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Physical Parameters of the Non-conventional Processes

Parameters | USM AIM ECM CHM | EDM EBM LBM PAM

Potential (V) 220 220 10 — 45 150000 4500 100
Current (Amp)| 12 1.0 10000 - 50 0.001 2 500
(AL) (DC) (Pulsed | {Pulsed | (Average | (D.C)

D.C) D.C) | 200 Peak)
Power (W) 240 220 100000 — 270 150 — 50000
Gap (mm.) 0.25 0.75 0.20 — 0.025 100 10 75

Medium Abrasive | Abrasive | Electrolyte | Liquid | Liquid [Vaccum | Air | Argon or
in water | in gas chemical | dielectric hydrogen
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Shape Application of Non-conventional Processes

Holes 2 Trough cavities Surfacing Trough cutting
Process Precision Standard Precision standard | Doubl Surface | Shallow deep
small holes contouring
revolution
Dia Dia Length Length
< .025 [> 025 (< 20 mm | > 20 mm
nen rran
UsM —_ —_ good poor good good poor — poar —
AIM — — fair poor poor fair —_ —_ good —
ECM == =2 good good fair good good fair good goed
CHM fair | fair —_ — poor fair — —_ good —_
EDM — —_— good fair good good fair — poor —
LBM good | good fair poor poor poar — — good fair
PAM — - fair == poor poor = poor good  good
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Metals Alogs Non-Metals

|| Puvess | Alndniow | St | Swperalloy | Ttamiww | Refractory material Ceramics Plastic Glass
y | M Poor Fair Poor Fair Good Good Fair Good
e Fae fair Cood Far Good Good Fair Good
{ | KN Fair Good God Fair Fair - o N

CHM Good Good Fair Fait Foor Poor Poor Fair
LM Rt Good Good Good Good — = =
| 1l Far Fair Fait Fair Good Good Fair Fn?r
ol Fie | R Fit Rit Poot Good Fair e
bfe | G | God | O Fur Poo = Poor .
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Process MRR Tolerance Surface Depth of surface Power (watts)
(i Tmin) () () CLA damage ()
USM 100 7.5 3.0 6 2400
AIM 08 5 1512 3 5 250
ECM 15000 R0 0.1-25 0000C
CHM 15 50 [, ; 12
FDM 800 15 0.2-12 125 O
EBM L6 25 05-25 250 150 (average)
2000 {pmh
LBM 01 25 0.5-1.2 195 2 (average)
PAM 75000 125 Rough 500 L0000
Conventional 50000 501 0.5-50 25 000
machining
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Power Material remowval
Process Capital cost Tooling cost consumption rate Tool wear
cost efficiency
USM L L L H M
AIM VL L. L H &
ECM VH M M L VL
CHM M L ' fy M VL
EDM M H L H H
EBM H L. L VH VL
LBM L L Vi VH VL
PAM VL L VL VL VL
MCG L s L VL L
* indicates cost of chemicals. e

!

4,(02~08mm i

(0.5 ~15 mm)

e
/s
- ¥




Principle :- |
.j}”ﬁjﬁ)— the LN OENTE ’pdﬁ/z‘,?égfgg 25

1o O ENHE @é_é& CODLe pploss.
Zfai,& Juih Vééocﬁ’;a/. Thi pit &f alrerscie
pah beles G5 Carhisd by c2ihlet gas
) The /’L/;C,}Vh Velo &7y SLroem oy @iz 1z0¢

/6 Q&W@d Ly CQW/WMQ U JUis 55700k




! //}szzéy Chase é&%/j&//ai

* 3 U RR - mm"j/ﬂw?\
ey Mﬁ.émyg 0&'—-(4}@(’?
| ) &5@ & Wozz2Lle

| Rasa reot ne Qudlysi | ’
) Sl SEA olis Lance (SO0

N
iy

' : DW”W%
Wﬁﬁjﬂﬁzﬁwww
WWWV#MWW

3% W ef£oD VaNLes 0717

p.75 7o L rmm.




1782w of otuasie parita:

R L
1 005 Noml Dnawar D)= o

E JAbmire il =40

iw.

0w

D L

En.oz- H/_I//

L

i 14

4

0.00 T y T T T T
0 02 04 06 08 1 12 14
Abrawrva Particts §iza ), mm

) The WG/W 2 biasiiv S e/ A )
| peliases A MEE.

MRR /

' >




i) (s Jreessusl S

VPR (o e gas flow rate

for constant
mixing ratio

l;(wﬂw%fj Zgww/é/b |
! - |
5%95/974
iv) B A58 W ; "afe A

;"m'

MRR !/// // i G
How” 7S
_ ‘/' .

~ abrasive flowrate




Applicatons et
_' f)j: oL Lf."-’//‘%’/%( ufg/v ..--./7/}/17..4 ,/ ViV, fg%.{_f&/ i
i ) For Macthnig ;& s cle A9 Uy e
.J’ZCEZ i St sl 7 e Al F.f(,//'.‘rg,/{ :
) MBI cheniing  of LA
Limitaliens
/.) JURR 18 AOCs
/))ﬂW wh i) cled Eﬂ/&&@/w 927
euilrerldlec /)M’a@/ = J

5= ‘ i

h SR
|

Watn Jet Mackuning [T m)




as 200m/s . | |
) A s nLgh W-?‘Z(JCZ%? (,ﬂ,m,.&?{‘#é
15 ol OM%? e o e Flh e

S )¢ t Lencts L8 entrzvn /MM
| ¥ 5 benrss oLl L AL B4 Gk & =

I’

lauh amnc

e tlvivg a7y .

W"WW hels 2o srut ety 4,
auy doecdisy Aocalees providect




A liansiye Walts jéb Jachinvyg (AU

Abrasive
. dehvery




| AL eSS LAoto ,54-@*3 Thz o2l ngz :
) Tee Ahick maleials  ceule Lot

U e thamn D78 ki
D) Second awncl £u /"’,Sﬁ’?{. unl 1568 g
psedlo madkel tha Lot ﬂ_/f?zaf/vz.szwg
Lhan LO/AL. ’
) Dlba  Plgh fVeessicts Loaty 6 cay
| cot Ao e Q LAy (9/ % O 2815
: el e /;0}5

) This preocess Aeon Xt




L A s fe
ﬁ mjﬂﬁs Z, /%-M m@
& alrasnios Suses Acpibly 7 =
Ligh Velo ety Streanm e Bt
8f alotasies ol Lol /Wy@ﬂﬁh

|
T .J) . |
N \ A
4 s

Single Jot, Multiple jet, central foed (o) watar basin (b) steel/WClceramic balls  (c) catcher ptetas (Ti FBE]







| Jrocess C/c/Z(:Z Cr 1z -

*)TM@LMK '/_,, 2 O3S /'//(’[;

e Gl then & Z/c'/ A

‘) O’?}W r(\éél,(’ C//ﬂ)ﬁ')c'?( ol M/ e ﬂ’z(__"(,' (I%;}Z

| & 9
NG (BLAS -

) No~ //LM‘ZL ' g,_éma aled .

D leawsds A §atin 5’772‘027'%&//'/2/5£) .




Ulra Sorne pathoiig £ sy,

High-frequency oscillation

e oy, e L T LovEd

\ tns ot Clestrsbe & VEGLaloty




Ml RNt T7e tBo/
?%f oLl 2110 Wﬂ/ff 177l os S g7, 2
i s e OB DIl al , Lopedy

o L e
7601 O.Q?:/(Mﬁfﬁ AT SO Acheclon L 2

e LOJp Surface acd oo SLE
by e Lp 90 Lk z%azé%@///%

'@9/ ngwwmm/mw










ope

Return slurry Slurry pump
Slurry tank

 EEE J

S —— ————e—

&
% counterweight comterveight

‘\N' L\\ electiic solsnoid control bm“""ﬂ
counterweight and pulley

counterweight with lever and fulerum

hydraulic (preumatic) r_:oEml



Process (apiz Loy 2t TS ;-
S 1A jf-‘/{/zzz..g/ /g E—"rrz@

) DSM LOTCIRS
sehen LI/ hascliess L8 7‘?//&5@ . e
1 wenks vty el Lo/p

LOHRE -

nhoncess ¢ Fes foy iz B0

) 7&@2@14 2. f M{f - e j?g; (25% (AN / bg
5.0 oS AUNGE b frocint TLUNI




it -2

?)Zf(’ th(_’f/" C:,-__-_?/’b:( ;-j"/‘(—_"(v 3.(?//"_-;, / //,7/-‘/7( ///’/?i /fﬁﬂj ‘ e

- 2 wear
ol
SRS SR
i i ST, % Discharge
- / 1 -
oli - |'. |  —=—Flow of dislectric fluid
- ::' =T
removed—=—C" Cavity creatad
q oy discharge
Work @ Recast metal

(b)

) Deringg 5 M Hz ;@Wéd 7oL

.
3
S
g
\g l
}
N
S

o .
deps. leclopns sTolelbo LydZls Sien




ane callor Codd éreeliior |

D) The Cotd enitlar PLectopru @Ae
ccelesatod Asioorels  fho job oecriyig
Lhe Heelre by, gveetireryr v
> A8 ey G welocrty ared 21285y
Quol plani movog  Avuicls Lha ?
ot , These Loeelded o (£4515738
Lwteon s Ll oons K olielec s




) Bnally @ Sk genelalad | 318k
| é’twf;;f/;% azﬁzé tta /-/-(')r_"m/g;g(({ /ﬁ"”ﬁ
n/ Yo trot aned éc/rJ o Jooeo s

ot 2 sells wn e?%et /-}V/ZZD}ZQ /
] m/z;,_ga,.b'g(g,..z‘? 57 5% Smnall acect /f/ yory 2y
| by . & ?"—"’Zé ete & /,@,9% é’é’(/')@/(ﬂ
| ) A8t /’L@f@d‘dﬂ/ W%@Wq
' to/thelaacey Tl /0(5/5 |
o Aenges Sustchle! - P5 M plezsina
| | & Wﬂ'@
| 50”@”””%;@%, Usteczh

| Ll : - <
1 : , Cratel of Fmoves! M@cﬁcfé
0 Diglictric Systen ;
D Teed |
N posik Freee
) Seaww Systenm,

~9?9Wc(%f5 (onveats Be =2 < .

> Plachonie  palsé gusator.




| ?@C(j@_g f_")((///‘f,(,g _

DI. Rectifier /

r N
Generato | % :
Ly

Rotary impulse generator with rectifier

Rc »
V';;l' | C Ve : ]_gl_[ Ve
T SR "
(4. _.
Aﬂiﬁwé 1% au olectnea) s clator



Funcbbns ©f elielectne flurd,
D Dreleelric Bl acts &é reclei o
tﬁm(,g_h (ot lh LorLlrotied eleclr)col
olis Chasges Gl -

modipm Lo tenl and fgmgz%‘gy Hha FRSELLS
Fpm oletrs SUBLULLVG  Lrom L
Types < Diulottr e plends:



L L e
1
() Suction through eleatred by Suction through work picce (c)y hrough <l d
—: | — 1 1 ..... J ]
t : Al S i
() pressure theough work piece {(e) jet Mlushing () periodic cyeling of elecirode

) Peth Lorl awd WP A Llvcliedes
w EDM - Bet A coprsl €leclescss




%[,&gcgo % olegeries @ bren olece ta
Loncertrolied wwoear of 1tonl B8 2

| SO AL EUNS //UMZC’)}) 11 LM . /
| vk L& 1N al CELNEZS

Velpibrocte twear 5 17 : ;

)@ dgé’xﬁ Lhaw M 2 RAA "c‘»‘{ A / vy oV

; el et A (1125

0 . ~ 5 /Z@?’z.cy
zzaz;%’gg% oloso Ao Shaps

A
w Mng/gpm me
higtie ) G rcLl ﬂ%gk,}wg

{
1
i
| &
|










0. D
me'a’f‘y R
e LOP-




) &céf‘-&ifzg ACCI6pn A &L zr/r; LY oy,
| 7/5 Yid cold e vy - ﬁﬂf’//l oleelhe
ézﬁéha"z(]ﬂ bretorer) e L4yt

e ae! Aha LEP - ) .
| D The (OL%e - O //) %’ﬂf? UsALUL Ay 7’”{(%{4(94
j éw O 025 ram Z,Z? O -85S 72h .
.| Y

).) Yes/tibn 129 7% lorn
L ) Wike e 3’56 tens
1‘5 i ) Poer ‘QW ‘?%sé@m
v Dielettrdd szét@np,

|
|
|

:
i
|




| Plasma Ase Madhirirg (Fom):




‘ Jhes AlEna d"/(_, ../:"”'f”-/// Lrtg €icegy o
| uspionseble fot Wl HE &f s
fprnes ©L IOl ceeles fetred Aty
azcomilrnalion

) e lerrypratise &f plasina cou b
Heat f/ Al 220p0% Ltuth 1eaus Yol
1[[ M{d-@ aé/ f7)--z£.z€:z£<s cam g {.ify'L/EJ/{/éCé(f :
) Llhen g2 Lasmin AL ALY LOOZR
\matvial . he Lotk I A7
i.ew; &% TNY LANC)) U’a/wf’c&m A ,j /wj%,
U6 cott oolle yuecss .

!ffcpcc.{}fm'vmz L

) Pocoor suppily

) Burts Sy







Wﬂ'@ﬁ.z) "

-/)/15455'/?2(2 ane el /{»&//?%% Z‘.c/z'nfs A3
a/)/z..&'z.‘///‘mb) vn N 72/ ,:gz?(ﬁiz' cal2ox
agd Nl /d(ﬂ'& L220Cls 700 25 St

8[{&/1{.. (.4.f.ﬁ7)/zg |
T lnddlees?nis A

Umdlen wsatrs Plasmia Ceelihg . -




Laser Leam Machining  (LBM)

PARTIALLY
it il e REFLECTED

/ MIRR(’.)H/ ATOMS /
e vy e - o
2
P

AT AT Dty
4 '\. . ;.;,.;}:—\’Eg

& ——ps @

® ¢ 0
N

.0000\‘...‘..

| These L
deus - &/ Hos S b . Sleeckne
128 seect L,?_Z/ é%@c.tgf )

e Stimadated 725580 LoBe ol
bty sy LD Stingeleted



?Mfﬁ/&(ﬂ?’} ﬂyj /f?/_("”/}?//'//; /’ﬁf////'f//’(f ,//7// (;////
dé/?.[/ﬁﬁflﬁ' AoS fﬂ/ "6}_/“ weloled l/t /»:f/fﬂ//,:,.
net (z.lc?r‘z,g M?ﬂ (0 /-{f/‘////.///,/i/z’/ AL 17 //fv:
vl e lost auntd Fniats LOrsly gy,
The Mﬂm w e Loy 1ol
At thin LMD Jor D (ot
ighly olouctibnal - onns Lasth Loay,
l')’%‘g &W WWM%} I}Qﬁ/;/}, ,é»’/j/i
f N Y LSABL fw.//';;z al sl
& /zfzc@é . W@;M W/QZ&M sz,n//{/
%ﬁ%&d)@ Loty LV & 1S /%M///a//i
ty e 1p Nesle W Lisr oy
) [ream & Aadiee ) Z&M%

J WAL & b Z.
- } ﬁuwr/yé a s

HR - o
High Fe arar L asar RResonator consiats of Lagiong Madivicn (g prepg.
ot e, or sotla) bt iR (575 ror UAEAR, CotA R A
(Totally Heflmctiog) i alledy Zria arig OO0 Mirrors oty B el $ieeg
-
o~

" L vy Wuribeted

7 [y

' The & as
3 s T

' - - o teviked s pes

= =y _'.?i.- ety o

: Sperteneous Ermisson, St of Simuated Emesien lasirig frmeinm

ERSAE AT
lding Ly

Stirruadatacd Erniswion Bl




| Propirtes sf Lasth -
) Mene clweomadrc

Lo szw bl TS VO N2k
Nestaen of Ui Syl .
| ) [é’}m vl CL
i digh /Véiﬁcu (L

) Brightnes.
anm

'D %&m}i} ME{; Mol //l/(/'y\lj%é?.
| | Yt AL -

electrode
tubes
1] apacitor
Ruby rod < 2t i I———1>—L
J I— 0 :
o A
5KV
2






eloobron Leann Wiach/nong CEEA)D:.

High voltage cable (30 kV, DC)

Cathode grid

Optica] ~ ™ g— — Electron stream

viewing

system -~ Magnetic lens
Viewing Deflection coils

port

Vacuum chamber NI Workpiece
High
vacuum

pump

JZ}Z% Deawn Meclurig & é@’ﬁm”’m
W szd Lbeam &f Ligh




)77/84 %{Qﬁ W22 fg AretrD &f Lle o3

e L
s it adh the WPl elettiens

Cpen SURAG ¢
2@’?{4,:143 Anlo hert wolsch 1 M%MMM

ot e ltong £ V@/Lé:(&i/fffé@) ef at,/p

y Matui ad sumeved JLeicess L8 B et
Soelovs

-------------
.....

-------------------------

..............................
- = =

--------------------------

-
-----

-----------------------

- -

.............................

l Localized heating by Gradual formation of hole

focused electron beam

...............
----------------

.............

--------------

- - =

-------------

------------

Removal due to high
vapour pressure

---------------

Penetration till the
auxiliary support

—_—

:
|

WVU LQ’M
) Zlocbron jma/mgcw\

- \aegwond %/Sm

) Powwor &WZ;







Onit -3

ey C,C'I_,/ /A &C//Z/}’g /W CCHIUY B :

: Aglmlnr

!
B

__ ...
| E coils

}.)chﬁ/woal /MQM/JQ/)/? iy /L%’c@/; ccééd’
| AP svmsve AR als by Aaseliulien

| Jin corituotlod] mammes o> /P
U@g i o 1260 ©f acelc /&/)@Qloﬁ@
 Selutitn




T I R T EOE TRT=

72//2&5 c‘”é C/A T
’) C-fz(,/)z_z-.k(z-[ /(--Z/Z(/'/gg \7

esreclivig Mmalivial A2 it Ll esies
detreis 2l L A8 SO 721 less iz s

fecem al/ &mz{(?cw 65 Ve d 2370 /EJ/Z%_(
NLoynese cf et IG0EL WAtecte By

- Chenuzal bterkrg

Preocess oot piescteteny Atz e iy
penctiale the malesial ordired, .
. Stejis v CHM .

| \
:

(1) @) @

R e,

—4+— Etchant
[==] =]
B L
(4) (5)

|
1
|
|

N faslkeyy 2 A ng a Ceabrg
2 e %%mzﬁ
B etaurg.



Stch %ﬂcﬁ%

f.ir.-}‘rrcl.ﬂ_

"- f P Stribed adge

2 L__/ Depth of cut

Yhe Uatirial Jbmetal Lakes flace oy
Ao wornoaed ,{ /[CZ'(@%{Z@ t,é’ ©wOro LU ’(’/VJQJCG’
'&.L“z,éacé . fii:,{t O7U A5 vdz--{'z&wn A8 6@/27%5%
ot Ashils "t Jatles o8 kresres
1f160 Hhe ,gagz@% Leke Wﬁ,
by _,W ZM@)?@ &f the € lchans
aue LO/P.

|
‘I
!
:
'




: ,) {(24 ((f i c:r( t,.g/t.(:(,?-&@{*j(am -

) No 2 jﬁ*@f -z f%/ LQ//’ yyozZiiial Wbyt il o
Loch. by hevchress .

-2 No M&g{:’n@?fm

D) wp St liddiretstr ABAOP. |

) fosy £ cAesign .

W
) Aers
i {Z’%7 D ot
120z

B
A ]

NEERY, Sexas e

Lind tarens

) L0 ,(éé(,cu,[é Lo g@f /S/h@y) Cotien)
- o@%ﬁ&aﬁf Lo éﬂc@mgf caé% L el
Mk m@faﬂﬁ




| Clet o Lhevyea & /ﬁ-é&(‘/z//z//z,g i;..-:é:f"('/L/J.'-
) o ctve clwenvead /Z/éﬁélcc}szzzfzg LECU S
AL Ll NS et »elizs &7 tte

| %')fz/?z et b ©f ""’[{‘/Zf?@ (/(/5 S

9y B A ,@/yz.@g{.ézf (QZ{ ‘4/4525205424%4/@/

| dc-/zM@B ~

|

v

@

&

e No B

@

e 4 ; Hz I
K = o=
| () |
FeCl Fe(OH), W

0 EM cau be GeLgal s G

b 0lledd M@/;&@ WQM&W o
dopiie dettl ©f Lo that s w@m@
oncluchve by shaped toel Hew Lo
iloe &f Y Curat At Aclalored,
d‘émw -L2on Lrelivein _¢
. ( acL . .
IA T et dhapsit oot
JPW o /w_oaﬁé@ L,f50n gf

00/,0 .




| Poocoss -
) Thes O3 poprks on L fUincgyy,

95 Wﬂly?g Aaro 1 el &//M,d :

F e EM iy & /Lg% ceontind Aveo Volage

il cnmeacle A Lon At 2Lttt
\Alouss Ao gh O sl YEh St 13

mainlies  Jbetween e Zool £
tho 2lpctrooles LoMfiloles the 2lieticn

COLLU G




E(M pwecuchine Ao,

D Sl Yyt W !’zlmmng Systen .
D Tosl £ 7@9»/,#:2@04




o Topls :-

é | il S SO
e %Jlﬁ/ i ee0) A /(7%5,4724&5 |
chenvecals u@gc;/ZL@Lé T ol

aud be casily cbiur

D AL

Y Brand

D Brovize

D Carpen
T

o Slasitisiked
D Ti (297 P0L)




T

P/’wdé,oa P (& 27 é’a»-:-’)"&é’féu :
) Gt ¢ ig/zw.z,',@ .
D nblin &lecho [{yé‘ P2/
) Teehvlyte P gr1eslyes
W Zafmég o Ve 505/7’('4/
) Slselno [9 (e, L@ Zz‘icr’/y
D Uectuolyte bengerateac

| le ?/20'{:(1 .5 - :
D Turnbern blade (Nialley ).

é e Fystene
L. tatnl Rowe cerrent Chins

Tws
(e nplascss

Ciw/\% W? %r’%a;d _
D bingletoe! e blsed Ao rmallun
W L gﬁaynd X Eize .

) Buan .é‘zéé. ,«&mﬁ/qag :




iz dbrs
S)aigerd 571,44] zégL LD C f?i(ﬁé/ Ceoudy, b5

- D The cecciincrn &/ oachered (o
depepcls teypren e vf LSS uéa/m

alesign, PrOCLAS contwe! |
DCaut preciuts shavp C&rchs £ atlgs

Slocthp chomiscol Hortng -

Leclgiee (esng £ JVerniifile .

) The Matirial & xesreved Zﬁwcg@
Q ternbsip liem o) arectic *
awdd me thedeod aboson
 Strarnless slzel > cattioolz .

o< miwmﬂ “ ool recprocates
pover and rotates
body

:



Precess Capaloilitios -

3 W(g /é/M/% L5 005 mee . |
D D smramecenad OOy G 2O 0/2mn,
) Bose dongth upto &00mm

Basy liamatols é voyy 95 - 15D oo .

I\, Avantages: -

,"4.) Mﬁaj of ay Hovdlness con be
machined by ECH as Lorg a8 1f s
Cloebyy cally CConotu cHie’

r:i/'-) Process c” reemione Ma/zgezyqj
| 100

iaj s lzs e ! ./ perslos L 20
Conwertson al N&vrg . ._
D) Bocacwse meost &f Hre malesalis
M %;W/ﬁg
stone Lige U5 - ' |
F;'V-)ECH WﬂﬁOﬁtég mwo&uajgm
. the W/p.

Electre chomical grincling [ECO]

DECREASING
ELECTROLYTE

WORKPIECE

: CONTACT —

ARC
ko CONVENTIONAL ELECTRO-
i GRINDING CHEMICAL
! GRINDING

I' (ECG)



' Paoca s

| D Ell , e S .a Qiindwig N/
 Cimilas AD @ Cenen Croeef J] -‘c{'/zo/z.f)@

| Loheed onec /”LZ‘ Ll Hreo ‘--[:*zv'z(?é/}lg
malival 1 electiically CONA .
) Slee p Zy& LA ,,._.S.(_(/y(,@rd v_ﬂa_ﬂggéégg,
wbr elechece 9o (ZE67 St
yodo MWWW@@
D The heighd of .

| pratruding eabuh Lonclng Ml
0 sttt LES beiaiks e alrsive
nasbrles s b AWC@A ’ /J/éﬁl%
El6 wheel & abeed 10 £7res 1205

Eloctrolyls flow — - ! ,.".él-,l-qr-——-——Grindln'gwheei{des]
3& LUNA AL
er: ™ +——Electrolyte
et Work (anode)
Worklable
i
! Electrochemical grinding (ECC).

|
oo usbaal & pmallen Ll
of a Comenlibnay grunding Lshaal.



| Lecawde FCo malevml  Swnmnovenf OTCUSE
i Ahhee /l NAAECS LO% 'i*("_S//rm “‘/u{g 17
‘r't ". 8O ,{) e A r 2. ’/[w tutee!
. Endrraly « o ew elorvueay
) Matersizd Swmoved filtose
) Ma tovd Aevnevad _._-\Z

Zﬁéﬂ’,% wf&/{ C)Z{ﬁ; 1.
equupment - ‘

brmort iy

|.....$"'I -



mebnl _/@Mf/yy/z,g Lton /s .
9 7;\/19 [{V’Jr’)f)"?(JrzZ(g/ oA /?zZo:}g AL W Lo

- alunine

Cl{l{? Ucectens - .
) 5 e (,‘D'E’ C')--z &,.MUCCL( -'(]((’/}/ e {'MQ i
LLoOVON i [L/ ﬁ‘ 1 ﬁ_OL;'V'LC-/,I 'ng (Ll ,@J =y

Cuﬁcyﬁ Apof InsULls. .
D Repsespils Losvn Locom otiie tractio
metss,

D High MRR.

kD e pdh g

) rast o Apeer tham (enveubbnol

D Rush of thamal Adamage 18 redeadf
AU tcdiens - i
;D?M.mem%
Ecty cami @@WW@M/



| here all Y (--(ZJLg ‘ -
ace b e finsting «f matedls
Lth %V e Osasves |, e 7, ﬂ(j - G

/

C

Uru& %

e JrO0C285CS,

((,{‘L(?@"Li (‘(- 4 ‘f{f{,f‘f/}’bc

Lo



i
1
!
\

!
;

J&,(}Wm acten Qlcelesotes A
M n Aheclagicedd /m/zwéz

&f mmedusm 4etien Lt enless el
Nlsses Alvwough A0 e J1riig,
D The U.Lscosity of POy reve M,

Al
W WQM //;Z‘ Lo
gwcbwég



MR | W | T M T T L e S S ——

‘1 S ne 3 ﬂftcgéi clerrients are-.
) Tosling
) Mactune

Ltes e S ) gg/ca,( |
L{ 3,1726%16;@& ,(‘k_ ﬁ(/qﬁ VLY X W /? )
- actibn

D No Lremal olavage
) ABLO Coy\fal Mestmt.




- midaobns.:
|y Not Suilla pO°T Sobt ard

pluctile Moalesials
) ALsasues bl et lle .

9 v‘ﬂ@ﬁa/>cv@C@{[(ffze £ olopasal

- albrasue auwrel ferio Mmagiela
Lep \//za}u%{,(, 1y Lodken ond

%%%WW/ g o

|




Ddhe LoSrkung gan Lbetuven W )p
aund mz@qax& WE {M’{L(/ (ch’f{' /)):'M?n e

A brastie paeeles . (MAP) .
) MpP cam Le st Qb locidod

@7 e oleel
) The 7?&0((])75 tiz  alsasur ) WS Ocley

gom Lach ‘pther  aleng Uhes s
moegretie %&Gzce and  fEUMs Q

W mag):acé/c (“(,é"‘z((,_sz';@ Lsceest,

b CF/YMHQ) |
vé%a/ﬂn J/"’@l/ oS Vé//& L 72U 7Y 18
&f 107 LW

] before using polishing  after using 30 minute polishing



?% ned pudicsthong Sf cyY Uty Eube
D Cutlvng L2ats Ao fodls

o B /Lf?f,& ) Sanm/ }‘a‘?&g ﬁ( V2,

0 e [ /1//2@9 -

Aclsant E _ |

) AM C)_Zf’feﬁm (M/ W %

- ) Sy bUrhace chanod2zsby
[DCaﬂMz/'yJé@ Ww’g/wzd
| D Bebup 1 loclepenolond g )P Maleal,

}

|
i
]
!

D Time WWV?[)’VOMJ .
) The Gest of process s usth.

:
!




| Mognetewheeiegiial /'?'/'a(,’;sﬁwzg (MRF)

),uag)w mcé_/-;/.é'[ié@g { C"(tf % /)2 L /U}g 43

a pune finishing Process Lhat feaw
seen afyued Ao a Levte Use/e 4
©f b= e maltvals MGG frgy,

) bmcan e nfleence o4 TOFEE
L ceiPs) auel. nen - megrepe J16Usting

D Metal parteles = Ao

f Po' (¥87)
L9 Alsasive  peslticles > Sg«gg_’c%m Casebide,

§.
’ L FeY e Oleatly




1) 4 conpens Aens vstalley at a
| Lé(.-;(('d olek Tanee é]ﬂm A P '&&-v-f'/-')?

|

| wald , Bothat NS SLUthace gy
| uxdd o A CONNTHGLIIG Gy |

f D dhn elecBromagret & pultced Lrels,
e TNOVING coolh , genviales Pty
\Jielel V0 lthe axea sy Gapn.




D) The Mea Llesignated, Ly pelehing

P peens Feviameteons - -

) &)n (’G‘)’ﬂ’)'(é é’?é)) (ﬂé (/[){LS :

) losiking ga .

) Blowasives Cencemtrabtn .
Aﬁ/u’/caszm

) Nigh precision Sefaces .
) bplical glassgs, Single creyabals nd

- cetamics
-) Hig aéﬂfwm&@ ,&74&@5 ad

.34@2%

QH;LQ@, ,c;ma,aéy Sluials asze exenswe.
D Fabds s Swbyect Lo thhucherung

afles Jrestongeot cise andl needd suepadng,
I pulable Intrral £oxtvinal Sogac
_Wzmg




i Mac/fowé@q)a&gécyp-ca[ ALras ting floco finish,
| [MRBFF]:- g
DMRAFF y VHOCEYS WOV1oles LORLY CONbses)
evelr oL hee Lfg yced ﬁfm/%m‘m @5
Al a1t &—%ﬁw@ cal 4 //'z,/gi,jn,(oz
meoliens .
) MR L/lé}éwfac)'z,g w/ leerol Co;'")yzccféﬁ @/
- castbengl Asten fowele’s oo silicen
s conlaslic base of giase an




Expeimental detup
D A hycuaulically [ vsclorer!
enpuscimendld e by A5 clesLayreed AD

sbucly e Jpocoss L hovwacltsus tres
onel” Jrei Borarice.
) The Letty) LO724L5 L o v AR-

Whng pluicl coplircles MOD
Iuchde LA Llpctg ogneL,
; “ 5%




Mild Steel /‘1

Plates

Supporting bars  —"

Pole

Ta DC,
Power Supply

Bottom MRPF — | |

Cylinder

Botom Hydraulic

Fesp Mydraulic

Cylinder

Y-

Top MRPI

Cwlinder

Electromagnet
Conls

Workpiece
Fixture

Jp AC. Motor

Cylinder

) g
= Hydraulic Unit E
1 T _ = '




IR T\) The ({,///a--lm Z/"\O e/ .,.-/{.)/.f%/ 974, /: ALLY (O /j/
i Z(Q-Z[z‘izh,////gk A Lol ’.;//;’./ﬂﬂqgfg ,%_ﬁ'_//j)/ﬁ
"?’&@(U(«éf/ N o-tonicin 1= 1727077
pastic cmel Viea Verwa o onim,
ool ex /ﬂ%{g Mo / US Y] /}77 Ly 7
S0 )10l Wéy |
Ve abisiie el by corborn,
Len chown b e L/pbetba e
ancl Loy Ahe JRaARS o L.
VThe .amownt Bf MOLY o 2oy
fpom the.  Jieoks Of e W/P Mo




Advamboges -
) Hugh snachinonty  eisatility

Ak c__,w_;{zwf? / wnsh U Yy ULbve ey
) Cuttrg L bty Cam e oLty

LOnbollect .
) Poypcess Ad /S[M‘)’?/ZZQ :

D Comylon BDctisees cam be Lcsily
machihect .

Bis advamteges |

) Machining Ll 18 conoplez

2 Cpat s fugh

Apicatitrs

-) Aulpmelrie

) Aesdbpoce

) Rebotics )

) Mdeolial fradd.

% @ﬂﬁéa/ g Lrurmrents

) Mo Legy - |




| V=/4) V/Q/_()Z&}{fz_ge:{ INaleser ol

O I cos el e::y'z_@./:;/ at /B An %(o
A 19808 A8 am enabloig Loclmalegy
» 7 G0y Avdey loved

W‘D? Mﬂ&g /}@W = 0%
mese doyens [Auels of 7kl vl
mitigratid ondo Wigh dhuirly e

[
|
BN 2 RERAL S SRR S N

]




Onul-5

Roconk Brewcls m 7O rorcli Byl
Mﬂ[imwg V/q;mmzsg 28 OHE  aVIUCHO-

moachining aud hoplorcicl, fPeocos s

- ke 7! A O COMbI by
% WW%&M
W@W@ b JIOCIS 077

i s A ED Dy
EDDG, 3 A SNAXR %w@ W
s corl smvetod Joanded GUnding



,ﬁff.ar_({,.a(}? o L] 2e ULhcito 15
Lasdily b eacleel A g Aovmerid
alsroswe licdekt ‘

(DY k’l)"Lg

I An elechucally concluctivg sslaiy,
Guncling wheed b Lsed as e
electer]s aunel WP s used s (e
AN

) The (Wheel aond e Lo fp_cusye
COVLClrd, B Ve and 1@ Lo,y
;@5’ JULlse LU Geniuntes,

Un Lo Lenectec! N¢

=) The «vwangermert (8 m

.|Wd-

=) The ywdse oo PNty
eite 250000 W/&md.

5 The izl cbur i plouss Uz
asmall gap that v maunicined
w’d‘MEW %gﬂarm,ngwﬁw
oty e iovoen sl clicha




’)é}w@ﬁ Jﬁ[(j 7 v;zﬂ(/’?;/f AL {'/(/][{/}/Z--‘Z"OZOM

Loetreon Al Y ] e mictyiay
Someval dares ,//)é(?/f’

sz?éf,c]( watien of  EDDG; -
) WP olottu cally corclyctive .-

Dummy electrode

m—

T3

Shaft r
1 : Power

Wheel

Rasecym 22/ -

) Whed 8 jed
) CwWtremt

D Pulse. om ime.



| ﬂd/( m j(’?g/j/x

Y 1t cam Cnd, g Concl e
O’/t»td non- CONAU e WAVl
) [ess COVLORNE fd fect Lo SO ceoA |

) )--ogl--) MRR . |
i) }\ ;")(,(._9 oN /’&&’,? 7 (j’,'(,,./,z;awg ({-.ﬂ@,.—j /é ;

) Rocluces gher accioacy

S
Recast b AU
) w%@,(é are %@W




/-J(-'?f; emeSUH Mok N2 7 Thaltdal
bo é@z-?’)?@(fﬂg ‘(};a( ( ?(‘{,/")[){,(}( l/;ix_}(“"/_.&&')? 69'5

mateual

— Elactrolyte

- -] WORKPIECE

i s e e B e s S W T et Rt {=—— Machining Chamber

B e e e e e e e e e

[ N e w  a e A

(% SR R O G A S e R e e e i e o ]

e ——

) beluph b wmnesseof (r2&icts e






| Db aclvam tages
I The punree L{zwrémm/ Aluwe An humicey

Secclkoy ¥ /wum)jw/,rf@ YU
) The &Wﬁa}w MO%E COUS OS5 e

vy Mt

Anplicalion -
2D Usedl vp machingng malials Aike
MWMLO Gueriy a/%dc@m/m;ﬁ_@g




