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A = inclination angle; angle between nc from the direction of assumed
longitudinal feed [ny] and measured on ne

* Clearance angles [Fig. 3.7)

a, = orthogonal clearance of the principal flank: angle of inclination of the
principal flank from =¢ and measured on n,

ae’ = auxiliary orthogonal clearance: angle of inclination of the auxiliary
flank from auxiliary cutting plane, nc’ and measured on auxiliary
orthogonal plane, x,’ as indicated in Fig. 3.8. -

o Cutting angles [Fig. 3.7

¢ = principal culling edge angle: angle between nc and the direction of
assumed long: udinal feed or nx and measured on g

$1 = auxiliary cutlng angle: angle between ne’ and nx and measured on nr
e Nose radius, r (mm)

r = radius of curvature of toal tip

Fig. 2.8 Auxiliary orthogonal clearance angle

Normal Rake Svstem — NRS

IS syster s alzo known as ISO = new.

ASA system has limited advantage and use like convenience of inspection.
But ORS is advantagecusly used for analysis and research in machining and
tool performance Cul ORS does not reveal the true picture of the tool

geometry when th= culling edges are inclined from the reference plane, i.e.,
#0. Besides, sh= ocning or resharpening, if necessary, of the tool by grinding
in ORS requires =ome additional calculations for correction of angles.

ACK Cyshm T Conve O Ao 5 specten
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These two limitations of ORS are overcome by using NRS for description and
use of tool geomelry.

The basic difference between ORS and NRS is the fact that in ORS, rake and
clearance angles e vicualized in the orthogonal plane, 7o, whereas in NRS
those angles are visualized in another plane called Normal plane, 7. The

orthogonal plane, =, is simply normal to mr and mc irrespective of !he
inclination of the cutting edges, i.e., A, but ny (and n' for auxiliary cutting
edge) is always rormal lo the cutting edge. The differences between ORS
and NRS have be-n depictedin Fig. 3.9.
The planes of refcience and the coordinates used in NRS are:

RN - ®¢ - 7o and X, =Y, =2,
where,

RN = Normal refzrence plane

nn = Normal plone: plane normal o the cutting edge
and

Xn=Xo

Yn = cutting adge:

Zn=normai tc X,, and Y,
It is to be noted tat wiion 2 = 0, NRS and ORS become same, i.e. mo=1N,

YN _z..YQ and Zn"_'Zp.
Definition (in NR=" of
¢ Rake anglcs

¥a = normal rak: a2 of inclination angle of the rake surface from nr and
measured on ronol plane, Ty
an = normal « -~ =2 angle of inclination of the principal flank from nc
and measurc! - |
aq= auxiliary o1 axgle: normal clearance of the auxiliary flank
(measured o -, - 20z normal to the auxiliary cutting edge.
The cutting ang!e. vy 2nd nose radius, r (mm) are same in ORS and
NRS.
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Fig. 3.9 0"~ nocs of NRS from ORS w.r.t. cutting tool geometry.
(b) Designzii- - « [tcol czometry
The geomelr -+ <nc's point tool is designated or specified by a series
of values of ~iont angles and nose radius arranged in a definite

sequence as |

Designation (« 77 7iure) of tool geometry in

ASA Systor
I \‘/y' " , ",-’"‘ Uy, l])c, (!)5, I (inCh il
\/:)RS Syst -
} ]
Pv, o, ‘//), (3]1, (l’, r mm) ,
\/NR

S Systei —-
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Exercise —

Quiz Test:

Select the correct answer from the given four options :

1. Back rake of e+irring Lol is measurcd on its
(@) machine lonaitudinal plane

Uby " machin: transverse plane
(c) orthogoiia! plan:
(d) norma! rlare

2. Normal rake @' o1thesonal rake of a turning tool will be same when its
@¢=0
(b) g1 =0
UerA =0
() 1 =90

3. Normal plane of 2 turning tool is always perpendicular to its
(a) Tx plane
(b) Ty plan:

UeyTte plan

(d) none of thep

4. Principal cutti =22 angle of any turning tool is measured on its
&) IR
(b) Ty
(c) Tx
(d) o

5. A cutting tcol con never have its
(a) rake anole —- pesitive
(b) rake ancle -- negative

(c) cleararce arqle - positive
\(dicleararco anjls — negative
6. Orthogonal cloararcs ~nd side clearance of a turning tool will be same if
its perpendicul.ir culling 2dge angle is
(@) =32
(b) = 4=
(c) ¢ = 6C

#r = oc

Version 2 ME IIT, Kharagpur
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7. Inclination an. 1 = tuiring tool is measured on ils

(a) referer 10
wAbYcutting | 1
(c) orthon Lplane
(d) norma
8. Normal rake ¢/ = = rake of a turning tool will be same if its
(@¢=0 =0

ub,)d):gc nd A =0°
(©) § = 907 and 7. = 90°
(d) ¢ = 0°and A = 90°

Answer of the c 1+ questions
1-(b)
2-(c)
3-(c)
4-(a)
5-(d)
6 —(d)
7= (b)
8- (b)

Version 2 ME IIT, Kharagpur
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Ay = Ao
Yy = Y,
<hun A = 0
Ky = Aa
T = Yy
$n = %o

Scanned with CamScanner



) N rTunent Te valee '( ov'\‘l»-,d

gl (7‘) Uf O vad Cuthag A (71 L B We
(1 | A\ f/!hm L2

= P
o T o.‘uﬂcm;j trol  Speefried o

16— 18, 8%, 6" 15, 307, 0(Ges)
/

—_ B -
1Y -[—ZU\'Y , g’m«ﬁﬂ’/
[y -ty 05 1 T
—-‘__"‘_—_’___—_—_’r—— B
' s 30
?\'vm Deal- 7;4 I QSS
Y = ~10" 4«' S qo’fgf
T e 70-—-30: 66..
' ). (os60
. <5 60 4 ton(—10")
4zeTp = tan 10
~—. 2.6%8]

Scanned with CamScanner

: NGt
> poa~ . FCRKL an’l.f (fg-) P P ~C AL X



Uk

n N
[

\
=

Ond B Marcemal Celee ( ) And"bq ([[ e ﬁf'\dfaft« /)aJJ’

teo ) whos ?Qunwy —5 r/uc«ﬁq Cy duﬁmru oy
0", Jo, &, 6, 1S, 60, 0 ()

)\,— YO = 0(0—-0{31" q)'_?ﬁ._ s CM)

{Tn’ﬂ/ . Y Col f + [z A fffﬁ

~ ton 0 (o8 60 En 0 S 6o

=) f)'(j—;
t’O’)'Z{x = {——z")ﬁ)/of‘-;¢r— ﬁ'\ﬂ, CDS/
= tan o S5 66 - EanO- Coc €6’
D Yy -

teny, . \/-_hf»?’]o*f ban? )

)

Scanned with CamScanner

< D‘-T' VT =e —hw V aleen !f// h‘t —C.; A‘ YAke ( Yy) J bQL’( ¢ 3




N

U’»\_C»lvhc o jcamalm'Ca( Conol™ ff e = f’Vu/ ~Eig)
e v e T e

. ' f'dc rcax e [}/) O [hy ool Cerle Y
Z‘ e = o . dv.;___ — ( O)

Nty al rcak,

T —

e Kn-w tray.

(Y’\‘) a/a’ji“* Le fa, SOM?

[ o, i | §

N Lee A & T Gicteton
/ Thee ]ﬁp(c U ken )C - 0
Yo = W

/

A /b&mYL = % g e M%/__@

A< A= 0

‘;’) E‘d.m T'X - i—a.,yg_ ,(.Js/

Hace Yy @ ¥, UMt b ran

'-f'/; ﬁ; (io"

"’[r,(:%: Y. Il 0Ccun -:71 );02?5:7&.

.

.~ mnsm

- ———

W—— e —

Scanned with CamScanner



~ic_ b e -,"_" o4 T
“ .*A f:‘,s- ‘s Al 0"' '6

A:\j(,«)lwbw(y‘—wﬂ(m“n

(vlen ’Y)‘GIO',YV: % /7A§:15

(2) Nosow rweote O /Qma,‘,, T
O vy 167 ¢ 2= G

(ren cal el Tle fiide TR C’“i"" %L ¢ Beacc 'Vf‘i;»:/a)f%k
77

S A L v go~el T2 agl [
3) Calom. Ex CACAA alTen 04’5‘/‘* A j—' (L' b
o e sT mn
7_ '__7___/3",. 60-—0 (Uﬁf)
Lato NRS.
| 0— %‘;-7-#7’“—’3!’0

chen Yy - e ’Yy

MW 701 Signeteec 7107
i won vyt

Fod Yo, A 2

(s) T Srj,\muvh v ATA O
AJRS -
Con Vet CF st N g O 7

0 RS
ma B
[6} Convrth ’J"’f'/’}' O~

Scanned with CamScanner



P S W5

Oy

Mecuaner 0F f\ﬂncuwwq

MEcyANTSH OF CHIP FoRMATION -

’D\S‘ [T AR ob} 0 Chven
|j ]/—dbffl

J

To lrabl Mo chude), , ot B end of th

(1) Derecibe will =Ellwsteato D hmechonon  of
CAip foamnalteon T Mackt;uza/
o Duckl wiakoaty L
o BPritlh Muotvo b
Unscr<crurctia of  auchl ching

(l'\) D(/)(rDLx jLomLL(Cc l
Co- Cffcent L Cuﬁt;i =t

o O p ~ kT

~ " % .
egwcm(j-ul\bmma Ctaadn

CocactesThies C e pr

¢ [0) 9dmhfj He Caurn f
bl ke - ure-ezfu}y ( BUE) foematton -

' ~ denh e Gend™), YN v W 3 A
(V) Chamdy W[ A @

Swoh Kend of  Chip Aferten

Scanned with CamScanner



DRt R - TP AT e . e . Sfhuaman s

Ond

M.‘-" C\\L'r“,{rj %) (‘,"\(1‘(_0.(} Creas e o L;/ 7{7\ cba_ad V\/‘\O.*h/t.’,—_{

FTeons v ad - 8 D {v2n ,f cAupa

Ty on 1r~'n[) cv bank hdey O'r
e Nlabww !’)"—“‘va'av cf Fle wuv g oo el Undey
g SPQO‘{“C Ij] r(-Q_‘T el o ok .

e Nlatwa ¢ d{ﬂm 01/ ’IBWCQLho»( ed— Dl boorue

—_—

'Cmpwtar\\, TS dey o weeihe

-

S~

. S R A S~ e -

"ﬁ_?«_ - 9’1 dﬁ-}c ‘{,- MACK S, < g
(}'Co»\ t\'ﬁ CzLu"Q CCG‘F\W\MV:\ % Colowe ot Can ‘jf-\dmgw
CP\AQUf'z:!\vQ,b] e, "M o er 5 .:.:'? 5 f—cvnfr.,g\/,\ur_};w'b

(o

e

The foam ¢ Golowt UP Uml'w dL"lLr\d u]go.ag:

() Won maotyzied Brcpls, Aokl

@) Gty fro oiel b Jontiog v et oy (o

th (bﬁ ( CJ'J?J P(mﬂ/)
&2) LUC/{ ”f The \qﬂ,w FQn.‘.arw.hrm.

(H) f(”;bcm of WH“J s ( C‘““\J b blncatin
bt o B P g g
Colav o 1 (.L/l,) .

Scanned with CamScanner

J«f;g"



('{, LelN b A ot Tl

@ 9,1,/16}4'—-{ bh & sids C——""“/)-/Lml’bn.»
Aevelo o A ffoven) Avteen L oo
4 Cle s Sl S‘«.mw /'4 f
d\frff{cfw\\, W&?‘AM :
A whnever | Whenevet b veauwe 0ﬁ Be Cheoan €I ey

= A d’ﬁf'ﬂﬂkc = |
pxeuds te € heac 5}"‘-‘@21&\0(/ Ret ity metor=] (A U to
e ,¢(77w41.2 ‘f‘?\u«ca[’l_»..u\

Zut Ten rf&d[uru wun’f Skzu-

4 pveeAd-
el ¢ Aropsa]  from B fparcant ~

o —_— e, — —

ARETSETE IV YT —

Scanned with CamScanner



Scanned with CamScanner



I\

Ez—!)pﬂif)"\\(‘h }7\_{ Shkn(7 ’fi CAu '/) ’Flﬂ’v(\nlﬂa;\,

T . 4 (_.Lg r-(,,( #lf’rn. A
P\.m YEICa (Jv‘/, {—fmh adenl  Melhonpr T

P{D(.,un Wt e, 5 ©w /)ubf\’\mm ;{-—r_ﬂth

9} h1 At (A par Cad »(—z\i!ufc( (e lf//wlr% Ay S (‘;'['?_}J/L(J!
! heoorc o Fee
by e i it by seprean T Sy
feanr b Sy / Combn etton . o
h«. rceef Cgu-lm./ W hoer, O~¢ O FMLMNPJM»)W.
/’F OL*/’YA cF D v Complon—

Lilef- <

o (/f\,;d(— on il( &%D*qu,

/)l"m’/‘f"\ﬂ 0 le/fﬁwll. }o Undentend— -

b fa, o ba Conchacid
—~ erPom-'_l,L ﬁO\/ MVP ﬁ’z’“f‘—f'(o\/

7.41M-01im»30nkz4 medod, fer

Croceeest Som ﬁéaﬁ.ibl.‘ L p2
tue /7‘/77’“ are o follsws:
) 29 Auce
Obsc/wu7 D (7fvd foran b L m])
*) Orne Do Sk g\a‘ﬂ?fza OF 0+ “’//’.

it Ghnun Suafme f A Crpocad Wl p

)

©)
Y Ry Micrsup iy e PO
(%) DY(),) frol Y

dg) (]‘vaL ﬁ’of’ aﬂ?dv’»ﬁm.

3) QhuL/ rf’ rCuﬂr\f\Z M‘“rm Plv&bjl/szq ‘:7 L17L\ r]WLU{

Pt /f‘-’}f’u wih, Lo w M&Z/N’—‘fi‘wa% hoCry § (,_,Pb

Scanned with CamScanner




Ony

( \ ) g'h\d G;r CL((‘ (LL[Cg (jw’\'(*‘ ’(:ll’(r\“\(‘.‘ (ers

y A A St MR Wi

~ \
N
ity
( PQ-H‘ €tn UF' jq;p{ Cf‘?.{‘rmv\ bt (art Cdan j’rc;aj /
durcma chip Poton, st btfre deframetra gl
2 R tchens el ‘ < Gt el
( mduw 7‘“ g‘_&”@ ﬂ!{—nﬁ 4
(5 L(.Ytu.uft Ur_c"“’(O) C’l({"umph“\
@T%

T dupe of  Cheey SR Fpogit Tov Mcamtounate ..
,[. 0 i it en eMuphiesl forem ., pan he e%PM\,\

Udehfi e B/ﬂ’ky ot DX PR o

Gt -0 tea(30-9)

2‘.- .Q:)_ t’ar\.?)o'

l — -

)

Scanned with CamScanner




f-z C’U\jh A ek
M = mnﬁ\;fq rcael oo Of&t'dl/)' (Heacto of un—deformey

Cut culat "2’\)
0 = Majw arb rf B defounead ewpheas oo

T, - Moo ann "{ be defoany Mliphesd A

% Vel f%’ '(’.A ) g/l. ' ‘e/b ot S § Hhude A -‘(é\/ caj
d@:{tﬂrw\cha\'y f ( an bt A Fotmaes] o

I hay hun Frund Dok
{20, fo oo Herion
{2 60, Jor pur Compraato
{307, for Jou Shean

-—

%_ﬁdia wﬁAM.?v46%th$d'ﬁ Macham d@hm&%)
<t key b~ +ound % KUFARE Dhar B dchial vale
of bre anqu f vdex 1 6 K‘.’?fﬁ’("“ h 30" jﬂ\mrﬂcp‘,
wlosvey Batr foimetton  TA Maching  Slohl mebels

e he ztias  [PD
W Cound ity by S 7 [P

Scanned with CamScanner




——

77\4: ?-(’JWMJ‘L] b{f e cl\;[)) IL‘;(J;}J /‘\U’Tf\td o~ [l- QJH:

()
(O”ﬂdf A ])Cf‘cb culan |7 N w}u’ Sedl, TS A/L.fz.cl-.r%o:;/
Shach L Mayovcad, |

The MAfov S CChtons of- e @Jﬁe}@? M okertrer, W]/
Macta i an daen(, Actturer,

The oH e -
y and dLCjFCne of deformattc dufcm“i CAp frrtn ot
aste Cl"»u:mﬁ'&z»hvuj CNCced £ @ffwu :

br ¢
t.l"t N I O(, T A ) / =YL &U—Z’iﬂz
Pcruh'ow NLQ.QLN’\,_fﬁ Lt ?7 " F"/«
P Y‘QC’L—AC]{‘L-«( Co/LFfl taen| (’g)

Cudlu"? Y =Atro ( r’L) .

C A

Q' = ’r‘f\fcl(nbn C{, Un ot Lo7“ WC\rv'P
Az

.t

Thickner, o.C om»’q Gy (ot l_mjp,,/ ]

(A

Deptie of cut i
O sun|- or ]IV\WCD‘HC;\ ‘rf Q- c*-‘““'_a“ ) fun
Unfniked 10 froned Qutpec.

bl . da. ”f Ct

; - (/\,\_:P veduthtes Ceffici = @l
Q,
- Raxd a{F i e cf,f e c'/k;‘a Atz & befoc

MP
" D(zl‘rc,a; of U.Fcu@ym? df B Chip.
9\. “TH Oa -z_(wcizx ”F e d.l_j‘r'um U[,— G"CF'orancuH.»a -c‘iw—uh,(_r)

O franeltes P»rnc-u,,

Scanned with CamScanner



%

x'_?lCG pesites A4 b he!

S 2nd pesiten 4 b o)

/"FM o~ TEeve lubin

Scanned with CamScanner




o

A
A a‘7|00

Th tteaso 3

@ )Q(Cmm T wotac Madvoaf "’\ f"/\"_f’w/ 1//' ti, 7SV N Z e J

b ah_ooyj G u»nf,cc‘,fo\, e C‘v'{) hecomes Chroeen
b—( L(’J\at‘ﬂ\ fl\f&ﬂu,

@ F_CJCH‘-’\ Q——I It&)l;)’_&ﬂ(,‘ h CL../'J ’f‘fa;.d N

@ LWY\SJLO( S k.:obf'/f“ C/’ﬁ C’/‘v’/l Cc,j‘wjz) _
: V1
G .

1y \ g te

e . 49
R AN

Q.<

Scanned with CamScanner



’) COS Eo (',,S‘ {o ")" S\_ﬁf&g, gJ’)YD_*
; g : $S @-

C-s Vo =) [P* - (7, '{)J |

— Y L> Z /
/
//
/,/
Platts betn Chsar Mj‘* ans/
[T we
Fb - AN of rawe mjl‘ L cly veslaete
C'—C/ﬁc,amlf.

Scanned with CamScanner




— ——- B

EFFECT OF CUTTING VARJABLES cry CHIp REDY CTlea]

COEFRICIENMT o>

——e e ————

The c,\n;AP ""C—Qduckor'\ Co-0 {frcent O cn %PWVPMW
D\rouﬁ\q whichh, Ow clegree of dofrem attey omd und e foree

'! \ The. basic o arcacreurtt'c 0F Bha C,hL—P 40 ruen okron F-.rbm«,

| v Clude “.

:i (e Dvteckess of Pr’t.uv'{cnzj Sheost |

@) m%n;ma of Chep defoemalkts .
S} CAm'P S\-\rw\\ca_?L.
(4> The QPAQ‘F\‘C ch:P Lorenchkra Woreil -

@ The Chip recduditon to- effigem B o ffeored ‘o7 g

®) Cug Vertabe, (e mﬂna S“’lu_dlCVc)'

W The f<od L_CCQ

() The deplh 4 cu- (D)

() The rcawe anﬂu CY)

@) The cartian gavutonmnl ond  Gosnil vesable t¢ frticteda

“ruoo,!-z-,.nu o D Cawy Sutfme o O umia Flwd, The

1D\L, CLU\x'\\Lar(,a gl'\a.1u 0'(" b-\,g tos| 2tc.

| : S TOY- | nveshn

! MCthonten of Chip foemateny ‘-& Fakd
H \o7 te  sebs Of u\')ucuaen\;x—c;g =

A Stin e Lew Cotiig (Peeds

(5) Studie, hrﬁh c.uma q{u_z_d.a,

/

e B s il t
Scanned with CamScanner




The <Afluence of Ma S\V-U*

' Che p reeductted

! "C:Q g\ﬁpwq,

Co-effvaemt cl-

4 ——— == ]
r 3 - T

2 \\\Fﬁ_ »\:___:
¢ |

1+ |

cuttn g Spead V) mimas —>

AL Laru?z—z Vatlee of oy , be C‘ru.‘F reeduckeery (o ffceini-

‘FU"/)" e and

W

afrue r’CLﬂLr/hs.Rj a ™Mex™, Tt decte o,

wih A vleen bf okt *3 g‘l-)tp_al,

Wity Smeilen deptih of cur- of lajez (&= o.ogg)
Bl built -op €49 Stoels ’?f"v'tmm‘?/ et The lowem m?gw

and o Coahvnuwun

d»rDP o '; Yeesudvs -

Av Laregen Zale ongle Y07/\10', Ehee iy A ductte, -

Co-r fficeny Ao TUA hﬂizmmj Temmﬁa clenstl

Conton) Fov ol

valver 6F a, -

AFr Lowec valver of reake ongles Chee O e

gkafcrbj acld Certn

wWuwoe of a4 -

Ll pexm @ et ohidy g d«rw\'v) cai{ B

Scanned with CamScanner



2

% 1 J A0 |/ nedn
A beflohed

b=

v +-
4 . i

3 .
2 J

0 . e ‘lﬁ*_“_‘L

The cuticad valee, U‘F Oy 'PYond hich Z Stmrcts d««oP\ag,-a/ |
cwfts o b ’7{84'\\— WDy The HUWan 0’{; Ys . |

5 - - \
~ (k g4 Cub A o . o G =

»»
a4

S
A — :
/ RRYad ]
'é / —— _olra | 7
z L L / '
y Ga\-a
2 I By S
| i t .
Oy og -2 -6 2.5 2.4 2¢ 2., 24 Y0

Weut- depn g 1 v —
Wity ot 6 SV“S‘M" o'l cv Mm? {-\@a\/ e ZVS @
Carin Fow bwq,ﬁ\,, A Cheange Over ftum 'ﬂagﬁg o
d“’\’PJ“z Natuww . The SpARSU i reeducy; Te BUE fFormatea,
P dotynal- +0tz'-\_lj nfak B wil, CCly, be Frimake.,
°F BUR w4 Subtronnizmlly Clomvnated cond  Ow chetscoudhb

dot,nor rreveal ony hum‘:,
Trtctore, Chomically Adhive flud, haw gveatulafleenc,
Scanned with CamScanner



_..—-——""—'r__—_
\ \0 Y— /“j\ ' { r—""
\ ( \
rd RS P SHS
\___/
/"\\ —
- \ C ”’, {
\ // \\\‘ ~ \ Tl\\*._— ——— e
Y 7 s V) e
L% Tt il
eoda I —— {-STedh.
5 |
' 0-0y 0-0% 0-|2 0'. I£ Ol-2 62\_1 é)—ﬂ/ 0-372_

ok dep () G

A Tre dePth 6f uncorn leyot - r'u.du(_e_p)—q
Wolar, +to a 9Jrearce or lewe d2gver fury  adl
Matvical;

The Anflwncee 6 F Mmarvcals on 3 -5 Celated)
o B Ohange W T Slrzarmud Aol deformed Ctetc
75 The Onip formarws 2one .

TKLCHQA%L m‘g 2R i Coten c\cw % Dhe

duwtecktor ofF Dhe F"m\c,:\?a—i axes S deformmetrasn

A The Shoomzone ond Can b W%ﬁ ftem

Ok ch\au\,?L of Sheor- C“\%L

e —— e

Scanned with CamScanner

PO PP |



//// ; <
vz

TN

(VA — S N
| h ¥o 120

| ] léo 7101 24q
| C«u—ma S ues Q\m\@) —
The C—U*‘hﬁg/ gl-Lu_q has Ko

et Zrfloence on
Chip formarr.,

\H’DCuo w O ‘oo Qpao_‘| *fcv\%
The —zAdetect- Za filvence of O c‘.wrm? SPLest on The
C)\.‘P {ma_m:, \")r\:cb./, tawe, \)\a\ce ‘Cl-yroust., < Czka,,\%
M wean valwe of fruckr ol Co-effrcen), eng|
Bui [+ UPLclep .jto,maba;) .

Ty U Cn Dol Ol wmaxovhe AN Ao o
Of e cvtws  orm clf_f.\J\Ac_e_d trocrea, O
.T(,ﬁc.y, OF \lower c‘.q—ha? S\Me,,\,u\\cr\ e '1:-1&41

Scanned with CamScanner



i

|
J

A\
“‘3 —\\(’\A’\‘X k\\’\“ SRS

e V420
Ys&-o AL S
\\ Y_:‘n:
\- & | \ r \ Vz:cc‘ J
0 0. 2 0-Y 0 £ 0-¢ -6

The Chevea clerictes P.rcfﬁo arwe. Chifted teo  Che

mesion of Soalln fead , Whn  Cuthig gyuul B

Yf\cfte_.wmp\,

Urvp reeducted c»,e,H‘lxu-enl(?) Lahicy T Zeaas o a
Porthzulan. Vodue o0 ‘f’u"mJIJ detteans agad.
tv e varuoklten 6} SP&Q‘f"C Frticrcoq fov o a.l:mﬁ)

e rrawe sodma  Eo b Vatalte 6 k=

,. Cuordf=ce.

Scanned with CamScanner



l ]v\.

| \.\ : b 7‘10’][‘/'\41;.
- OR| SV
5
! \\ S
9
| e
, —1
\ ~
\\
0 o T —L
-2 tlo + 20 T3o6

Kalka av\ﬁh —

The "Cﬁf\%nc,eof T L NG Oq

§ ey b Crvideney
}(‘Cow aagF—ecto ” ‘

a

A  duiect O foen e due tuv Chaon

?l. A O Mﬁ"\rf‘udpmﬂ
detecten b{‘ YO ulbanl- CLLH'U'\af 'FOY'O. and

an '(ndJULCG,l‘ ln'{'\u-ﬂﬁa Aare o O« VC"LLQJ:IQ\\ Of Che

TN—‘C'C{T\CQ W\I\chmm 6N Qe §P—€Cﬁ€1c ‘Fnd—.:m fovee .

At Logs C**H"‘jgﬁ““’* &Mmg <5 Lm_j,L

U‘kcq =g an%lu <5 LNGleaned |

Bu— Wi
a ﬁ‘-\gl\udodam&a/um{z%&cw
MBUgbL and ot °ppesite w4 Naduee |

o
a1

Scanned with CamScanner



D |
/G- [ T—
NN )
R ] N —. ]
O;\“ , : 1

-0 20 30 Yro—-—F%

Fwiam obcur tomes ig0dican

Scanned with CamScanner



l -—

| The fedvr Drav Mey affea D vale of Ch.’F“’(’educbta..,_
f' Co"e.'{'F'tCJ.QAI al h.ﬁ‘—‘ CA.LHmcd—' S’\-LMA <“ACAudes -

|
f

’
|

1> Dnezeendg Youndung b Cothing €dge offeu- an
| ZAUean. cA g o\CComl)c‘»ﬂdc‘d ‘:).7 <ide {’lo\_b .
(D Applcates of whag fluidy nots o comdutable Gilvng

. C "F Y educte " . - -
| On A ¢ (o- e,f-(‘-t w-en\- &b Low Cu bR C

() T matoze of cthR g tool Afear 7 dee ho

zn 6T Chesal anpeers G- b i P 1o0) Atue fmey o

;("") The Micyd € hencture Of B U rhatrred i -

| Comvditabe <A fluenc, 6N D Valve of- g " h
% Handeney stea Nty A c-\_QU% 7,

e chemacknithe, of { Can b Cnalycey by O
Shud, of fece, ana rratune ot b ooy
Suttstenr a, e £n of C\—LH\F\E\I%“QBL:/,.

Ttctud o agl'\_ach al- Che thtuefac,

The detvtmbiatins  of Chip Yeduette CoefPriti<nt
N Thy behaviey W E Vatrus vavabley, -, Ve
wPorteEal b The  colodakts of trel fovce, ang
Q/xplm}f&ﬁ mﬁ foo P&fb‘h""‘o‘“&-

—_— X —

Scanned with CamScanner



=

1

| VELOCITY RELATION N MachimiNg =7
‘ _————— — x -
|

‘ Thete a2 vdlogtew 4 cmw\? process

(2 Cathng verouhy (V) ohich < Tre veloerhy of Dne

CuJMcj tvo) ratlative b Bw umu\ ol dArt‘t—C&ta(. Parwm(m/!

e Bu new sweface .
‘(!:() T Chip VU’tha'CV{) whict, < Dre Q\u.tgto?bv\
J
| the rcaue fotfmee .
(‘T‘) The Chean V‘uocﬂ—a CVL) which, © Uhe QM af-
! e Chip reelatue to Dhe wiucpiece Sl dude vy

alng the Shean FW

Chep rllative o Che Fool and oh veetw =5 111 fo

Scanned with CamScanner



;// }10 y
A Yo . f
= ;

Ve Y | (\/
po 1

,.\/\/5

L

T -(F%)

CL@ Wa‘ \/‘iloo"r\J C.Vc) =8 Vu-‘—‘dha, o,)f Fpo] w-v- |- w/f,
@ C’\MP VM‘:‘U‘_‘(’] C Vf) WARASY uh& vl C"\('F w-v- tool .
(3 Sheon Vlsoty CVe) \/bloc_rf\d of chep W F Gp,

Mc:-le-i-\-w\ﬁ , ur&«? Pmlwua of A we S =

vV
f _ Ve _ Ve 4:9
SAp So (Zp -Yb)] <H l:lri A@j
Heva, Vo = V, . ::fg; 5 0,
& V= Ve s

o[ T-(m—w)|
L VM
= - coscg,,@ ’__-@

r
TR S A ‘ v

Scanned with CamScanner




R I s Lo
= > I
S
'FW EYQ‘H.L Mdo-o-a_l ) VC = ’é ’Z.l
“T/? -
::? Ve = \(f
"FW d‘-‘«Ci"-". = . ﬁ-
€ Makertal | \V/ 7 I
@K@K K heatr Flaw 5 Covtant .
(:C 62\ :(‘92.
e Vol of Wi chep = ol of V1 Gtk Chap
'.'_"_7 oru_a O’F Q- C,"\.'P XV, = cuwea_ of L'lf\C.n.u—CL.;FXVf

T (@ab) xv, = (%xh) x vp
‘-«? /*35wnu>a by =b, | b.d—'t_r"\r-r:d‘toe_ o fabe .

— a5 - Ve B
> ay \/f . ?
=5 Ve ~ Coc Yo
’\/C Cos C }3 —-Vo)
>|p - £G-9)]
—n,e .— V,I_'L,,O—U V¢ ond rcawe Mgh Yo cru Unoo 1A

qmﬁaw- Fom CThe MZoasrtament uf C,L\.'P Thuen e,  The

Sheoc engl B Con b Askevunled hict P b Nugeeal—

LeNAAusTon °f be v te V*f’ oned V(O con “'f‘*’*mm’\dﬁ%
Ve, P Gnal CmLr @ngl (Yo) .

—_—

Scanned with CamScanner



Kitnenberg's Aecived &n  TAtetohig ~ elokres %(%’?):?
el & o Coordurablu’ iphintcal signdicance

cWrdm.jﬁ Che wotesh of ony chip p athiuw to
Which prafhGples 6f aunetum Choange one Appled

Cursiden o Smody Nam M-

Mo ., o o B AN ®
ol

- sl &N

_;7 m\/u.): H

=? mv»dg & N h_‘@

d/l’r

Scanned with CamScanner



—
==

Dw:du‘ﬂ egn (V) b7 -Qﬂ"l@ e G-

__\_.,(OW 'Sy
\/ O\G'_

vV _ _ M- do

- - o =
5 2 ©
A< Cre VMDc.-ﬁ-é C'Jﬁanj,u) fton Ve Yo Vgﬁ J hen e

\’&Jc & qu_ Vo
Ve

=

VC> = /—L(Aa—-——"/o)

= la NMe_ _ M C—;E-—Vo>

| MC%‘Z—‘{O)'
T ? - o

'.{f - F(0) | 2

Thi equektn Stebe, thals the Chip eductte, ColfPleny

and  onip flow VGA:’b"\“zf dunds  on b TRl -
conettn Bt o U= Whriface cr voelyan an O

Urﬁ\;ﬁmcd Take onglt

.93[ Y, O3 Thuteaucd Um? Teducttesy  Co- CHiGar
de CrTeors .

ESSL Y

Scanned with CamScanner

————



'!‘_—r.—,u_ﬁ__ o S
ORTHo 6 0n

JA| /‘\t-\lh @,l | T C(JTT“\\Gl

. R = e ——— -

@ Whaa- Ao 70u. YN\L an 197 oft*.\_,aﬁ,b,\,d anel J;

ObLlUg e CA—UT\R} )
Dot oy

me—— — —l—

of tw) fted v won feeo
LD p A H TP of hip £l Vd- ety <5 nened bt

MY edge of De tmui

— S ilin. . .

Scanned with CamScanner




>

o L
g g s o o

lon etmar bo be cumﬁa v LY Ve

h,,,

Lok~ e dvmcmfp

(

Cw) “Thee A P flaw or\?\,. o &1 "ma")
. e Casks uf b h,b, ;
Ck‘\.\; f\.;...; an < e Nnvzmat o Cj-

f /
| {
| ‘Ff‘ e Zexd .

Ih\La/;‘_ur_M 1T Qe \7\w u[ oo
\(»/) He M‘Ra &Cf x \MV,L Dan o widhe o{,

‘\ @ Jhe Lanl- Cong ™ MRy not b fuufhlted ™ Some ¢

i IV = by e Sm:arn-\.g«.\aq ov kT ceies av n\aw
I\ Q—Lh\f\a, ,

_(W)ml Lq’_g G len, die v S mad| cutea

OBLIQue c(u TTING

3{— e Aurtecn o[’ u\:\) denaken ‘f—a,;m 1Y) FLW\L -c'(_-’a
-‘Ca.—!u_—( Oloch‘wc cu-hﬁ\a

Maus  fearwee

B T ou%sa .Lq?q of 1ol alwayy (ZLmauAs Thousy
Lo o Qe mwhmmcﬁo{,m‘ww
Lt feas)

(1) T daeen of Be Aip flm ehncity % ar =n
mﬁu\'{: antn  be Dzmes e U cu,nuzac.atvof
%b—< fro . T g % Waewn @, AP e e
Uu) T c,._m\,.a &91 of D Yl 5 alsra ‘“"""‘bdh
| UATR Bre Yommes ks b dutedd 0wk {eaal ov toal fead
Ee{ e Vleury Ve,

:;.\w) The c0 I’"\d'tullj ¥ C.omva-on., of u“;a foveenr ach ot tc
%ma 249 of B tool,

Scanned with CamScanner



'
N

' kA A} ju =y =
V) The Cu_h-.aj Ld?‘ p\ﬂj o mmj POTRE 2 Vr‘

w M A o[. [Ty EE

(VDY 9} acta  oa \uv\f)‘m iR b l"f( -, rAOTe

F@ E){ (ol t—CUL,Ll“G.\b fovces on e C_(,.\ft Aty b, fn.m o l‘)‘p"\‘_
Den b Cp deviate; and Yoo 6LLUT c.uhvra t7"‘"""’[)\"’J~
Reare Hfor (< POV S
(D Cervearcan comms effect (i) Tl nose YMUWVE/
; .
LY Doe + ». ( 9N Uurctten =~ A F0)
2 Be wuns o “<“ lean TDaon 1§ ,
4 a ah y) ‘Znhrr_lacu_.,«z oCcun,
Y he WP L I end Bus thywsr Couned 1YY
dmiabe, P . .

J:zl-‘\T’-: g;\c*'!-q:‘)

_2¢
S5y CMlrre)

— -y L
— = ‘]

-

E"F‘F‘fd—tw (g<=XVary cJ\Zj«_, - bt O«au cer Tl trto~y
0{' Tawe 9D’C—F<Q '*(‘torﬁ b @-F’U'LMCA PLQ’LQ "'\L_q/;u.fm_-‘

0N Te F\“'\{ whizy & 1Y 7\-{ L Bren & e

o kv
Aevigen ¢f huf\_.'r Focs: T, b lana \T\C‘j callest o,

'C'{ffchv( l’LﬁA-L .

Scanned with CamScanner




2N 0«0\—,8,,“,_, Cams

me!mq (‘*/ﬂ) = Yo = Ye (€ (e e anu_z)

N ol—)\rﬁ-m Gt
: y _
| Yo # T
l S\RYL = CDSA Cosjac Jo Ya + Sg)fﬁfc‘\ I(f

\ S,\'ﬁ’YL = CesL N . $Hh Y, S'f,,?'/.\

'CY'R-H“C((UMM CUTT NS X OB\IQUE CUTTING

= —

“’;:‘ S\ GYU\:'a—um.t c,th?B = AV P\g_u when e drrecen of
~— ' s G NOMZ T3 plone. M, rEmagnal am\‘a,
’U-t G bR er 64 Tre twal ¢ o OID'rO mm—\qﬁ
Atk Toa~y 6 tn )
Ol,\,zfu oA Lo\ e, Plac When dnrzeen 78 A p wuwvj

D Geterea from o Plane I 0BV cumer
.'&W "F‘:u ﬁfftk‘*"“‘“r:’ ey t\—enqu B Cle L.M"t.“f

'!I R A Toq 5} oo) .

| Do duriares O de T2 B Brvin fova By a

| 28 B urer U7 b B priduced Suxface. The o
{ frre 6 aowg PUY Rlp meciged Sotfmel ond MHLM‘(T,

| C—u-h-ea "F"’U*

Scanned with CamScanner



O

-,

Yy
\ .
2

| TJhe vy fva ol I P o Clkered A3 dae
YO —ThULS ednh cop ch, deiarts . Db Ohrp T4 danad
'?z""" LY \".W\L 40 et S — vt Sfde. , Dvnn —wv¢ Maw—
e\"g\.‘L Ppusrhe, —F ‘vwen"a» K P\-W\-L , Then

| V»\N;ma;msa be ctip Fo flovs M«a Ks Plowne.

]
— SO /‘

Scanned with CamScanner




N
|
i

Be.. -

O

Ca WMoty Adven

& (v0) - Pteamm A VT

Ck‘.", F,Um
=t < Py fover.
C) LUhser b Cul e
RN : J

LY oy sign i e Sl
Mermabsl Nortmet bv Tl
| Svree ~ of tovl feed oy
DT fead

QIZ) DA/'LLCJ’\ b’f' Q\\(—? "{"LQ.A)
VLL“”H T TMerrmel e D

C"’“"’”‘a eda of trol

o=
\‘(..33 e o«ﬁ«uo:f 2Acliattes A

6] B cwmﬁﬁ anLﬁ/\ cf
L P tpo0! b bDle Motra)

tv B Vu.—..(,uH Ve - Zevp-

C e udh of cune-

!
r

\I

-'K/l'; Contz -
}:—ft)\’ Corere
|
|

)

i
! \\uhu..

a4 ey
d—l__{ﬂh -

Cheuws P’ﬂc\ch o

o T O

Y \JM arnd Thus

‘ g_) Con =

— —ACALA=AT AR Q’T“k
o U[ ) demi A Qe

05 l’({ (S - corly “j\]
= &
(1y Bomaunt Thehrzh S aay
Okt Qr\%/\.l +o bqe e

ot o) Feao O WUC oy

(2D Tee durecn ol chup fHun —

\/'Ll.:dm - =l 1% uﬂ'f],\ 7y Y
Nrzmmad B B Uk M?COJL e
twi. <~ Cot\d

megh

C/“m’i) Howo’?"-

@) T M@ 2d7( of t tn)
“ ThauaFRela al— oaw =
LJJ"-\:\-\ T h’mﬂ\M b

N of wrukfera e V.

i B i
h\‘bjn-\» I.,%L( tta~ tie

i, of wu.

Qe TA Yrvrzd

"(‘W‘ Loare dﬂ—P‘h a{_w

Scanned with CamScanner

SE— ]



=

\’1) Heat d*’nm’lvéukto& €, Wy,

$) “-‘-Na fev e Pow Prq”

U reve )

Onlft-a.h—_‘;.( can Y2 clons

3344* ‘Pz:\ 5 OPULQJ-—-&-‘\ C o
e de o

"‘OD TDo | 1.4{ —@ LM'

-~

() ot dopipadien 7
(@) cunsg Jorel P
r"u_arf T L,_‘,),

Scanned with CamScanner



IMQCHLNC" ngi f\jetal Cu,ﬂinz

|\ e

‘l

;]

Il
i
|

|

v dr_rrzhma the wort _mMatotial

FOYCM Gf d ¢fovmn atcon alt Une (_ufhn“j eolcg

'F‘O‘(CQL OCCWOI(_?/

The deformeltdd (f(’ CLLH-U‘WZI“ !
c). D Shean zy.,

L Ts ersntred fov sevetadt mFNE—DAlf *(‘c'-qwﬂ-en'\z/ﬂ’

|
f |
|

(& TO Otyare The PDJ-UL r‘LLJ'-“‘*'fnf:lf ¢f{- Ca '-’f\]c_ oo .

(b) T ethhate T Shzabkdg actté Thot musk
Lonit \7 ¢ mOl‘cm\wM, WRY ’d'{a'd e
Foxture, .

& T Swevey T Cu,l‘hha oot 3 Ties "(”\a-om‘
Cn e c_u_k-tma Yoo | nwv_.a_;., bj —wvwhéo-h\’z C«uhn@ to)
v o5

Tre rrameval of eXCery matutiol, 5 b fom of
u\;m 1:7 whichh ’Fm&su_q curcfe= o -, l?—rod,ukd hvelwe,
fool geemaley L WAl | A5 cteeR et procere, al
De wAtreface; crnol Senv ool ot}\m\. phy<icat g Chemicy
fecoce . Howoemen, ftOag analy € & Mmeade oy meaw
of Lxlln-u'ncn{”cq obutralTed O(’ L_-7 UtA g fmlob‘{ﬁt‘v}
model, of G actus mfhﬁ‘ca process .

The Mmagatide ong dutectres of Ore vl
UJJ‘“JE fovee . R ac:hﬁ7 =T « \_,,,CE,LZL <, LUownsa),
Ir o he_cwatj 2 ot ebLWlh. o Convencenyr reefuzama
Co—ov dupete g7ghum Se oo Fo  detuzmde Oh meagatude

cnd duvdectTon of’K wx %‘w‘ 1o tk( C oG

Cortdirate - Thrzed A ffeeent \:L(,\r,v\;z:lm Yr any e C..PPLL»‘.

Scanned with CamScanner



LTy evedwarc R <A 'V\aﬁm

’v
1:
!l

+ude one cL«ftG.d“Co;)

-

Ty T> hhd R B a bt dunendined ~forca SyLrUm
B et

At ¢ ()—\j rﬂoﬂ a ChopGen AXG , Sacthh 29 e

O While boryushY af Phat'b elastic '!rr.u\/clz Pa_LUW

() T° fRd R Th a 2A-dumeminral.: fora S7 ¢ he

w010~ rc/)\uqf b troe Chs sen refueen & Co efAbedes .

() To AAd R -t & bBeret 3- dbonornal force

Sygkm v Thy Terpeat- tv Dy — Chopgen reefwan Ce
Co—rdunhates .

Tn Some SPec;;q Cony , o~ Ovee durmerstenel Sfil‘tfr)

con W reduced to o troe duhensienak Syctem Loy
anedy b ™% o  denc o ado‘rh.f‘-c(;]- a forn of
W\G«Chiﬁcﬁa A ORICH of Thegoned (,._;'Rﬁ? , .YMMMB‘ A
Ploun cwradi, TS ‘@nl;j\?y(_p\_

Comtdac  the basic Cane of  on M?L AL

{'L“(j‘m \ocJ.:-uo) ohere Bhe P motutad %

d{{-v’bﬂcd Hhetrur-ean e tor & 57§f1m R ""R/ "

Fevr The  Cenvenienca d‘f c«f\q\jq@ , O~ scheas o

bt 6ad a frut onoCher o Chawn .

I ‘ﬁ‘ﬁ () Yo =0 and bre .c\fe—fv‘cmarto%
Tale plac tnn abieme o Fresckrds "t;,e /LL:—CD

Gt he —=Atutf=ce .

Scanned with CamScanner



2

Scanne d with CamScanner



v
[t 4

e ——————
\

—_—
_—

Th ‘fl'a'(l’)) ) due to froccttoned effcctr b for ce f'uﬁ“/
to defoen and o OV Cass focten TAOUTREALS
d—tfﬂrtm, e fov @ mcn.-mva o ag Le AP Lied
5 Nes
— Y
N}

—_—
R = R - N+

-
=

Scanned with CamScanner



1+

/ ':.,LJJ*'G'\? -lL-r,-(c,( " Conventze oy JTJLD\G\Q Dﬂ)f_,bg-\
~ (f /.—

T ‘Fﬁvu. Q‘T_C,hm o ?‘C"\UC-O-U C e of Coyventt ol
}f-uma.;ncd \mc&, L thawn =B ,R.ﬁ

The YOudteatr %? e ca R. & #n

|reot AW 7

Scanned with CamScanner



[ 1;41‘ > ..)‘ - (_/7 l/(f\,_-.ua"_\ o, ")-. r f ¢ r‘ f(/( O ‘(}\ t’hp dll; ’ "./‘-_'t/'j
Of twe toal Lrtavel .

)
Yol -8 9y~ ‘
[ \ n Coly ol cvn 1 \'}\rtuoi- ‘fmc.,)} Xy e dsr e

}_)(JCV (PCL‘CLAKC\-!T. (_Lvi) to t\-e_ ‘jr‘n r_\(‘t_n‘d (.:ufr-'F':rﬂ -

1l

{: . Yy Db “fs Tiha [C&H?fwa 'FWCL-} cr bDhe (:\c'u.;\ F'C/YLQ'_

L '-LI\ ("] '[E-\ Cl\. \C Q¢ . ~
dU cm Of t}t C—*“‘ma Vl{:xc,"fLJ/ VLCJ‘W("
'n'\mg C'l\ré.‘- C*‘To"\’(_ ‘f\ <0 fW ” 5 \'3 |
Avre ") C-"\:O CU) = _‘\-‘—*-"( Sg,q'fci Wy |
Llj\a 2. erc |
o ‘; L) P d *‘U‘L,n\mﬂ&d \97 i)rb I) \a defn'af\ﬂ_d tU"\ 'G‘Cnr(; o '
d‘f"\O(fr\le_‘_QCh.

Aﬁm C‘.Ll—m,.\.;'\ - |
ma U~e =A 4, vidueld CMPJMn| P)(; P 2 P
i ZJ

DA 'T-"’u—l-*__cm_l R Can L, ‘CVCL]LLOH |

Ty 3- iy 0nsi 6 n o fovee S—,:h.ﬂ Cown K TR dac e o
Lo 2L~ duwment Cemal o c e <7Chn\ CF =5 D

| o v '
d"-"\m r\&f\( Ro t]’h. 'FOVLnf, Qe Cvf\-')fw

s Suevy o ey Biar ) Wwen

. —

|
|

;'; ] R =ﬁzl-r szjl e

o [ by < TR

| I . A

Scanned with CamScanner

<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>