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MODERN MAMUFACTURING PROCESJES (PEME 5306)

COURSE OUTCOMES

The course = conzists of afl pon-corventonal manufaciunng crooesmes. i
sigrs with classfeabon of manufectunng procesERs Bnd Nedsssty of nom:
conventionsl manufaciufing proceasss. This costse deall with aetais sboul
thia mecharicm of maberial removal, sources of energy usad for madenal
removal, working princple. the se| wp of equipMent and relalive
sdvantsges anc disadvaniages. i gives & clesr o dea sbout The
profEses, (15 U5 m epeifie ndusinal Bppisaes sle

Module |
Modern or Non Traditional Manufacturing Processes

Wodasin o Non-radilional menuiachsing proteisss & defnkd as § group
of procasses that ramose axoess matenal by vanous techrigres mmaoiving
Mgchancal, thermal, glacincal or chemits ¢ridRy oF combnssons ol inese
EneegeEs bul do nof use 8 sharp culling lools &8s i resds o BE used fos
tredons! mancfaotuning pronasses.

Ewxremety hard and brfe materak are oificu® fo machine by Fadibonal
machining pocesEes Such & turnng. criing, sheping end miling. Nos-
IrsdRonsl michining probesscss also celsd sdvanped mancfsctuing
propesses, ane erpicyed whens iradional machining proceases are not
fessibla, sebsfactory o sooncmucal due o specal reesons Bs outlined
below

# oy herd fagie meteriglks dficull o clamp for iredsonsl machiring
o When The worpieos i 0o Nedble of aender
o When the shape of the part is loo comples
Sevensd fypes of non-treddonai machining orooesses: hase Deen oewelooerd
in mast arve reguined machiing conditions. When these Drotesses ars

|
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MODERN MAMUFACTURING PROCESJES (PEME 5306)

employed properly, they offer many advanteges over non-iadbonal
machining professes. Tra cOMMON non-radborsd machining proseses
are described in Fos SEElon

Mocem menufaciunng processes sie csssifed sccording o the type of
furdsments! machining erengy empioyed. & deisil clemification 1 the
machining protess based on #a fyoe of enargy wsed . B mecheanism of
Mt ramoyE, he Sercs of enangy requilemEnts 8 & gaen Db

Classfinanon of machming procosses

e e g B o R e |
Engngy of Maial Madie
Machamcal ErmEaon High PnecmatisHydrauie | AJM, USH,
welosby Inn:::-mt LINE
o ||:ul1i'l:‘IE n 1
Shesr Physical Cuting ool Conventional
contact mashinng
e e T Tigh i
CNBaiLE | CiRplatamant | l_-.
CPegrmiisad fhbafiee Repsive Imlﬂﬂi =HM
Timniculnclos | Pusel;, [Pty | | Sitoadmeiei LSS PR |
|Elegirors | High voidnge CEDM |
Veporization | Radiation | Ampiiied ighe M
lor stream | lorizes matenal | PAM

AJMY; Abragie Jet Machinng
CHW-Chemisal mashneg

ECG: Electrochemicsl Grnding
ECM Elcirenemics: Machining
EDM Electrs Dischasge Mashring
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MODERN MANUFACTURING PROCESJES {PEME 5306)

1BM: lon Beeam Mschining

LEM: Laser Baem Moohining

PAM. Plasma Arc Machising

USM: rasonio Maghiming

W Wateer Jat Machiming

ULTRASONIC MACHINING (U SM):

UEN = mecharecal msisnal removsl proceas or =0 shrEsive procoses esg
ip erods Moles or covBes on hend or Detls workplooe by ucimg shasad
leols, nigh feguency mecharical motion and Bn abrashe slurry. UEM
offers & sofufion 1o the sxpanding need for matfeming britle malenats such
oc oingis erystols, glactac omd polperysicling soromict, mnd oroETing
EOMplEs 0PErators 10 e inlfcals ShEpes ahd woikpece proflies IS
therefors (ied ssnsmely m machining hard and brltle matesisis {hat are
offficut to mechse by tredsonal menufscturng prosesses The herd
padicies in slumy are sotelersled WaErd T sunlele of The womzsce by 8
iool cacidating sl & freguency up fo 100 Bz - through regeaied sbrasipns,
iha ool mochras o ooy of o oot cofbom idonbeo! i B e &

B malis fepresentaton of LESH &5 showe in Figure 1

HHE T PG ey (B

Figure 1° Schemae: of uiiraeone maching 2ol
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MODERN MAMUFACTURING PROCESJES (PEME 5306)

UEM iz primariy Sspeded for the machening of hard snd GDritde
matenekidieletnn of songucive) GuDn 6 Doron cerhide, DerEMCE,
BRIUT Cartdes, ies, guanz 1z, USH 5 & wereslle macmrg piocess
s far &6 properbes of meiersls sre comoened. This pmoocesa i sbie 1o
affectivady maching 2l matarals whathar they sne alactnoaly conductvg oo
FIEEE

For an effeoiva culting opemabion. the foliowng paremalers need W0 be
carafuly considend:

# Tha machining ol mus be Feleciad o b highly wear resisent, sush
5 high-carbon sjesls
a The abrasives (256-80 am i dia | in the (weder-based, up o #1% =obd
woluma| BwTy includes: Boron carbda, sioon oarbeda snd alammum
crelg
Mechanizsms of Matenal Remowal in UEM and its modeling
A5 nas bean marrhoned eardar, USH 5 genetaly used for mechining ik
ook mstecal Malens mmovel pimay ocoum dies 1o The mdestalion af
the hard abmsive gris on the bnitle work materisl As jhe ool wombes, i
mads t0 indentston of tha sbrasva grs. Dwring ndentaton, dua o
Herrian poniscl sirestas cracks would develon jusi below e conlact she.
ther as mdentaSon orogreases ine cracks woulkd propagate due bo ncrease
In siess and ubmedely lead 1o orote frachere of tha work maEtanal undar
each ndhedusl iclerscion i bebwesn the abmsive grith snd the
workpiese. The tool maieral should be such that indesimbon by fhe
abresve gris does not hed oo Deite fadune. Thus tha tools sramecs of
iough. srong and ducfle matefsis (ks shesl sisiniess shesl and olfe:
duchie melalbc sioys. Ciher than this beiktle failure: of the work materia due

]
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MODERN MANUFACTURING PROCESJES {PEME 5306)

o indeniabion some madenal remiovel may ooowr doe bo free Bowsng impaoi
of Mo annechas Bgainet the work mateng! and redsted solid-sobd mpeot
arasen, Bul 0 i eshmeed & be relher BegrRcan Thus, 0 ks curren
mockel moteral remeval wowid De assumed 30 toke ploce ordy dse fo
enpact of shrasugs batwaen 160l and workpeoe, fofowed by indentaton
gnd Driltle Feclure of The worpece The moge! JOEE oonsager e
deformaton aof the fool. In the ouoment model =il Se abrasnes oare
concidorad o bo idantical in chops snd cizo. An ohrocavs parek
cangidered 10 be spheticel Dol with iooe sphericsl bulges &8 shown in Fig
.22 The sbraswe pannies e chamaciensed by the svensge gni
diameter, dg. i = furthor ocsumod e tha loool cphancal boiges nove o

unifgem Sameler. db e whieh i reled b the gl ameter by de = b’
Thas an sbrasie is ohansctensed by p and ds.

||*
1
SR

Schemaik ceoreseriydon of aoekve o

Dharing incentabon by the sbrasive gnt onto: the workpiece and the tool, the
oo ephanicsl buiges contect the curfacss and tha Indantalon process s
charscienised by o rathes than by o9 Fig B23 shows ihe interachon
between the sbrasve grs and the worigeeos and tock
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ol As ihe ool whesles, lof somelere, i wbroles Socy. e @ comes B
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And fhen B nderistion process sisits and finally coopletes with an
ndentaton of Bw and i on the work and too! resoecirely.
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The fool wbrabes in 8- harmaonio motion. Thus oaly duning its first quarter of
f= oycie £ con denye BN Gbroswe iDwards enoracoon wih the ool @nd
Wk piecE B5 ShoWN in Fig, below Oul of Tvs quanier oo, SOME parl &
used to engage the food with abresive poticke as shown in Fig. below. Thus
1ha Ima of indantaton T ean ba roughly estimesd s
ar ] T T.I-\.l-l'l"
- e a—t 1l
i, Tid da, dn,
K= duiihg machinieg ©= impuiss of loce an the 102l 870 wark woud be
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I.-n‘l'i-F'_r

wIEE Fugs I8 T8 ranimurn indenimlicn leecs par abiasiss
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Process Parameiers and their «fecks:
During clscusalon and AnAyuS B8 pressnisd (n ihe previcos sechion, ihe
proceks paramelem ‘which goem the ulrBRSRE mAachiniy pscess hive
bean idanified and the sane aie lEad ey alorg win maless panamaters

& AmpBUSE o WiDnaton B — 15 = 30 gm
Fraquency of vibration [fj - 19 = 28 kbiz
Fead force [F) = reafed o ool dimensions
Fead pressum B}
BErasig wize - 18 gm — 150 am
Abdasrye msterisl - 410,

= HC

Ijl‘l

BC
«  Boronsiboarbids
«  Damnd
Fia simngih of ok mam
Fiaw stength of e ool makenal
Conlac] erea of the nel - 4
Vi contenialon of sinasve B vl shary = C

- = o= ow
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“‘“‘“% m|f/ﬁ T

[ 4
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EFfect ol machining parameiars on MRS

Egquipment:

The= bassc mechamcal stnedure of an USW & very simiar 1o & dnill press:
However, it has addiional feshores %o camy oot USM of beitie work
material Tha workpiece & mounted o B wica, whith oan b located af the

CoEied pOROSh Lnder iha ool using & 2 axs e The tabk can furine: 0o

a2
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MODERN MANUFACTURING PROCESJES {PEME 5306)

lowered or roied to scocmmodate work of diferent thickness. The typical
elements ot an LS ane (Fig-|

# Jhirry delivery Bnd relum syEiem

& Feed mathansm o provide & dowiwacd feed foree on Bhe ool diaing
machaning

a The tmnsduosr, which genembes the ufmsonic womsson Yerson 2
ME. 1T Kharagour

# Tha horn or concantraior, whicth mechanicady amplfies the vbration
to the requined amgiitude of 18 — 50 pm and sccommodetas the tool
&t ils fig.

Sty 1ank

FETETUIES Wil OF 3 LIRLEDN NS

Ths UlTES0mnE WDTAS0E 378 pIdoisd Dy (N Fansoucer Tre INaNEIUDET 5
driver by sulleble signal genssminr Toleweed by power amplifier, The
transducer for LISM worka a0 the following princigle

I P PERGS, CET, BRI
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+ Pmzpetecin effieo:
s Magraiosyicive efas

+ Sleciroaricive affect Megnelosinicive ransducers ere Mot popuiar and
redius] amEnget Al

Fig. bwiow shows @ typos! megneiosiicive inensducar glong with hom:
Tha nom of corCERGTElT B @ wavaguide, whch ampifies and
concanirates the wikralon 1o the 3ol from the Ransducer

- = e §|
o
p. -

Waorking of =om a5 mecnancal amghar of arpiude ofvbmm

s Taperad or onical

s Esponential

» Siepped
Wschinmg of iapared o ¥lepped hom 8 MUEh sasiw & compared 15 the
wxponaniisl one. Fig. 5.2 3 shows dfferent norms uses in LISH

___ﬁ
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Oeffersne Homs Lsed n WSM
Apphoations
The beacty of LFEM & Pl i can make Agn round 2Rapes i herd and billle
masenab: (frasomosdy machned non round-hole par =@ shosm n Frigume

iy
L

Figire 2 A non-round hole mads by U

Advantage of WEM

USM processs & non-Mhermal, non-chemaesl, creEiss no changes In e
miFesuiaeras. chamgal or ghycal propemes of P aodlpsne and ofers

wriually siress Ses mscfered surfmoes,

® Ary malsrais can be machned regardisds of fheir slacincal
COrRCty

# Especialy susabls for machinng of brdia matenals

# Mgctned pors by LISM possasc batter surecs Bmch and highss
shrochursl evlegriy.

= |IEM does not produce fhermal, siectical snd chemical sbrormal
surieng

Some disadvaniages of UM

DN P PSnae, 7, BEIF



MODERN MAMUFACTURING PROCESJES (PEME 5306)

& LIS Bas kighs poaes comoommplion gad ower maledsi-emonsd
raies than imotional fmbroeton processes,
#  Tool wears fast in LISM

& MELSERING a1 A0 Seplh i resnant 0 USM

Water Jef Machining

Winber jst machining cun redicoe he cosle and spesd g he processes by
almnestng or mcunng Gupensive sacondary machinng process. Snee no
heal is eppled on ihe matenals. cul edgeES EPR cleEn wilh mIRiE Dur
Problems auch a8 cracked sdge defecis. orysiaiaation, hardening, reduced
weaidahity and machnaniily one reduced in T process

Winber pet fechnology uses the princple of pressunisng woler o exiremedy
high pressures, and efowing ™a Wk 10 es0Epe through o very smaed
pperreg called "orfee” or Tjewel” Walst jel cuting uies the beam of wals
exitrg the orfice io cut soff matensiz. Thes method = not swbabie fior
cutting hard madangls The et water & typicaly precsuriced Dobwaon
1300 - &100 Bads, THS high predaurs is ecgsd through a Bay hole B the
jewel, which is typcalty oo 18 io 04 mm in diameter & pictune of weder jet
machining FroDEES 5 Shown in Figurs 3

N P Fnae, O B



MODERN MANUFACTURING PROCESSES (FEME 5306)

3 'mmr
PR iy SOV

Applications

Waner ot cafting i mosdy Usad 10 oE lower srength matenals suen &S
wnsod, plasbcs and aluminom. When sbraslves are added, |sbdinsie weter
e outting stronger matenals such &s siesd and tool steel can be out.

Advantages of water joi cutfing.
® Thehs i A0 hael generaned n waler @ DR WHich & espacally
useful b cufting bool siesl snd olhes medsls whene sxoessme ks
may change the propertes of the maienal.
#  Unlika mechring or gnnding. walar jol cultng doas nokt produce any
dust or panisies hal ae Paemil] if Inhaled.
»  Oiher adventages ane similar o abrasse water jet cuting

Dessdvantnges of waber jet cufting

O P PSS, 2T e



MODERN MAMUFACTURING PROCESJES (PEME 5306)

= Oine of the mein deadvanisges of waler p£ ootiing is thal & Emibed
numoer of matenals can be oot econcmeoaly.
# Thick pars camnol be cufl by thie process economicelly wnd
BEoaTaAsly
= Taper is siso 2 problem weth weder jel cufing i very thick meieras,
Tmpar s whan tha jet exss e part st dffarent sngle than £ emars tha
parl. 8md chute dimansians| AEETUESY
Abrasive Jet Machining
ANRASEE JET MAECSMEMGE (A FEaRERcE. Epaere] VIRDSR 1 AN LT R
Typee 27 sdpasive wink mElEla Yol O Ralsee (SDO rurbe Jesigh, pEape oF rl Shodepk

sharachermice el removnl Aaie Mozie way Agmursfy 1 osuilios Prah Anpicsans
IILAGES G SradvaTiages of AR

Abrasive jof machouning & 8n edendsd vermon of waler et cuting: in
wrich the waier ot contsins abmaive pariches such an slcon cacbide or
alummium 0xce N oroer 10 NcheEce e matenal removal nete SDOUE Shal
of water jol machining. Almast sy typs of melersl renging from hend britde
maserialy such 2= cersmics, meials and glaas fo extremely 208 maleriak
such ps fosm and ubbers osn be cut by abresive weder i ouilng. Tha
narrow puiting siream gnd computer confrolied movaresnl erabics this
prooe==a o produce parts scoutsbely and effimengly. This machining process
5 aspeowly daal for ouwtmg msterials fhai canmod be ocul by iesar oo
hermal &8 Malalic, fon-metalic &ad pdvanced composis makeras of
vanous frickneases can be cut by this propess. This process 1= perfoulary
suisbie for hest sensine matene’s thet cannod be mechined by probesses
That praduie hesl whils Mashinng

Tha schamatc of Shrasnss wiier (80 outling & shown on Figams 13 which is
srvilnr b waler &t cutiing spaf from some more featuses (ndemnesih fhe
jemel; namely shorsve, guard snd mxing fwbe. In this prooess, high

1 ]
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MODERN MANUFACTURING PROCESSES (FEME 5306)

welooity waber sodting the jewel cresies B vacuwem which supis sbrasive
from tha esbreche bne. wheoh maces with Te weter n the moong tubs o
Teim 8 hugh welecily DeRm of abresives.

Figurm 4: braste watar j@i mackining

Applications

Abrasive walar [of cutting 5 Feghly ussd In seroeoece; sutomolive and
elecinoring nduslies () serospete indusiies. parls such @8 daniom
bodies for milfery srcrafs. engne components [alemrum, b, kest
ratEtant alays), suminium Dooy panis and interior celbve paErS are mads
using abrasive waler & sotlng.

O P PSS, 2T e



MODERN MAMUFACTURING PROCESJES (PEME 5306)

In sutpmoinee mdusties, pects lice imeror tom (head Eners. tumk levers,
docr pEnels) end fibng giass nody componasics and bumpars gro meds by
thig. process. Smiarly, in elecionics indusires, oroud boards and cable
sinpping sre msde by sbrasyve weisr jed outiing.
Advantages of abrasive water jot cutting

im st of the cases, Po seccndary finighing reguired
Mo cartter ingduned distortion

Low cutling forpes on workpisoes

Limited fooing recamements,

Litthe to o cutting burr

Typizad finish 128-250 microns:
Srepller ke sige medutes mpdelial wisleges

Mo hea! affecied tone

Localises siruriural changes

Mo outier Incuoed meds contemmation

Ebmirites thermai distorman

o s4Q Or cUTENg SIESE

Pretise. mull plene outling of comdours. shapss. snd bevels of any
mngle

Limitations of abrasive waler j# cuiting

Cannot dril et botom

Cannot eul resienals thel Segraces quickly with moisiurg

Eurfnpe Snish degrades af higher oA speeds which ane frequently
used for rough cuSing.

The major dicadvantsgas of abrasas walsr [t cutting Gre high aapital
08 and Fgh noise levels duning aperalon
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# pomponent out oy sbrasive waber jei cutting s shown in Figune 5. &s il
oan be sear, large parts can bt out wils very raerow kar! whioh meduces
matensl wasisges The complex sheps pard made by sbrasve weser pat
Eatfing & shdem in Figure @

Fimea % Abesve wass & OIeg

P § 594l oy Ed ek 0F wik SRl var A

1
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Module-ll
Electrochemical Machining (ECMW)
Electrochemicsl macheming{ECM| iz & metal-remowsl process based on the

prrcipis of reverse siectropiating. In tiE process. paridies wauel from the
sncckc matens! (woapece| fowesd the cathodic matens! [mashnng all
& oument of electrohyte flud cames sway the depisied matenal before i has
o chanta 1o reath tha machining tool. Tha cavisy producad ic tha famale

mesing mags af the jool shape.

Toal holder and

fiecd mechanism
Electroyie
sitgply

[nsisdafian

Toal

Electrolyte

Figare?: ECM proces
Simiar o EDOM, the workpeoe hardness 3 nol o facior, maiong ECM

cultabie far machinmg dfeul-ho —maching matenak. Doyl chapes can
be msde by this process on meaterisls regandisss of e hacdness. A
schamabc represantabon of ECM process & shown m Figors 8 Tha ECM
ool i posfipned wery closs o e wifkpiate and & 0w vollsgs, hign
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ampemage OC ourment is passed between the workpiecs and electrode.
Soma of the chapes made by ECM prooess i shown in Figuns B.

Figere & Pans mads oy ECW
Eguipment used in ECH.

Tee 5 bl =g nacfuay i ale i Pe dudary mediss
+ Fosw wopy
o D Bkt Uil s sy
v Tl i m i
& Wenhing rark
Fag  waTreTak il BNAA I s Tt e (e T

Schenstic Sagam of & siecko chamics| diling und
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Material Remaoval in ECM:
Mzt e 3 e WHY e owe i et & g e Sty # G

Bas WL T
I.ﬂ.-u_-:vu—:*-:l- o e dwiuliier o wrk malsie
Frwriem be=u gl

ahad | & cobeend
w= iy o B vud e
Thu fypeseeg Sagfrii o et o sloyd (P B dereil Goeeiep ol
BT e 1] gyl ey REE
Lo o s the= g 7 ==renis o gy ol 'I'!-—-llll"pl.‘p-?h

L1 i wrilh e iy ol e s deaslalen 80 ) =
The aafW s o e e WE o o [P0 3 |

aecaan
lws by pwimrg & v ol | @ e L P e gl ey S T ow,
s | g sy

=
whaen [, it e i sslavs ol wanraed [un sersnt pesem o e i,
e 3 teler s ol 1hege

]
e )
o -1
L
il = ':"
Tha lola charge pessad
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Sl
[ T T I
ar ! Fe g am
fi- -||-l:r.,:1-i-- :

Oymamics of Ebectro chemical Machiming:
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TORE o e fwlevilie withoan drry e 10 M it or anlh @ e i B o0 S0 B
o sluaily machreg gp s saraned Le i b swiyes Be gpanaos wih 0
FEED o e ol Fig ¥ catwermmily shows S rochunaeg TECAG with s lesd K
i i and ol ailaneons gur B lesesn e Bool Al eorkpiecn o R

—
A
—t= giacTene
]
m-—h— —
é o

Fig B Sotaostc mtmpesroton o e 0 oo urndfy w0 feed' §o e ool
Soire v i el e pasriced O @ e oF | i faaaeE it [ha pleCiDIE a0
! bl b o i dissisdian o S maleral of s @ e a0 ses
ik

" |
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B re0 Beheong o el madh e by
Ll I
[ b = 2] o8
L9 L

b ~h] =2t
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Thia i G - ERORE (0 R I ] e e, (el D
B Y Fiyie B5 W 1 P 0

AR S

h,
1

Fui 01 Wi il B noiigsss oy v peio s comd b
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Trum Smgrtgon ) ol AL e REEEE g i i s
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fidvantages of ECM

* The nompenents ane not subject io edher theemal or mechansoal
FirEss.

® N lopl wear during ECW process,

* Fragile parts can be machined easiy as thert is no streas imvobeed:

a ECH deburming osn debar diffoult i scoeas aness of parls

# High surtaea finizh Jup o 28 jen nj can be achsaved by EEM
PrOoERs

o Complar geomelscsl shapss in high-siresgih matedals paiculsiy n
the: semspace mdksity for the mass production of kebine blades, jet-
BNZiNE PRME &N NDZIEE can De machined repeatedly and
[ L=k L

s [eep holes can be msde by this prooesa

Limitations of ECW

& ECM & noil suiabis o praducs shend sJusne comes or sl boooms
because of the tendency for the electolyte o eode sway sharp
profies.
#® ECM &0 e mppled 10 MOS]T Metats DUl due io Tha high equipment
chats, 8 ususlly gied primsdty for highly specislised &pphtafons.
Wasenal removal rete, MRR, i elecrochamioal machimeg:

MAR=C | (emimin]

T specfic (materal) removsl refe (&5, 02052 smiisme-min for
el I

I curmeat fammpic

P curnes eficency (BI-100% )
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The ra%es ot which metsl can elecsrochemioally remove ame in proporton o
the curren pasead theough o alaerolyis and fho slapsed sme for Sl
opeculion Many Tactins oifar han curenl influgnce he rage of machining
These mvoive gecinziyte type. nbe of eleotrolyte flow. snd some other
Profe s oonahong

Chemical Machining (CM)

Cremicsl machining {CM) s the contmliad dissoluion of waripieca
makesial (elohing) by means of & siong chemical reagen (eichant). in CM
matenal 5 removed from selected areas of workpiece by snmer=ng i m 2
cnemichl mEgents of @icnants such 8% aoos and alkabne solubons
Materinl i rembiid by misrpisapic slecirsthemicad cell schion, 8 pocus
n comosion or chemigal disaolubon of & meisl. Tha contrclied chemical
digsoluion Wil EPUTtaneolsly S0h &7 SAposed SUrRDEE &ven Though e
pefEtrabon fates ol e malensl mmeval may be only 0002501 mmimin
The basic pocess takes many forme: chamioal miling of pocies. consours,
owersd meatel removel, chamical bignking for iching through tin sheets;
phetschemicy! machinmg (pem) For etching By usnd of photosensitive
TRSISE W Ficrosleniroercs; chemiosl o electmohemicsl podichng whers
weEk Chemical eEQents & wied [Fomedmes won emole ket aEsiE)
for polshing of deburing and chemicsf ol mackining Wik & single
chemioaly actve jet s used & schemabe of chemcad meghineg prooess =

shown in Figura 10
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Figurs 10 {3 Sevemgie of chameal machang prossss () Siages in produting 3
profied canity [y chemizel mactineg MEpaganiichmd|

Chamical milling
In chemrecal milling, shadiow. cavities are. produced on piaies, sheets,
lengimpe and svirusions. The bed key materials wsed im chamical miang
profeid gre slchad! snd mashand Elghants ars soad or akalne dolufions
mamtaned withm controfed ranges of chemical compasibon and
lemparatre Messams e spedialy degigned slssiamens produsis thet
are hafd strippable ard chemically feadian] o B hacsk slgkants
Eteps in chemical milling
» Fesdus’ cirest rlicving” ¥ the pert io be mechingd hac residoal
slresges fram IMe previpus probessing, Mese sesses Trgl shauld be
rebeved in oeder o prevent warpng sher chem ical miling
s Prepaing. The sodfaces sre degreased snd deaned homughly o

enaure bofh good adhesian of the maskng material and the mdom
masanal renoval

#  Masking: kasking metanal & spoksd {poating or proiecting eregs not
0o D etched]

& Ewhing The siposed surfecss are machingd chammeaily wisn
eichasiz

& Dwemaskag ANer machineg, (he pais shauld Bs washad Marmughly
to preyent further reachons with or exposure o any etchant residues.

32
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Then the rest of the masking maderinl & removed and the part s
cleansd and inspected.

Apphcations:

& Chamicsl millng 5 used i N BErospecs INdusiny o remoas shallow
lmyers of matersl from larpe sirorsfl compaonents misanie skin parels
{Figura 1), exiroded parts for arframes.

[T
bt gy b g

S
iefew rmcbericigl

1. Fmrpo il
pramtvpmd ais -

e

Figate 11 Nizaiie sbn-pans) secion sanloured by chamicsl milleg & made the
FEMPEEE- o wagyss vatia of The fan [KaipakpindSeled)

Electrical Dischange Machining (EDM]

Introducbon

Eletirical disctarge machmmg [EDM) = ore of the micst widely used nom-
traditons! machinmg processes. The main sitecton of EDM ower
IrediE et MEchnng procesies sumn 85 mMeky culling useg Geren] oo

and grinding = fhat this bechrague oifises themoslecine prope=a io enode
uncesired ratenals from te wongpene by & senes of disoreta ecotmesl

DN P PSnae, 7, BEIF
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soarks between the wodgpece and fhe elecirode A potume of EDM

mahing i GRarsson |5 Shown n Figure 13

The radfonsl machinmg processes rely on harder oel or abveshe
maberisl %0 remove  the softer madedsl wheress non-iraditonsl
machining prooesses such ss EDM uses eleotriosd spark or Seemmal
ansrgy b0 epde urmanied melenal  order o eresle desred BnEpe
3o, the Rardne=ss of fhe maberisl is no longet 8 dominaling facter far
EDM prooess. & schemato of sn EDW process is shown in Figure T3,

whare e ool and the workpiece are mmensed in B diskesric Buid
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e ——— Ficp
Figeee t3; Sohemanc of EDA process
EDW removes maltensl by dashsmging an ebechical cunterd, normally sloned
N & capeoior beank, BorosE & small gep betwesn 1he ool [csthode] and tha
mirkpisce [snode’ typecaly in the onder of 50 volks'{0amps.

EDM — Comgadnaante
The m&s componenta i EDR

Elecing power supply
Dalpoine meduen

b
&
o ek piece & ool
= Fervo.coninol i
Tha work pieoe and ool ame elecincally comnemed 1o & DT poeer supply.

Tha cumant gensidy in the dscharge of the channed &5 of the onder of 10000
Alemd and power Sensidy is reary ST0 MWiemd.

A gap, kmoen as SPARR QAP in fhe range, from 0.005 mm {0 0.05 mm =
meintaned Detwean he work piecs snd the ool

N P Fnae, O B
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Dielecino siemy & foroed Swowgh ihis gap st s pressure of 2 kgfom2 ce
lmaEer

EDM - Working Principke

It = & prooess of medsl removal based on the gnnowpple of mrieral
removal By e Iniernaded slecire spani cocharge  Debwean
theswcrooe jool and the work peece.

In EOM. 5 polensal dfferents & ped Detesen B 1001 @0l
workpieoe.

& Erseniial- Boi® ool end work retenial are io b somduiions.
= The ool snd work materis| soe immemsed in 2 delecine mecium
& Gengraly korceans of deonised weler B used BF Te dededirc

et

o & pep s mamaned betwean 3he tool and the workpaoa

Depending upon the sppled polental difference (50 b0 450 W) amd
tra gap botwesn the tool anc wonipece. an clactno fald wousd ba
estabished

Ganarally the incl = connecled to the negative erminal |eaihode) of
the penenslor and the workpiece is connecled bo positive bermrinal
{anods),

£5 e sechons get sccalemnbed, more posiiee joms and slecthons
wolid get generaied dus (o colicons

This cyific process wiuld cesse the concertmbon of eleginens and
ions n e Selecine madium babeeen ihe iool and the job a1 e
spark gap.

Tha coreentrabion wolld be o high that the matter gusbng 0 that
chienmel ooyl be ghamscheritad 8% “plasma™

# Tha alectnes! nesiciancs of such plasme charnal wowid be wery ks

Thus aF of 8 suckien, & lBrge numbar of slecims wil Row from toal 12
jot ard ions from job io tool.

& This is caled avalanche molioh of sletons
» Such movement of electnons sod ons can be wisualy soen 85 2

Spar
Thus the slecirical snergy is dawpeied as fhe thermal erengy of fhe
spa
The Figh =peed sliecinons ther impinge oo the job snd ions on the
jr=-1
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#: The hinetic energy of the slecirons and ors on impact with The
surlecs of T job end Dol respechvely would be convarmed inig
trrmisd ersergry or heat fus

& Sich mianss focelized Meml Tux eads 0 eBxinems INElEniEnBous
corfined rize m jempembre whech would be in expexs of 10.000aC

# Such locelBed artrams fes @ lemperRiung Reds 1o meensl ramovsl.

o Msjengl remoysl occurs dus o netan] vepodizaton of e maletal g8
wel 85 fise 1o maiting.

® The motes metsl is nol emoved comalstely buf anfy pariaiy.
Elacirode Material
Elecinds mal=risl should be such [Bal & would not ondergo mwdh tool wes:
whan £ is mpinged by poslike one Thus B localzed temperaivre nes
has 2 be iess by iadoring or properdy choosing s properfes or ewen when
IempRiEtie Incregses. There woud be less melling Funher, the ool
shoukd be sssly worksbie as inincete shaped geomeinc features sre
machined i EDM
Thus Bhe basic charactaristios of electrods materiale are:

& High elsoocs! ponduchuly = secions ane coad eelsd more aasy
and fhens is leas bulk elecrical heading

= . High therna! omenduchity

& Hghsr Gengly

#° High mefing poiml = high mefing point leads bo jess jool wesr due fo
less fool mabeial meling lor the seme Peed laad

n  Ensy mearufacturatdity

® Cost — chespag, Graphites Ewcirobyic ooygsn fas copps
Telziim copper — 855 Cu #0 5% falunwm  Brass

Waorking principle of EDM

&5 ghown in Figure 12, &t the begnring of EOA opaeration, @ high voiege &
BpElied acruse [Me nAMDW gap Dabween [he eecirode and the warpese
This nigh vollags induces an eectnc fiedd m the nsulsting deslecin that s
prassat B natow gep betwsen slacinods and workpieos This ceusa

ongdiatiing Ehnices suspended in ine desleding [0 ConpEmInEE 8l e pcints
of sirongest efecirical field. YWihen ihe polental difference between fhe
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mlecirode and the workpieoe s soifcentdy high. the dielecinio breaks down
BN & rEnEant spark discharges frepugh the ciolarme fiuas, remoning el

ameuni ¢ materisl from e workpiece surface The vdlume of e mEierss
removed per spark diacharge is fypioaly in the range of 104 io 107 mm*.
Th= maleral removs! reie. MER, m EDM = cakulabsd by the foliowing
formula:

MER =40 1/ T 'Y jomime)

Whass, | s the curmens amp:

Tris the meting lemperaluse of workpiece in 'C

Mechanism of metal removal

Fundamenghy, he sleomen spgking mansd of melsl werking mwdihas 50
ehepinc erpwion affect which connotes the breskdowen of eleciode majersl
sooompanying eny domm of eleotio csohange. A necessary condition fior
producing a dscharga is the ionization of tha dielecinc: that b= splitting up of
05 FDlSEciEs 00 BRE a0 Blains

Corsider the cass of 8 dacharge between two slecimdes (ol cathode
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und work anode) through o guscou (Fig, 4111 o maium, A e300
:-I-I-Illl-hlu ¥oliags ‘w‘:ﬂmrﬂmgdmmuw s iy of

slectric fiekd Between them ey yp, weti a1 wise pardetrmined valoe,
the dividmal R T T ——
are imipelbed towa ey the anods wader the infieesor of Bekd forces (Fig 4111
While meving i the imier-sletrode space, tha clecteons cullide with 1ke
meatral malecslon of the dielecteic, detaching sectreas from hem and G-
g jonimation. At some time or ibe other, the jnnmmbon benomes sch
ihal & naerow ceannel o contiwmsgs ceodoctivity 1a famed.  When this
Bapgeens, there is n comsideruble flow of electrons wlong the ehannel b the
anode, resulting is & momentary cursent impatis o discharge. The libeeation
of anergy socomgunying the dschacgs |eis. 10 the generation of mbreesly
i between 8,000° end |LH0C, causing fusion of partisl
wapaurisatios of the meial and ihe disker Guid w1 the pouit of dischamge,
The metal in the foem of liquid drops is dispersed into the space serround-
ing the electrodes by the explosive pressoir of the gsscws producis |0
Ihe dacharge. This results in ibe formaties of & tiny crster 4 the poiat of
dischargs [n the workplece.

Fg 11
Comparatively levs metal s efoded from the cathode [iool) s compaicd

i e anodis work due to the Tollow ing reosmes
fil The mommbes with wiieh posiiive fom srike ihe cathade sirfsce b
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minch Jois than the mosestam wils which the saciron shream impinges on
ihe woods surfsce.
(i} A compreiies Force is gererated on the cathode surfice by the spark
shich helps reduce bool wear.
fleat of the EDOM ocperations s conducted wiih sleoirodes (bool amd
worh b immersad in & guid dieletoe, for exampls parallin, asd the mecka-
fmm of sparkmg 1§ wimilar fo that described afsove encept that ke dicloctric
b tostaminsad with conductive particles.  Fusthermore, i3 pariichks re-
maved from the electrodis dos 16 (e dsckargs fall in the liquid, cool down
ind coataminadr the ansa around the sleotrodes by farming colfoidal wns-
pemnnes of metal. Thes seependons, aloag with the products of decom-
ﬂlﬂﬂ'ﬁlliquldﬂml'ﬂﬂﬂﬂhﬂm-lﬂ Between thy
Hectrodes dhuring the inital purl of the dicharge provess and are distribted
song e slecns nes of forde Pus Toiming Surmenl clerping Beidges.
Dmdﬁ:@ﬂunumurlm o of these bridges as a resuit of wnzaton
desrribed marlier, ———" of ancde panticis
Spark dlchange in lipuid leads 1080 0y oyt In 1R partinl dracs
indn (he warrcunding spate, mdmhmﬁh inka the surface af the cathade.
fer and diffusion of detacked aacde part

. (ke fimt I performing
Both thess phenomens e used in metsd e dic sinking aed the

S g, drilling g connecled
preparsiion of tial, ¢tc: the sscond i EMPICTEC 0 o ton process
with the toughesing and building up of wrlSeS. "TF o g over the
must bt visualized a5 & suceesaion of spark W:W“ﬂ mork
varface 10 be evoded. The spark will pass BSERTC L v i the intey
pince it that panicalar pos ai which the cectric erode the entire surface,
space is hiphest, Thus IW'L“;TE;LFWM ihe sizm and
A surface produced by this met atare oF work-
depth of tha pits are deiermined by Uhe spark enciEy. ihe

nieoe msterial pod the dicleginc.

Spark Eresion Genirainm _ |
In the EDM process, clecirical snergy in the i':l'llﬂfl-bﬂl‘: Iilr:‘l:ﬁ gl
s are. pequined bo ke vapplied to the machiming gap. For ths purpase,
capecially designed praerators are cmployed, The generalars Fior spark cro-
sion ore distinguished secording 1o the way in which Lhe M:p:; ualu-
formed and the palee is contralied, and slic on the basls of the character-

istics ol dischirgs, | ¥
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Thet !.I.:hril_mg b peodooed i 8 costrolled msnm jby “ntural
igmition and #laaatian, or by e ol 2 -:Inu‘ruhhh wiiching elrmeni,
far examplr, dectronls valv, fhyriser, masdsion, ebe. The disharg: may
inke placy with conslist o changing pedariny.

O the basis of these Facty, generator foc BN can be classificd imo:

1) Relaxatica g=neriior

(i} Botary palse generatons
(i} Sistic pubs generaion.

Eplaxmiivn Genatalory
The relaxation or ibe B-C dicoll wos the fiont 1o be meed m EDM. The
chrcull (Flp 41X} compibgs @ DU poveer souree that charges & capsseling
% acrosi a raitiace ‘R, 1F the condemser nitially wechsrged uad the
iz supply i switehed on, o beavy current will flow into the circoit with
tiat condenser valtage rising comtinuouly, a1 shows |n Fig, 4.13,
ﬂl’hmﬂn&muh mrtanl | e be deseribed by the relatioa-
Uy = Us [l — &I

Eguation &1 peagie,

lﬁ“ﬁ{”ﬂhihqum:m the condener volage will approsch 1he suppy
voltage will be 63 ey gopy o 0581 16 AC and afters < AC, ibe candenser
the warking gap wili o % BPPlY vullage (U A discharge, acros
diedoctric within thg o | U equkla the breakdown voltags (U] of the
capacitor i rocharge g > 1D dichirys, e diskestrc delonizes, the
mmth“""’ oycle repets sell. The lime taken o
ur-:m:&:::-t:m Beinsize. bieakdawn voltage must be sudbcient to allow
mmrfﬂwhmiumnhﬂmm#n
volage would m”“h""‘mﬂ.ﬂ Uy Alibough o bigher gap
the comdener Il:r-::i“h WONy energy, the Lime soquired to recharge
pet spaik i moce thgy T, the bensilt from & higher eaergy cuntent
mmmi;mﬂh'mﬂhln#uh:d‘mw
given condenser und fie Ithas boen found s sn W-C arouse, that for o

reakdn .
ihal will :mnmw;ﬂ}rn T;J:.“H cerlain vahes of ‘8"

n
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":hﬂ;:mm:-mﬂ p_pu:'-r:l:m—h ;:-rnlru_ ar ﬂn'::m:::n;
chenpoe s, simplicily of desipa, rokayiness 214 l*:d.""‘"-' . o
discharpe. They remain Uhe onlf practical peam !':d“ i
ranpés and agh frequescis igubied fiog faz finishing
tion, _

In spite of wany mediicalssn of reliabion girculis, Lhey m'm
resul in high hool wesr and s metal removal Tates. campaned A
iypes of ponermiors  Morecver, prce of parsmeleri, ™
dacharge mumity and dunstios and energy values, cresis & cerlud degres
of inflexibiiay,

Eleotredr Frod Contl
Since, during oeswtinn, hoth the wark picor and clockrods ane eroded, (he
feed coatrol must maimaim n mevemend of (e electade lowards the Sark
peece f such 2 peed that the working gep, sml henoe, Lbe sparkog vllagy
remains oniltered  Srace the gap wadtd s sy small, any tendmey of the
conteal meckanien to bunl i highly wdesinable.  Raphd resporse of the
mucharinm i csential and this mplies o low marta dive.  Dreribaating
may complechy chose Ui pap and eaiee @ ahor cirouit, benoe, 0 i sssentiz!
ti hwee rapid rewering speed wilk ge macklsh. Actation of the ceo-
wrod dirive i derived frem en e indicaion signal obtamed rom an ol
prical sensing devio roapeasies b2 cilber the gap vollnge or the working
careenl of both.  Resvo-mechuniames aifecimg the seevsment of tBe cloctrad:
may be cliber eleciric-motordives, ssfeankd operaled o hyvdemulicaly
o a comhination of thi. An electriz-motor-deiven type of gap
snntrol mochamium is shown in Fig. 4.14. Here, the eketrode is carreed in 3
ghvack fined B2 @ spindie, to which o rack b atached. The azid mover
ment of e gpindls & omndlnd mmplmmhmhl
e shunt mobor, which & reverniths o0 i the chatrosde san be withdeswe
H-ﬁlﬂ!whlmﬂ“ﬁwmj“mm“
elertrods 10 ovenhoot.
The molos areEsiuie b somnecial aonomg g
el e P et
whils the ether arm comiels of the bl revatunce ‘' god. pondemser
°C ol the charging coeull, the laltes nrms vho beteg counacied acrss the
mpph.  The conirol gear weeks an Toflows,
Ausgmc (he sheirode 1o be mlly widely oo -k et
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P, AV ity St saastred on BETW

asd the currest supply ovieched o 1o M condeaser.  Thia will pwss t5e
gondenser i be tharped and the ve'tngs wifl rise 10 appeoach Lhw vspply
volsge The supply veltapy will, therefere, provail acreds oo lawer wrm of
the bekdge The valtage scras e of e arm of the beldge will deprnd 00 182
jateatiomeier wating, and if i seitig i mid=y, fhim Vhe woltage Borowd
ihe bridge (i fhe difforones Beiwesn vollnfed oroms Fhe T8 loner Timbal
will be hal ihe cepply wolige This vollige by o eoles the midif,
camiag the clectrode to clom the gop.  When the tlocipnals reachies the
worrect position, sparking ahe place 22d The condesar rapadly chaspes
and diicharpes w0 thet 8 sefoalh wave-form b prodeced oo e ber
minsls, The tlectrode will aease to move when The average volue of this
velinge ewals that gressiling acrom the Jower kurb of the potentinmiss.
[Huﬂhmdhidn.ihﬂph malspcsd and Where b opo ermabe
FurenL jhnjdﬂnuh'ﬂl:uu-umﬂ.ﬂtwﬁﬂhmalmuhund
hmm“{w'nllﬁﬂiﬂﬁlmﬂthﬂim nia loroges ke
ablz 1o .,-_‘h..:rpp'put'l'l'mllﬂc wullage. The bridge in mow unblinced
with a raverse polarity w0 the metor reveries tad wilom (he gag. il
1he comect posion is aiznisid If the electrods soackes the wock, the
condcnser b short circuited, casing the vapply wolikge (o sppear acrom
. L ;d-lhul:ﬂﬂdlhlihduwrm-mm-pm
. fae dh= wae b Briflied By o The
&



MODERN MANUFACTURING PROCESJES {PEME 5306)

ey gl e i Pk 41y
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i and mply vakam showld folee e misliombip g 0
Eg 4T,

Jréal vl rary waing relansiing sl stal nmaald et w DML
ssing byt Ty e, @ propertionsl i g prodeer of frgue o
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ﬂ-mn,l.pq,-_ricp_.

or, Ml rnsanl gy —

where it camalaa “ml
I'h.‘-ﬁ'lrnh'.ﬂhhluqh
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Fora purely inductive sanil
s mam = U B

Eauating Be & M) ped 4,10, we pei the
(Rmip) ot @ puiraly inductive ginosn a8

R = - VR

[T
E— T

LR H]

Feu
= “
'ﬁﬁ_ =1, Fam = 3 LIC i

Equation 4 13 is fowad fo b= dicosdast with the experimenial velum. s
practice, the eirced in st pursly inducisve, and hense, this squation vhaid
he used sith modificastons. The erpiral relatioa given by Lo 4.14 Ty
been found 1o yaid beer rersity

Ban 2 W LT 4 1)

Roteiey Pl Crmasafon ity grasernlior bi have oy
T dnler 13 bncsewn; tlhe metal vl TRIEL S ML PR LR L 8

rh‘l'l“r
developed 1 supy the reured e ek i gnetalesn wd perdine
ralors giF ooy nefermed G @4 he rutars al e oypnied ol s e

wiag
W,;‘Li.-.,hmh f i widay e e

TR L e A 1w ok el
yio frellemminng BV wpcles Uhe snm
j gaparian i5 dpplind o

Wanpiielin il e m1l:1i
pewer iy o be mastaieek
jalce i ives s (g 4 21 Paring et
ietonigh the dide 17 o Ralf epcde, £ ilie
of he wullage from the gemenlor and chaipm
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g 433

Thén clrewin sorns p akanbaisd hiph froquency &0, gendsion i e usel ba
prohare imadieectussl pales. Thils cliook peemils ligh nwetal reverval eses

T proaces exernlingly romgh i

Cumpralied Padie Obvmif )
fiy e vl ¢ frain dscuveed earkier, Uhe mwiichagt dovicd wan 0 primary
Fustet b debermining the Froqueses wid Uks ainoust of coc Ry ot lischar pe.
e elemend of comne] laching in the bavis cinoail b shie ability Lo om o
ibe qurrer b cane of 0 thoit ceauie, The ueghod ol baesbing The shor
gircelt i haoth relanation and puls proenadol Sinmits B e s b e
elecirode mochanically,  Mowever, ki tnbes Gime sod orald fend 1o mioe
il womk sarfaoe

The needl Far & famer method of stopming ibe carrent i the evem of
whorl caceds resulled in fhe developmionl of virenits willy electrome fobes
asd trarsistons, These cicuits are known ax vontrolled prlse cirewss (st
pubie procestor) and offes the ndvantape of faster made of setal romovs] srd
lew ool clecinode wear,

The mujority of spark croslon machines currently ava eimpley
sivoeiand pulae cireuits which can achleve igher metal ::"‘ "“m

At witlia high degree of socurscy. The e of contrliod prle genemslovs
emables wide wuriations in pule duration fregeesey and o Che isenty
ol wpark Shclmrpen, gnd emplsgi power transidlor friodey a1 Teelching
devices. These am smilched by I privieer wuare wave geniabory ied
alfow (ndependent 'oa’ aud ‘o comtroly, and the wholo system provides
ﬂmﬁ ‘m.:::lt:;n_m-hu pakics i the rlecirodsy,

CHOH i aborwn in i 420, [n this case, the pestor
in b R-C Biroan & feplised by @ beries of weruum fubes sonnacied A
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F'lﬂ#mT::l::ni: control siraiil &8 tutes on ke bube and the cow-
demet This sl
iy uleo ensbdes the current fow 1o stop in case of

g 13

The vacuum Lube cirouits rgmite high volliger amed low currenin Further
improvemeni i fonible by the wie of irenpanee s plees o vesuum fubes
which wre bow veltags devices,  Figure 4 M fllusrsiss & irsssistor ol
In ghis circuit, msisohiag in dome by the oscillaior at & sciecisd imposed [e-
quency dod does nof rogiese the e of capachon. The oecillator & alsn
controdied hy the gup condibons s that (5o transisn cen b tamed off

i ocasd of @ whon elpgui,

"
T3 PO T
Tawl
T =
iy, 4,24
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Thee dichoctric ol e il before pe-sse 30 that the oot s e

“as u thal Gl coatsminaiomg
ol ke diekwire Rkl will ot affo mackating necuracy, This is ususlly
eepomplishied by (imiios

Flushing;
Frashing iv definsd wi the correet atrealntion of Sleet v 1 ]
elocinodes and workpiece.  Sidliable Bushing cosildama J-l.'r‘:hﬂ-llill L[1] 1::
fmin the highesi smehining elfiekeney. e opder i fomptcicd the fmpop
tancs of eoarecd Bushing in EOM, 0 & devesary o tnnvibersinped Lhe
el 1hail o in Che suchiniog gp when Nishing ls abeni, i
T mtant with, B iliclecisio is Fresh, ihui s, i bilvee fram erde . paniicies
imil catbon revidor rouliing froe disleeti orking, nud s -u";hl'lu
irengil b high. Witk seeesive Scharges jhe divkeiic pevi coniami
maled, reducing s inmudalion slresgih, and hespg, ilbachmrme can ke o
ewily. I b diviaity of the paitkled bovomss g high 81 veriain ,:::

Pejrr e | lusbing i ok g g eiher
¥ conlinumisty !
ST B e et TR
o e

L Flurhing
I,h1::|lﬂ.|."-l|]. Wi HIHﬁlﬂH ‘.“h |1|||,-|" (e mrwl Tull.' 4ir |H |Ilﬂ

clbimde  Uapaerid wlh licctlion flushing. el ayarkily taper ellmty
dnr i sperkitg wia perbides nheng s shiben ool Ehe chactiile il
Massiing Tivph (s el 1z thun thismph the wurh piece i il
[ERTTHORE Rl

Stle' Flmslesig

Whes Minbiug bules Gt Isg e illed wRbier In ilie wick [llr#q!ﬁh Wil
ihis g ol Hashing i pmployol. o e entiiy working ores i be
puewty Mushrd, apecial pecantions heve i by takos for the pumping of
iy

1 lsadiong &8 Pliifivida Pusgping

Flushinig i iliatnod by sing the elecinnde polsion moveimenl. ‘When ihe
elecnivade tv iseil, Uhe prp lisereanes, renltiog in claan dielectne being vuck=
rd-;ﬂ-m;:::ﬂi?rl-d tutd, amd s ibe clitinde s lweged, the
otk mio Wl n michhien] fivis borens Biouind

ke hpvrs bl rillime, o PTCR A
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Application of ED&

Tha EDAY prooess mas ihe abily fo mecsne hard, difficuf-to-maching
mabariats Parts wih comples. précise shd imegular shages for forging.
press Eools, extrusion des dificolt mismal shapss for aevoapsce =nd
medical epplcatons can ba made by ECM procgss. Some of tha chapes
mads by EDM procoss ana shiown in Skjurs 14

Figira 14 Difieul el par mada by E0M process

Advantages of EDM
The main sdvarmeges of OM ara
& By Thic procses, malenns of any nandnacs on be mechingd:

# Mg burts are &1 s machined surface;
a One of tha main sdverepges of this propess 15 thel thin end

fragieixifile compore s ¢an be machred wihou, dsiortan;
& Coampley cismal shages oan be mschined
Limitations of EOW
The mair lenkalions of (ks process are
& Tha procsss can ooy be emgkysd in =scinceally condusfive
madenals
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& Mastesis) oyl rebe = low snd the process avensfl i slow compansd
o corvendonel machreng processes;

# LUrwanted srosion and gver cuming of matanal can ooour,

& Rough surtenss finicsh when 81 g redes ol manenal remsisd
Dielectrio fiwids
Dietecinic Muids wsed n EDM process are fpdroceon pils. kemosens and
deignised waler. The funcfons of the Feleciic fusd are fo:

® Aol gs an insulaior batwaen tha (o0l and e eorkpesss

A A% COsiE

& A as & fushing medion e the removal af the chigs.
The elacicdes for E0M prooess wsually are mede of graohde, brass,
copper and coppar-tungaisn sicye
Design corsiderstions for E0M process sne s folows-

& Depp slols #nd raemoe openngs should De avoided
& The surfsce smoothress yakie shoold nod be apecified {oo fne
= Bough cut showid be dome iy edher machineng propess. Only fnishing
Dpsraton showld be done 0 hs process & MBR for fhis process &
low
Wire ECM
EDM. primarhy. &rists comrarisly in the ferm ol de-sisicng machines
snd wire-oirting machines (Wiee EDM).  The ooncept of were EDM & shown
n Figus 12 I Pe process & Glowly moving wine Yewels eleg 8
prascribed path srd mmoves metenal Fam $e worcpiecs, Wire E0M uses
elecirc-thermal mechanizms to cut elecinoaly condusive mafenals. The
matensl 5 FEmMoved DY & sE7es Of disRle dEcharges Debveen Te wie
elegirate and Me woripiece in e presence of defecine fuid, which

N
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oreates o poth for esch dischaspe as the fluid becomes ionized in e gap.
Tha am@ whare decheme mbkas plecs & heghed 10 eiremely hign

lempeaiue. 50 (hal he suface © mefed and remoyved. The removed
particies are flushed away by the fiowing cielectno fluids

Th= wre EDM process cam oul intrcate compoments for the slectne and
sarospace ndusines. This non-tedtionsl meshinng prooess: is widely used
1 patiam 100l Beal f0r de MmanLfecharing

Tha wires for wire EOM = macs of bress. copper, 1ungsten, molyodenum
Tire or bress cosled wirss sfe mlan used exlsnsively 0 e process The
mire used in b= propexs should powxsess high fensie sbength s good

alacinng] sonductuty

Figurs 15 WWise seoseiey OF 30 Bovsein G

Wire EOM rsm aleo amploy o ool eyindncal oCjEctE With hign precsaon

The spafed staed exiniuion d) §re preseniad o Figurs 10
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Fogura 18- Sparies eroded exrusion aes
This prooess B ususly used in conunoon with CHC and will only work

whan 8 part is 10/ ba ot complately through. The melsng emperathes of ha
PaflE 1o Do machingd 5 an iMponan parameds o7 NG DOCREE At Pl
strength or handneas. The surface gqualidy and MEHR of Se machmed
surisne oy wira E0M wil ceperd on different machinrg paremelars such
RE AP pERi cLrTam, BNd wire mElenals
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Module-Il

PLASMA ARC MACHINING (PAM):
Infrod s ianm
4 plasma is definad a5 p superhasied. ekctrally onized ges. Plesma A
Cotng{PAC) uaes a plesms sinesm operating =t iemperatumes n the range
from 10,000 1o 14,000 2C o ool maiel by mehing. The outting action tekes
place by dirsfoing the regh veioddly platme sineam a5 the woiic, Tius meling
# ard blowing the molien melal Feough the kerf. Plasma is encousriened in
elecinca! discharges, such a5 fluprescert tubes and electnc srms, bghining.
high temperaiure comibuston flemes and the sun Most appleason of PAC
Fvahe culling of fal medal shests end plales. Cperatons include hoke
piercing and cutting along & defined path. i was mibally empicyed fo o
matss that are diffiost o mechine by convenSoral methods, Howewar, in
restan yed's, PAC hes alkio been weed b0 cul plain carbon Glesd, FlBNEES
siaml andl sfueminiem
Principle:
Whan hagted to eleveied lemperehees, geses wen into & -disteoty differen
Iype af mater, whch & plasma, Wnen gasss Are healed by &n apphed
electnc feld, an igrides supplies fhe inilisl elecirors, which scoelerabe n fhe
field bafore colbang and icnizing She stoms. The fres elecirons, in bem, gat
aooelersted @nd ceise furingr onezation Bnd hesimg of Me geses Tha
svalanche conlinues fil & stasdy state & oblsined in which (he rade of
producton of the free charges is belanoed by recombmation asd loss of fhe
free charpes So the wals and siecirodes. The achusl hestng of tha gas
lakes plece 0ue 10 e aneqy Koscalsd whean frea ons and akeoomrs
recombing inio Mdoms of wheh Biems redembine o molecules

Types of Plasema Are Culting system:

Thene are derer] pypes of plasme &T culing coetafinns ane Rete 50
there are 2 man configumbons are thee.

w non-ERnchered moda,
& [ransfer mpgs
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PAC SYSTEM  ~— - -

R R I —

# Ly O gaveies nmatne A L |

Mon- TRAMEFERNED A8 [ Pl bt} Rk O ARL
4
i b bwvmen ewrimde § nadrie + [Hihancy B350
slimuiye-irmal alhoany §5%: TS +hit babween dleriods Bowfp
< bantims bgh wrleily g sl reamisg i | Dbl e b P g i
rviswiln /' ramtang o plosms et
Wi condurtielty—F no conmtraint v il wiesvically cosdixv v

Ep tres plesma gec i Sowng sumounding & cathode. So this srmownding
1hig catids ths plepme gEG is coming and il & pessing. Ihis high velosty
plasma ges.is passing throogh this nozoe here. Sa i@ peasing through the
nezzie. When it i peasng through s nozzle, it b= ionimed, this plasms gas
high pressunsed, hgh u‘llum'p plasma gac = onzed and cong tes noss
irangiared mode any king of medenial ensiner S slecticely pondusling oo
eleciica® nor-conducting. &y kind of masersl can be ol of machred.
So tres mor-ransiered s, 800 botween electrode and noczle so this is s
& genarsiad beteasn 1hs siscinode and this Aazza

So here secyode this calhode and norrle & connecisd 10 the srode and
elecirntherms| efftiency of the kind of non-ransfered ac = 85 1o TOM. S0
i has @ very low efficiency, low eficienoy Snan this trerciomed mode. Sa
ionizas high welochy gec steaming iowands tho workpeos whan i i
passing fhrcugh this cathode or &scirade ard e nozde s high welocky
plasma i is actustly here, 4 is ionizes. So workpeos conductivity i3 not 8
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constant Sa eny wind of masertal. sny kind of workpisce materisl whather it
5 efec¥ricatly condusting or non-conduchng. sy kind of matenal can be oul
by thic piaemae, nor-iranslared mode of plasma anc cuthing cpenaton
But in Mg Irenslarad mods you can 82 ners Ik i [he slactrnge Mans and
lhis posSys jermnsl = connecied o e workmscs. 2o here e main
oonsiant is that fhis workpiece should be slecinosly oonducting madensl.
Ep tiE bnd of trancfomed mode can be used only for sleomcally
eonducting mode of slecincsly conducting werpess malertst 5o hers
plasma gas m poming suwrmounding Bs elecirode and whils i is pasaing
through this 5o o i ionized hen in this zone £ & onzed whike i is passing
thraugh s neczie A 5 nized.

3o slecirical sMidency, slecirothermsl efficiency of this kind of trensfr
mods, it is Fagher fhan this non-trerpdec mode. heoe it = &5 o BOS
electrothermal efciency for transferred mode or plasma wo nozzie 5o
arong i genersted balwsan the slechode and (Fe workpiess and @2 hashs
of s cosxis-fowrg gas so tes is coaxisl Fowng plesma a8 okay 52
maintaing £ in 8 plasma state. Eo hene this wormisse o  eleotionlly
conducting. Soass ara he 2 modes e Moda, 0N & e non-irenstemad

anad second ong s 1ha rensfermad an mods
Eguipment

Elmants of Piasma A Systen ane

® power Supply

» Gas supply

 Coakng waElsr Sysiem

= Caonirol conacée

# Flagma ourch
So first one is the power sugply. Second ané s the gas supply. plesms gas
supply sysiem, then cooling wabes mystem. 3o you have 1o cool down s
nozzie &6 wel a5 the plasme el youo have to cool down &nd then condred
cansoie, So this plesma @0 can be controbed by using & CTNC machining
syalem or P working (able may be confrolied by useng & CHC machining
system, GHC system 3o thes any complosbed oontour oan be oud from the
workplese mmtansl and ako tha fifth one i the fith one of the pleeme e
Gyslem, plasme @rc culing gyslem & [he plasma lanch
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Mechanism of material removal:

Fig- 8.2  Detmils al r plosma worch conunstion [Beiediy, 1057,
Coursesy: W.A. Whitnev Carp. Roskdond. II1]

The melal removal in PAM = basicsly cus fo e high lempembre
produced. Tha heafng of the work pece i, Bs e resull of anode heaiing,
dui o dinect alacinon bombardmant plus corwection heasng from the high
femperatiee plaama he! sepompanes e are The heat produced &
suffciend to maise the work piece Empemrive above &3 meling sord =snd
the Fegh wedcody gas siresm effectivedy biows the mofien medal swary

FProgess Paramelers.
Farameinrs thet gowern fhe pericnmance of PAM oan be divided into three
calegoras
1 Thase Essbcisled sl e deafe efd coerslen of he Boieh -
glecirical powes dediversd | fhe gated Aad 88 farm the plagma the

2
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Row rale of e gases [hrough ihe torsh. e orifice dipmeber Finough

the norde ducl

2. Those esspoiied weh the poysical configurancn of s Gat WD~ foren
elanasll, sagle o the work Seaih of cul fesd nba e woek and
speerd af the work fowand the forch,

¥, Erviromment in which the work is perfiormed = pooling thst s done on
tha bar, any protactve type of abmosphare wsed to roduce owidation
for he gZposed hgh IEmesaire machingd surese and BNy MRS
thed meghd b ubiized 1o speead ool or defect the arc and plasms

IMpingEmEnt aren.

G Cuttng

1. Ouiceton of tha work pece mabad
pererates the hest o meit the
madarial for (& g) In cuting s, fusd
ges iz used in hest it in TEOFETOCC
8l while Gieal reacts rapidly with
oxygen io form ron coda. The heat
gerersbed by the buming won s
sufficians of mait tha ron ouida.
2.0=y-hsl gas outing is maosly
imited - [0 ool Terous  mels
especisly plain osrhon steals.
3Cutling Gpesd are lower for (8.9) in

mild steed T#mm {hiok can be
cul &l =M mrm fman
4.Cperating cosls  ame  bigher
3. Limited 1o the max Emperature of
tha chermicsl napchion |Euming
B.Cost of eouwpmest iz lowe
Sureces are wes emboiher man
those cut by FaM

N P Fnae, O B

FAM |
1. Pleeme & generased by subecang
p yolume of gas (o sectmon
bombaramant of an elscric arc. The!
anode hesfng cue o direct slecion
bombanEmant plus convecthie healing
froem tha Fagh temp plesma rmEes the
mabefial o the mollsn point and the
high walooity ges stream afiectvely
bloras the mplersl wasy
. Becausg of the Pigh temp imrohsed,
the process can be osed on sknos? sl
maeial ncluding those whie &
re=izinnt bo coy- fuel gas cuthng
3. Cutiryg spesas ane Righer and
wove @ nasrower karf, They can cut
midd siesl TBmm fhick &t the fals of
1 T8 /min.
4. Opemiing cosls are fower. Fatio of
&EVRES i favor of FAM i§ Bbou 304
. Beems io be urlimied. The grestsr
the powsr ussd, The grester he.
wolsme of kerf materisl Bast can be
e,
8. High initial cost of the equipment.
T.Ourfsces ol by plasma forch sns
emocther but the soyes snes rourded.
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Advantages

Tha main advantage of PAM & speed. For wampla, mid steel of
Erven thick can b cut &t 3mmin

The plsms st coq be wsed fo af sy melsl or even B mon
mnducting makenals ke conorete efc., snce it s primarify a melfting
process

Dus o high speed of culting the defurmation of shest metals &
reduced whits the width of the cul is mimimum

Cwrmg o the high productevity of the plasma arc cofbng coupled with
tha tandancy to use cheap and sasly avalable plasma-forming meda
(mir. watsr, amenanis ele,), PAC is finding ever inersasing
applicabion.

* Empoth outs fres from conkaminants are cbéained in the process
# Profila cutting of metals espeaally of steinkess siesl and alkaminium

i be very szily dona by PAM

a Ciperabing costs are |ess when companed o oop=heed torch
# Can ba sutomated

LimAacions

The mer dissdvanisge ol PAC & Me hgh woel eos! of e
epopmnenl. Howesvesr & can be made economical, T the guantty
imalved 5 large and the thiciness is up to S0mm.

Well-anisoned orops o0 Ine undemsads of ™ cul can Be @ probiem
snd e wil be heat afecled zone [HAD) The depth of HAZ
peoends on fhe matesisl snd its thickmesz

& Smois mnd nosE
# SREp CoMmers @ 0ifical to produce becauss of iha wice dismele of

e plasms stream

a Burr is often produned
# Taperon the work-pleca may coour

Applications

Chiely used 1o Gl stainiess stieel and shuminiem aloys. It is prefered
to omy-isel cuting because il produces comparatyely smoother cuts
and iz frog from contamination
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& [CHber mmzlals wiieh gee resicten| i oxy-Tuel culling and herce &l by
FAC sre magnesim, fiarium, copper, mckel and alioys of copper
@ind ncaml

& PEC gan be Jsed for slsek culing plele beseing snape culling and
piersing

n i cam a0 be used for undenwvader cutng.

# Tha plasma jeis are used for weicing metonals tko Starosm, Seriecs
Elzal gle

u Plasme arc @ used for deposifing filler metsl on sufece {0 obisin
cesied properies los coroson ressnod, Wear remstance,
teoghness or anti-fction properies — Pasma sre surlecng

® The plsssns 5 cam glso b osed foe spesyieg = prepared sorfece of
e baas materis! with droglels of moden meds o olain & sufece of
requined thismess
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Laser—Beam Machining (LEM)

Lasar-beam machining & & ®ami maleralremaval precess that ubizes @
high-=nengy. cohererd fight beam jo0 meit and vaponze paricles on the
surisoe of meialio and non-adalic workpieces. Lasers can be used &0 out,
dnil. weld and mary. LBM 5 parlindarfy suiisble for making scourataly
pleced holea. & sghematic of laser beam machiming = shown i Figure 17

Orfferant types of lasers sre availsble for manufeciunng operations which
gre ae Tolows:

# Ot ijpuised or confinuous wenve)r [ is @ gas leser thal amts Bghs in
{h& infrared fegon. 1 csn provide wp fo 25 EW in comlinuous-em s
moce.

® NEYAG  HNecdymum-tdoped VHrem-Aluminum-Garnad (Vi)
e 5 & solid-siae laser which can celver oMl ihough s Rbe-cphc
pable. & opn provade wo o S50 KNV power in pulsed mode and 7 KA in

GO N DU e e,

1% medl retiag mirer

- i ¥ .3,- " Mk enp it x|
o a
-
-
| maty-thtmrge ke
"
L= e i i
HEL-IHT I | P df= o =Thavieg pniisd
[ " W
(RN,
Fiusl kasgth Wilg Lams

+ | |i J e T
i hwr

Figura 11- Lasar baam machinng schemanc
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Laser beam culting [drilling)

# In dnifing. enorgy tarsferned fe.g.. wis @ Nd:YAS |sser) inio he
wikpiete melts e meieial & the poinl of contacs  which
subsequesty charges mio 8. plasma ard ieagess Bhe ragon.

» & gas |t (typically, coygen) can futher feciltate this phase
{rensfomaiion end degeriung of material nemdved,

& Laser diling should be lngeled foe hand malerals snhd hole
geometnes that ane difficull 1o achveve with other methods

A typical SEM microgmgh hole diiled Oy laser Deam mechining DIOoess
amployed in making & hole is thewn i Fgue 18

Fgum 13: SEM micrograpt hote dolied i 250 mioro meter thick Stoon hicrida weh
3= rarmanic kit: YAG bses

Laser beam culfing |milling]

# A laser spot reflecied onto the surface of & workpeece travels along a2
prescringd frg@oborny and culs inle e malstial
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& Conimogus-wave moce (000 gas lasess sre yery sodsbls for e

cuthng prowvading egh-average power, ywiedding high matenal-emoval
rEiEs, and smogfh cutling surfapes.

Advantage of lager caumling
® Mo limil o cutSng path &3 (he asar pont can mowe any path
= The prooess i3 stess lesa sfowng very fragise matensis to be laser
out withoad any support.
Wery ke and ghessivs malensl can b= el
Elicicy madenisls s a0 oan be ool by this proceas.
It i= 3 cost effscive snd Sexinie process.
High sscuracy pams can ba machingd
No culfing lubncants neguieed
Mo tool wear
Mo haas afecbed zome
Lmitatinme of Lcer citting
»: Uneconomic on Righ volurmes: compansd 1o sismping
= Limilabons on $nckness oue [o 1apar
» High capis! cost
& High mainlensnee sl
4 Assml o pover gas feguinsd
Applicabions
® LBM esn make very seowsie holes s gmsf &5 D002 mmo in
refrachony mekal cersmics. snd composie malenial withoo! warping
e woripeoEs.
» This process i used widely for drlling and cutting of metsilc snd
riegdale matertals
®  |s=er basn machining is baing vsed exanively in the elecinonic snd
suomotve indusines
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Electron Beam Machiming (EEM)

in glectron baaem machining prosess e 5 @ Dombardment of hign
velnoly siream of slections on 1INe wvk-place surfane &0 s Secirans &
bombiarded on e work piecs surispe wih 8 wery bigh velocty. snound
B86% vefooity of e sunight so beceuss of this bomberdment of electors
on the work piece surfaps the meilerias o @ emak 38 0N e work piece
surfare il mels &nd veporipes snd temperslore fses o & wery high
iemperature So material on e work prece surfooe meits and vaporzes
andl mechining & going on

So this procsss acually i & wsed for machining thousends of holes on @
thin shest whith B ysed in s=oapace induslry, food gecsaseg Fdusiny,
oiodh ndusinies and wery high sspect robo for making of wery high aspeot
rato holes, housands of holes on & work piece eurlfsce Mmespacive of te
fmEsetinl pppsrly ke malsfurgesl propeny. mEdhenics propefy of the
maiensl

Zop this maberial meybe eieciioaly condoctng or elecricaelly nome
conductng or maybe cerEmics, matss, of any kied of mece!, any kond of
ceraes & waks Ga hers s 8 8 Fament wheh iz besled with 8 very
high temperatune. So becsose of ths heatmg of e flsment so eectmons
emanaiss from that cathode, cathods flement or these fSlamect may ba
headed trom 4 radafon from B another Bady. Fom the radisticon Fom &
snodher body on & sobd block of cafmode, om & solsd block of Rement si=o 1
oan be gemermbed. S0 fese elecirons emits from the cathode, cathode
fiigmnent and it passes Swough @ magnetic iens 0 coincide 1o concanireie
of o redues the digmetsr of the electron beam srd il bomberds on e
Wk piepe syriace

Types ol EBM

Eleciron besm machining process there sre 2 fypes of methods s there.
Cne is the thesmal type. Anothar one 5 the nomdhesmal type o in
normal In non-hermal type this sleciion beams e used %or gerscaling
chemica! resctions. 3o kb genersfing dhemical reschons Bhe slschon
besmns are used. Bo this nomsthermal type we sme not going to dsouss. Yie
are going o dscuss only thamal fype of slecinon besm mechinng prooees

EL
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In thesmal type his calhods is heatzd bo 3 very high lempersure 5o s
stream of lerge number of electrons comes as a amall diamseter besm,
slaoiron beam.

¥ *®
| Temwa T sy ToNRASL TR _
i CRIMICAL REACTRON

S this stream O largs rumber of slectrons emis from the caisode. rem §
hested cathode. ® come=s oul as 5 small demefer beam. 3o it moves
inwands the Woreece with B very high wedoddy and it bambards, machining
& going on dus io e bombaroment of Mese RCinDn: On & wEry Gmal
locained anea So & i 4 bombarded on & wery small lncaized anes, hoge
amosmd of f=mperalure = general=d on he workpisse sofece. Sa
machining = going on dise to the meltng and veponzstan of this mriaral
frem th workplece surlace trom 8 mush esioed e

Eguipment and weorking of EEM

Fig. below shows tha cchemnatic reprecentation of an elecion basm gun,
afich (5 (ke hear of sny eleciron Deam machining facllly. The Bass
funciions. of sy sischron Deam gun ane jo genembe fres slecitons. ad fhe
oathode, aoceleraie then io 8 sufficerdy high velooty ond 2o joous them

0
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over & smell spod Size Funhs (P beEm mesds 1o be manoesved 1
nequired by the gun

Tha cathode &= can be sean B Fig. & ganeraly maoe of wngsmn o
lantsfum, Sueh ceihode Baments are healsd, ofien indoaiuely, 0 4
iempanaturs of around S550°C. Such heating leads in thermo-onic
emicpon of elacroems, which is Lether enhanced by mantaning wery ow
vasoum withn the chamber of fhe Seciron beam gun. Moreower, thi=
omthode oamndge & highly negebwe’y based co tat the thermp-omc
elemirors a3 svoAgly repsfec svemy form the sathode This esthods
often i e foem of & caridige o that il can be changed very quickly $o
reduce down Bime in case of failune

]_!_

Hgh sollage  * H
gl b calhols | 2 b Cfnts cariridge
! A
* sude
' oS T HHOE a8t
Fan il seemipe | - e
I % magnetic lem
]
| I ; *  Eghting ssees i
WRNLOCE B , b
g
N ' R ———
R IR deommmpes
cail
. * deecior

EEEEEEEAEIEEES B
|

Elacron beam gun
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Juss after ke eafhode. there is gn annulsr besd grid. A high negetie hiss &
apphed i this grd so that the elecirons generated by this cathode da noi
divarge and apprasch the need alamant, the samutar ancda, ik tha form of s
baam The &nnular anode now siTecls Me okoton baam and gradually
peis scoelersted, As Bhey leave the anode section. the slecirons mey
acheeve 8 yelocty a3 high o haiif the velinoty of light.

Tha nawre of basing just sflar #w cathode: comtmis the fow of alectons
B e Blaced gnd i used 8 @ swieh b GperEls he sleptnom Baam gun in
pulssd mrads.

after ihe snode, e ew@ciron beam pesses throegh @ senes of magreix
eness and sparures. The magnete Bnses shape the bessn and iy 1o
reduce the degence Aperured ot the other hand sliow only the
convergent siectrons 1o pass and ceglume the divesgent low ey
iebeotrons from the fringes. This way, e soerdore and the magretc lenses
Enprove he gueily of he electron beam

Then e sigclron beam passes Broogh the TRel =agon ol he
eleciromagnelic lens and deflaction ooil The elecoromagnetio fens focuses
1he akkcron beam 0 B Oesined spot. The defiection cod Cen mandauvne tha
elgctron beam, thowgh by small smount, o improve shapa of ihe mechined
hioles

Zenerafy in between the eleciron beam gun and the workpeoe. whioh B
alsn wmdar vasuum, thena would ke @ senes of sliotled oteling Gscs Such
discs slow the sfecion beam b p4ss &nd machine malersis Bl hellully
prevent metal fumes and vapouwr genersied dunng machiing to reach. the
gun. Thus it = essentisl io synohronza tha mobon of the noiating dsc end
putsng of the skestron basm gun

Electren besm gund dré &0 provided with Bomicalon Rty snd @
teiesoope for alignment of the besm with the workpieos

Workpeos & mounted on @ CHS table 5o that holes of any shape can ba
machined wsing M CNC confrol and Beam defection in-bult in e gun
Dine of the mapor mgurements of EBM ooersdon of efectron beam gun =
mantenenoe of desied vacuum Lavel of veouum within the gon s i e

order of 1I:I-|I o) 1I}iT1:|rr {1 Tor = fmm of Hg] Weinlenance of suiinble
vEOUUM & essendal so fhat electrons do not loose their enengy =nd &
ggndecant |fs of the cathode cerridge |5 obisined Such vacuum s
achieved srd martained wling 8 combinafion of molsry pomp and dfusion

1]
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pu™g. Diffusian puimd. 85 Shown in Fig. 90 4 is sllached o the EMfusan
purmo por af the slectron beam gun fade Fig. 8.8.3).

Oiffusion pump 15 e=sentialy an ol heatar. Ac tha oll i= neated tha ol
YEPOLT MUEREL upweed wnene gradually coryenging RINGINE B0 gPavER I
Fig 564 i preapnt The nortes change the direclion of motion of the ol
vapour and the ol vepour stsrs mowving dowseard at 8 high velcordy as jet.
Euch high welooky jeic of of vapour erfnein amy Sir moleodies prasant
wME e Gun. T il i sdamished By & rrlary Buimp v Ihe Backing ing
The ol vapour condenses due 0 presprce of pooing water mcket snound
the dfumion pume.

Electron Beam Process — Parameters

Tha process penamatens. which diretly affect the machining cheracianislics
n Electron Beam Machining. sre:

= The sceclorating witage

+ The besm currant

= Piise dysalion

= Energy paT pulse

= Powar par pules

+ Lans asrert

+ Spod mize

= Posar dansty

&E Mas siready Desn mentensd i EBM e gun s oparsied in puise moda
This = schieved by sporcprisiely bissing the biased grid focsted st affer
The caliade. Swilching pulses &g given s (e bas grad 29 88 1o schieve
puise durmtion of &= low as 50 ys to as iong a5 15 ms.

Bearm curiem | deeclly related 1o 1he pumber of decivans amilied by the
cathods or svadabls m e baam. Beam curent once agen can be @ iow
as 200 pamp fo T amp.

Incressng tha DeEM cumert Cirecty MCTRRREE INE @nergy per pulsa
Eenierly mcresse in pulse curation alo enhances energy per pulse, High-
enesgy pulses (a eacess of 100 Jipuke) can machine terger holes an
thiower plobes.

The ensigy densily and pows Sensly § pivernsd By hendy per pulse
durabion ard spot size. Spot size, on the ctwer hend is controfed oy The
degree of focusing achieved by the slecimmagnelic lenses. A higher
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enesgy densily. (e, for o lower spot sice, the molenal remowal would be
fesier though the size of the hols would bs smplier

The plare of focusing would be on the suface of the workpiece or jusi
below the sufsce of the workpeoe. Thea controfs the kerf sheos or the
shape of the how as schematcally shown in Fig. 0.8.8

resobd A nad laer
steniry.

T kil shapes of Slecooh basm deilied il

As has been indicated macfes, the fnal dedechon coll gan manoeusme the
elecimn beam providing hotes of nonspirouler cross-ceoton &6 regumed.

Advaniages
& EBM provides very high ceifing rates whan smel holes wih large
aspect ral g 1o b driled
o Morecuss 4 can machice amos] sny malecsl mespecihe of Bew
mechanical properties. Aa it sopiies no mechanical culting fome, work
hoéding and fodunng cost s wery less,

7
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#: Further fior the same resson fragile and britie mafefials can also be
prooessed.

a. The heat affecied zone m EEM 15 rather less due to shorter pulses.

« EBEM can provide holes of any shape by combining Daam cefiachon
u=ing efecinomagrests colis and the CHE tehis with high accursoy.

Limitations

a: The primary limrisbons are the high capital cost of the egupmant snd
NECRERATY fegulsr marianance spphoatie for any squipmen using
WECUUT EyElem

# Morgcoes in EBM theee i sigrificen] amount of ren-producive pump
doein periad foe alisining desired vesuum

# However thin can e reduced bo Some &ddsnl uSing vatuom kBed
locis.

a Though hesi sfiecied zooe @ rather less m EBM but mecast jsyes
formation cannot 0o evolded

L wewomow

*itevs proale B peiramess i Eilen fear prerpeey b oakeees g e

v Hprde b DRiendbll of REes e E B O0TURES Y AREel B b N
lewrtaratoe of shwi| - vempimn riapd. @HEG tn et

mmﬂl—i‘lhllﬁlﬂﬂﬂﬂmﬂﬂﬂ'ﬂﬂ_*
APl T g

& WAy PR i 5 L TR e P | e Pl e S v
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Maodule-IV

Introduction to Surface enginecring

Tha majorty of molenal fsiure ongmstes et osfece by mochanism
Frvateing wear, corrosian and fafigus. [n case of melals, one Echricus o
controfing surface niboied faieme = through wsa of mioying elemants
throughout the bulk of these speomens o saisbly madify e hardness,
cnemice! passhily o srength chareclensiics. Howswer this method s
ponsidend neficent due i the use of costly simbegn slloying sements
ke Chomigm{Crj Bnd Coboit (Coj, The necrgenizebon that wast magnity of
enginearing oomporets fsls cabsstrochicely in servioe Seough surface
reiaded pheromena. led o the development of brosd inteediscplinery
subjest of “Sursoa Enginesrmg”. Surfece Ergmeanng could ba bast
defined &5 design of swrface snd subsirate logether a2 5 Sysiemn 1o give
cost effectve parformance enhancemnant of wihich nafther 1= canakla of ix
own. The definfion of suface engmeenng & Even as “The sppiicaton of
irsdtorsl snd innowslive swrface fechnofogias o engineenng comeanants
and mabersls wiin properbes uneSsrcsble n ethes e bese meb! oo
FurtRsE matenals’ Freguently the vanous surless iechnoogss sie applisd
i mosang. desigr of en@neerng componems bt idesly surimpa
enginesting nvdives design of componem with enowledge of surface
tremtmant to ba amployed. 08 Az per Defnibon by ASM Hendbook
ire=siment of e surfste and near-surface regicns of & material 1o slkow §he
EuMame o peroms Unotone Ml ane datnel fnom thoee fundSors
deranded fom the bulk of the matensl Suface engineenng. 132 discipline
of seencs snd fechnology, which mesis the expecisiions of modem
imchmiosl spenpe: energy. matersl efficency. az wel s envroooent
frerdliness

CLASSIFICATION OF SURFACE ENGINEERING

[T} Changing the Surtace Metalurgy. Mong of (hese procesE changss e
suriace chemesiry, but they mmprowe propertes lke west and fabigue by
Ehanging surface metadungy

a) Localized swrface hardening ifiame, induction, laser, @nd slecroe.
besm Rardanrg] Improves wasr resisience thrsogh the develgament of &
hard maniensic surieoa.

[B) Leser meling oiowed wes resisiance thisagh gran refinemasd shd
the Bmeaton ofing Geparsions of plecipiales on 1he surface

n
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MODERN MAMUFACTURING PROCESJES (PEME 5306)

o)l &hot peening:

Shot peering 5 @ sufecs enhansasnenl process which produses penalisal
pompressive nesidusl stresses on metsiic surispes. This improves fatigue
slrenglh Bnd relsves 1ensie Eliesses (el Eorlrtule 19 SYESS-COTEIan

prackang.
[y Changing the Jurface Chemiziry Swface modificalion processes
naun aCWEMBEe oWar COEHNG primeny Decauca thay
{1) sy impad mizmal compneaane: siresses in near Surface region
&nd
{21 ¥¥ili not delansinabe off the subsiate

The prooess includes:

(8} Chemicel or eldrochamscal Conversion Deaimenl ol producs
complax phosphaias, crromeiseinrda on mebsd curtaee.

[B) Therms ghemical diffusion heal Yestnent thal Aveives e intrbduction
of imerstital eiements Boe S, W oor B into fernous ailoy surfoos of akaated
iempembue

[2Pesk pamantabon dMugon ralmenls thel invohve IRe infroduction of
pluminium{al], Gror silconi{5i} imo sfoy noface:

(d) Surtsts moddcation by lon Enplaniabion, which imveives [rirpduction of
ionized species [vitusdy any siement) imlo e subsireds using ion beam of
high weloGiy slectrons

[@) Surfeos moddioation by combination ofeser beem meling and aloyng.

(i} Addieg a Swrface Layer or Coating This invohies a0 intenbonal
buikdup. or addiion of mew leyer on metal substrsie Le apphcafon of
coaling oF lmmg. A Wwide Tange of professes e uSed o deposl
metalioeramio and CSrganio {paints or plessc and rubber cossng).

Copling methods sommponiy used are;

{Orgeric coslings and fining

Cormmic coatings

Het dp melalic cosbngs

Emetropiating (metss of cOmpasia coaing)

Weld overiays {metal or ceramic costing)

Cladding (thick salsl casting)

Wil. Thesmo reacinve depositionidifusion proceas (oarhidea. nitnides oo
sarboninces)

Sxgmmr
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MODERN MAMUFACTURING PROCESJES (PEME 5306)

Amerzst 2 e sbove methoss of casting dsposilon, cerimit coalings
have mdvamisges sinoe . Ceramsc madenals are noted for Swer high hot
hardness and good ohemical and theered siabity, makng thar surfsca
proparies deal for number of engnesiing produss, which encounis?
demanding operaling condibons. The depositson of cersmio phases onio
ponvenbonad metslic madensls resulls 0 good ocombostion of bt
1ougnness and oad suppaort with Sasrehla surece cherecianshes snd &ls0
making feming of compley sRasat aptad

METHODE OF DEPOSITING CERAMIC COATING 5

I, Themial Spreying
2 ol Os technigue
4 Chemioal Vepor Deposition Techmigue (GWD)
4, Phyeical Vapor Deposton Techregus [PVWD)

Thermal Spraying Themmsi sprey s ore ofthe most vwersabe deposition
prooesses for comting madenals snd fis use for induslis! spplcebons has
besn greaty mcresce Themmal sprayeng & in fast @ genarc group
ofprocessss i which the casling malesal @ fed lo & haating rone, whers il
becormes mcken, and iz then propeled 1o She surisoe o be costed |
Metadic, cergmur, carmets and somae polymens maEiensls can be usad in
Ihe taim ofptwder, wre, oF iod Tor (his supsse [Fig 1.4.1)

5ol Gel technigue Tre sakgel technioue is based on hydrolyss ofiguid
PrecurEors & ow lempenssure and foemation ofoolloicial sols. (Fig 1.4.2)

Chemical Yapor Deposition Techmigue (CYD | CYD involves ficwng a8
PPEDJrsor gas or geses inte & chamber oonisinng one or mone hesded
objpcts to be cowigd Chamics! reschons ooours On of naar e hot
gufietes MeURE A Sepasiten of [hn Flims on Ihe Subsirgds. s =
sooomparied by the produchon of chemical byproducts ted are exhsusied
put of chember Blong wWin unreasiad precJTREOr QESES
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Echeratn dagram o vanous processes Sgr Caraic thn Fim degastion

Phyelcal Vapor Deposifion Techaigue [PYDN PYD Erosessss #e
slomistc  depoaition proceases B which maierial s wvapanzed from
sabiiliquid souroa in form of atoms'molooules, trenzpored in form of vape:
thraugh o VECULM OF IDW EIREEUNe Beneoat oF placma enviranmenl 1o Ta
ubslane whans it condenses. PUTD cam be used 1o depock Wens of metsis
or 2loys as well 28 comoounds usng rescinee deposfion proces=ss The
main advaniags of P processes compared o TV D pmcesses is the low
dopasition  tamparsiurs  (lypicaly ground  BOOC)Bessuse of  low
jEmpEratue Brd Righ growd malss imofesd PYVD codbings have high
cOmpressive siresses whde those formed weder CWD have low tenside

n
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MODERN MAMUFACTURING PROCESJES (PEME 5306)

siresses. If the idper conlaing mone sloms in inlerstfal posilions tkem there
are yacances in lattioe and fensie siresses are formed like noase of CVT.
Whils if layer comieins mone Yacencies in imMesttiel poston end sboms in
Wilies sompresiive SMesses @@ Memed In Adcibien B0 Ihis athee
advarisges nciude evcelent adhesion, good thickmess, weformity. wide
range of costing and subsimbe metesinls s possbie and mo hpdrogen
embriiiament problem. PYD Titenwm hitnda (T} & cuperor to W0 TiK
eoaEling in Incressing e mets’ eulling performanis of Comenies carbde
iocls owing lo the former's geesbsy ressisnce {0 abrasive wesr snd i
assoombed higher surieoce fecue srengh. Tha is due o dact that PUD
Till coahing micgrosinacture and benefcisl comprassive resicual siness both
ol which coriibuls & higher micn hasdness Howsved main dasdvantsgs
of FYD process. s they ane genssaily Ghe of sight beteeen susface o be
conted and scurce PVD thn films. ane widely used for suface protecbon,
ophical and slpctionic Applicelions. Folowing figure shows the useags of
thin Fns for varsous spolcatiors

Tha |argest spplicaton of PYD coafnigs is i surisoe prodecton for exampie
n maisd cutdng ﬂﬂd—ﬂﬂ‘h-c-ullrl:,l for mwist dnlls, gess culling hools, forming
iools fuch @s in cold beckwerd impact of copper componenis, polyTRer
propessing machinenginjecior scread)moulds. for plasée, in od ndusiry
posting on sianiesy sieel sleeve used for manciacturing of ohooolads, in
mesrningy fed thread geoges and shp geuges, in medicsl sppheatinng foo
singcal Mol used i pulbmobee parts of racag cam. Ainscie golden
poior of Titl has led fo ity incressing use as decorsiive costing in eaellarg
apphications. Cathode ano eveporabon (CAE), ora of the PYD procecses
has high deposition rates 0 produce dense end eerelce adhamve
coalings Ml offer & polentad soonomical advariage Tha iAdusidal
ubiization of CAE i fargely confined to mechanicel sppicaiions, n
particular o the dapasiion ofard coatngs on Bha cutting tocls.

Micro and nano machining of glasses and ceramics
WMadenai mmoved af mecroinanc level wih no constreest on the size of 1ha
sompooent being machined i call=d micn of neng miechihing resoesotiely
Some sramples 8re
& DrEating mion leatures or surfsce charstiensdics (especialy surfage
finien) in thi PYFDANANG A
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&  Femoval of matsasi in fe Serd of chipa or debes having B sizs in
the rerga of PECrors
o Mastonmg of micro partis & reod dem by comes! 85 masrn machining

The reed for high precismn m manifachemg was el by manufaciuners

wordwide o improwe inlerchangeselly of componants, IIROYe guekty
camral-and longer weanfadgue ife
# Im e ers of renoiechnology. deberministe Fagh precsion trishing
methods ae of ubmosi mpori=nce svd e e resd of presend
makny el rimg Leemnadin
n Finsl fmshing: opemSora in manufscluing: of precess psris. see
Elwsys of conpem owing o ther mosl enticsl lebour sisnske snd
imsst coniroliatie natuna

Reverse Enginearing,

Engmgecing & iha process of cesigring. menuiRCLINNG. ssRemning. and
maintsising products and sysiems. Them st fwo bypes of enginessing,
foreard engineenng snd neverse enginesring. Foneard engineenng = the
tradisons! process of mowing from high-iewel abstrectons and logical
designs o he physics! mplemantation of a Bysiem. In some siugtons,
{here may be 8 physical parlprodud withoul ey lechnics! details, such &5
drawnngs, bslis-of-maienal, or wathoul engeneenng dats. The process of
doplicgting: an axstng parl, sobaccRahly, or podu, wibout CrEwngs,
documeniation. of & aMpUlRd MOGE] B HNCWT RS feVErEE ENgineering
Reverse engineenng & also defined as the proce== of obisicing 2
pecenetnc CAD moded! fom 3-0 peoints scquired by scamming/digiizing
muisting parisiprodums Tha process of oigitally cegluring the physicsl
entiltes ol § companent. refermed o RS rEvErse engineefing (REL i ahien
definad by ressarchers wih respect bo their spacdc task

Reverss enginearing s now wackdy Lsed N NUMErHUS Spplicatons. seoh &x
Mamstaciuning, ingussrad Sesign. @nd swely Oesgn and eproducton Fo
example when = feEw oar & munched o the makel comoebag
marurisciurers may buy ane and disassembie & to leam how & was bl
snid how A works. i coftwens anginearig, good source code & -offen a8

n
N P Fnae, O B
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pEfAglhian of oimer gobll sburde code In Sohe Slualees Sueh BS
sutomotwe siyfing. designers give shepe o ther deas by wing ey,
plasiar, wood, or foem rubbsr, but a SAD modal 1= resdad o manuischre
the pan Ap proditls Beorms Mole Orgatis n o shape, desgeing in CAD
becomes mome chelenging and fherm s mo guesraniss thal the CAD
represenigion wil rephoate the sculpded model exacty,

Aewerse engineanng providas & =ofcton o this problem Decause Tha
physeal el (s he souss of mfarmalan for P CAD model This & Al
refeired b0 as the physica-io-digisl process depicied in Figure 1.2 Anolther
mneason for reverse engineering is to compress prodiuct development cycle
limas. Im ine intensely compeltee  gliobel markel, manufaciures ae
consiantly sesking Sew meays 5 shoden lead Bmes &5 matkel 5 few
product

Fapd produd develiopmient (AFD) mefers o recenlly dewssnsd
techrologies and jechnigues that ssssi manuvfscheecs and designers in
mesing ™e dewmgnds of shptened producl developmes Gme Foe
example, ecSon-moiding oompenies need io shorbem tood and die
developmen] fime drasically, By using feverse epgineenng, & Shnee-
dimarciong! physical product o oley MooE-up can ba gweidy cepiursd in
the digitsd form. remodieied. snd exporied for mpid prodotyoing’iooling os
ragped manciaobaning using ruS-aee ChMC machining fechnizuas

Concurrent Engineering

In comcurrent engineering [CE) product iz developed by 8 team mvoivng
enpinesss from both the dazign cecion and tha production shop. Tha
pdverlages ol comturenl enginesding sre Based on Mhe condmmis laversge
of sddreysing all aspems of design of & product &5 earfy a3 posshie Henoe
ucing ooncurmnt angineerng most of e damgn modfcsSon =
mealpdrEled BEaary 85 porsibia 18 Eea (s [hat We imponence of aeily
medficalion & ety significsnl end the abilty of Me eesry change 1o
nfluence the product cost i3 much lsmper =23 indoabed. Herce using
conourent engneanng most of the design modfioebons e moorponeted

BE Barfy 35 possible

Rapid prototyping:
Though the prrcipka of conourent angineenng (CE) = quis dear and fna
adventeges of e concepd Tor mmprowed qualily end redused osl AR

n
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Fnpled, 11 is ned pesskie i incorporale CE sMeclivedy in the sbiance ol
some fechregue for guick development of orofolype. To reduce he
davmlopmesi Sme and sdopt concemant engineanng in ik e spi, quick
gnd ingzpenshe fabiates of prodolype pans @ ectenlisl  and eapld
profolyping techrology Fas made thal poasble

& famiy of unique fabrcslion procesces developec 10 MEke GRgNEETng
profolypes i minmum lees bee Dased on 8 CAD moc! ol the dem

The tradificnal method i machining

—Machining can requse significani ked-bmes =sevarsl wWeeks, depending

on part compienly and GMoully In ordening maienak
P alleirs. & padt 30 B msde in kours of days given el § compulsr model
of the pari has been genersied on 8 CAD system
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7. www.eng mosgarisdy

B Kl even BREwess comibigiclelecineal-dischage-mackining

§. Hitm e pxiinch. oo ukipof e Miorohole 420 Dnling 20usng % 20
Raznapect 205 usa d% 205G ausien$ 2L scark 208aam pof

10 kitp: Farwer poog e oo uk'sesrch Tg=ulirssorsc tmachonng fociured his
endster=108zs=h

1L AEE Tewe, ebfeswe i ing comiwaieget-cutting 'wie imaations Aiml
12_hitoifwwar watorets orgisboant_abrasiajats himl
13_rito: fevwrar wrten et oegfindes. himid

N P Fnae, O B



