pei? 4

___m__

Analytical Prediction of Chatter
Stability in Milling—Part |
General Fnrmulalinn

£ Badak’
Y. Aminiey

o fih
L ki W0 W

.

Capwere # Nucwe |l

:ﬂ: ,_,:_

"n'f:'-'

mﬁll-i!-'—nﬁlll-ll—lllllll-.
IVRE [0 | allawrd P delepf Satrds

_ld'h-ﬂ'

—

i
:

*@Ez..

aen Ogmr i ol o SSA 190

Ha

_mv
;__

m Hiht
b
i

1
£

b .—.— B o b
o Fard B GBI L ool By @i a ksl

ik E:_ m_ _m_m_r
Emm ,ﬁ mnm “E i m il
mwﬂ “:m__h_._&_m_ _ [ m_

.“m r.._m
| mﬂ_

_w_ﬁ_._“___ it __W__m_

gy ¥R | b

Sl isiglors M
m:“_
apeer i e,

ool mo avin b e
SR RN
"y

e bl
uﬂll:r-hhil-.l-uu—;h

W0 .m.‘

m m__M_ ﬁ
Hi r___m__w_:w it

i}
:_n_imi _m_m



i
1
a1
i
Ih
it

el
!

i

ii

1
1t

i.i
i
!_.
! "

|
i
!{
i

il
i

B Ll o em by e s b
I-ﬂ-h e B hl—ll.-i-r
Tha b fe s = 1 e e

BN RErap = [EILdH A = (KT R = [P} LF§

[ En e e ol e A o el el
AL LCTTHE 17T amsiot e S S doviant i
. T O P Ml P, o
rrgreria e ey ma ey @il Sl el B e -

e
s, i iy e b roprross] mowres of B A

L - LT =

E s LT TR F THiA J-'lﬂ ":F
N o g il Bdi

=l e, - i B v T = Pl W

o il by o gl o g O A [P sl

@ A Rl W o i e s d 9 - (B G

FRFEE gl -f e fad el el ooy e ol

e L I
J!!H--I*-l'ﬂ I:l-_

Wigh op = Bal =l =fn =il Famddtl 1K
S b, B e o) mw e s i ol dy




i mbred = o i G e gl by

el modary -
il i N L T S — [y

L N I e LT LR T
 lm = 0 - dm = aCE] e Bddh ¢ 6 i i ()

whwrwn r.0 ol . g, e U sl ek p—

rwrwie m e s el P --‘-.,m
el i il o e o B gl T3
T Tl el vl ey el e

Wpettnsl |odF, | 14F, | sommy e (P Tioas e
:rl-l--_-l.-lu:-..u o & o b el

WAE f = ERAA FIFh fE. O jh ti = L&, i3F

b L sl £ v by g e Sl By P
e T e il ] ﬂ-—hi-
AT i (B s e
#vnm-—-—i-.:-f:..,.

[l S FUA I S TT
A = A e o il
wrlary b e i e e e e s g el ]
H-l--.—:ﬂ STy e e inebonale Lizer
sy L a0 Foa op e bty el | Aol
- e ki o il n w geEre e
Tl A i (e Fireey 1w b Frwdhl o g
B el e s e e i
W il oo [ = O 00 e ol
- Al I B A
R = | ) e W
= G T el d e B £

Tubsamatong Tap 180 ol ¢ 30 bl 0 Vo e dalouamy upiny
ATy e S liedy hasmr

Forw o cPegsnd La o
LML LR A YT A sl
LN [T R P A T T S FT
= fm = KR - AR — FaF] -l f
w L g o )
i ol o= Klea dking — i amiadbiri i
& [da — il = Oy = oLH o fidsj
= R - 5V = D o= EH e EEE)
® ik, el S b R [
Tamal iy mpisy Vg Borern. Pl e

iy i
L]
AT AT

Fin = I_di'._l'-i. il Foifl= -[L-'E"'M“ iwj

e R L R PR

il v Ly vy VL
- e Fag 1 ¥ om b gl

Folipm Foim = EPEDN = O« £ » RE ]
Fflp = i o LI 0 — B i)
w ik = MLE DdR) b

PRI F T ST R T = T e —

woen e sl abrwww o dwr e sac e rd e
L PN TR “*

i El—- 2ahiji = EXDd il - v Aprial)

|"'.|I|I|| = Elﬁ.lu o TR o AT EEray [

LT R S SRS SRC i S ——
ﬂh_ﬁrﬁﬂ_l—.
i whrewre will T syl el cameggia
el | L "N SEeT] el ALLTIE
Hommgnew ooy By riomre Eesrwir. ookl e kel
Bk o s angle n el ook Srruen B EEE
ity e sl ek e sl e mey s e e——"Sd
rirumny ey Fleerm TS Ml oo b - iy 1
"

LA = skl | Ao o Do
Cylah = it in |~ e B 11
ELid) = ERtminapiia b o= o Slalifh

Cotth = e vid il ) b Bbdig (LH]
whmrn
St} = LA = k] = | iih - o]
il - Ak, i
ildl = gidhin I

e e, =g

ol m O T ol Bk e . O i kel el v,

el T e e gy el o
s o St o i it gl
ol e, el (a0 7 H el GG pSHAT] e i
el Saplarme, b O [ el e D

i
5
l-.-m-. R e e e L

B P O s

i"..m’_ r.,m!_ = 1) -,,m] .i..u_.l:] -

Fn FLii d ) w Ed} '[“."1. i
‘i

& = {ask P14

By 1T e e plrewy s ., Wi gy e
e o il ey Bewsrt wall Br
T ST el iy Sl Fei L ST T
-

B = < gl B+ R - e S|
e IR LIET S F T
gl = gl § = o AN = A e i



w101 = gl BRIV - ECE L = e JREGE L EY
L T e S e e p—
Ty ] by g o B ey b, b B

Far= I Foign Fidi= I' F ik i s

where N a e ey o B om e N [ ]
Fiein Lo+ 2 v 19 1 Gy v sl g

e | |:l|-|-lu.— :;Tuﬁ;hﬁ
-:ll-'rl. B T A I T

“;” L ll"lr! .,[I--.l 1-.:|H|=u|

f [Ty

(Lpf f] Bl J1 1)
--“'—.I'_
IF1 = [P = ARiwi}d S LT
wlmdi
A
(Y Al LT

L T R LR [ TTIy pe—
Bewr wml ilmplerasends, d@. 1L = 1Fd0n Falb ...,

Frail fauh ja, ). o, | ol a, | ik
-—llllhll-lllllr_liL-l..ul, .:Ilul. H.l.l.‘
ol =aigidi jay

iy =8 X .
e
i :[:-_m EEL ]

Fdh=ifed = [efla = qia) - #5300 (EN

Ied -unrn.l!'-uu.l -|:||.l|;|ilu"-||u...-
- e T
._E _n.l—lq:-l.lnl;

prrssd s Dita med con by g ekl e Fosies seven
Anig = L jade™, F”'a!-f""-'“"" T

L ] = = ME Ta
e (] e e e WP
e e g e ko vy ] B

i
|
4
II
:

o
I[;i !;
!I;I i
§|E i}
1HH

E 1S 1ks & B bl F e ==

(o] = = E JGSke & laa |5 e iy

B el e e T ] - e np—
vl e e gl werk e b S O ey

o |15t i, diwit]
= HMI‘[&:H.H T

wher |G, 1) | w4, it | e e et sy s
e LR O KRS ] P .--]H.l_l:.l.ﬂl
S s el Fom Dy

e ey sy e e o b
Ol e e S i e ek el The -
rE—— ol A ] el v e el
g ik prewsl o b anpreeed g Peliing

frih = fein= Fij = o =g,
lrh = frar = Fij = & = inl



Flas {30 g rh i e
L&) =gheld = jadWi = ="
H-Im._hm

L B LTI

i

w ¥ ioeis & maaji A==

T AW el == i Lk

. i [, = s, |

L AR = i - s =5}

i E X LG + & | ==/ ma
B ol sisibos _m-“ B0 sl
i b a1 R A S Wy == i
Fihreiag o1 idnmmad

LFel = il = ™" E P Biis, o deaii il

=0 L2k, 0 )
h'-llll-h—hi-llhll'“-“

LA
II';'II e l=g =

P e, = ] -]

(1], fhgel:y -

“._-lnl.l mamirial wmaews F dhe e o

T = i )= Pl O » s i[f=8 W)

e B, b ey i delis g [J] Ao B v 1
by Wil | im0 Sl on sslimar dieeremcasr
R g § R Rty o e rnde 1 e e i

mi:r- s T ]
s i ol apgrracamm—p 4 = 0 2 )
ﬁ-h_-l_l.-_l.,'

LA e, + ai]

T = ALA A s, + dsii]

A Wi 1§ A M AL = Al

o[ itaeten

141 = Al ik, - de il

il ww Elg

e chy prp L -
:_-d-'hﬂrm n‘-rnm
- #—1-'1—':-;::.1:-1--!-
iy P 1k b dews rumard rran

&) = Bl die H ) F e

Ueald = o ke, I F = (L]

| F] o i o B g ey om v
; & e e Faag) -
L
iFi

Ntk P, ¢ 1) amdi s 7 ) s Fg, £ 270 i ieomvng

iFp- i)

AF = il = e ™ i G, 1 Pl L)

w0 | = 0] + | EL (£ = N |
-l-.—l.u-l-liwl-’:-iimﬁ-ﬂ—
st ol (4] Ba 1360

et = L [ 1airsn .y
GO SRR T :q- -

o pErhake e e TR
Hﬂi*lh‘-._llﬂh—ﬂ
ol i o S deleribiael & s

e (10 = wdd =@ Al =8
mhe ' m m s wrin o g et B
Falleg 1o wak gl erlesm e -

Py Copllciomiy of [4iri]. & dewrded ks, |4,
prmmsns Farosres s g o rhy corepeemay oy dem
el B laby s o

i = 1 :L Vaire - '.I“"'__':

(2
Iu-ﬂh

ETTUEY S N
-ni-ﬂ'|1-|..-ﬂ'r.l-l+l:| ddli

i =i e T el U)o ey o i -
|:-|I1.I-.T-.g.1l-|l—.

.'I-I

I-l-..li—EI: EFTERT o fl:wsl-i'-l (L]

I Fisy Fml o aajels Leees ity 4, — O, -
s el ] = Inlm-_z

bl ol ]

O e, = i ] N T




L8 el L WL PR
Tl = = & i
Brdas | s 4-..-1-.-|] s

g, T T i
Sy T Ve ey mad | fm.| = e

Feity dhet o Pl plpases of e aa].

ol e prasa ot b, sl @ depeeiom of Du Chosw
sl i = Thervhes e dlosss i e ..|
1--.: Ilillh—--“h &

FOY S T -
3_[-'."”.!1!'] w3 AN

e | ;TR oA Ll

L3 =

iy || e e oy S
ai = e W A - L B
A = - e W
Ll BT R
A =l N - A - L W i)

Tum b g S ki i e Eodbis iy b
e ([ v AP Fl] = B Y

nlrr § = —d NV il | = @) ) e b el
e L R T T ]

D s, ] = I

Thw e
o AT ] i o] By - o
u..ha-:j:'lmn.- — |

mmlai ws P o Bdaa .
e -_.'I-'l:l'--l iy W

l-m-fj:'uuu-*-i-

L L LR I T T S ey
TR, el e e -

e B i
I_-itl-ﬂllll'—l'r"h.r.rﬂh.
"r-; il-‘ll-l-'"l'l.-r.r"liﬂ:l

a5 = Wi ™ o o 0wy

-:-3';4a-.:-r--.rp-nu-rﬂ= e

m i M+ T ] @S e M [ |
OO * o P d] S e = ™ [T i 1]

=
o

=

-

Hl]'q| H-"'
negh. ne

rl‘_

Mmoo, ™ @ @, gl e e ogen g
el w' ], lli".-ll'_"-l"".T'i;'. Lagaita’es | 4014 ; am
oy i o 4 Wl i oo T s ki

R RESE =S S ey -

1V Eyshesrien of e € Saller Siabilis | insa
The CRaO! biesi =

- T ol Ea ¢ e e i LT
B |:I'I':I|-l;h-—l||-rl—-=’l-|—uﬂl_-
i ey ety T ke 4 e

. R R ey o, ey i i,
Farl W rbaur mosmect (4 W% % dmlal itk ol gusl b spuader
ejiated 1 el I-E::u-_l_ﬂl...l-hﬂ-ﬁp
e i e, wmd Pyl LS B TR
e o, ] g ol B vl e e T —
-‘fl-lllt - N -
N by e b P L]
A noprres @ ol gy s ooky gl
LLAE SR

=11

!“
I
!
o

iy Tepeploms, S
relSSA geraler nmmss 6w

il (B0 ¢ ARl = 6 113
m e o o et b e Bl

‘-—Ed"—rﬂh- :‘IH.I-'I-'.l l”l
b shamgl] ba memid ol o daid il il g r
el iy el o e il -_--.llﬂ--fllﬂ:ln:ﬂ-f.

ramy B Pl deenl dem e o e b Lees ks
Hﬂlﬂ g AL O Lipmle lomsms
e B O retErE



A
o _.4 *_m“ —.w——uw.__ _‘ﬁ
. et b
T it
I w: m__ il .E__*: iy
B
o i m___ s
H il 4 3 & §4 3 B
T
m_.mn.h“ 112 SF IR B
HIDLIB S B e E
___mE LESS %H i | :
g T
E m_ .J : m; T
:._ .__m: ._u 1 4 i

R

P T
-'ra.llu

Thwr ke % e e oy e

1&_- |-!
kBl -
el = i b N = Miw

Sututng i ferrebls wlmem P f g e sy

=—--l|'—.|-luuﬁ| YL i dlirnimy o
e LT

(81
i)

-u.l'-—g:::.

LR LIE LY

[1 S [ Sy Ry Sl T P e pee———

e THE ele® ookl ke B cam of me arprR B
Tl e gy 4 3

N o= i I

«mite



m__:“:mmmm“m"“w%
T i
T _ﬂmﬁ_m_ m__m mm _* w ______mu_“ } w“ﬂ
$1) .m.___, hm—___h _- : _Emm mm“ ﬂ _muﬂ_m._m_ ”_m_ ._.mm_.r_..__
il il il i .a.“_m.._:-mﬁ.“..__
I BT ihil: E el mﬂ“ el
wmmwmm__m _M__w_m_h__m_ __,_.%mm i s

““ __m‘ m 1 ._n“,m_ _H*“ i m.-___.___m_. !

L m_ﬁ_h______m_m_;_ﬁmm_ |
1 ﬁ_; gl i %M_F_ il *_
w iy ._._“._.. F mﬁ. '
“.m_:_ _ m_ﬂ m_mmmm"“m._m:r _m_w“ _“ it
“m _ _h“m_ m&m .m* _hm_._h- —m_**ﬂ_mmm

i il51 E g} m_._ MHHLM ﬂ_

“m | _mmmwm.ﬂw i




Analytical Prediction of Chatter
Stability in Milling—Part Il:
Application of the General
bRt ) Formulation to Common
r.uusiy § Milling Systems

Ty w0 B il M gremy oo’ feemadancs Lot sy iy 2 St s gl s darvm g = oy of g

L = 1 e e ———— FTTE L T | ST AR —— ————

N S e S o facr el - g S P e ol e e ol

el ey et B ® Pl e el s b

" farshay ol e TET P PRSP PR [P -

Y T T i P —

madd i P e | ey sk e FUIE S5 ST TR " T )

e el e o i eyl by o srsapah & ) v e

P! e mrshul jom syaegmly ikl fr o lafei Smeis i Sy e Ry
‘m"-—“‘im

1 e s o, b L = S S .
— wwilnsh = —---—-_.:L.-.-..

Tor i BFF Far oo cvmssberrd o e il

R e . g e Pl R

Bagh J-.l-u--l—-mri.l:q-:r: : = et = —
]

'ﬂi“ HEII-JEI.J:I-!-_'—-JH--I-. R TR L itk
S e Abwms o ey ol
Jk-ﬂl-ﬂﬂﬂ.ﬂl*uﬂq O e et b b ol e o porw ooy ¢ e
Wiaiem 10 = 0 Fra by el e s of wd

 r—— i -— "T'"""""'_.,,{-_._ . =

il P

u-l--'—l;'—_luu R F.r.‘.. -':“_.' e b - el o e e sl Seeyenp i, gl -
PO e — H.,._"'-*_..-_'-'h.:-_ e pEE s g ol B owevlpra e O 1
'—I.:—'-l:lr-'ll-l-.ll-lr—ﬂ—-l-l—l= F o sdvipeee bos mary e ong cdusen swuls o

fomiad B o AT, il B el e D cm b TR P



T L S B R Ry ek S

realed epmrrmaases o= P 0 f 0 el ol LS i sral
i

EI.,.Eﬂ.u-HI |

-y ™ EN]

g el e B pe=rl ol B perspiyy wprm;

- W= =T o v—— S rmagaay
ol 5 Lk b “dﬂthh—ﬂ.h*--‘h:

Tl b nlrn e mal CEIE] i
“.__hl—ﬂh P B e ]
Wik Wl = & =7} = Ml i g

L SN T R TR N TRy = =

B 1 -EW - '_ fp—f—w

B o S a ey el i iy 0
i

= iTi
FI.,.l.lii-I:I-.li.-.ll
Fom P I oo i v = clbloswd’ o= o ey oyl
e i kg gl s
M

-1 R ST T iw

whges w = BN AT
raEEEE; BTl e miey s e e e e
maalr smlsem A boped e l —ptr

!
3
%;
i
il
it

|
I
!:
;

- i - dm i P
Aty ey gt ¢

A Ol AR bk e Sl rm CL

g a- W enler b oap «F Bt wphles



R _

1R ERTE B

I EL £ T

:_:m_ BT |

1 .—w W%HJ_?.,..A_M.M. LY

] m— : m Xl :

{Lia L3

i T I O |-

T — — __m_“ ) ..m."_mwl..;u-d i L

L e

i m il i Hmmmm;w% ._wm_m"m_ ;

! ___ﬂ__m__m_ﬁmﬂ_mm_ il

. . -__.n m_” 524 i “_

il :._ : mm“m{m EF :_
ittt

[
B e LT R T s Rt Y



v iy ol S T i 1y
ML A3 DO ey uten tnuge s lboe v

il Tigsry 1 (¥ The b bl Saras op ssloag = &

abarmmory worh e r by pd @ g el omal aood @ umi
T el prepbay of for owiee 2w prws o bikss

i -._l-llh-| 4 e _I:_

L] o Bl = jar ail

ik B3k e B L

i il = i

wid il w il

i
1
!-I'
i
1
i
!

i
|
:

o Pl
e T, Ll i Uikl o P R b P -Eik gl |
va = e repirs adhe e nisy o ki rerm
wobmiers o e orbary i
R B M dm iyl wid B ool Gl 2
v by ol By

-y g gl

e | v e e
- B oy ey
; LI R
- |~ o ]
=
B g ;.:"‘=:_
k s e cm B
W R
" o b
T oLl
'-..-h'.“. I-“l-h e m—— e -
- mp— -
L Bl EETE T
Ty "y g o —
- e """T":" -_-.—_I.r——
B il ———
-
i |
B -I--I-I—rl.-q
! -—=r E__-I-
e g P, —_t
h ‘ | |
g el g L L T
gy LE_§
N
-l:lﬂl = il = p -'l-..|-:l.|i.|.||.:| = iRfp

T epmsk bemrew A fw wwkpure m o o e -
o fmed b enasl wyeears

LA e AN K
-

g a ]

-:_'._ - —

]a- II.

.— - - . —— =) e B
Tl o s
ﬂ P Tl Bl Ty bl T B I-li!-lr
= B S e e Bt - 18 S e a2t

= e e e “—..-=
i g e i vy e A 0

LR SR 1



i — -
P g

T ¥ Fresrsms sy ebes PR o

T :h-rll- ..I.L-H-— s ar

(. - e B L LW Eeded TY T e

B e il Pl illisd swsirs. Thew, &8 B 1" Sk
Vg 1 19 s I

il - Ya li=n jidi

-h
k '
‘r - ! J

The spmary pams s L | 19 i gl b i @ s
A Tha prprnsaben A b 8 bl sty B (s | g
e bty e A s L A e
- wrmiad depuk o e ] e el
ey e

r— A
2y M Be M e 1]

| 2

& A Fat E e cvmng ol e o ot by omrd i
- e Bl o s r e By 8 S
i st et il ol = L, i, v liwa @
Lo e e vl b e T

L ML T AR T e I

|
:
i

!
it
i
:
|

:
|

LY |
_5!
I

i

!‘l_
;i
i%
i
i
i

1
i

I

i

Il’

il
Hit
it
' ril
cril
Hi

i
13

-
|
i
5111

-
¥

i

Bl Frpems b

ot | g s 0

B - " s |

e R e
- L LY.
it
} :i
] EEI .IH'-—-l
I
§ ol o
! e .-.-_i-......_-'l-_.;-...l....nl_.,._

L ]
L] L] E - h i nar
=g b

e e — —
e Bt e e - e e g B e P B



s o b
*_m_m_ﬁm _mm H____$"m_m__m1m __“w. mﬂﬁw__
Gl BF i el
__ﬁ___..hmm —m mw“._ _.___.mM_ _.m_hh ‘.“:hwwmw
: _mm _H_ i .__mﬁ;m r;qL m“Him
_. ___*“_ hmﬁ _;“h _H;WELP“ mmt_ il m_m“#

H -w_-_

TR (B “__

_E_ n:_ ;. ¥
i q: —mm-_ iF
a1l m.m _ﬂm . 0 “m_mm. _ i
__m_ HH AR mi ..“h_#m. Al ww.
Wm_m w___ﬂ__mw“__u___m i

w__: mm

._— ._“m”ﬂw___. _1 m_ﬂ_m H m_

ﬂnl
i-l
pﬂ
i kS ks
oz pdipm
-u-l-l-l-r-rlh
q.n-
-h
--lr
o
[
[ESTEER

¥



