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Abstract

In the end milling operation the deflection of the cutter is an important factor affecting the accuracy
of machining, with implications on the selection of cutting parameters and economics of the operation.
Several studies were devoted to the end mill deflection and its effects, notably, providing a useful
insight into the problem. Although the deflection affects adversely the accuracy, the flexibility of the
cutter is beneficial in attenuating the overload in a sudden transient situation, as well as in attenuating
chatter. The deflection of the end mill was studied both experimentally with strain gauge, tool
dynamometer, laser measuring apparatus and on a finite element model of the cutting using ANSYS
software. The deflection of machining tool with various helix angles was studied with FEM simulation
and experiment. ANSYS analysis performed on the finite element model of the end mill provides
deflection results which agree within 15.0% with the experimental ones.
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Fig. 1 Schematic diagram of end mill cutter
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Fig. 2 Schematic diagram of experimental apparatus

#8l CNC oA AE(DAEWOO, Mynx 500)°l
FAE 4¥FAY FA=cY. A44SR FY
& 214 ghE]

T

sol s,

77 98 d=9e 7% 28
F A AR o5 TP

02 FAAL ¢ FTT AFVe A o
Fgte P&  TTEHAKISTLER 92578,
Amplifier:5019A)2 2484t 2832 FF AF

gozRe 338mmYH, & A= RES WHYE
=371 $ja 2E@gl Ao A(CAS AlI600-A,
12008 1 o) FAsA SAsA =T A

=9 WeE AdHes TV A% FEEL ¢

A3

AANA BaAste APt E B2
B A3 R97xNE gol 7beA Eoisn glof
Aoz FTF AHIAAM 25me & BYR} =
2A st HAsYh TF ARDo2RE 3
ol Fx JE ¥ F

27 wde 2% B4

<

ol SSmE 3FTh

EdES Fo3 AAE
NAng A d=dg A4z dHg AFs
Z Agdg dxyg stusz #dsdo. ad
I AFEZ A¥3td CADZZ L o] £3td
dede AS5E FEsA dA age AA4 S
B3l Agaetm dd FAA4E ASEd. s
zo 100NH Bgoz TF AfTo] 23 F
& z2d& ssmAHA A AAE SAFEE I
At} FEM3|A =Z 2 382 ANSYSE ALL38t%
o Y2z oA 33 RdPgo g Y
o] 745302 349 P9 e CAD/CAM =21
A Pro-EE AHE3te 8% Y A8 74
sttt

33 34 2

Fig. 3& 9822z 30° 4 9 o548 g9 F
Ztol wg F7 B3 FUHoZRE 38mmel A
ol e} Wotel e 43} FEM i AR E e
e}, Fig. 39149} Zo] o|&HaF jo] Frgs
Z FTEHE Foree RS #9E + u+
33mmei Xl o] W= 287 FEM XA 7 A2
fFAME AEe Uedth a8y 37 29 W
= ol ¥ Fhol wit 400NN = At
FEM si4d3te| Aol7} Uehdtt. Fig 4c €9
22t 40° g olgrel ol Frtol me F3
g 2 2gdo2RE 38mm XY Ao o)
& ztzbe] A¥ 3 FEM 342452 vebdc). Fig
4o 9} ol ol dF Yol FUIEFE T
7t 27V e RS FUT F 2o 38mme X 9] ¥
9= 297 FEM A7t 22 30°9 7
29 A A S Yebdth a8 3R B9
Hele olwd g9 FUb wet A¥a FEM
A A =pol7} 200N5-E el A =g
FTF B M= A8 vls] FEM s 237t
A vebdoh I olfE & F 9 2 F i
Hd A= 2e £ 2
2oz Aaan? =@
g o FEFHAY Z

s 4% il
HsA 28 WEoldn ¥ &



WAzt Qo] mE WATTY W 54 47 863

0.6 —o—MNeasured_end
—a—Simulated_end
0.5 —a—Neasured_38mm
—e—Simulated_38mm
= 0.4
£
5
2 0.3
8
’g 0.2
" //
0
0 100 200 300 400 500
Force(N)}
Fig. 3 Deflection versus Force
(helix angle 30°)
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Fig. 4 Deflection versus Force
(helix angle 40°)
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Fig. 5 Deflection versus helix angle by FEM
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simulation
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Fig. 9 Analysis of end milling dynamic state
in:(a)whole tool state (b)turning state of
infinitesimal cutting edge
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Fig. 11 Y direction rotation by helix angle
((@)25°,(5)30°,(c)35°,(d)40°)
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