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(v w©lted BOdzdz?y HOddR s ksyd fs!
e zOH Ol dBzls! Of M’ Stod ' doW SEdEOY' & ¢
stcO' Clsts'® dz0 Hikesdhlkz fesisH', HEMiSOL
Mo j BOR] 7eited Hz3de. 8Bdkd 1 5L dzOYj dats' -Is | st
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& W dg O s ydes ©B s o7 Uagls 2 © 1O aigs 1o telge S B 1
sdzd 3 feibMeFEEe] squdscts Stdskztelz HjkOd

| xaxxc X

>

O)
{dMm.7 143 B0 Codstbd SBEEE & BEEE & B¢
OJfjtejte' L d Mvs ' 'Lc QEAY v &S Oi3d B & &E® o J HZDM dzt

CShs ofp' Howdssdz dz 2dz H' dwdeCd Ctsdalskz
ZOf eWw BC OB tsMj2 CotstcHddzOls o j temisOIHFO® ( to
BtsSC dzjsBr' Hdets ftotse jMisd o dd3 Hol? '@ dedgl- 30
My fowvdsd d 2dzedr H' dzw dats § :

d,=h-(x- %), & =h-(y.- V), (1.63)

Hi Vel SEtsteHddzOIsd L O € j tadzy, iuMs® € I diousdz’ te OSfists t |
SBtotsB dzj dese s Ctsdalskztclz.

CShts 9 BBz desdzsz S tsdzszte' 5'f)' H "§dxsdBH
dzOIls, Ists HtsMisOldz 5 o9 dCtsdzOIsd BHdzj add3 to!
Cdzvtcdas Ctsdzlskztelz, * UdeOfSdminzd fiflsjdmjde’ Qldd  Colaf
tclzs ys' HtsctoOdd:

d =hCodp/2- a)- (x. - x,), d =hSifp/2- a)- (x.- x,). (1.64)

l dd3' to¥ 9 Odzdef toHste B'HAfIsdpts B j L f sfyj toj Hige' 5 «C
ssolzt yd bkjrdtsdzse" 86 OMV (On Machi n@ Ver
sdzed di3 M 2§ sdf22Reni shaw

1 JtojJH odd3 tos 9 Odzdgv d3, " Mmdzw o Mis Orlats 9 dzj
n " Hdzts o' HEC Oz Btolzo Olsd L OF HAR'Y tsaiis® ldsts tc AROE T
09804. 1 68dH i3 hO' st Mw oMmjtejHddzk § Od
CtsteH d dzOIs z odStsakz’ Is' mMv dBOCLYJ S dz.

58



1ol en [IrR dJulfouvrRyr 4L vitodlfurrce 3tdAredf twyodrrc

cOH' &M Ckd €d LBSdZHO LBjt' O Is: mMw. 1 O2 ¢
CBtcH grdzOts g2 9 J eSO O, r dzw y+ sets toj ¢
yqdsdz, fsSCOLOG8zd?2 dzO twdfm. 1. 3

a5

tdMm.8 1ul3j B0 fjtejd MNjd fGjtejo’ tesC §Ytsad

1dYUuj dOo jHjdes 9  HYito " Hdg CtsdBOdzHd yde&c
1. TO1MO6 JldB' 't L tsdzH O.

2.G54%4 0. Y20. 10fkMS MO2kk.

3. G43H1Z100. o¢SlkdoeOy' W L& hjdedgw 1, 4
4. G65P9832 [BjtlsOdzdz" LtsdzHO (8 € df yO°
dzH jdiOD o C tdzts tsfy

5. G65P98108 . F3000 10°dh jdzj §6Ldy' tsdize Odzd
M 4 deda? .

6. G65P9821A4S .tchHMAAA0 (lsd j er dz' .

7 G65P9810Z100. 1ORdhjdzj sLdy’ tsdzize ¢
8. G65P9833 1o jtedzj dzdz? HOLYJECO (wWChts
9 G28Z2100. 1&8yOkSso,j ftsdtsyj dd.

 Odz ftes ftsndBSCd SCStdaskztekz, o dL dgoyj dz'
' Sedl ' d¥Wstdkoy' ¥ Mdhnlsj d@d ot sy d f csg
MCsdetso Odzgs’ kO Clsts'

1.4.6. [BHJd& 90dedlz" o dHOdMzj dedlzv Htedti zMm

stc®@' Clststc” ’

ulbottoj des fBCOBE SEEfo% s todsch- BEH
Steds’ @ distdEoy’ ’ ft fsyjn ¥ scesks O dd
pOdkzs’ kO Chste' ©SBEOds WtOddj ds ¢ sdls
MWy jds HEed SSdO. £j2 Codlsktc ®ROHL o
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dzj2 L Sdhjdvddd o ©Oo Oy 2dz 2 ey mMdzse
Mlso tstoj dats® dBBOIs j 3O Is d y dipds*O dadsy Hizj dadzsW CLts fdsd € t©
ClJtelkzs ys' (HBSHOBRAd GtojL jtodese s o j teMmils O

1" H yoOfm dtsHj dz¥ 9 Odzdz" telkzn WijLd Odz d3kz
shdatso dz'  OtcOd3j Isted Htotsyj Mk Mmdden tesdedats o
s BMyddzsctc@BdPtcj v @Pls ajdgj dz'l . tcj L Zdz' KeBIsd
dzses WtojL jtozo Odzdgy H jIsOdz wlsOdzz 40 -Wtej 1
HdMIlsOdzlsdzd 2 fJtedf zMEC 3 d3dz, Issoh ddzOdWtcj L
L dZOYO‘ Is! " OolstsBOIdydats L S jteks yshs i tots
mMd Bz dzw y* ° : hodHC' Mis! hfddeH j dzv  WtejL d
B3/ o dem tosdedets L tozatsds WtojLd k2 o C@ o
O Ist Mw tshyddzscetcOdd idrtedp HWdz Is,” Higlzgfcls “ibe' ' 21
o RO v 3.
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[

Oscilloscope 1

- ek e

28588883

Cutting arc, degrees
Cutting force, N

0 20 40 60 80 100
Path length, mm

{ M. 1ed 'dsjtWj2Mz fesctOdkd &OftedS ' dy'

60



1ol en [IrR dJulfouvrRyr 4L vitodlfurrce 3tdAredf twyodrrc

ldHdets, hts ftesyjfm WtojL jtolzo Odedz? =~ OtcOC
o LdoOyddr &j 1 0r dO H' d&zvwdzy' , Eklott]j dz 2
HS 80 GtwOHEM o, O MmJte] H Az L 2 Mt tdrdad e " H (
v dz¢ O HEZGEO t' L Odedz?y MlsOdzsodlils! 1450 GeOH
[ Is%4d, sO0¢d?2 fttsyjm wedzgj L O MtsBB-9 " H
tesBCd, WwWECO odLd&OYOIdd] trdBSd Wttdilzo

vOC' y L3 dzgd o HisBtcOY OBdz! dgwe tze t®ff)§fzlz
(tedM0) . 1 [ sy dz0 MfsMmisjte’ cOIsd L d&3" ded ME dzOH
dzd di3d oy dz' LMked wtBtetsBds' MdMmisj &3d oL +
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t dM40. 14 C ZOH B9 mMddzd to' L Odedgw f elzy dz L

G ZOHNod® d2 v 1) odSd&zdS O Likze fiss Ctsi
9@, (dz d& W 3) o9dCdzdC O LMke 5 SttkHddO
dzdr Edise t' L Odzdzy dzO ff oW dzsdz’ Q' 2L d&f ~dzs ¢ Isdz
9 ' Hftseo ' Hdz MC dZzOHBe " ds O PR C YT S H jifclimkzoy Qiglisd;
Bko O Is' MW Hdvw MdMmilsj dd SeBtesBSd L oo HJ
Lo Oded R L Odzj ydesflsj2 Hd&W MSEZOHBedR fdd

flsOdz 40 * odL dOyjdts’ tOd hj ysthsssi
sMMiesL Ed' ds, s SOC' HOd ' Oft' jstdedd
Tsd¥' SOy’ dBsHjd soOds’ Mdhlsjkd O o
Hde®d SttejCy' ', doj odSstdmbsolke s fw o

I L dzOyj dedz" MStstedcso Odes’  Istc @ ' SHsdads ' H
CsdzB ' detso Odgsets C jtoelzo Odzdzy L Ctsd3B " dgOy' * &
Stodets’ ' dW stedBOY' S SO L HjdzsdW' SOt s
WstedBOy' ‘s .

steO' Clste' v Wtsttdtskzlsotstej dzdg? o dL dzOyoO*' Is
odaotsHwyd L feddsieydy ¥ , Mg Od h 2 L ¢ dzw
dzdh j 5 SHd 2 C(tdstotd tso Odz' 2 € ttdH-d dzOl

61



1ol en [IrR dJulfouvrRyr 4L vitodlfurrce 3tdAredf twyodrrc

9 JHAzds ‘ HdzwY HEkzgets’ CtststcH d dzOIs d . ISR
{5 CtteHddzOls' X Hxis o dasdeida00 dz@ Yisiderd{@jdz @ds d
ssHlk Cjtokzo Odzdz?" d&zO tMhdzso ' Of to' Bodats’ " dz

edm.l 1. 4

r MSx i J !
Xe Xee Xa :
%»é_. Msx o

____________________

{dfMm.1. 1eBekClkedd MAj kO kfwOs d ddz" 2O tsfdat

] jazdyddzO0  jtejHOo Odz! dets’ WkdeSy' * teipdfls
Cd ostsyj Bl offfls teiysitdmzs” fnj dzd W ¢

ak: MSx (1.65)

X 1+ MSx

cShts aLwilsd LO yoOmlsddzz M- j di3d, o@-H ' dzj
Y dzdz? Comenf dzOBd § so fH detgfiglsntc SmpEpds o d 3 to
(Hdedm! 7Nted figts: 1. 3

a,
X -d

Cc X

IMEe" " &z €d ftd BtesBY' toka L H'2ME " Is
StcHddzOls, hts odL dzZOyoOs Is! IstcO' Clstste’ 8 yj dal
yqWtcseo sz dtsH j dzs 9 Odzdz' sOo¢d?2 fHtsyjm §°
9 ' HYiB9o " Hdzgd d@3d C StstoH d dzOtlsBEBAY i to jf H @ lslafs W ed
dz' degsd3dz o e dzvH' fwsoddedz BRI ftoj HilsOo dz
G5, otcOrtsolze yd Co0OL MOy sdzOtcdz’ Mis: i to
odL dzOyj dzdz? Mmddztsoa dr L B Iztcj da' MSx[itzOdg o -t g jo
y' ' e O Cdg@B kZzo O o dedzvHLE:

MSx[i] = MSxKi] , (1.67)

HKITd30mMde Cttedelkzo Odz degsegts S5 W' y' ' dzs 0.
vsO0Cd?2 dBOMde dYydzO odL dzOydlsd L O tojL
2O Ctydsdiz Ctosy' ydmjdz dadds d3j ssHEgds L O
L dZOyo' Is! v RGOS Md dID'dz! flzdf® M @,z sV GO L ‘O dz@dzO dz
o dHOdzj dzdz" 1 HzO& '] gz OakzlfH Odzj desc s BOIs | o' Odzlz .

k[i]=sdi1/sq, (1.68)

MSx=

(1.66)
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Hig"T f dztsh © dgj H] Wistedisseo Odes™ Mistclzy €d L kB S
f4tdo’ tetsydedaBsdplBsiOMd o f dztsh, o dL dzO%yj dzd ?
o0dzdzy fts ofm" 2 IstcO' Clstste’ ° .

1 sH ' Bdz teL tcOR zdzC d BHzaEvZ IS¢ ts tfidf Hia]Grla@)jfsdcz)
yqddzsds, ftetsj Clskzo Odzdey MEBstedetso Odzets™ 'IsteO" ¢
mMw ydmj dz! dzts L 6' HHeSO LW stddBljddgdsdsd :tcdfm. 1. 4

ex[i]= (Msx[i] + 1) [i]
{ Veoli] = (MSY[i] + Dy, [i]

stesC tLiOREzdlE odL dZOYyO' Is! MW dgptsB r
sztelz SO L EZtcOrkZzoOddwds CtesClz odn’ Helzd n ¢
MlsOIsO ' H yYyoOfm BtesB ¢ d.

L YHOM htsd@Bz Hddv tc] o dtOYBRd OEs@Gdis t
90 fscttO®Bkz ¢ jtokzo Odzdz?y MEBBBEE S0 @y
B kzls! odSCtstedmlstsozo Olsdm! totsL tetsB dzjOdz' 0]
dzdr £ odedwH' 6]t iswcdityded @& detcd B e d o€
My zO2 dz' dzv p Pz dzdzy ¢ J 6Oy 2 Ctsted S y' °
Slstcd Bzt Is! o HtosctocOdR dBsHj dzt 9 Odedg? o € '

10 tdf tcjlH s Qo dzj dzd?2 WtcOG d3j dzls IO’ CIs
dZd 5 CoOHOlBR dO tdf. 1. 3

(1.69)

Trajectories

Y-axis, mm
]

24 26 28 30 32 34 36 38 40 42

tdMm.2 1A80O0cdi3j degsd IstcO' € Ist§tis'dds ZWetiztc dylj ds @dialzy f ls@ *
sBtesBY’ L O Btede' dzOdz detsts € jtobkzy yse o

63



1ol en [IrR dJulfouvrRyr 4L vitodlfurrce 3tdAredf twyodrrc

[BtesBdzj dzgd?2 Ctsdzslzte ftoj HMMIsOo dzj dzd 2 dz'
ftej HMIsOo dzj dgd?2 dz' dz" "¢ 2. [ OC M BOdztedzO
BOdZ' HB e jtrndy , MilsOddpldis ¢0j, 33 dsps.d ufdz
sOdzlsz, hts o' Hfitse  HO' f jtoj 3" h jdadzs, L OH(
iWOCkdudz® kO Skiste' W tkok, wCO Mitlkst
sBtetsB ¢ d.

ltejLEd IsOls' WhkdeS y' sdalzo Odzdzy  tetsL dgts B dzj
csteds@&bi (1L..69) odL d&zOYy0Os Is! mMw d&BOMded Mm¢
ftcj HMIsOo dzj d2dz" dz® ' 6dfH. 1 j4&jHBOYO' Isisfgw ,
dZsztckz s MECBtcdetso Odz 2 IstcO' Clstste” BIzH]
ftolzy ddid L Mze Odid.

stz ftoed f tetsj C Isdzte O ddsiac O ‘K ldstiste ¢’ s ofifptc ts G e
stsozo OdzO HOdZ , @ wC 90 Cts odd3 tvWIsth- dzO
stcHd dzOIsdzed s tsMwWa) ° HOdE , s oadL dzOYyOs Is:
tc' L Odzdzv . dzv ' Hlso jJtoH Y j dzdzv BliIsted dzO dzd -
B iz dzts[ ¢ s dipBdzijodd dfdms g th)j L j clzo Odzdzw Isscts- y €
dZstetsdzj i3 MEBBcdcectso Odats”’ stcO Cltstc’ w e o
f s Jtcj Hdz (StelgkfB) Is1O0.14

Trajectories
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i
=
L
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.
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fted ' SOy 2dz ? BBEGSBY' LO MOSttdcso Odts®
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v odn' HdZ H Odz mMdMmilsj &3d BB Cd,
Cdemlstclzdzj delslz Blzdzd LBt d de Hdzw  J IsOf &z
odftcOodzj des’™ IstcO' Clstste’ ' . s dEE cPlg'- O
dzj dzdev toj L zdz sOIs' 9 E odedzwH' IO’ Clsistc’ 2

tJLizdz sOIsd oadfftctsBlzo Odzr Mo' HYOIlsts- {f tots
Hiz: eBttsBdzj dzd?2 Ctsdalsktc (dz' dg' v 1) BLOCIs
tesdz (dz' dz' v &0Q . $OEHBOds d 3" toW dzO dzts te GO C
t 4 Odz? dzgO It CIsste’" W yjdzstekz WitjLd Qe dz
B, sOCtsy dB@O2YJ LB' GO ! Mw L IIsjstejlsd
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B' dzh dg'y E 3 tOLd.
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t dBOtf jLEzd IsOIsd odL dzOyJ dedz? tsffIsd d3Odz! dztsG ts
O)fted cdzds ddzs tof fLtflzdavdzdledzfizlz’ BWY ' L Odzdzv 4 d3
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dzv Yy J dzls tc O dzgds GLSO dgdizvls OC DE)  HdpsyslzO M ¢ Ot d Mmis
dzj 3 dz2' flss :

a
Groax = arccos% (2.13

Py | T
1-O00
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yd Mz Wi 0l & a OdizfiplsO dafg@isigvtc' Odzz ( MRR) .

[ dzv fteso jHjdedgw JSMYf jteddzj delsz BERZAZO o
CAM with i Machining [9], LO HBfBB®RBEGEE
Wicj L jtolzo Odadzy s ©Odr'dzlskz to¥r 8.], L &F) 2y @ tddxflAifizlf s 0 O dz
H so "-@ dzh d G(1tc d d) .

125



1701 ¢ 3 wuvdoswfwyodAwe It fArvwl twydrrc

*|on-m-@-8-EleEe- e 6 )
) - 01000 (CKP¥TTEHHA-6)
L * A & . pesce NLOO (COMPENSATION-WEAR)

T NL02 (REV-0.70)

IORKS | SOLIDWORKS MBD | SOLIDWORKS CAM SolidCAM AFRM | Onepaums SolidCAM | SolidCAM Mepexoas | SolidCAM N 104 (AP R-_ 2 5_ 2 02 0 - 5 . 38 . 5 5 PM)
" -
N10& (TOOL 1 - DIA 30.)

N1 GO0 17 G40 GEBO 0O
N108 MOEe T1 ()
N110 (iRough-contourl)
N112 GOO G54 GO0 X-10,8528 ¥65.9392 51559 MO3
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N116 Z25.
N118 Z2.
N120 GO01 Z-10.92 F3E810.
© ON122 GO3 X-6.4903 ve4.1347 Z-11. 14.3835 14,3537 F1E66
N124 GO1 X-6.4902
N126 x0.0455 v64.1124
N G U, Yo4. IU. Js. F
N130 GO1 X76.9651
/ N132 X79.8323
[N134 GO3 XB9.5263 ¥71.6576 I0. 110. F922.59 ]
N136 X89.8323 v74.1124 T-9.694 12,4549 F927.48
[N138 GOl v144.7318 FZ053. ]
N140 v147,5947
N142 89,812 v155.9206
N144 X89,81 v156.4902
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N148 GO0 Z25.
N150 MO3
N152 GO0 G28 91 z0
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N156 G90
N158 mO06 T1
N160 mM30

a) b)
t dBLt JLEd sOIsd { teidgchinng Sod2dM: o
a)i " dzlsj oW j 2 MyElExy ypf cOo dzw & yts®™  tetsc tc O d3

1 z2dzd mEOdN@sde’'f dz' o dr ' H taZOls OtdZ' O dz L Ol Bd&'tsZ
Csdzskbtcl L OcGtsksaCd 25d@d:, fdfkzms 1, 5d
i 30&d3, 6 L ks %d0 e jdgn ©On B0 dzd 2 . 1 fr
tesBtslsd L ftesj CiIskzo OdzdzV  tdetgotsfndzf dzd mw o °

dbdzOdz' L. QOolstsBOdussH BsCipteiztdz) e tf tc® G t
hs MdMsj BO odBEOXRO w©jydd HSM. yOmkstlst
1559 B/ Re, fSHOYUO &0 § &zOdaso dn f jtejte' I
ftcd BBtoBY' yd dz' dzHQeyOy dasdzd yiAs olsj tdrfvdz' H tf 59
927,48 &K/ "e. ltd Y skkz §syOlsS usd' dzd
blso stes ¥ ys' IstcO' Clste' ~, Stdd yjdt Witjl
ilstsyy' o dolds® Qs st cd

[dzv OdzOdz' Lk o' HY tSo ' jHiphssly) st ' LO[diP® -dff teiz
B'dz' LOYy" ' LO Cwedbputi@idg o @dzlf sMMRR) B Iz
BSHj dzs 0 Odzdz” . [ SHj oz 0 Odgdz” f tetso 5H  dzts
ftesGteOR , “dzlsjteWj2B2wECts® zOQo jHjdzs dzO
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ESimulation contour milling 1Ol x|

INITIAL DATA
~—End mill

Diameter. mim |3D
MNumber of teeth IE :l

Cutter tooth angle, |3E|

degrees

~Work-piece Profil
Allowanca, mm Iﬁ@

Contour radius, mm |25

Thickness, mm 03
~Cutting mode————————
Feed. mm/min I?IJD
Spindle speed, rew/min I1EDIJ & Oscilloscope 1 " Oscilloscope 2

Cutting arc - cutting force Cutting square - cutting force
& Without contral

3 Oscilloscope 1 E
g 3
Wvith control - 100 - ; ; 700
3 a0l --- {600
= - t500 —
2 6o Faed 400 @
= 1 (&)
= I ST
5 w--f200
Go | C_E ---1100
] T T : —0
. -20 -10 0 10 20
Exit | Feset | Length of trajectory, mm

t dB2 jutizkj2f fesctOdRd BsH | ds o Odadaw

l 2" Hdg HOdzZ d3sH j dzt 9 Odzdz?v, ©COL OHz o
HO8Is! on' ' Hddd HOdedd3 ftesyj Mz WtejL jHelzo O
ctslstsoCd HftosctcORBd Cjtolzo Odzdzgy © Sol i d CA
o' Cdz o' HisAStW s jst MO f L BOMD d2 dzO Vv Oc sl
Cd Juapndzs dzz BsHd ddz@ Wjdazazy f JtejIsddzz yd W e ts
LOEslssaCd O WtjLd [8] dO SCoydtd@kkz ¢t
fsyOkClk (ktsySo o¢) KO ¢ dyv (syco 1) +

1 O o @dz desdzz tsfpyd dztsg tc OW ° 0 dzV elztizv 5 B ¥
o' L Qdilzdz’ W 5 SO tCthky dats’ T diff SdOH tsbo.ts 7 s Hnsf d
fsHOYk o dd3 tob & IsH diff ®H @z LuHdz@ir” Mi's Is!(Mw o
O tsCtekydz MSC ZOHItLo@rtc Bpd dzdy Mtew' M OdatyOW * € d
HS tokrn bk QWO CdEEtstcdL sdzlsOdzr dz2' 2 tfy' thydd
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[CStoky 20 MC ZOHtso O Mddzd to' L Odadz? o d L da
Odzestedlsdzz, wWCd?2 WEkEdSy tsdkkz' o  Hf 9o -H dzs
h dzt sz julrddgfO W dB O tdise Qozdeg® YO Is! Mw 1 d&zgO
dzd " Y Eytsets LEzBO WtjL d:

_fminSindj

= o=,
HfinT f SHOYO @ d@BkEe ko, L Odzdzvn by @) ldntyls © L tes jOts
hfddeH j dzW z (SBdzZR® ) Mls! L kB " 9 Wtcj L (.

1 jtoj mn'LHSoal2' B dz' ses ydqSdzz Hts o @z KIsdz" dz
sd yda®d EZ ditso s :

(3.1)

dj<a., (3.2)

HikiSkls t' LOdedzy, O jdzj ogj dzls Ote diaf{Rylz € @ lstcts
CONsSok' 5! MW LO Wistdkdss:

dj=a,- (ihtanb)/R, (3.3)
HhiCtetsS fjtej o3 M j Bl of jsto bhaf @t dzOR d dzz € (
Wiej ROCOH " Efmiikizsljde, ' Isj O CtK) ok mBHhS dz' (

[Ctbydz MSkOHBok Mddd ' L Odede" bissL to
dtss 111 0

a

F,=Coa () | (34)

i=0

HELe TPBRI tdydzd? SCStjW'  y' ‘dals ' §sC0OLdzds

1 0oHWEd IOCtsE Odzetstedlsdsz o ff ctBH-tcOd
YJ dedzy cBdlsls’ atsetse L dzOyj dzdzv fmd dzd3.3,tc’ ® )O.dzc
[ dz¥ 9o HtSBtOY j dzdz? ISOSC sty cdas@ic® iz dzd
Y d vy’ Odz'i dacilissfope @ ( My & §)2).

ste' &3 btsets, Mbostj O fLsScttOBO HESLOS
fsMmls' 2 dets fsHOYJ®, LOSC ° L YsHOYJE, W
CJdtolzo Odzdz™ . 1 O¢ tsdp £ lde ZipwO dAfizl to jL HO o PHEHAS @ls € ts
Codzd o ' dzlsj oW j 2 Mt fdevishccen®adsd o d B tc O dzts

10 ©&6CBM. B f5COLOds ' disjcttseo Odz' fied L 2cC
Is* 2dz" 2 YBHOY' 700 d3d3/ mo THf tse @V iHCdZ I9dAh) Y
o' L OdzdgVi, sCdz zdg' d#© 3MEC ZOH BB © Mddzd o' L Odadav .
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- Oscilloscope 2 -

o 0,4 : ; 500

E 400

o L N IR AN T 200 =
502 -] ]
; 200 =
= 01 100
S o e T e e e e e e e R

0,7 0,75 0,3 0,85
Cutting square Time. sec
0)
- Oscilloscope 1 E

< 100 : ; ; - 700

(k] i F
B a0 600

- 1500 —
Ly ] i
= 400 o
4 [ o (5]
o 40 4300 5
5 0] {200
i 100

0 e e e e e e e
10 20 30 40 50
Length of trajectory, mm
B)

{dB3{jLbd OIS dsHj &z o Odzdz® §t6d § sfmls' 2
Q)i sifksc tO®Rd Bl EBONECOd &' ROOSkjtedmisdsd

tdLizd sOIsd f§ tsC OL kt8 Ist @ dzdets, LwWdf ‘dzdff tiztsRss
Hdzze tj OCy'# MmMdddzsoedr " OtOCIsjtedmisd &,- dzj
oMmMswdsd, LO wWedddd ftosj Clskz’ Is! mMw € j'telzs Yy
&ZO Ekditse tsBtesBCd o' HiBdzid @tclg ‘'dFhww z2°' Sts dgef y jlz
hj sy istzlz yj dismy O HCHsfie” dz' w3Bd & e fmaud § dzd @ ©
ftoesctcOdRd ¢ Jtolzo OdAiAsH O Mdrjesidpyd i nBg) , 2 M B] vy
fted2 3O Is' Mvw L O Bftstedzg Htod Htetsy SIskzo Odzdz

1 " fdzw LB jtojJdedaw WO2d&zz d3tsH j dz¥ 9 Odzdz"

0
— Mg ’ (3.5)

odqweodw  Is! v L OCBdz € tolzo Odzdzv | {fists HS@R)J' ¢ Istts
hs MsOB' dz' L' fJtsyjm to L Odgdgy L O Mmd dztsoe c
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{jLkd sOIsd &BHj &z o Odzdz? dz@o j H j dats - dzO
RO dzdzy , M3 R, dBO  tad fif & o dglyf &'dzv (s3 . 5 )OO Y dac
B’ MC&OHse s’ fddd ' L OdzdzF(l) ' wd Wusdsp ks
BOMde L di3 dz MS ZOHBats™ Mddzd to' L Odadz? f ° H

Y
i

Oscilloscope 1

- 700
T 600
:$500 —
400 o
1300 5
-f200
4100
R

10 20 30 40 50
Length of trajectory, mm

{ B4t jLEzd SOIsd d3tHfjiFoodd ddddsy dg  SH O] *

cS ° Bty §kzo Odisfiw® o de@dzgmitsts jdnjixlzj 1§ tso dziz
ftesyi Mz WtjL jtolzo Odedzy Ctsdzskztclz ftcd 420
Mddzd ' L Odedg?, "tsYyO LOCtdz L3 dzd CssO o
fjtcjHde sz o df OHC 2.

[ dzv  § ste' o daw dede? toj L Zdz' IsOl&'fde O mrizidadas dzt
C sH ORd fr{toH dfBl, B) dzjtsBrn  Hdzs MW tstedilzeo Olsd O
W O2Azdf tc Oo tzsez@y jy OC dB E@e0Rtskz0O Is d y dztx] 2dgtttzs tc d3ts ¢
dzj d3 i Machi ning ftesetcOdd Sol i dCAM. :

] tots G teOY3©OO 9 di'j dedeH B Oy O MistcdB C st sSH ' B dzj
COHItRB'4 (HBDH. BBd. 2053 &3/ ~r9 HB 92@- d&d3/
Misj LB dz' N j daedaV . ) tetyLcddids Bdetdz,Is' " t» i tssdaze HOds
BZOdzHd o' Hf BB Hdzts HEts Mo s’ =dzH daaPidxiz® dzf dedz
sdudets” L &3 ded § SHOY'te] ez@ Iscm HEJEIE & Eels] o dsts izdzA
odedzvH" Of jto' sHdqydesets jdzj d3j dzelsO  J toh ts@ ¢t
_k
 Ts+1’
HKICtsj W' y' ° dglbi fiftgfrids)  H2GREOE fuOtt@ils stc | Of d&zOMO.

t 4 OCy' " daf@Ctasicias dz0 Miskzf * dzyoOfmlsd?2 € j tolzt
fjtojnrn HdtstE S OttOCIsj tdd)MmIsdC s L 3" dzd § SH On

W(s) (3.6)
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flt)=Df@- e (3.7)

|~
|-OO0O

N

HigiMsted B 5C) § B @Yt Rdz@* ¢ Kitdtds &3z 9 Odzdzv! -9 d L ¢
fqw " dzlsj ctcOdz’ dats® L Odzj 3 dz' flss

L(t) = fif (t)dt. (3.8)
g Az dzd2 tetsL 930W I3BY (wOb dzv @dzj § dz' Mls: L
fsH@YUE &S y' ° ¢ tisteH d iz s etz jsdis tshic GHEe -Is ts t
‘6 (L' WLS Ltekzydsts o dStdzze Olsd 3Gd M  dz
Feed,
mm{min

2000 1 (
Yl

<
<

1000

5pmm

0
A Length of trajectory B

t I.B5 L OW ¢ WOCkdyuds' L& dd §sHOY'

gl dzyoOmlso L &' dz0 § thOEH 2 oo 'CHj Bz Of slat

yeorn ¢ ' I, O WOSkdudd L& d&O0 u Te®iIED

fL Oy WO s { jLbd IsOIsd sHj &z o Odzdz? bk
C jit® Odzdz” 5 dzOo j3B,j dafsj O dedddip bs s ot 2O @B 4 |

" cwLoOW' ¢ 9.

3 Oscilloscope 1 E
3 20 : TN : 1%
o / : : : |
&150_:::1: :::::::::(I:::I:::: ::::::::::::: :F:::'--:::%:__EDU =
= ' ' ' L =
E -]DD e el il =i TrE :::::::::::f:_--q-DD E
- :2 . ' . | LIE:
s 1
< 0 . — \/ . 0

10 20 30 40 50
Length of trajectory, mm

{ dB61 JjLEd IsOIsd d3tHfjeiroodd ddbitisshing. O
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[ Ud 9 dH dztsj, Eriistc Qe)R' fidezfL o sSsHJIs! HEts MisOB '
L Odzda Mgw n, BOJHJdd~ Jd MO dzO' twdfm.
dzd M ZzZOHBoat' Mddzd to' L Odzdgy, hts dzO ‘-t OC |
Hder o BZOOYtSEBdR3' BB dzj dets’™ o jtern dP- A
sje" "8, wWCO fsodwL EZ’ LMWQZSG@M@@WW@
Ayo, w¢ fYsCOLEZ' dsHjdoOddgv, IsOC L d3
LOC " dzgyOlss Mqw ' L dzg' " j, itdc O daigoaiid] L bodz HIYQ
d3tsH j dzt o Odzdz™ .

l totso j Hz@ed?2 L Of sC OL O, hts Isj n date dizsief W
PftcOo zOddg" Stedztss * dgW stedBOY' ‘5 . [ teH{sd® O
dz' dfdwH Oyjs, odSstedmistsokzy yd ¢ jtsd3j Isted ydz
Cetickznlz yJ delstold oW to jsuf ot R L PR B Y sdetse Odats OF
L tcORzdesC HB to)j Ogd gaf Bz Zxitste iy 1§ Sy G l46idz Is j -
Isj i3d tBttsBCd hdwrtsd3 odBttck tSHABSEE- L &
LEzdz IsOIs" &8 dzO ftOSIsdy’

10 HtedS d&zOH' f(tots] LI lo®dO dizditzdztfsts todste Qafd Is
HilsOdz 0L 0Ods, s "  Ha ' H, bddEtd G
o' L Odedzy . 1 e tsdzkz’ Is! v fteseassHdlsd MlsOB " ¢
ftesyd Mz 7 o d OEZdAls O dajs@dsiz)' tc© O dzlz © G ERERO)MIs § te d
sdC O lstcd 3OO © twjLEzd IsOls® disH | dz 8 O dzdz
dz' dgd &3 d3j IstsH s d3 LdOs tdodsls dptisdg.dzj dzd B3 O dz

33U ndesdzse ' W tCSSEdACdzdaOcRZYY 6 L J ez 9 Od

[fjtOy" Codasztodztsets WtojL jtokzo Odzda? -
dets® EZdise to' L Odedzgy © hdqesCtsdiz H' Of G-tsdz
IsOIs’ L Yls LO EftOodwe ytse f-fipdsiglcjodgs.t | 1
90y dz0 B dz2-MmdMmbkj ddudef dzOHO' Iy  Qolstsdy
Ndd&z t' L Odadz? Hdzw MlsOB ' dBEE®Y Y Istdgs y Oyt
g ¢ Mol &3], hs fyOdzd offtcso OHY ko Olsd Ef t
i Machining, dzjo QlsHdO Isodd tc ' Lh@QBdgde"t juzls O o dzj d
hts Bkzdzd tesLedzvdzzls’® o s jtejHde sz " Ht

stz OCIszOdzr dgddz L Odzdh O Is+ v  tcFL-tesB &
yts' ftsectcOddd SCtdskztodtsets 2, 5D Wij LQ-tclzo (
dzj dzdzv f toc St UsfigCd3O daz@zs sz o' o dz' , hts HBE & B
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dz' Mils! etsBdzj dzdz?" L LOBJ LY jyjdedg" d3 L OH Oc
BB Isd dzj sBrm Hdzs odte’' "dlsd ISOC" L Oo H Odzdz™ :
itesLtetsBdisd § tetsyj H E2GetzH ‘o] tcf jiste Hsstey slzdgv 4 6 ¢
3° tcdz ydW tclss O WOdtg'ao'd W stcditslzlse stos 8 yd A
LOMIssMizeo Olsd Isjrndesdzse ' ¥ BsHj dz¥ 9 Odadzy  daC
itesL B dIsd BOI] BOIsdydzze BBSH j dz2 9L O° 3B H
o' L Odzdzy ftod SCtsdeskztcdzsdzs 2, 5D WtojL jtelzoC
itcsLtesBdIlsd f tesayQadedetclzo d3B'H@E2r ' = WteiL d Is
W steRtskzlso stgs 8 yts' IO Clstste’ © LW
udlsd LOSCtsdz ftcOQo dz' dzdgv f sHOYJ ¥, hdis L Ol
v L O Ctdzlskztetsdys dzO BOC i d3Odz' dats d3tsy dzd o ¢
iMoo stedIlsd dBsH kzdeo B 5 tddjrmAF dege-C ®/fHIOR & t&a © B dj
o 0dzdz" 5 toj Y dBSAW to' L Odzdg? dzO 9 j teMisOls® L
iTols' dzdilsd oM tctsL totsB dzj dz ftesyjHEZWGd- o
tedisd JWJjSldoeadz Mis! L Oftetsf sdetseo Odgs™ Isj n C
g JtcOs yd m: dzO dzj sBR " Hdz Mlis! [z 4c ‘Gtz © O d
90" s Mw 9 Ltsd 9LO" ®BH' ' ' L Odz detisGts dz
BsYO ¢ ' ftslsjL O ftotsj Clskzo Odadzy ff toetsc tc Qdgdats Gt
Hdz! sSets yYydqWtctsotsets d3H j dz¥ 9 Odzgdg? IsOCts”™ 9oL C
[ dzv tosL totsB dzj dzdgv dzso s’ Isj - dep@EE] -'Is j s
sdyde d&@BjlstsHd HEsSMdz HY j dedg? G 5B Iste Oydas’
Yyjdedz" ds o " Hfs9 ' Hdzdr BOIsj BOIsSdyded s dBBH | dz
fsCdzOH jdz o BMmdesokz Mlsottcj detsets tstcg e’ dzO

ssRBOIsdL Oy’ =~ oldn mdzetgdeef ' ‘9. dadmdxf MW Stedzso C
o 0dzdzy ftesyj Mk Codzlskztodztsets Wtoj L j tolzo Odzdzw
dBsH jdzj ? Whtodiskzlse tstes 8 yd n stc@’ Clstste” 2. (

hjdg@ IO ftosecdesL s90Odzj ' Hoadh jdedgw ftotsHZ
f  Hlsa y jdz2@ o tojLbzdz IsOI' dBsHj dzt 9 Odedzy toj

Sssdzlslztecdzy WtejL Jolzo Odzde? o dCtsdzz’ sOMw d
detste o-wEBERA -dffls] 3 HoscteOR . vOSCdd3 yd dzts
L tetsBCd dztseo ts5° Is 24 det®Odr e Swy@iid= t§6 @ sls df i d
ot e’ CIskbifOefiadvdisth ts56 tOd3d ¢ 5 dzls kdedzts G
(oA MO ' d&z' LOY" ‘¢ hodHCtsMIs’ o dHOdzj dz
ydqWwtctsej dSH] dzt 9 Odzdz?y 9L O dgsH® °~ Wiedrd Is
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dzd € dzO dzj 5B nf)Is1QE dpjsdzdzVf WO S Is-GBH O o OF J i
ftoesctcORRd 2 odcedzwH HoBoadd3 todzdm YPWicso
Hy dzt o O@zdassL totsB dzj dzgd a3 f tetsyd H 2t O dzd

IIyj, Mottt dz Ho so d d3' tcdz' ygWwtctse d
ud mg dz' ded 3 dpj dsCssitdsty) fQadgdz’  f 6§ H Mis Oo dzg dzdz”
Gdzv H' o RDdRY Hizfldks

st Cliste’ fjtcj d3 h j dadgw ) B' dz h sfls’
6983/ DIN 66025) LOHOE Is! MW HotsdBO Isdff Oc
ftow d3ts”’ SO HEZGEO CBd&ZzO. Oy BEStEdro Gdde” "H g
ydWteseodns d&BOMdoe " &8 SCttcHddzOIls  jtoj d3° " j dzdz
oS BtedMlsOdzdzy d3 dizso d toj ¢ zdzv tocdzq 24] o d sy * &
hzCk odittedMmMismaddLisChw( ptamt H =S n ch OB dzts ¢
MC dzOH @' dndfglye sdz' @ ' 3 sOMddzosdz' @ ' zo dL dz
zvy' 2 L IsjSMmMistsds HEHOISCsoats L OHO' s Mw o
mydy Odz dz Mmd 3o tsdzd .

i SLicsBdz dzd2 OdzestedIsd3 HBL 9 sdzv odH" " d
ftescteORd Isdf TH tcdzdzdcp’'d H(EZ@D3 ¢ sdzZO) SO o (
dzj sB ' Hdz ud mj dzv dz' f OtcORj sted ydnma H' d
Hdzv HEed CBdO VjjdRBHOmE " Zifomistshse £ -Is! v

ststc® °, wWCO ftodLotsHdI! HB Mise stepdpdd-[{ yd
Mdeod ydWttsedas HOddrs H' d&z ddy' fwdBs'  tot
8X[i]=x, +hiC -
‘.e [I] &% I _Osa, a=arctar?® YA, (3.9)
i Y[l] =y, +hiSina Xg = Xa

HX, VaT S ststeH d dzOIs ks, W isUOEstE Hzd dzOIsd € hidAytets H * o
oL cOUEURE, dZOR ddzz H* dzr ded y ' .
[ 5LEOREdsS od ¢S oigprrdend(yl,- .k +(z.am ¥ )

CChts joojcBjdzlstc SOCTHOE € jtobn ks, {l
%O sy j sBblsd ) HMs0s dzj O tov € et o GY OF
Mjcd) dsoy’ W LH' 2Md o Olsd dj s Xy i distelt s
cd, RH' LEEeLC LISt :

&X[i]=x; - RCo¢/ , +d)
i Y[i]=y. +Rsit/ , +d)

 jo=arcta?2 e g=h/R, (3.10)
Xa = X
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GELBOREdES o d ¢ SifgeTonddgrctan’s Yo gygay
cG Xg = X - =

A y' W Mjcedsj delsOy’ S odStsdiz’ Ist MW - dzdh
& Ydd Rodshsdn §jtejd hjddyai t' L Odd" dz

) SHOd "dd&s jsOftsd '  HEsksaSO ydh kot
rdzv y' "' ®ibd od¢stMBEY kb O©dPWwsE & o delz d

dzj ded 3 o dh j ' L RIsG* dtdsts tats O H ' W iashdaz tdrfz IS otdsj ta. jddz
AdWtctse' BOMdod SCSodskztckz L Octlto $d N-stedik
‘Cltste’ * dzdhj dzO f jteh sz ftetSRtSH'

vskls ' HOd EfmM' jlOfd ttLtetsB S d Ws-j n dat
dzlz Is ZzO CtdStejlsdesdzgz § tod € dzOH ¢ ts dzls Iz tc dzt
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Cd GHHHfides HB dOftewv B ECE §tsHOY' , O ¢ tsdzls
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vsO0Cd?2 ' HR' ' H HBLoatdw' dO Cy)y dtsdilkz ¢t
tc' L Odzdzv L O 9 dzd yd das® cSskids® dadlzizs dn dtZée d dgiz
¢ Ods. [Me &z €d ftesyjm WtjL jtokzo Odzdegw L O
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Il dL dzOyj dzgdz MRR odSCtsdzz’ Is! Mw L O L Odzj
Citdkjstedydes’ oL O BSH' W iclicdBAsE LOESL
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HRITtOH M Ctedo RridzdH S tzdgll i@ dsdpef ejd dzO to' L O dzad

% N
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tdB9. I LO BsH'W WitjLd O LOGGls
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hts 9" Hits9 "  HO' 9o ' HBd 2 Wottdzd Hdzv € tc,
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dets fyls 7]2. [41eO% ' € L &8 dzd Mmddzd to' L Odzdzvdz-f ted
btk LOU®meEY 5! MW &O jStOds o' ttlkOd dsc

o [=] 5
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Ok |
Cutting pass
Control
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Exit | Reset | Help | :
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wess ty'dgs s v fesyjfm o L Odzadgv, HdzW 9 cC
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140



1701 ¢ 3 wuvdoswfwyodAwe It fArvwl twydrrc

N =loix|
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600 1

/
i //‘ NC program
,: y o, it el
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Gz H' ydWtttsodnms dBOMde ' &« L i3 dzd fsHOY' |
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Y Mftew diiso Oded?2 dz20 fsh ¢ OdzOdz' Isqd ydads= L O«
RZOdz' dzd d3. 1 dL dzOyd dedzv hdetso dzdr =~ Ot @S-Is § t6
o jtorntsde HdW ftotsj Sthtzd OUzezy 9§ ozt y@)ldezOH ¢
dzv, By dzdets ftod dBsHj dzv 9 Odzde’ ftotsyj Miz.

l e tsdglz’ Is! Mw o dCtstcdMmMlssolzo Olsd ' HA B
L O d3tsH "’ " deflstelz 3 dzlskz LOetlssaCd L O
¢ sidmrLlE tfeshbH'ten dz8 SEOHRBEO H OBEGHRB s d3
ddzz HBlsdydets' HE| f 51 O ifizs dzts o ®dgts [ © dzO dz'
we' odL dzOYyOE s ftsdztsy j dede?  slssydats’ sty
o' LyYyw ftod BB Y ZO2f sh dtcj dz' hdra J dzj d
f' " HR Hjd)tcBEBGERosOId §OtcOdjIstcd oL O BGH'
¥ddz', s " Mlsslsdzs Ldzdy k' 28868 OHJ Co90Olsds

sO0Sdds yYyddesdz, ftetsBdzj 3O  tod L dzO Yy jzdzdz™
9 Odzdlz' yd<edz' ¢ Ibtsy' dedgv W OMtsdzded = rfdevg jetcn ts
' hjdzadz?y O chtEcamzjds eiffilsdtic d3j ssHdS 2z
MlsOdzH Otclsdzedn yYyd<edz' 9 Istsy' dedz?y W OMtsdedsdn 1
s twijddBz to' L Odedg? O Bsy dzdo s ¢ stgj-Cy'
Motz ftotsh SH'

351, [flsdd3' L Oy' v sty Q thtisEatwirisiam dzts ¢ ts

1 OHOYO Gfflsdd3" L Oy"' ° ftesyj Mk Ikt Otcdets’
SHdCtedIlsj o' Odzr dzO L OH PgE5- Lmay) ' &' f tiseHEBY OF Iz «
ihedHC Mis! hfddzgHjdzvw. (Lo OWwWLESEC odCtsdzlz’
WOLBe ' 2 f dztshagwdz' f @@ Gs'ofyls:  h ff d dzH jidzv &,
Mvw CtBteHd dzZOIsOd3d o jteh ddzd BB &ZOMIS® HESY Mk
5B d3j MLI@AS oM ls § * fiffyds * "2 def) ldnidstz d3 dzls 2 ,O B s t=dWiffspidz’ ) ls
HOaJ teMEPIsz

lted fotsctcOdizo Odede’ yd ¢ dz'HoO " ldst3 iy W dzdgvdz B jc
LOdzgdzw, wCO odL &ZOYOIddzj o' HMIlsOdz d@-% {1
ydzdod?2 fOttOdi3iilste ftesyj-Hietsc®O@G gy Isgst
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BjsHisd s ' foBddsS, s fodL ojHdls!
ftodfzmisddisd o j ¢z oo Graels GePdzdzy . | dzv o dte’ h j
Bdzj &3 BLko teLtesBdzj dzd?2 M jy Od dzd A - O ke |
BOdz' dets’ cdzdB dded to' L Odzdzy a dOH EdigidEdzitdc *  Oogzl
ftod §f EMRREF H- max, fgd BYI5dBOd ZzO0 §5HOBO, o
Hsds, S deitQdad diz' ed2c.tBedlsds BOL 2 Is! Mw  dzO tot
CELoOWL Odgdz? Sl LOY' 2des’ L OHOY' §ted
B3 L CtesCtsd 0, 1 s, 4 dzdsddz0® to' L Odzdz” ,
fted2 kO Is' v Oo st kOIS d Y dats .

I L dzOyj dedz Ghdsodzdr R OwLOCIkjtedmisdS
Tsdy LH'2Mde ‘s MW L O HEfsEscs® yYyghiose
dz' ded 3 BjIssHOB] o dL drOYyOE Is! Mw ofMm' jdzj B

tced Misd ¢ d.
[ BHJ dz¥ afQdedg™H B Oy O f " HeBlstsoa Sk yYdeh-totso ¢
Is s 0f§¢z), IstcO’' Clststc’ ' twkzhkz) e H fotsay'j mizs tch B O

ydS e Issy' dzdzr (G71, G72 f,@pzES G288tz ydjwld
[ dzv o d ¢ sdzOdzda? s H J dzt dzO dzd@v Hipd fitplsi3tsas tiss s Yyt t
Iskz‘ Is! mw ydWwidta),d 2tc 'degCdgzfes’ HH Odzj dzd2 9 ' H € E
BSH] &z 9 Odzgdz? BOLE' Is! MW dzO tetsL 9 0V L Gdedz |
dz' ' deflstokzdzj dzlskz L o jtorndzjt® L OGtslstte-Cd !
otsecBMdip 2z 324,cd®@) . 1 twjLlzdz IsOIs oL O digsH'
MfJy" Odzt deddz Odze stcdlsdzsdyz Mmlse tster ' Is+ fipr dzts
HOdzd s S tetsCtsd3, WwWCd2 ftcjHMI6A 2igp@zdBPM.d W tc
0) ltwd yYy!' sz dzj L s to' Qzlyshs f tziistc@ 'EY dist
dzOyj dzO 3.dz' dzg' ‘ ¢

[ SH ] dzt 9 Odgdzy G jtsd3] stcdydets™ oL O disH
hzCtsdz CotstcHddzOl IssySd ¢ fjtejisddezzw’ L O
tetsd3 L OG 51s324,C dO)(.teduizls ¢ Rzls(klic L COSHEsdsisd ¢ 'd dz
B ddzdz ()i e HMIsOo dzj d2' yYdwietse ddd d3OMdf-e Od3q
G dzvdgO dzjd8z «ZOdz fnm J &3 . ¢ dzeBtodIlsdz, MlstclzCIskztec
tc d 824, B, HBLOBAW' RO Coydtsdkz Sy’  d&is
Xn ozt S RtcEsd@zZ®G tsIstse € (.

sO0Cddz yddetsdz, HBcHj dz8 9 Odzdz? o < tsdzlz’ s
CtesCtsd3 (0,1 BBRB), FJjtjHBOYO' tof3 LSO DAz !
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tdzj dgdz? HB fyjHbtt oadte' h jdzdgh flsdd L ¢

fsHOY GBSE @AY skl Sty . | 5LdeOR kd
Bdzd to' L Odzdz®" odCtdzz' k' v L O Myjy' Od dz
BOMdoe' o fYobsyds k0 Clst' ' Ctosdisd ' d

Bso Odzse s dzO0O § ¢ j 6] H dz' ts dsizts dftdedadssHs |, ¢ &ls Oz
l L dzOyj dzdzv f sHOY' LH® 2Mmdzs " Is! MW icBIGH HAdlZ
2.3, ‘ HiSL & tsdzw ° tcsLtcOrlzo OlIsd HBY EMISRERBEZ {
zO C ) sz € tctywdhzhdtclsigkd@s®Gdzdgwy. s 6O’ ¢
Bso Odzd~ d2O s jtojHASGE | BOYIO&Y S Isdd3” L O

(Zw);

(2) d=J[(zW),- @kl - )P

! Z no yes FEXp;k =
()i (%) xG;’_|> = 1ok =
a) B)
{ .B24.640 ) @GP Odc @agsid dzs o O dzdz”
VU tjLiEd IsOls' dzO Ctsydesdsz Ctetsy' kRSHJ C
9 OIsd ¢ dzd B dHizlz otaf M tClalaifws dcjj te & t¢ | Hifls O aedzw |
3" dzso Odzd 2 Rz teigls' o jtends . A&F2
9 Osd MRR dzO0 Sty desdiz Ctotsy’' d3tsH j dzs 9 Odzda" :
MRR=(H - Rz 2)Feed, , (3.20
HJHT 6 dzd B d dzO Rei f @tefdatsy Istc " Reegfijldf Sl O, dzO  t
sBJtels hiddeH j dzv .
stc' &3 e, fHotsyjfMm hsHjdzt o Odadzy § j toj H
o dCtstcdMisOdadzy d3 dz' dzj Otcd L s Odzets’ L R dgf s i |
tc' L Odzdzy, fdztsy jdzdzy wWCs® o MmMdMmisj - € st
HY J dgletezdf € sHEZdZ2 Y et Ctsdif tsdzj dzls O:
(3.21)

F,=MRRk,
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HkT S8 W y" ' dzls dz' dzgj OtedL tso Odgts’ L Odzj > dzts
dz' ¢d fted BBtSBY' L ] zdzt 98 Odadz” d3 ftdsH Oy’
&z ydedz o, 2tsets LdOyjddz" LBjte' O s Mmw

4 C ZOHtse ' Mmddzd ‘tc’ de@ dfdmylz ¥ ML * s BHIG B ERdZZ i) «

Ck tsMji2 X ° Z, odLd&OyOsls: Mw L O ¥ Bt dk dz
o  Hdztsh jd2& tdfm. 3
F.=F.Sifj - h), F,=F_Codj - h), (3.22)

Hilicodzs S detb? f BOdzOdz! dzs’ S tets RS d .
4 S dZOHtse ' Mddzd ' L Odzdzw fiud fiyldsj' d3' 2 3 BQadt BdE

325 ' o dCdzd ¢ O Ists Iz I otsts: te] jspiadad” e tebds tQds Qg -
tcds@rdr 5 CBdzlskztclz:

D=d Sina, + d,Cosa,, (3.23
Hid, THJWBStedOy' =~ (k) des’™ Mmdmlsj dsdaiot dsOf to

oSz Ctdsktl.

tdB. 25. 1tk dO ssBte O fdhlsj ko

VL Jjteh sz dzOBdzdy J dzdz’ BJ L EZtcOn k2i8-0Odzdz"
Bdzs' MdMmlsjdsd '@ ytstemMisCtsmMis’ L OelstsaCd
X By dzO0 totsL cOalzoOlsd L O WistedilzdzOdzd :

Csdzd LOEBIE CO afwéx@:e%%'%dz,;dzo
sX
Csdzd LOGBIstsaC O 9 MlsOdatso dzj dzO

(3.24)
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VVesX: ksX+kthsX ]
ktX+ksX+ktsX
lted tLEORERSE o 2O ©32d5C v ' Bifff s aZ- Hidz'
dz2d Cd Ld3 dggsls! mMw., vOSCHdd yd dzts dz:
alx = I:x /VvesX’ dz = I:z /VvesZ' (323

L' f BL ORI EEBD L3P (L' cOsIs! MW L f 5L
tdB25 e dz H LOL&OUdlsd, ht fsyjf to' > -Odde”
& 2 Gete dve y'32 26dfls fds dijiusEf. Hdsse tOR
Hj dzv o Odzdz .

We9< <
d Fj
Xc
—_— Xr WX
¢j B SMRR ¢ tesy|Fe
Zc oLO B P o' L O
4 W,
/ 3
Wes, [«

{dB. 26. @dz@ERykz0 M3 j KO

352, [ tSH]jdz¥ 9 Odzdz ftetsy] Mk Ctdzskztcdatsc s

[ dzv  d3tsH j oz¥ 9 Odzdz?y yYydGdz' &9 IS¢ Otedats’ tsB
ftoesetcORBd Yls L OolstsdzOlsdydzdd3 ff todL dzOyJ dza
ftocdC dzZOH gz f esetcORBEZz. 1 tod Yy SwFkzy jBfla@rer tdzjt
&z dzdzv f otsyy Msdy3 IstsC Ot dats’ sBtetsB ¢ d, od¢d
HJIlsOd SO LOetslstsoCd LOHO' s+ Mwv CEHteH d dz
YW ¢ s dzlstPatcenols Odk'O ¢ s tsdzls [k Workpi€ce tolstdeée €
( e BB . L FfEB®dHBBorMme o COL E' Is!' Mw isfdidfv dfQ), tc j2s
HEe O tCtkydtsMmis' ). ¢c¢hs 96C0LOdRO HEGO ¢
. ovMm" y° H Odz d Sdé sfids yo& I it Iz voy € 'tc j tintebtg-cidc O d
Bdzj dets’ -w 8§ ' BRemgdMmlsj d3d CAM.

I Odz' 9 dB d s sdzp'selss] fyd ¢ dzlz 9 9BHVWIS!
BB Isted ftetsyjmkz. v " B IsOy" tBtisBCd IsC
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f OtcOd3j Isted : ftedfzmM¢ dzO0 ydmlssebk BtetsB L
203, Rz ftod ydfmls s dsitc OwB tzthe dzjj dedz'd 0Ad 5 3 dih
Ckls o { dzOdz 85 GtOHEM o, LOHdz 2 Gkl 1
sOCBY d BR Hdzs 99 jMisd o ftesetcOdRz H Odz
HJlsOdz : stsCOtedzd?2 o jteMmMlsOIs L vyluv ST 20
hodHGC' Mis! M fgBdéHRjodzy 94 00 Z BOSC M. Hdg-H OYC
dzv Istsydztsmis’ sBtetsBCd dzj sBR' Hdzts 9o MlssOdztso

elsO s smMwas X ° Z: hfddHjidz 20000 7/ d3c
=10 x|
|2 :lScaIe ‘X

circular arcR=100mm

/

\“<\“ﬁjf?Tme

z

&>

Fart contour Warkpiece contaur
N |Form |Z, mm |><, mm|R, mm Iil NE |2 i [ mim il
1 160 0 1680 0
2 1 160 20 =||]]2 160 60 =
Apply

To ga | Exit Help |
tdB. 27. | tdisodd? Bdsjthj2f stk

10 LOBso yko Odzdz? s B jtoj Is' MW ¢ tc Odzf ydats
ydets® MmdMmlsj kg, LO Wity fosSctcOBO oL cOF
fsHOY' . 1 0dz djtBa Hdets o9 dBtcOlsd Mmtissf’ B
Csdej Gelste) , BOL,j o' Od? defij istOlak| dzlst Is(OWB s BM)) .

c¢ odHds, Ctl@3ftd dzlsd iy ddz ' L Odzdz
HOdzd R, cddeddz®, NPodHSC' fls! ' L Odedp"s-lsO ¢
s ftod Ytedztse ' 2 ©BtetsBY' , GGSLIORSo z8 Is
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o Odzdz" L G' H Oz 166 Wyl H 2 @b tHehd ' Mls' U te dz
L GO Bok k! MW L O ¥tdlzdas: :
N = trunc|(Xymax = Xomn = H¢ )/ H, |, (3.26
H Munax BOS d BOd d&ZO € 515 toxys 2@ 5CsdE® o T i 15
Cdgsbtol Hil f E@E NS 20 ydhEsod s $az@tBE k Od
Yytstedzseo ' 2 tsBtisB Y’
[MC  d € €' d C' Mb! ckeds fLsSosH' o

L dzO2H ] dz] © OG5t SYROE dzts sy dzsG 71 - w1 diz

if ()gNmaX— Xpmin Hf)>0.25Hrn, then n==n+1. (3.2

ssdBk dz0 f j " & BE28 YT @)D sdidd HdEdd] . o8- 1Oeda
sdMY o' H flsdBOd ds’ .

Oscilloscope E
.5
3 :
Process E p.".dﬁl\, peea / I
- : £
- v o
& itting depth =
Pause | ©
z c
E | Feed---- @
£ 1feesieas STroigmoiieer
[ .
[= 10 O S N S H
-240-220-200-180-160-140-120-100 -80 -60 40 20 0 20 40 60 80 100 120 240 260 280 300 320 340 360 380 400 420 440 460
Cloze All Cutting path, mm Cloze All Cutting path, mm

tdfm. 3.28. [(lOfd dBHj d* o Odadz :
a)f jteh d2 f totsB71s) RS diay j dzdz” yd S delz

1 " pdzw L OC " dzyd dzdzvy  ydC dzk ystedzso s’ tsB
L SBOy | d2BB28z0B ed PsL dg' ds, hts SOCO Wit
Gdzdeddzd to' L Odzdz?¥ d&zO yYBRABSsHERBE Yd HE'soGH
‘s fkyds’ MdMlsj dd o eEzwOs S ls QL Odg € d o
ZO Chydsdhk Sty MdBzdvy' ', OC' o0t
sdd3" L OY' 2 deséts BsHbkzdw & oadedzwwH' L dg-dad |
YO ftod Y SdBkz tjckd* o Odds L Oddh O lgi-fw
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mw  ydoip degjddss sHisd3 Hd&zWw L OB J L Jyddedzgv L OH OcC
HijkOd 6 of' sdBkz Stdsktlk.

l tecetcOBO ff jtojJ HBOYO' tsLteOrkzdsClz-dz20 ¢
ydes® HjWBted3sOYy' ' O CttejCy' ¥ IstcO' Clstste’
Wstedzd S tdzlskztclz LO{ded Sststdakfls O ddalesdg 30y M- f to
sj 3z BttsBSCd. JtOatsealkzy yd, hts toj O@+ dzd 2
BEdzzls' 2 Ijrndtsdzse ydz' 2 mMdmilsy d3' , Mmidgy' O«
dzv, M zZOHBoadnm ' Htwlkyddr HJWSttdROYL2 od
il ¥ o Ode@z" C By desdzz Ctetsy ' BSH § dzt 9 Odgsirts® s St
toj dddyL cORtsolz’ Is! Mw L O OMEStcdlsBscd, fdMmo
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[ g—— 670
E Oscilloscope E
=4 :
1 s P O S S SO S S S
Process | E . Spindle speed* /. AJW 2500 rocess - - 1 :
AL Y T — =
- H E
Finish k=l : : : : S 0 & inis : —— = :
Ez + ——t rPyY) \ 1\ \1 1T o oour .
Pause R —-cuuing aeptn ‘\ '\ '\ '\ k [ 1500 3 ause
E | £ s — = S
E : : 1 1 ™A 1000 (D B i <Rl . = cCiea Contot
B i f : R R S 20,7 i
Control & i i : ‘ ‘ Feeq\ : ‘ ‘ . Conitrol 208 : JI
320 340 360 380 400 420 440 460 480 500 520 540 R R R R R R R
Close Al | Cutting path, mm Closs All | Keordinate Z, mm

tdB29 [ sOfd BHJ dz® 9 Odadz” :
O) ' Mdv o d¢ 5dz0dsdpO’ §osSsdel ' G7 gMlsa)z 5 dzlsk O ¢

1" H YyoOfm dBsHj dzs 9 Odzdz? Mlseotstes " Is! M- ff ot
sdls! GG jtsd3jlstedydzz " dgW stcdzgOy' ¢ ftots O’ ¢
9 O0dz L deOyjdedz" fsHOY' IsO hoadHSBMIS ' O-tsB jt
Is* ‘ohdjtalzdzy tflsddz L Oy 2dess’ L OHOY' dO ¢ 5

3531 totsj Clszo Odzdzy EZf tcOo dzw ¥ yts' ff totsc tc O d3cC
[y ied M tectsctcOBBlzo Odzdz’ yd& dz' 9 ¢ tsdzls Iz te dzt
ZO o jteMmMlsOISOR L Y1 s dzgj B AV CHIREZ oyaERds-o Hotd
L Odzdzy € 9 OLM thIsfOmyls wsjdadc'dzdfdis s * 2 dese 5 € s
L Bjltss MlsOB' dz' L Oy' ~ , Y tstgjdd y 'Oy.' Istc GO Is
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1029003 dzdeo "ddz f OtcOd3j stetsdz Yyd & dzzts 5B to ts
o ddzdzO o dL dzZOyOlsdmw o tjLlzdzt s0OIls' Olctisa B dl” 1
ftosmistste’ chodHECYIBBOYUOY d dzh § dzo MIs Odzts o dzj d
Ctedlsjte' ' d3 BOSC M BOdz! dzgO "o dHC ' Mils! o dHOdzj

[ dzv o dL dzgOyj dzdzv s Isicfdsid® ydzd ~ls G CupBcilsss ||
hf ddzHigfdzvH YO Istsy' dzdzv L Of tets {CxiddR'e, O datg] LI
sflsddz" LOYy' " LO CStdlsjte’ * d&3 BOC Md 3O0dz!-dats’
dzd 3 RBjIssHOBR] dO SCoydsdklz Ctosy' BsHj dz
Codalstetsdz! dgdm WO2dz" @, LG ' Hdes L wedds €]t
GCtsHOR.

VL ftesyj M'OdattsH zdzfnds o st j dz' 2 f tetsc toOd3' G
v MmMddse LBt dzdzv o MmdMmisi o3 sBtetsB ¢ d,
HijlsOdz, IsO¢ ' CttejCy' w bt Cltstc’ ™ Wistec

tdOdz" LOYyY' v Jjdzj 3gjdzls® 9 Cjtolzo Odadzy, tslst
9 j emlsOls"’ L ‘'Ylg' H LBEzdqddssMIsj 2 Cdf tc]j Isdz
dzOw 9 desfyls® tsfy' ' Look Ahead, Odzj @olstsds
so sz Yydo@&tsdkizr pH OHGEy dzdB" MEELd LG9 H O
dsdzs @' ydes® HEtslstsoCd odttse dzad y®8g'o. sO

3.6. uwbOB' dZ' LOYy v Ctdzlsktedzsets WtcjL J to

[Mdzetso dets¥ S OtOCIsjtedMmisdS s ftotsyj Mz to
BOIsjte" Odzz ( MRR) , wCO o dL dzomydodzlz ,o i tslg iz d
Isj B J Okt SO " dz. vtk oB@k@s Mddy Gy O yrfF
sjtedmlsdS s, wWCO LOdZjydlk: w& o' H dz 5d3j
mMstclzdzj dzlskz, IO ° 9" H twixdhkz ' L Odgdzw .
Ld&z2OyoO' Is' M Codzlskztesd3 HJ IsOdz Is© ' daftpls tc iz d3,
dzj dzls tsd3,0 dO ddelaftc @ztsy dz20 o jMisd L O toj ydBsdy tc
hoduC'  Mise h{ddzH j dzw . LI 4d, Hdzv tsfls-dd3 L
9 Odzdz" dzj sBRr ' Hdags M tsyOlsSkz MisOB ' dz' LGz Ols «
ftedC dzOH, fYHOYJjE, O s’ igdoy de®? &g af 3@ dz
nlzo Odzdz" &3 9 d S sdzOdzdz?y o9 dBBse HB WwWCsfls' .

]l " Hfitseo Hdzt HEts BjIsd MIsOB' dz' L OyYy' O- € 5
dzs MskzSClskztekz ¢ jtokzo Odzdzv, WwWCO fJjt] wWimOyo
dzv §t860-, s LOBJj L j ylz28](MdsfCip). dd .L3Gy " & t
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G-code

CAD =4 CAM ?:> CNC-machine

> Modeling | New G-code » CNC-machine

tdfm. 3.30. uwlbtekSClkzeO Mise st ddg" deso 5’ I

[Mdzso dzd B BsHEd] B KOS MsekSlskzdd
L 2Oy 0O’ shmdss dd?2 § OLiMRIRS & G Y jfifids e jLd@i
BOMde jtojlso tsted “fflds tshg™s Oafslzdzts o s QO B Pajtf §
JGstsoOdesets ZftcOo dz' dedgW h dzwntsd3 L 3" dad 4§ ts¢
1ok kjnidsdse ¥ SCodbbttdscts WijL ok
ftedC zOH® BtesBSd Ctdskzttz, Mt & Misdls:
fevdddd, 6fk¢dddsp sk derodsde deizdsddigsd 3. 3 1) .
0 PR

62.0
80.0

" 505

tdf. 3.31. stdskztt HjlOd

gdz"H LOLdOyYydlsd, s yvw e itdgjIstc’ w- ot
¢Cd ftcd MECZOHd2zdr KGO Cliste’' Wn BtesESGd o
daz¢ ¥ Is! MW OBt fwWdBBJdd MJcd3j dzsOdsd, QBfS H
fsyolSsds ftesy SIskzo Odzdz?y tsBtetsB S d d2ZO 9 J tol
o9 Mdmlsjds CAD/ CAM.

[ dzv Is0O¢ s’ HJlsOdz tesL tetsBdzj dets § Jtelz¥ y
(ted M. 3.32), wCO & MIlsdlIs- CsRBOdzHd W sted
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G02, GO03), heodfsSufhelkz bB®HOJddzH j dzv o d B td2 dzts
HOY' 2 SCtdk3fOde ' htsHts WiojL jtolzo Odzdzy L Oc s
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GOl z-5. F138.
GO1 Y62.
02 X50.5 Y58. RA4.
GO1 X68.5

GO1 Y24.

GO0 z50.

MO5

GO0 G28 G91 z0

GO0 G28 G91 X-15.0 YO.
G90

MO6 T1

M30

(+]

tdim. 3.32. 1df' HdO Lk fdDQe@avs yO fiesetcO
HIsOdzH Otels dz0 f sMdz" Hise dz' Mis tctsL o "t-L zo C

hdds BsHbdzj &3 fesctOdd dBsHj & o Odzdzr  *  BE
yluv €8605. chHogBoO&ds®sL] L &Osk! v SO
Citdkjlstedudzdn LBEOYjdz : ftw kO d dg v,

HEZeO CtdzO fteslsd etHddedzd $ sots’ Miste'ddz d
B &s@0O0n. A HOd tOLdEB L LOSH BJOH OHs'C
B ste WtejLd ° cdzdeddzO JCo ' HdMIsOdzsdse s
~nzdzC 2 ydWteseadnes d3OMdo " 9 Cdzskztlkz L Ocetsilstse
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[dzv L OBJLY jyjdedgw WEdS Yy dlze Odzdz?y vydn
By " dmstckzd dissdR " H 2O cistsiuste @AsZ 0 Qdg s By d W t
Cltste' 2. 1 0 todfm. 3.33 fsCOLOd off Ay
ftescteOdR' YvYls, HJ HdV Ctikf OCIdasfmls® o]+
sHdzZ 2 Mdmisjd3 CtseHd Ol L H&OSC By ktdyd
LE. lted odStsdzgOdzdz’ Ct5B3OdzH GO01l, GO02s-0B TS

usd ¢ o ItsySk J. [OfmMded ftwddr: H' dv dass
Ye = Ya

sX[i] = x, + hi
ie [I] X I_Cf)sa, a =arctan——=, (3.28)
i Y[i] =y, +hiSina Xg - X,

HX,YVal SBBtIH Jd dzOIs ofg, VT € is@ifiafa®Is d € ' dzli 6 taitstSdzWiezG
LtcOR WL lzls dzOR  dzz H° dzw dz€ d .

_é X4 Xc XB X0 X4 XC Xp é x4 xp X
; Ll
1

B .
B !
NG Go2 ! A\ s B
yc . : a
A R
Vi !
ol oo N0z L) o0l
Vs i ______ﬁ G03
i Y4
ye \ : \ ¢ A
\ i R)\
Y4 :
. A
YV I YV

tdm. 3833 dL dzOYj dedz Y WSz 30Md o ' o

[ dzv fMlso tstej dzdz? dBOMdo ' 9 IstcO' ClssteB 2 1§ s
ydmdzdlsd SCtststeHddzOlsd yjdzstelz. |1 6 jtsgilsted
StoHd dzOlsd yjdzstelz Hized o BeBtSAR oadfOHSOR (

€%, =% ° CO*Co -
1 o o ~x sg’ g=arctanu, d=h/R (3.29)
i yo = yC CO COSQ Yg = Ya
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H J Xc=(Xg+Xa)/2; ye=(Ya+Ys)/2; co=+R - (AB/2)?,

AB=/(x,- X, +(ys- Vo), L 2OC A+0 Hdw -8 tsE3@tzH § 5 GO
GO3 iftets¢ 5 tBLORERS sotsd®BEz Skisk

[dzv odL dzOyj dedz? thdzsodzdn ¢ OwLOS ksj-tod fil
olzv Is! mw L Odfjts|SdasiHs) dz' sYed ‘et fipddn izts 6 5 0O dz6 s
Yd dzdzv IstsytsS o~ SH Iz 'IsdEh lsotajizmdig) Aitids Ot THEES ¢ 6o 6
OLO" " "BSH L LOGCBlsoaCcs. 10 dzOMmlslzyf desdzlz j Is
HOdzj dedzv HtodflkmMClk ftod tBtetB Y Cdzlskztclz
ftocdt@®dEnd S5’ Gjdzjtekze s v o MmdMmlj o

3.6.1. [BHjdsoOddY C(tShskttdsets WijLj

[dzv  oBts ezilazs @ Cstedmissokz’ s Mw  ftod S dzOH
it Hso dh Stets B GZsEl@EzZsSE 5 f tetse e Odlz o Odadzy |

=101 x|
INITIAL DATA
~Mill e
Diameter, mm 12

Number of teeth 4 2

Workpiece — ——
Allowance, mm 15
Thickness, mm 5 2

|CTanb Cr3 :I

Load G-codes| Drawing |
Simulation
{ Go | _Reset | [Pause

Time= 391 s

Exit Hel

tdfm. 3.34. wddsjwe®j2M fesceOodd o&sHj df o Od

SJtelky yof @=NAcOBO L O OdzlsOy k° s+ mw  yJ teg
GeCtHdé otsdmdetplsdg oW j 2", ' Mdew ytsets ' dg
L Odzg &3Oy ‘& 9o Hitse Hdedr Wkr'9® EZ cttOW'
Hyls@dzYd (' L OX¥wsYssofgts SClskzs s v wg¢ jCo " H
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exdi] = X[i]- R,Sina, eXwi] = Xdi] + HSina, aa
{ Ydi] =Y[i]- R Cosa, ' { Yvji] = Ydi] + HCos, (539
HRTtOH ' kMHYegdifdnSzls &ORddkz Ctdsktl.

1" H yYyoOfm wBtesBSCd dBHj dz8 9 Odadg? W tetlg-L O
Bz o Odzdzv & deulBdrficiA, tcdtf zME "L L OetltsaCd.
f 5L 2Oy dz2@ IstsySd L' ° HdzOdzdzW daists lHHS' dB'tsaL teffsist
GCBH 9. g dzw odte’ M j tztel tc O tztizf s MRR @ Oy " -
cts Wtej L jozec@®detizd 2 di3sH j dz8 9 Odzdz?  5C d@OH j dzf
YJ fdzj dedzgv L Oetslst88% d ° WtjLrd (todfm.

i=i-1 xXp=(Xw[i]); xg=(Xw[i]); i=i+l1
ye=(Yw[i]), Ys=(Yw[i]);
S k=1; i=i,.
| A 4
R

tdfm. 3.85,] GOLB&EsEdls &L

1" H 5o 'fHodstsy jiHzted OdE stedls iz dz0 € isy dats
idesdzj o CtotsClz) toL tcRASYEOIs iy dz® Y @Zd y o dadfr
WtejLd HE Ctyds ktySd &Ok®e i € isasrdlz! f
' odzv dzdz" R WEBQPEHIEZMBEBS d b BsOHO daf € s d2® jizdzy
dzts Edisscod OolstsdiOIsdydets oSfiLips@uyeds’ HUzE(tc Hig
ltod ykblBzf stc’ o dgW dede?" L tW©WOH' EZMsds WijL
Pdssod. 1 JS&tsdzOdzedzy y' ' Ekdiseod Oo lg8 &Olsd yc
dzd y* HEZGEd ' wW@®ERUW d QdzZyomlsddz Odzgtstcdls
& OSdd yddsd StEfsdqifzpiEs ds'shys S C s dzlk 2t
wed?2 Eksestcdemw o tojLizdz sOIs’ s’ L Odgdzg? N
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1 OHOdzZ', otcOmaBokzt yd tomls' 2dzaj f jt-j st
Ndetsdzz J IsOf ° RBESHJ dzFk 9 Odzdz?y L sBtcOY O Is! az'
Cedzsztelz, yYyOMmlsddzedq o jterndz WteJLd SO 9o d
fesfjtejHd 2 fHtesa' ' H. (BLEGOREZMRES CkZBO HE
o Odzgdzy oS tsdzlz’ s MW L O Wisted3lz dzts®

— (yS)i B (Y[i])i o (yE)i - (Y[i])i
Bl B ) Bl A e ) W

HX[, Y[ TStststcHddzOIsd Ibtytss J ¢ o XeX{]MisXXfklsd; L
Ld&ZOC "o flsddz ydetsdzz o df OHEC 2.
MRR o9dL d&zOYyO' Is! mMw L O29" HlisE W tstc d3lz dzts
f

MRR=R (1- Cosa, )n—z, (3.32

JT§sHQgd® hnihodHC' Mmis' (Sef/JrdCj de € "Unls: L
wWitj.L d

v GFA'HRHH BL o Bdi ‘RZOAH s L ts dzls © dz! Egldn d iffd dzQaH 15
LOdgdzv, WwWC OMRR®dAzj ydIlss o' H

I

F,, =C:(MRR", (3.33
Hy C6j &lsWw ‘fdesUBiIstizd § dz2v o dL dzOyO: s M®- L O
odzj dzgss o BB [17].

1 tod dBtsH j dzt 9 Odzdz 2O o' hlzOdz des sz sy
L gEdndetso dzdrn f Otc O3 stc’ & Htetsyd Mz  tad f f
Csfls' WtejLd 822 B/ Rne, wWEhtkeddy fHipds dz
Cltso Odes’™ (SoPAGd CA M

1 dH dats, hts ftesyj m L dzOydets dzj MIsS'OGy ' B¢
v dzC d S tdelskztolz MddzO to' L Odegdzgy IsO©O MRR -L B '
zs® yYOfmlsdded SCtsdalskztelz L d3j dzgh 2z s mMw dn 1, 4
H' dz¥v dzts ¢ .

JudodHdes, hts sOCd2 Idff L d&3 ded EZdhsso (&
ZOMmdz" HE " & dz20 BBEsBAZE 9 O0dz' 2 fYtseo jternds , d
tejydds to L Odgdg" L d3j dgh zo Olsd dzO o' 7 SH ' dzv «
Md 3Odz’ detsé s L dzOyj dadzv .
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T 1o/

INITIAL DATA
~Mill

Diameter, mm |12

a

Number of teeth 4 2

-Workpiece—_
Allowance, mm 1.5
Thickness, mm 5 3
|Crans 40X -
Load G-codasl DrawingJ
~Save
Ok |
- Time= 36,00 s
Exit | Hel
E Oscilloscope EI

0 10 20 30 40 50 60 70 80 -
Length of path, mm

tdB. 36. wddsjwhj2Mm fesccOdd &sHj & o Odadg"

sO0Cddz yddesdz, ByjodHdes, hts dgj 3O 0©Odz
Hdzw fMlsOB " d&z L Oy " MRR dz0O of' 7 H' ' dv=kt OR
Gts Cjtokzo Odadzy totsL totsB dzj dets Mt j y' OWis slalzd 2 to
WO2dz, Mmlottejded?2 Htod BsHj dzt 0 Odzedz’ tiftetsy, f
Cd ¢cOké E ftsdz ¢Savee ' dzlsjtelWj2fmkz dzO tec

3.6.2. lws' ClskoOdzdzy EZftcOQodzv ¥ yts'™ (tets

1 0 BRI sCOLOdes WicOed3j delsd W O2AEZEIS- LB
Hy dzt o Qelisiayj iz C s dzlskztcdetsets Wicj L j tolzo Odzday .
BsHjdoOddzr L SCtesStsds 0, 05 iR 5 dstc@' ¢
fjy' WO2dkz o Mmisdls’ L dzOyj dzdz?¥ MRR, tetsL toC
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138.000 Feed =
822.000 Spindle speed

1699 Number

Length  xe ye MRR

3.450 46.500 78.650 0.063

3.500 46.500 78.600 0.063

3.550 46.500 78.550 0.063

22.100 46.610 61.067/0.146
22.150 46.616 61.045( 0.147
22.200 46.621 61.022\0.145
53.200 70.925 57.815 0.042
53.250 70.994 57.804 0.041
53.300 71.063 57.793 0.041
84.950 84.500 26.550 0.051
85.000 84.500 26.500 0.051 |
85.050 84.500 26.450 0.050

5 S —
tdfm. 3.37. A92gEsPik d 5Ol

[ dzZv OHOf iOWdr B dz' SOIs" &8 HES HES9 ' HES
HOdz hdr teLtOrkzdS 9 BEAZO fttd2dwis®- sHJ
dzts 3, L dzOyJ dzdz" MRR, LOf dMmoOdzj Lk WO2d ,
Wtcd L jtozo Odzdzy ff tod s H J dz¥ 9 Odzdz' 5 ozdf) ,
BtsH j dzs 9 Odzdz? (Hdo. twdfm. 3. 36).

£j2 %WOo2dd fed2 &30 s fijw w¢ fsyOlsStse d?2
HdzW G J dad 6Oy ' (jteoadddzdzsets ydhWteses sets € jt
mMw ftod sy Clszo Odzdz' datso t5-C BHOGE ¥ v fftde
o Odzdz" Is @Uc®OaEzSEsts W 02 dzz vyl s BRzdzO flde stej
sjteW¥Wj2fm wets®™ dzOojH]jdzs d&zO tedfp. 3. 38, Nt
fs oM sz Cdzskztclz.

ANO2dz diBHj d&z¢ 9 O0dzdz" L Qo OdzlsOy k' s+ iw 9 1
odB ¢ d, {§tsls' &3 ¢  d@) tczO dz0 dgty d3 Etff toHO@ iz  dzdzw
Blelsd LBJtdJdd2 wWE ydiéWtttsed?2 WwWO2d, MmMistel
CtoOW " Yydesdzgz o' € dz' ftosetcORd dz' dg' w ¥- ftoj
9 O0dzadz", O dz' dzg' W 2 ftojHMsOadzw' WO2H-MmY tot
L Oy LOo Odzls Oy jdese s WO2dze o' Hfteo ' Hdats H
(10%) [28].
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—%.--Control file o ] 53]
Load simulated file| E[
5

nitial data————
MRR i0,160 ) mm~2

~Discretjzation
Ste |10 3: Ok|

Save command | 20 40 60 80
. Length of cutting,
Exit | Help | engtn ot cutling, mm

Control coefficient

tdfm. 3.38. wdkjtWj2f ftescteOdd ftosj Sk

dlsOB ' dz LOYy' v sy mMkz t' L Odadzy LG € to

o Odzdz" &3 Y sHOY B VS tEOMESL Py 2" s Mw o Is
WtstodBlz dzts & :

f = fe IR R (3.34)
MRR
Hifcd hadHC" " Mmis! f sHOY" , odL dzOyj d&zO o Bt

Y1 SMRRu® BOSC fild BOdz dzj L dzO@yj dzdz"MRR S H sig®fh
dzaf L dzOyJ dzdzv & $ Omkzdayy O dSH J dz

stk C kO MittsjClkso Odsects WORdksy sC O
SteHddzOlsd ksysS fjttj BJSOddy (xe, ye)

15 =
xe ye Feed Spindle
46.500 79.350 519.513 822.000
46.500 79.050 453.393 822.000
46.500 64.300 383.640 822.000
46.500 63.250 315.653 822.000
46.500 62.400 246.897 822.000
46.504 61.812 (180.700> 822.000
49.590 58.105 249.366 822.000
50.194 58.012 315.653 822.000
50.573 58.000 383.640 822.000
66.673 58.000 453.393 822.000
67.673 58.000 519 513 822.000
68.639 57.999 (593.729 822.000
84.469 42.993 5I9.513 822.000
84.500 42.089 453.393 822.000
84.500 26.550 519.513 822.000

o o

tdfm. 3.39. u'B sz dstizced PWAEEY
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Il " Hfse Hdes HB fted2dvlsts®™ Crceupgdq Q' 6! f
fsfls' 2detss . s' dzr €' Mls! ksysS §jtej &8d < Odzd
HdMStejlsdLOY' . U kBLEONSo Odzs s dBOfrd o °
BOdz! dzj L dzOyj dedzy fsHOY" (otded odH' dzj dz
L " OOCljtotsds WOl ddgls HMRIR ot dadz .

stsdzd fesctOBO WEdty sdkz', &BOSCMHE&0d
9 0dzls Oy jJ dzsdgz W O2dz" d3tsH j dz¥ 9 Odzgdzv, Oo lstsdOl
HOdzdr (9" Cdes " delsjteW j2MmMz odH' dzj des | dz' { |
Ld3 dzdIsd h dzv - ts@B 3 BL digy dizhj idalitew  ° dzls j dzfnd o dzts
ftstc' odzv"des L BOLBoats . [IstedB30de to] uszdz! Is
GO CJjtolzo Ofztizn O ) stsfgl ‘Gz €d eotsded do dL o
COdzdzy tejdadsz to' L Odzdzv, "8 LOBJLY j\ikz® M
' * &5 MRR.

rdzv tsy' dz€d JjWjiSlsdodzsimis® totsL totsB tzj dzts@
sOIs" &9 "L SCitkzoOdzdzg" o3, L Ot sdztso Oded o3 to
¢cde (Soli dCAM, Siemens NX), HisY' ' dz' dzts
LOBJ LY Jyd dedav , w ¢ jls dH WfLtcotstsydgfi] . dftsiHdgOks ot Is
Mz H ttsBdlsd L O tjLizd OISO Jj ¢ MY jitcd d3j ¢
M. lwd BsH] & o Oddz ftsydm o ¢ Byt dsts
B3d CJjtokzoOdzdzy Hdzw ftstc' adgwdedgw toj L zdz sOIs
o  Cdrids Odzelgtsdy * G, oL totsB dzj dad » Lz {ftpdnfipl§ 2 dzd o
Nddisdz o' L Odedzr s of' 2 Istc®@ Clstste’ ~ C tsdzlsk

1 &f jJtoh § ftosf sdzlz® Is+ mMw tsy* dg¥ 9 OlIsd Wtc]
i tcOo dz' dzdgv d3 ff SHOYJ ® LO Isjrdesdztse ' W dzd,
i Machining. [ BHJ dzt 9 Odzedz?y f tetseo sSH Jddzsmw L
GCtsHOR, LB dzj dets’™ o sMisOdedz’ 2 9 jstefy' °
o0Odzd?2 w¢ 18,4 M. v Y o wlkzOd MH@ect

yd &Zsc s Odid Lidg ddd “Ht@H O B®O, & dz = B- ' 3
yd &zsctsOdBd L & dd MRR (d 90 hSCOdO) kO fc
hf  dgvHi ot §q sdpls' 2 20 ' MmlsOdgsoadls! 822 B/

JuyudodHudes, s LB dzdoefmw - OLOCIsj tOMRR
Lsdz 8 Qtc'fOW YoOfy Ctsdelskztcdese s Wtej L j tolzo Odzdz
ftcd ot L Odzdz o' cdzzlsts’ H dzv dzC d C tsdzlslztet
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' L Odedz? dzj MlsOB' & L k' Is! qw: MRR ' ypd kO
& L dzOuj dedzv  § ted Wt i Oy & O dedz™ d3ef 'dsdpY dzts €

] Oscilloscope g[
A 1000 &

o~ : : 800 £
s i~ :
£ [ {GO0RRE
= =
[ \ 400 ©
= 2 o
4 1 Nooo 2

z

0 0 <

0 10 20 30 40 50 60 70 80 X

Length of path, mm
{df. 3.40. {JLEd{sOBdnsHg dspOdmsarse’ ¢ i |

v OC sy MElsls'® o) L dedy d dedzv ' dzlsj deind & ezts s
dzlz Is t5° H 2w deC d dzj dBsyj o  Hf o' HOsa- L OV
dew dzdzv dzOeo j H j dad m{ toff j tzjdH dg'Ots 99 j tefy' ‘t¥- y' o
coLk', s Odettedlsdy f teiuQyLels ZOOEHgDddz "W, ¢ JB2 |
fste’ adgvdets L Bted e’ dzOdz! ded sd o j tefn' W dgf, s
Yydzdr o  Haddzjdz . ftetsyj Mz to' L Odadzy voj fHs L
tcj Hdz' sd3sz 9 Otc’ Odzls' EftcOo dz' dadzg? W tstcd3lz @ O dzt
f dzOMmis©O, L O Ctdlsjtc’" " &3 MsOB " dz' L Oy* ~ OC

[ Ud 9 dH dzts, hts SOCd?2 Ctdzlstetsdz? ftedL o i
o' L Odzdz? dzO f syOlsSfigls pRsHizs 0 tlzrdbdz' 6.dzkzfls@B A
M sdzC Odzd SCtsdif Odz' ¢ twsLtesBdIsd HJjWWO- Mmls
2H] 9 IBOGC Lsdzd (Hdeadm! tdm. 3. 40)-. U/
90Ikd, Mt LOftostf tsdetso Odzd?2 bk H Odzets 3z d3H tsdz
kstsée kftcOodz dedzw ofpj Hhj dzj fjtjHBOYO
ftedf Mk SO dzgf HBLOBAY' HsfMwaelsd MlsOB
stcO' Clstste’ " .

[dzv sy dSd JjWJjSlkdedesmls® tefsL tetseedzj dats’
nHdes Mftetsj Clslzo Olsdl & jaf B WQIE . {f b todstg ydgliz 0 O
dz¢ “ Is! Mw L O tjLiEzd IsOlsOdiRd, Glstcd d3dOdzd d@zd o
ZOo jHjdets dzO todfm. 3.38 * o' Hftse Hdzd2
ltcd ftesj Slslzo Odedz’ L tckzydes o' HicOL k2 tsy "' dzb ¢
tc jdd2 -C@BH, odSCtdzz® yd dBtsH j dz¥ 9 Odedz? Is @- o dats
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sOd3d Issyss¢ fJjtd &i3d S Odzdzv, SO 1L Q@ Of & HEDWI
sO© hodHC " Mmilse h{ ddzH j dzw .

tdLizdzt SOIsd d3sH j dz6 8 Odzdz H tesy Mizdz-§ t5dzls
" &3 f sHOYj®¥ L B] kdbdise dZ] tetsdzOo j H | dz2' dzO
shyddztsctcoOdz sy mkz O ¥y, w¢ ° d f{ st
dz' dzfj SO d3 dz' d3Odz! dzgy L dzOyd dzdzgv § sHOY' 9"
ted . 3.39 (BBOo9jHjdts Jjdz f MOdBd )OS fddz e’ jMc
o Odzdzy f sHOYMRR fiacEzyjm2. AdzECISEZOYy ' J- o -
Mk odSdzd S O0de Mbskzf "’ dzyOmMlstss L d3° detse § sHO
CitckzoOdzdz" Yl v 9 HYfitseo Hdzs Hts CtesSCE -HJM!
Iszo Odzdzw . [ 5L tc BB &Y NG WwOyO®f ©Wel, 6 M.

Ta

] Oscilloscope

800
600

-

400

MRR, mm*2

200

Fxy, N; feed, mm/min; Sp, rpm

0 10 20 30 40 50 60 70 80
Length of path, mm

t df. t3.L4ld sOIsd BsHj dz* o O dzda”
ftesyjfkz WijL jtokzo Odzdz" L O dzse 58 Isj A dat
1 d3j dzh jdedzy CtetsClz HdMCtjlsdL Oy ° Isjtstej
L3 dz 2 ROtOSIjtedMmMlsds On ftosyjmMkz WijL jto
{ s9 ' dzodpy drdizO dzdz? f tetsc te Od3(d , stsBdzdots w¢
yls dzj &3O sy’ cl ook aheade. gddSsH L C
ClcORBIEC HHAF L O LOftoslf sdztso Odetst  d3j IstspH-d € 58
yd mdzj dedzw dzd S ststcH d dzOls IstsysS ff HB PGZ@EE BGdzdz
ygdmdzj dzgdzgv 6 j sd3j Isted ydzdr CttstcH d dzOIls t£B-tc O dac
stste’” ° Wtstodidzo Odzdzg? L ftsHOd htss Ctstej Cy' ‘ ®

3.6.3. [(SMfjteddsj dzsOcdzr 2O § jtejo' SO f

[ dzv sy dz€d JWJjSldodesmiB'z dzsts iff tets® gzH Jatezt
Sy jteddsjdzes' © L WijL jtoko Ocdedey Cdzeztolr
CedBd kO ko' cdzlsddsd HEZeOdBd €' &z uvOCO
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Codzskzted toj Odzt dzgdm HJIsOdzj 2. Atc]j L | oo Odzdz
dzj dz' 2 L Octsletsaiy'Oda) dad dzo detcd f EmME sd3 g -9 M
Yk’ "HJ dzlsd ydz Edssod t' L Odzdzgv © HBMdz' H O-
1" H YyoOm HtsmMdz' H' & WttjL Jtokzo Odzd W @OMtsdzd
Bz sted ydes 3z Missdz' (tedm. 3. 42) .

tdf. 3.42. {6BtYO LBdO YijL jtodset
[ ddz0dBs ] stodzd Iyls @Bs ftzsdz Wil odscs ¢

HAAS TM O0p ° f " HEGdzt yjdzd?2 Hts " HMpddzt 9 O
dZOH - SH W |5 dzO0 detslzlsB Iz ¢, H] BB Vv Ols! MW
Elsi v E odedwH' WO2d 9 Excel . 1 BdeOBsdHg.
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