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Analysis and measurement of the milling tool deflection in machining of

steel 1.1740
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ABSTRACT

This paper examines the deflection of milling tool in machining of steel (1.1740). In general, milling deflection divided into two categories:
the static deformation and dynamic deflection. by considering feed direction along the x-axis, these two deflections can be obtained by first
measuring the resultant vertical force (F,) using dynamometer. Considering the machining parameters and tools specifications such as entry
swept angle, exit tools angle and cutting depth, milling deflection has been theoretically determined. The results of the theoretical analysis
were in good agreement with the results of experiments. So, the deflection of milling tool can be obtained in the milling process.

Keywords: Dynamometer, Milling Tool Deflection, Steel 1.1740.

G558 o 1y il 558 ans Gl 3120060 Jlo jo oz 5 ol
)l Jow bl ogi Gl 5o [10] woges gy s Jelos laes
6[.@;,&).»» L 4.‘>9.s l;Fy EOges 65).»4 ML.: c[6] uoL».u.o.ﬂ -‘4-*-‘-‘9-’ 0
ORI b (6,95 oS 50 s 5 00D (g S o3l pdalosl slaaigel (s,
39 dns Gl egelns lawy alais o gyl W FY 090 slag s
o ools callas  cialejl sladiges Blyol b o g ool sy 2Kl

35 ey Ol sl loges s

30 (S 39 dd (IS Slas) Sl (G598 o -2
o S5 4

Sl 58 ang e lawg Slabad gleojlgs (o558 g5 cnl o
Dol L oSl Bl glas )l g d Il yige s 51080 c0 5,5 piils
305l ol sl o Fy (69g0s (59, dawgi ool olox!  Seabiwl Gl il
[6] sl e oo (1) e

oy = — (1)
Al oo sy (3) 5(2) oVoleo 51 I 5K T yo 4

Please cite this article using:

oo -1
A5 slogd (n B glaie 5 (2 30 )5 51 (S0 4 (651575,8 an b o554l
s 3 Jolo llas b 095 0 Sz jshate (ed 4y 9 Sul oad haos
ORg3y (nl 50 0yl0 vz ol (gpSeslail g o @ 5Ll S
B il (iS58l lame g Slalad slaojlgs (5)055,8
Seml Fy g35es sl oy Loy (iS558 4k Sl 5 050
slaghs, Olpl IS8 et 5l Jolo slallas (40,5 age Sz 09d 0
o Lol anld (Ll ig) 4 lsies alez (] 51 a5 o)ls sgzy st
9 (s Sy ey (3 (89 7)) (6,1 il Ll pl by () 0 10503
age ghw glas g by slog s 0 Cosgase (185 a5 o L (°)-*-°
[5] conl soumny biews ma e sloy,d i o Gl [4-1] wo 5 o
Sy 9, 2 52 4k sload male &gly g e Cub L sl
3 Sy g ubi] [6] 5,185 e J""“’ Ovn 2 syme Sliwly 5oy
Sone |y e (6)15,8 ,0 olul cds a5 wis S &l Jaw 1993 JL
25 plad Saliys 5 awarn 2001 Jlo jo ubiradl 5 Sl [7] sty o
Gl Sen 5 g Sol o 61 [B] WS oy s Jebos Iy 2SSl sla 8
5 [9] wo S (qypr 5 Jebos | (sl 558 ans sl 2003 Lo 5o

anlod 03lisw] 133 e s opl & gloyl gl

S. Amini, S. Amini, A. Salehi, A.Hoseinpoor, Analyze and measure the deflection the finger milling in steel (1.1740), Modares Mechanical Engineering, Proceedings of the
Advanced Machining and Machine Tools Conference, Vol. 15, No. 13, pp. 522-525, 2015 (in Persian _..,)


https://dorl.net/dor/20.1001.1.10275940.1394.15.13.99.9
https://mme.modares.ac.ir/article-15-11953-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-18 ]

[ DOR: 20.1001.1.10275940.1394.15.13.99.9 ]

Ubhle 9 (Siuol Susm

(L/1740) 393 )8 ) )8 pS (il ) asus Byl (s puS 0130l 9 Judxs

a
= _ 12
Az W (12)
ool 2l (12) dolae 51 (Sas 252 52 (T3l 4 Fy (53902 (550 ol
20s2) L
AFy, m(®) = kt.c.Az
N-1 (13)

z [sin(®j(2)) — kr.cos(®j(z))]. sin(®))
j=0

255 se Sl (13) dolee &jgots M (Sess 532 (sl wlos 4yl

dj(m)=d+ (j —1)Pp — k. mAz (14)

e oo e (14) aayly gl (i SSl 58 4 Ol il ass jo g
Sy(zk,m) =

AFy, 2
{ 4 ;nE(Ivm) Bvm—vk) O0<vk<vm

AFy, 2
| 4 ;r;(lvm) (Bvk—vm) vm<vk | (15)
L ool (16) ala 51 280 5,3 ais Bl il

M
oy(zk) = oy(zk,m

y(2k) mzl y(zk,m) "

w3l Jlog 9 Ol pmexi -3

(zxx6350za) Jowo Jlu,ssl 5,8 udle 3l ool plxl sla ooyl o
(1300rpm) Joisomw! ce s i3STas slyls 5,8 pdile (pl .l ouls oola!
W Co e (iS58 s (Gaiod cnl o esliiul 3550 Il abl e
-0 40 30 alo asly L e o 6 ks (HSS) JERCE R PLIRWEE S
el o0l 48,5 a5 0 e e 30 51l B e p & b lade .ol
(inlesl 8550 sladiges ol ool ools lis 3 ISs yo a5 jeblen
3 g adb o yio o 4 culis 4 (L/1740) o¥gs iz 5l lo o3
5 S omile yradee 2 el )l 4 o)L iges 59, p Llalej] Codge
20,5 oolel ioles! (sl y

oo JinsS sladlge wim SG Sy egalins 5l gy 6525 oIl Cue

SS9y 2 oy ass Blsil Bl 6 Seslul jglaieds \ewl ool 00la9257B
el o0 oslazwl (VMM) (6 ppgas (5 o505l olKiws 51 S ankad

d

\/ Xoull. |
A
/]

/

M-

m \)/ : - AFy_m - Y Fy
| uge” A
o ST 77/

0

[6] 2 55 445 5 Sl S o5 Joa 2 S

64

ws S Ja yo lpl kb (0/85-008) lnl jge jlad ()i jboa
dalgs (4) abal, b plp hooly Culis 4 Cons S 9,0 (6] 29800
Do
Fy(¢) = kt.a. h(¢).[cos(¢) + kr.sin(¢)] (4)

Cmnd (65 50 gy @ Conl o o0ls plis 1 IS jo a5 j5blen
Db oo 00l Cealies h(P) 9 wil 0 Y j9e 4
h(¢) = c.sin(¢) (5)

S Il oS (elSan sl wlis ja sl 4 (598 © (D) A, o
358 Candae STl jas ool Culs ccwnl Y jeme sliwly o
agly il Abe gg 5l ST 9@ =T 62550 agly il @Blge g4
Sy aplez @ =0 .50

3979 Gy 4l o lejen jabay il ad wix b g0 a5 (Jalpl o
ol Y jemme glialy o ailais SG AT B Gy (g9 il alils
oS bxl jlatiboe 2550 Ghp 4l 0 Koo la)ld 5 ol salss jio
58 a8 Sl lmle b walesd jho alad (pl 0 Fy (ip o x
agly Jedo @ ul g 0)5 walss obnl mhaw 65, S8 glas (S
ol Sen (hp 2ye 9 aled olawd 4 azgs b [6] cenl 5l oo
gl b wled 0 b g ¥ jeme liwl) jo oy & 5l alad SO 51 i
rl s w5 e () o i IS gl kil 42305 g IS auleh ol
58 Wolee ol (sla el )y oges s (6) bl L lgion 1) oles bolis
sl ol (11) 6 (7) La,

Pj(z) =@+ (—1)Pp—kB.z 4j=12,..,N-1 (6)
op= 2" 0
P=N
_2tan(p) ®)
- d
1l 5,155,850
o+ (j—1).0p 9)
= i
13850 55,8 595
_m-@-(-D.op 10
= i

Swd > M Slaws & _3.3153‘50 ;A*MSJ""/‘! 3y dnd o x4l
2 sl A¢)|MQSOQ;M(Q) Doy 3o A dzgi b S>eS
Slo olyee ailass

® =0,A®,2AD, ..., Pp (11)

w3 oo Lad 1) (Sl 58 s SO Sl S5 ks Jae 2 S0

| workpiece
[6] 8o s )t575,% aaT 31 gt

CAMMT ol el lie dc goxo dolio jag A3 o jleis 15 09> 1394 LT o3 Sl Swaie 522


https://dorl.net/dor/20.1001.1.10275940.1394.15.13.99.9
https://mme.modares.ac.ir/article-15-11953-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-18 ]

[ DOR: 20.1001.1.10275940.1394.15.13.99.9 ]

Ubhle 9 (Siuol Sumw

(L/1740) 393 )8 ) )8 pS (il ) asus Byl (s puS 0130l 9 Judxs

0.743

S35 Julo b duylio 9 wle3T @l -5

b 3 K58 ans Sl (95 dg (SBoe Sipl 4 4y b

(orim 5 op o) G omile Ll 10 il 61553 anl 3

ans Slyoul gyl o] 4 bgsye slologes 5 0als plouil b yiole;l ccalises

ool o 7 JSs 91 Jgu T A o s as Sl Gty Sl 5,8
slece mw ol 4 iS58 ans sl glaloges 1 S o

9 98 g abBS p yiedee 98 g aids e dee 63 (595

Siloads iy 15 5 & ygeods a5 Wil sdel Cawody ol

(m/min) 6/78 i e s 13( 251) (slologes (il

(m/min) 10/64 55 ce 10 (453) sl logei (o

(m/min) 1719 &y ceyw 10 (645) slaloges (z

1.6 - o Lol
1.4 " SH9- J‘"L"“
1.2 =" —— -2

1 —

- ape J.:J.?u'3

— -
Eos | #

oo | pmmmmmmesmasd
S04 ._—____—-___. -l o L5

0.2 —— L 51-6

60 70 80 90 100
f(mm/min)

S9ri Sy g (S0 558 aas Bl ol (slaloges 7SS

S (6,15, Al 5o oas plnil sl ialesT s (g ,I5 pmitle Ll 51 Jguer

rf:n) Ulnl dsb (sp Copm Sopim Copw (99w Gl (3o
(mm)ecdes  V(M/S) f(mm/min) a(mm) SialesT
1 36 10/64 98 2 1
20 36 10/64 98 2 2
1 36 10/64 63 2 3
1 36 6/78 98 2 4
1 36 17/9 63 2 5
1 36 179 98 2 6
1 36 6/78 63 2 7

523

PP

inlesT sla aiges 3 S

b3l plxl gy -4
O Oloy 5 (N30 ans (Sl Jols llas ials jslaie 4 L]
4 spSojlall el SaSay 15 5l 0,5 @Some 5l LB 58 (dle s,
28 bl SRl 9,5 @S g 5 S S Bl Gl o
(544 Jss)

Bl e (SESI 58 Ak Sl (09)0] Cavsay Bas aS ol 4 axgi b
Libos S 4 stule)] Lged oo S Lulpd ()0l Ubg, cnl o
PR ke 5 ol gz stales] Bsel I Sl wSae oS
G9y 5 (iSS] 558 aas Blyml Cuxdg g S Blie 0wl ool 00y S
(6 US2) 00,5 o0 ol (iulo3] Liged
e SG sl (oLaSTl 58 asg Bl il aged ISOI jelaie 4 (S, cpl o
oSy sbiwly 5o e 10 gogus Jobo 4 g e le D kB 4
Sl 00 il 5,8 ans (rolesl ple L0005 sl Sl (g9 0k
Sl 4 oS ol g WS (o0 A5 o)l 4 g9yt bgype Lt sl
So Jleel 10 ol saline BB B Ko 5o assl aiile w0 Hled

Dgid o ATtine Aiged (§9) p (STl 8 ans Blyl Fy (gogee

Fragalind (59, 00ds (§900 S Higad pgai O Sl

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


https://dorl.net/dor/20.1001.1.10275940.1394.15.13.99.9
https://mme.modares.ac.ir/article-15-11953-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-18 ]

[ DOR: 20.1001.1.10275940.1394.15.13.99.9 ]

Ubhle 9 (Siuol Susw

(L/1740) 393 ()8) 08 S il )3 asus Byl s S 0130l 9 Judxs

changing the path, 11th National Conference of manufacture and
production, 1389. (in Persian)

uu”uj\s&)}z&;;a)ou»w)ﬂ‘),.\e

[5] E. Budak, Y. Altintas, Mo_dgling And Avoidance Qf Static Form JAESRVER inles] s 655 o oo
Errors In Peripheral Milling Of Plates, International Journal of
Machine Tools and Manufacture, Vol. 35, No. 3, pp. 907-918, 1995. deXp dtheo
[6] Y. Altintas, Manufacturing Automation, Second Edittion, pp.30-80 7126 0/743 0/797 1
Cambridge University Press, 2000.
[7]1 E. Budak, Y. Altintas, Peripheral Milling Conditions For Improved 28[72 0/094 0/067 2
Dimensional  Accuracy, International Journal of Machine Tools and 7/58 0/62 0/667 3
Manufacture, Vol. 34, No. 7, pp. 907-918, 1994.
[8] S. Engin, Y. Altintas, Mechanics and Dynamics of General Milling 3/104 0/902 0/93 4
Cutters. Part I: Helical End Mills, International Journal of Machine Tools
& Manufacture, Vol. 41, No. 15, pp. 2195-2212, 2001. 2/34 0/342 0/35 5
[9] A P.Xu,Y.X Qu,D.W.Zhang, T. Huang, Simulation and experimental
investigation of the end milling process considering the cutter
flexibility, International Journal of Machine Tools & Manufacture, Vol. 1/38 01506 0/513 6
43, No. 3, pp. 283-292, 2003.
[10] Ph. Depince, J. Y. Hascoet, Active integration of tool deflection effects in 20/9 1/108 1/34 7
end milling. Part 1: Prediction of milled surfaces, International Journal
of Machine Tools & Manufacture, Vol. 46, No. 9, pp. 937-944, 2006.
e g anils os sl by maleyT b 6,55 bt YU b slace o
e TN & onb Gl e Glp Ll e a9
d}wgso 99 LS’);U C.:Lu )‘ 0w Cawddy 6)9_3
by Gols (S0l 558 ass Slmil lie 5 Gl S50 S 0
W PRV SRR RISl

00,8 lag yuals uSl 58 axg Olyoul YU by sloce pw jo
RUIVW YOS, S KRS ] ST SO ISk ¥ [ gt

ods (5 S o3Il i 58 ans il oul alaie o el s 4 p3Y

Lgei 59) ghw 4 bgye (2K) 4 425 b Giulesl 5 6595 Jalos o

DSl oo (ST 5,8 ans b S 0 doles
-ojlasl 5,8 axs Blyoul a5 g so cdalin 593 o logel 4y axgi L
Ablise 10595 295 6B 5l 5l 6505 s g Glalesl yo 0als (658

pae 5l 25U 6y Julos g bl @l o las 2 Jgae o

FLY J..ﬁ:)la«sao Coxd "19 L oo w)f ).Im 30 65 Jaw ol s 615 pals gy

5 aS Al oo 5 dshad g Cdo (08 S0 JJo 00 5 o s o oS

958 ile g 5ll 05 lplad @y 5,5 Al 0)ls b g 00 (riz bl

u;‘,iLA)’T 4o .oa;@ Uas olou! o g il o IS s ‘SA;A"LO}T Aged

59 ans Blsul il o b ioleyl Lby b wglite zk a5 p! Judo 2

)ou?).u7 wu)‘jw‘wﬁbww;uﬁjoo?ﬁs

olesl (nl 5o Sl 5550 (Sorten S u it 9 (e S (S

Dgd (o0 Jolis |) odus 53
&>lp -6

[1] Z Yazar, KF. Koch, T. Merrick, T. Altan, Feed rate optimization based
on cutting force calculations in 3 axis milling of dies and moulds with
sculptured surfaces, International Journal of Machine Tools and
Manufacture, Vol. 34, No. 3, pp. 365-377, 1994.

[2] J. Tlusty, S. Smith, W.R. Winfough. Techniques for the long slender end
mill in high speed milling, CIRP Annals - Manufacturing Technology, Vol.
45, No. 1, pp. 393-396, 1996.

[3] O.EEK. Omart, T. EI-Wardany, ENNg, M.A. Elbestawi, An improved
cutting force and surface topography prediction model in end milling,
International Journal of Machine Tools & Manufacture, Vol. 47, No. 7-8,
pp. 1263 - 1275, 2007.

[4] M. Habibi, M. Vahebi, B. Arezo, Error correction from deformed tools
and machine tool geometric errors in three-axis milling machine by

CAMMT ol el lie dc goxo dolio jay A3 o leis 15 09> 1394 LT o3 Sl Swaie 524


https://dorl.net/dor/20.1001.1.10275940.1394.15.13.99.9
https://mme.modares.ac.ir/article-15-11953-en.html
http://www.tcpdf.org

