20.1001.1.10275940.1394.15.13.13.3
https://mme.modares.ac.ir/article-15-729-en.html

[ Downloaded from mme.modares.ac.ir on 2024-05-03 ]

[ DOR: 20.1001.1.10275940.1394.15.13.13.3 ]

Ve 9 (Suol Susuw

1S glasis 5139l b G U5 sl s 3T S yb 2 el

simulation, International Journal of Machine Tools & Manufacture,Vol. 50,
pp 765-774, 2010.

[2] K. Mao, M. Zhu, W. Xiao, B. Li, A method of using turning process
excitation to determine dynamic cutting coefficients,International
Journal of Machine Tools & Manufacture, Vol. 87, pp 49-60 2014,

[3] M. Wang, L.Gao, Y. Zhen, An examination of the fundamental mechanics
of cutting force coefficients, International Journal of Machine Tools &
Manufacture,Vol. 78,pp 1-7,2014.

[4] D. Smolenicki, J. Boos, F. Kuster,H. Roelofs, F. Wyenc,In-process
measurement of friction coefficient in orthogonal cutting, CIRP Annals -
Manufacturing Technology, Vol. 63, pp 97-100, 2014.

[5] AJ. Sabberwal, Chip section and cutting force during the milling
operation, Annals. CIRP, Vol. 10, No 3, pp 197-203, 1961.

[6] F.Koenigserger, AJ.Sabberwal, An investigation into the cutting force
pulsations during milling operations, International Mechanical and Tool
Design Res, Vol. 1, pp 15-33, 1961.

[7]1 Y.C.Shin,AJ.Waters,Anewproceduretodetermineinstantaneouscutting
force coefficients formachiningforceprediction,International Journal of
Machine Tools and Manufacture,Vol. 37, pp1337-1351, 1997.

[8] Y. Altintas,Manufacturing Automation: Metal Cutting Mechanics Machine
Tool Vibrations and CNC Design, Cambridge University Press, United
Kingdom, 2000.

[9] AlLamikiz, LN. Lo" pez de Lacalle, J.A. Sa" nchez, M.A. Salgado, Cutting
force estimation in sculptured surface milling, International Journal of
Machine Tools and Manufacture,Vol. 44, pp. 1511-1526, 2004.

[10] AJ.P. Sabberwal, Chip section and cutting force during milling operation,
Annals of the CIRP,Vol. 10, No. 1, pp 197-203, 1961.

[11] EJ.A. Armarego, R.H. Brown, in: The Machining of Metals, Prentice-Hall,
New Jersey, 1969.

[12] O. Kienzle, H. Victor, Spezifis cheschnittkraftebei der metal bear beitung,
Werkstoffteechnik und Machinenbau, Vol. 47, No. 5, pp224-225, 1957.
[13] A.Lamikiz, L.N.Lo'pezdelLacalle, J.A. Sa'nchez, U.Bravo, Calculation of

thespecificcuttingcoefficientsandgeometricalaspectsinsculptured
surface machining, Machining Science and Technology,Vol. 9, pp 411-436,
2005.

[14] AAzeem, H. Feng, LWang, Simplified and efficient calibration of a
mechanistic cutting force model for ball-end milling, International
Journal of Machine Tools and Manufacture,Vol. 44, pp291-298, 2004.

[15] G. Ge, W.Baohai, Z.Dinghua, L. Ming,Mechanistic identification of cutting
force coefficients in bull-nose milling process, Chinese Journal of
Aeronautics,Vol. 26, No. 3, pp 823-830, 2013.

[16] G. Campatellia, A. Scippa,Prediction of milling cutting force coefficients
for Aluminum 6082-T4,Procedia CIRP 1,pp 563 - 568, 2012.

[17]3). Wang, CM. Zheng, Identification of shearing and ploughing and
cutting constants from average forces in ball-end milling. International
Journal of Machining Tools and Manufacturing, Vol. 42, No.6, pp 695-705,
2002.

[18] Y. Altintas, M. Eynian, Identification of dynamic cutting force coefficients
and chatter stability with process damping, CIRP Annual Manufacturing
Technology, Vol. 57, No. 1, pp 371-374, 2008.

[19] A.A. Akrami, M. Seyyed reyhani, Structure, Properties and Application of
Engineering Alloys, Tehran: Sharif University, 2008.(In Persian)

[20] S. Amini, AR. Barani, H. Paktinat, Machining and Cutting Tools, pp 25-44,
Kashan: Kashan University, 2013. (In Persian)

19 - FF
R

poui]
390
xo| Fr=128+6087f

Y

-

7w

C R

g

Fs = 104+2454f

&

005 0.06 007 003 045 0.0 0.1 012 0.3 0.15
(movrev) ga,2u €

sl 53 (Fr) 5958m 6950 3 (FY) (omlos 59500 (b (o9 )5, Jloges B S5
“Se gl ad Glejen 6550 T s g ad GS oo lpl Se 6 08,0l

A3

7S ohey b s S eile culyo 3 Jgua

Kfe Kte Kte Kt

113 34554 1700009 3242/86 T3 S5 65 o
122 27 1634 2952 Sl ad 605
58/76 72132 1386 3438198 il ad 5 Sy lajen s 050

@0 5 2,25 90 )0 55 eitle culps anlin 4 Jgus

b ooy olalsl gl Jae Al 5 Sy plegen 60550
&7 ©3as Bt
8/9 3438/98 3132/94 Kte
718 1386 1494/94 K

Ol 0 295 8o b Lol Jow l colaiwl b ogu so cdalive a5 jabo Lo
by s 5570 o Joe cnl 5l s i 1) ) ndtle slog s 5 o
Sged oolawl 6,5 35 o lily )l g

S5 a6

B emir 3550 S 3l sl B sl ) rile slag s Biow ol o

L ocalpo (nl mizen sl oads aule (6 )5 dle lypo g a8 S

W05 awolie oy polie b g oo (gilwand goae Jaw SO 5l oolatul

il ) 20 4 o p rl 5 Jol> s

Ol (B Sldes wnin oyl 385 gpFejlul Lo
D) S (297 i by 6,8 oedle cal o

hswles (Shp Go & w0 (LS B eile Slagys (owyp @
calyd polie 95l o0 o &S O (gl HlaEe (6,0 (95
Sl iy (§9 e 3l (elos G954 bgaye ()15 mtle

bgiye pod oo a5 ol LS o3l (5955 4 by cal s anlie o
Soy8 D pd & Cod Syt Mie (Kie)gwlow 595 &
obon lisly o i JSG s 51 06 oS o) (Kfe)dﬁff*ﬁ
Al oo (59t A o

c&xlp -7
[1] O. Gonzalo, J. Beristain, H. Jauregi, C. Sanz, A method for the
identification of the specific force coefficients for mechanistic milling

CAMMT ol el lie dc goxo dolio jag A3 oleis 15 09> 1394 LT o3 Sl Swaie 520


https://dorl.net/dor/20.1001.1.10275940.1394.15.13.13.3
https://mme.modares.ac.ir/article-15-729-en.html
http://www.tcpdf.org

