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The effect of tools length on stable materials removal rate in high speed
milling process

Mohammad Kazemi Nasrabai*, Ali Noori, Ali Jafari

Department of aerospace Engineering, shahid sattari air University, Tehran, Iran
*P.0.B. 1384673411, Tehran, Iran, kazemi@ssau.ac.ir

ABSTRACT

High-speed milling is widely used in the manufacturing industry. This method is faster and more precise than the traditional milling. The
feature of precision and speed in the method of manufacturing has made it suitable for manufacturing of bigger and high precision milling
parts. This research studies the effect of tool length on stable materials removal rate in high speed milling processes. It is shown that the
tools length is highly affected the natural frequency of the most flexible mode and the high material removal rate is obtained when the tools
length in the stable region is accessible with the fastest speed. Furthermore, sometimes longer tools provide higher material removal rate
than the short ones.

Keywords: High Speed Milling, Material Removal Rate, Stability Lobes, Tool Length Effect
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1. Regenerative

2. Regenerative chatter
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4. Closed Form
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3. Characteristic multipliers (CMs)
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1. Test Functions
2 . Basis Functions
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2. Up-Milling

CAMMT _juil i sV acgozmo aolio 339 Y oplad 10 093 AVAE GLT (w)e Sile o

1. CNC (computer numerical control)

A


www.SID.ir

Oed 9 53LT 305 LebUS Jexo

YU e $ U 53 35T 58 53 H133k GG 220305 E 25 59 Jl3al Jsb il

Bl 2alsS slalnl 4 s 1) 65V las,lo pooly slog i wilys
Cewl e yolbsS glaylpl aien a5 Cllae ol Ko ole @ S

S,la8 Condly

&l» -1

[1] Francis Donuld Caulfield, Electromechanical actuator development for
integrated chatter prediction on high speed machining centers, master
of sience,2002

[2] F.W. Taylor, On the art of cutting metals, Transactions of ASME 28 31-
350,1907

[3] RN Arnold, The mechanism of tool vibration in the cutting of steel,
Proceedings of the Institution of Mechanical Engineers, 1946.

[4] S.A. Tobias, W. Fishwick, The chatter of lathe tools under orthogonal
cutting conditions, Transaction of the ASME 80 (1958) 1079-1088.

[5] V.A. Kudinov, Theory of vibration generated from metal cutting (in
Russian), New Technology of Mechanical Engineering, USSR Academy of
Sciences Publishing House, Moscow, 1955.

[6] Tobias, S. A,, Machine Tool Vibration, Wiley, New York. 1965

[7] Y. Altintas, D. Montgomery, E. Budak, Dynamic peripheral milling of
flexible structures, ASME J. Eng. Ind. 114 (1992) 137-145.

[8] J. Tlusty, M. Polacek, The stability of machine tools against selfexcited
vibrations in machining, Proceedings of the ASME International
Research in Production Engineering, Pittsburgh, USA, (1963) 465-474.

[9] H.E. Merrit, Theory of self-excited machine tool chatter, Journal of
Engineering for Industry 87 (1965) 447-454.

[10] Bayly, P.V. Halley, J.E, Mann, B.P. and Davies, M.A, Stability of
interrupted cutting by temporal finite element analysis, Proceedings of
ASME Design Engineering Technical Conference, DETC/2001 VIB-21581,
Pittsburgh, PA,, 2001

[11] P. V. Bayly , Brian P. Mann , Tony L. Schmitz , David A. Peters , Gabor
Stepan, Tamas Insperger, Effects of Radial Immersion and Cutting
Direction on Chatter Instability in End-Milling, ASME International
Mechanical Engineering Conference & Exhibition New Orleans,
Louisiana, November 17-22, 2002

[12] Bayly, P. V. Halley, J. E, Mann, B. P, Davies, M. A.,. Stability of
Interrupted Cutting by Temporal Finite Element Analysis. Transactions
of the ASME, Journal of Manufacturing Science and Engineering. 125,
220-225,2003

[13] Insperger, T., Mann, B.P, Stepan, G., Bayly, P.V.. Stability of Up-
Milling and Down-Milling, Partl: Alternative Analytical Methods.
International Journal of Machine Tools and Manufacture. 43, 25-34,
2003

[14] Mann, B.P., Bayly, P.V., Davies, M.A, Halley, ].E, 2004. Limit Cycles,
Bifurcations, and Accuracy of the Milling Process. Journal of Sound and
Vibration. 277, 31-48.

9

e Wh el S

Throrererrerreninrnm

S0 4000 5000 @000 27000 28000 2 SOOG 10000
Jiiest o e [REM]
azyd o gosle 4ugly LTFEA (g, 5l Jol> (g)luly lagVls loged ¥ K&

L ste 313

——— ” —

Py 3 pna JLB 2gy T args ol Sty
e
! i i o b B ST 3y e e
RPN VR ST Y h \

1
L1} 1 [X]
[T e T P, e’

Jad 51l Al (el 5,er sl Jsb sl s oy Y0 s A S

Sl Gom sladsb ln ilvans coe 5l bkl b Jl>
390 1y Jloge s 3l sawl Cews 4y sl el b ¢ Joinl 511l calises
Ll Jsb Sl s lodant |y ylonl o¥ls oS 5 ools 1,5 solinl
Fe Saelogm sladsb slp siluand amt A S eiled s (om0
aos oo pliily e Lo Ae g e

Sslopesly 25 5l Jsb a8z a5 09 0 cvalin IS5 4 azgi b
e sl J plyien sasge B 6 o |, Sy Bl
Jsb b1l (P1 alads) Omm (g s5m (o Gos g VYoo erpm Jouooul
Sl bl el fomm (Soeliyg s Jsb byl 5l e Acmm  Soeliyg,m
Sl (P2 aai) Vemm (g 900 (o Gos g VYo e TPM Joioewl S
5 Sl Aemm (Saeliygpe Jsbo b ll ) e #omm (Sasligye Jsb L
D, Coly ol gy alsS Il adien a5 Cdlae cpl 4z jo

S5m0
B Sign o higm I ) Jsb o5 sskoles ages Sl s
bane o Sl s e G2 o slolS 5 5 285
Lol s> g sylul oY glacesdye azxii j3 5 Jloge slamils b
o 4 )t oI e il LiliEl il Jsb 51 S o paess
Sgu> eizmen g (Gl Jol lacs ju () 0350 S >
elise Fomb 0 syl

i 5 oy s 2805 | sl o ) ok Gl 4z
YL Lk ladlaie o Il Jsb oS (seBge (5,00 posln 55 YL

CAMMT yuil piiS ¥lio acgomo asliofs A ¥ o)laid 18 093 AVAE YT . wrde Sulke i


www.SID.ir

