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Abstract

To obtain precise machined surface and high productivity in machining, high speed end milling has
beed studied recently. Though high speed end milling is explicitly effective for precision surface
generation geometrically, tool deflection, chatter vibration and frequency characteristics of end milling
system deteriorate the theoretical surface. In this study, simulation algorithm and programming method
are suggested to simulate machined surface using acceleration signal in high speed end milling. This
simulation is conducted by considering vibrational effect of spindle system which was not considered
by other investigators. Good agreements were obtained between simulated results and experimental
results.

LM E

o A diaa] g4dse gue 3, A% S

A AN 2 RAEUEE gAY 4 Qe T s gRiol § otgH= 497t diF-Eolt 53
Sobgel et 4ol mzmgoel ufeh & 7bE & A F5e nEe Qe A oblE E
Re] F7lgel aiME did agvh gy B ARNE F eeiaz)e aclel d S gl
o ok ma Qe dle) whd 2 343 3Hale) ol Meg dAFsy drrdg s A
a4l 7Pl A FAstEAA A Aatele dtn 888 ddna Yol 27
HERoINE AATolE & o gate} Watge] & A=W UMY AEFeld B2 &d 2A B
U 7R EAES A EHo)Mstna = AT & 9 (Rigid Mode)ZA AjB o] 7|2E o]&:=
Ao} Ropx| 3 Qep 71stety ded At 2l dopy mY Fg
718t o 2 7}43—;{:4011 e = g0l AAsAT. ol F HA49 EP(Flexible Model)Z
& HAZT g olde AEY 9i So] Q= wAEEA FFAFORE e HEFALRY A
B rﬂcm sol #g A7t o] FolAut A mda fd
w59 wagieE v ATy A4 Rdg Nt g ¥ 2 d9(Dynamic Model)o]
E-mail : kangmc@pusan.ac.kr ANHY =D F2 Ay s AAHEL 22pS

TEL : (051)510-2361 FAX : (051)518-7207 )
oo 39 BAUSR 7 A TSR FAR 2dYst NEE A5y e A7

%%zé% 2 Y7 ATAE 7h APHAR® ek Al Eeol Al date) o



Fo 1

WeE BF aeshs Aol #bssnz 2
w7 2% 2 1
oglew olg mg % Ads ¢
4 9.3},

gebd B APAAE 34 dow 29 e
A hgmdel Ageelde A8 2A 2,
@4 99 24454 A5 29U
A MR NEE Zget] olg AlEwel4
Qo olggors UE RUL B L A4S
= e AASGY e = 7

%
7

|

2. Algelold 24

=l 7hge AEdeldE A% 2
4 2, 3111%5: TR L
oo 21}.0 EA A% 2 s stET A

g Mgl PASAGY
geold 29 %%t 2 Fig. 19l YEHAS

dold mulel uge Az, ¥
FRAA, FE2AY 12 T2

Cutting Condmons | Geometric :
Tool Runout > Rigid Model " | Suface Profile I ;
Effective Tool #| Flexible Model " | Tool Deflection

Radius

Modal Parameters

3,
Vibration Mode!
of 2 Degrees of
Freedom

Dynamic Model i { Vibrational
Displ "

Vibration Model | S—
using Accecleration
Signal

/‘ Surface Profile

Measuring Acceleration Signals
in Cutting Process

Accelerometer

Fig. 1 Block diagram of simulation model for
simulation of surface profile

& nejd stFHEYY AEHA 229

F2H ANE 22 Seeieoln 4% A%
£ 48 gl S45] dagus 2ysgd.
Ased Ed F4, BT AA
4% WHEA HE E wWe o BEL LT
EEEEIES

2.1 ZH =¥

A BEdoME Ao 213 Holxo] A™H
o )&t B Aol FHIRE LA
o AlEdHeldE 3 FWE Fefolie oAb
3ot Al AWAE olitE Y ey slek Atk
2dg #4359

94 BRAAE SBn olgdl |xsle] §
st 48 49 4¥e B 37 4
£474¢ 7on ndd dUxz Agagon
FRAGol 2HPEE FHSh B =R

AHE E7E A% 10m, f’;‘]@%*z}r 300, E&4
o] 30mne 4¢ d=wWeoln EAAE= Tdble 19
Jelich Aty fFadAde 8.05mo k.

23 8 =Y

T4 Ede 24REA JFRdn s A
& o]_g_z‘s}. ;(% U\:—WF' frl)vlo}.oiou:‘ 7;“/\}.};]
Egsetnle g 7hs F SR AEE 545
wdd 4Rk Y B 2% W
7t EEEHES S5

231 2XREA S 51%

227 EA RE Rl FHAE o)W
(°13F x%3ha olFo Aol vkl
el 22AfeAR 2ddsin B2d i}i}ﬂl!ﬂ%
TG 22 geves FEAY 13 2437
FaolM 9397 ¥ (Peak Picking Method)S A}

Table 1 Properties of end mill and tool holder

End mill Tool holder
Property wC SM45C
Density[kg/m"’] 1.46E4 7.8E3
Young's modulus[N/m’} 6.2E11 2.1E11
Poisson's ratio 0.28 0.29
Thermal expansion|[%)] 5.2E-6 1.27€-7
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Table 2 Modal parameters of spindle system

L Equivalent Equivalent Equivalent
Direction . .
massfkg] | dampinglkg/s] | stiffness[N/m]
21314 235405 2.97E8
83493 1275510 1.05E9
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Table 3 Experimental condition

Workpiece STD 11

Vertical high-speed machining
center (Makino V55)

10000, 15000 [rpm]

Feed per tooth 0.02, 0.05 [mm/tooth]

Axial depth 10 [mm]

Radial depth 0.1~0.5 [mn]

Machine tool

Spindle revolution

Table 4 Measured surface roughness

Cutting condition
- Surface
Num.| Spindle | Feed per Radial
Roughness

#) speed tooth depth (]

[rpm] [mm/tooth] [mm]
i 10000 0.02 0.1 1.42
2 10000 0.02 0.2 1.11
3 | 10000 | 005 0.1 0.35
4 10000 0.05 0.2 1.32
5 10000 0.05 0.3 0.32
6 10000 0.05 04 0.35
7 10000 0.05 0.5 0.38
8 15000 0.02 0.1 1.23
9 15000 0.05 0.1 1.10
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Table 5 Comparison of measured and simulated
surface roughness

Num Surface roughness Ra {im]
4 "I Measured ! Simulated results
@ | results  [Method #1]Method #2]Method #3
1 1.42 0.665 0.894 0.939
2 1.11 0.642 0.780 0.972
3 0.35 0.251 0.252 0.252
4 1.32 1.2 1.417 1.421
5 0.32 0.255 0.256 0.256
6 0.35 0.257 0.258 0.257
7 0.38 0.263 0.264 0.262
8 1.23 0964 | 1315 1.342
9 1.1 1.499 1214 | 1.053
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Fig. 5 Comparison of measured and simulated
surface profile in cutting condition #1
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Table A.1 Amplitude and phase values of acceleration signal

fi(Hz) fHz) fi(Hz) fi(Hz)
Num.
X X2 X X4

# XX | e & XX o &9 Xy . by | XX 10 B4
. 333 789 872

1 [ ams | o 125 | 59718 | 232 226 | 1077 [ 123 I [

333 372 460 621

2
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R 333 667

1 | 5217 ] o 068 | 3597 [ 287 | T [ T
. 333 667 889

1 [ 7250 T 0 067 | 4851 [ 31 13 [ 9450 | 5 [ I
s 333 667

1 ] 8566 | 0 075 | 6400 | 7 | I [ [
. 333 667

1 [ 8546 | o 096 | 8027 [ -1 [ 1 [ i
. 333

i [ sn ] o I 1 [ [ [ |
s 500 557 715 833

1 [ 1768 [ @ 297 | 5304 [ 156 331 | 5915 | 17 672 | 1200 [ 19
9 500 664 787
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