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In tTheicshni calxtea®gesntt®m,g of cryogenically wieated
el ectrical di 3WEDMr genpénaecdli opeadithdraghi eage ob s e
Despite existng I|literature suggestng potent al
cryogenic treatment, our results revealed no
di ferent treat meonnttsr.a dT fcit o na prpaayr ebnet act ri but ed
standards of the wires usetdonsgegnder viawWkRWMems |
machines, such as the full submersion of the
j ctont act met hodf eneaichRiédrdashn.dr@grs under score t|
WEDProcesses and emphasize the need for metcu
and mascpheicnief ¢ factors when optmizing perfor mar
among apptexbdankilyatng minor variabilitcye our
of understanding the intricaSuer fraedea tRouwsch mpe e |
some signifcant changes among test samples, w
resul t. However, as a gener al concl usi on, S R
conditgmasn TWeeper insights into wire propert:¢
alteratonsAnasl yessismeght@ahanges may ofer a more p
underl ying fmeermainng MdRR.n Our study highlights
unr avel the intricate rel at onsspecibfed wfeaemnt amras
i mpact onWHRRrioceske

¢ )1 00T AQAOCET 1

Wi Eé ectrical Di WEDMrigsec eMratcena tn i amrgd (met al subtr

process whereby a desired shape is obtained I
and the tool. The process is carried out by ¢t
thdd not have to be in contact and separated
the two electrodes, connectng a DC power supp
the workpiece untl the emecdtriwhifel da begavele ni 4
atoms of the workpiece. Once the current i s s
the -eneerrode volume, allowing solid partcles
t he diredsetcarred, moment in whic t heWpDMarergeass i

h
n di ameter from O,1mm to 0,33 mm with O0, 254

[

When electric feld is brokegjvspgnhlsddedtad wp tho d
i s arou'darogerl/t3han the wire diameteWjthdepand
subtractve manufacturing process tolerance of
data the discharge current is between 20 to 3
1 MHz.

DAMRC is | ooking to expand the experience wit
been decided to approach an incubat orprpeaowijsicdr
technol ogy can give interca<sthrcy rods WDlatng stho iinmMdp
the feld of the electrical di scharge machinin
out to study how to i mprove the efciency of t
Removal RRatéeéehaM i s the amount of materi al ren

4
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of the process measured across the surface r ¢
Al t hough i n mo s t cases it has been under a
devel opments afrm that these parrcamerieeeartsmecnotu |odf
WEDMiIi re to increase the conductvity and mater
structure of it. Under this premise as start
experiments to Vatydateth-heeapmbpéabnb pndustr
this, a cryogeniamadihoginrnt ¢ ®tae¢ ¢k db hasas swiwn & ear e e

mo st rel evant materi al fWEDNMhe DRanesbebwmwdtestdr
NOVOTKEIR 5 mthwB bltds been selected doufe ittbhwBehM hi

i nduisnt re,mmsreld on i nformaton collected from t
At the same tme, to get hehe nchostr WEDBS ¢ elglae h ¢
cryogenic treatment is performed wunder two d

nitrogen Dewars with possi bi-l96°yC t(of rdoentc rSetarsaen c
the other in a cryogenwcthreessr bbliliS0yrG a(nforro
Arctko). This set up of experiments gives pl a
evaluated to measure the efect of the cryogen
set wupaichmiinhkeeamd test parts AQE®OMbhafurse d ywii thh Dt
to decide the confguraton of the test subject

are as industrially realistc as possible. On
reference, thentr wageriac ri edatomt meshadolaodyr (
Soak and Heat Up) in which there is a-iimpecidfea
to avoid possiabsl et hperronballe nssh oscukc hi n t he bobbin
treatment of all the materi al

¢ 8pO0OAAAOO #OEOAOEA 1T &£# OEA DPOI EAAO(

The success criterion of theofprMRRcand sSR obyot
di ferent coils of K125 brass WI RE, one withou
mai ntaining tefmp8&Ff &t anes telneledd@stn drhe tarir and
under a temperature di agrla5m °tCh aitn rae Sqgefensd daatdh
DAMRC is | ooki ncgr yfogrena catbtgeggfealt Unetnrta eBr ansisr
(di ameter: 092G 0am), tleenpetriatl 85€swhet ewcarn hlze e\
foll owing i mprovements:

T +15% i mprovement of SR in at | east 1 .o0f th

T +15% i mprovement of MRR i n at |l east .1 of 3

¢8@Oi EAAO Al O1 AAOEAO(

DAMRC has decided not to use any compl ex geom
doe@ give an evalwuaton parameter directly re
success criteria bhisheppropebttcouhdatei jasf f
to informaton obtained from theWBdW®utss enag eo fa
bet weeltbb &#s ed i n ourwkixpkrri elhee out the need t
maj or angles are needed, Imbresfaeksbl eewided @a

5
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examine the mechanical proprietes and grain s
treat ment , as the resource in this actvity qgt
fact t hat there is an ovemrkwhebmf nmi rmgnouhé of

microstructure of the material s.
¢ 8DEOE AT AT UOEO 7 51 AAOOAET OEAO(q

With respect to the diferent Ri sks/ Uncertain

foll owing factors:

T DAMRC equipment’s (Liquid nitrogen Dewars
will not have the possibility to control t
in a thermal shock of the Wi mge iofci¢éasing

T Exist the risk that we do not get the whol
whole wire on the spool i tsel f wildl be tre
of the wlirfeerweinltl ableong its | ength.

o 0O0AT AT UOEO AT AQAOHBEDOLAOAOOOA

At the beginning of the project the existng |

on sadfahaer t knowl edge and perspectves. This is
parameters have incideWE®OMehatded per SKRr naanndc €
experiments that have been previously perforr
WEDMachi ning, as well as to see what results

review serves as a basis for the experiment al
YO I Gyl NI Effy]levi ew dées$emkrlativbeeen done on the ¢

treaMEeDd@r ocess and state in their research th.
and MRR refWEDMdotesds.heThey menton that pul s
through the brass wire), voltage and wire f eece
i mpact our study parameters, they conclude th

T Theli gher the ampere (Currenitngcr etahsei nlga rtgheer
roughwheiscsh t has s hsmwrefracen ftrhies hhhant eardideelt.o a n

associertoesitohne o fwitthhe tnhadt lediRdale s Dei otr ebseen
MRR.

The highearget treatwolt he hiwhhméehamdeeebBsaonoam WMB
To talk about Pul se dur at onc,urwee nctl s mgnuargei n
Hwhere the tme ini whtiltdr tthpsciuatrieadwidwve se

and the tme wézamdpher evaive cal |l ed Pul se of f

Current(mﬂ\

= =4

»
>

Ton Toff Time (s)
< <

CA IdgNBIZNMMB Yk YS OKI NI o
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The aut hortsh e flramtcheera glpoaerkd dhhemeé riast eedqui val e

more M&mawedlle. I n othetrhéafhdf the howker VN
T The higher tlhewdhreed orodt etechadr htwbaetaes, @ rafnndi s h ( n
SR value).
T Sudden cooling or sudden hed teaugdstdhdeenn cbharuesaek:
of the materi al
Regarding the wire madmrhi al arwel Ebsustaoady BnD
the tendency of this material to break when e»
of a cryogenic treatment i f i1t is considered

anmi t gate t he rlens pgoennseer attoeavhieraei aolfs pas brasasor
they acenthaceve.

The artclstehtwh® ¢ylogekeni ¢ treat ment 1 mproves the
conduct vioby wear andameanhseirdaeli ngmohwhat this t
without tiempmadeng si fow -dsotwena,d ys oraakmpa nodc er&mnep o f t
procenesied ®dned i habseheen acancHd eee ptehdeg nyat e r-1 &3948 n2d h s
using graddewn &wudp tc@&fm@/ min. Wi th this method

KSinglEti ml hi® ]tsdésatdyiiseditrompt di f erent wi reetsed a
wire armd ya greaed tcead bwi Ablen$ wo D& mii t h t hoeb tgadhael MROR.
For ptuhripso seewi ttthr ee repeneéxper iohenti were cond.l
cryogemdtcead |wi nad epred ttomrseeof ni necrexeaee edaneadt | w
wi rnesvher e sewfr dérpgdéhieangmatr amet erdt { ,Pul me et we
pul ses, wire mechanicparmbednséiedn ab hapsthhmereet foefe d
t heBer tdhe @,e353mm idc amet & e dizgbsreads sa switramld esli exd ty
wor k piecexx25mm ldahanmeaken as the rTesuclatr rof otuht
experiments dadiidecremsedatt Onime frraotne rl,0fMbli8Be mp er
°C i (r &®mp down), thelhel dia8adt € Gp elraamtdinmer 12he | as
the crpyrogeeat ftre t einsperr @tasreaed at t her ampeuph8, 5
achieve the rdMemutempertlisdakneetdRRr i ng tbheet wdeiefne r
t hieni teiaganwd f gmalt wéi t he work piece divided by

Aar esaufl tt heheesbs ) owianrgeddoesbkesdsi ons

1T For the same sett hoef wnarien dpray eagnebhisscraslalj yr MR
t han tcye greti cadvti gldh.i s cobadhit®wmedal | shesdif
of par ammetaewesr.age, the i mprove odnstihdeé IMRR
di ferent sets of parameters.

T The pul se width and atfeeutroktthves e sniofg amaon tp ufl ascets
for MRB. MRR i ncreases iwthremr eeahsée dpti |l sleecwieadt
increase in tme between two pulses (Tof).

T The efect of wire mechanisegligebsikeon and w

K. SinghepmBts alhel 3]Jest mentoned i n oK. eXipmgh ,meE
varying the same par awnoertkepaipgld eantdr pudsle nigi whteh stal
ot alnSghe as ur ewheetrtlese pnc ltuhdee d ol | owi ng:

T Them&&sured for tthhee pGreyccege rciud adwigyrhhda m etah e d €
measur ed f orwitthhe tghrey ongeenn @ ewlil ivdr,i theas equi v
saying that the <cut surface fnish made wi

7
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aver agiemprtohveementhear SHBd 8S8% considering al
par ameters.
T The pul se width and swhioheet mecbanfcahttéasto

W. Tahb4rc@ahdalnctex per i Me Bt@mysoigreegniacht aystwieaeedn
cryogenicallyetredatroedebtt @ds ssuveiedehei dcasdbywHSIleA
a soakindrapgr tkieeegpwsvy 8 € oat 24hs with tempelrmttulries
J

obs, the authors state the conclusions below
T Cryogenic processes increase the &electric
i mprovement in the MRR rate, since i mprovi
power ful spark bursts, which increases ero

T Pulse on tme and pulse of tme are the mai
percentage contributons of 64.34 % and 15.

Sabogal[,bnj&bk &g reax peri ment owheBreastse s6t0 /t4ulb@®ased B
exposed to the ,crnyaongiepnuilcattnrge atthvdeetrtme t ife ecahmi @aib
ishe infuence of the tme i(sni zteh eohfp rgdrEeeshs, s co fo
h ar d)nTehses a dedsrtecsosoeldi ng t he pi @merst ftreomp & @t uermav i
the temperature elf96°hCanldi Qoi di migd utrbigregh e2p, e r4ast,
120A6er eacthhemxsmes of eavieactkhetno geonvi ronment tem
way .

Thtest resul tde « atnh abte tclmvencd bre ggygain as the <c
imreaseabereas the micro hardness =ahi@r 8h drhd nt enses
refnemgniaitofs peosichluee thaufeheamdeerirngl by r

Size @ahdgmogairmsimesttoanchee abFasi oeheaweahand, the
more ormiaor aetdwiutcht uaefner grain in the mater
di mensi onal stabilityFoand aeslti,miinmatlorna sosf wee ncsa
more tmes of crtloagpeprairciftiokneadcireasles | i mits of
J KapbtofpThi s study explores the i mpact o f de
electrode used in wire electrical discharge m
A RoBB0OI CNC wire cut electrical di scharge mac

condutchengexper3dlmemltast.e EON wahs cskenleescst eldl avsmh wo r K |
involves a thorough examinatowxrgbgeéehecallypger

el ectrodes, assessingcrtyeiat | mner phtasec ttuhrreo u
mi cr oscompyy adidf rXact on. Utlizing Taguchi exper
maxi mizing MRR are determined, considering fa
wire t &®O¥AomnaAysis identfes signifcant factoc
efect plots. The electrical propertes of the
the calculaton of conductviittys mwdlie hi n st lceg i ma
The MRR is quantfed based on performance che
experi mental trial, ofering a comprehensive Vv

wire electrode's performance.

Thetudy fDeep ¢thwogenic treatment signifcantly
electrodes by promotng an ordered, structured
wire. I n its untreated state, theewifrer st man
electrons, resultng in reduced heat conductuvi

cryogenic treat ment aligns the crystal struct

8
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removing kinetc energy, and subsequently |1 mg
enhanced conductvity (S mai nt ai ned when t he
temperatures, making it an advantageous choic

The Acbdorhvaets momédtMRRe@ms cr yogeni c tr eastiendc ewi r
higbnductve wires give more energy to the prec
el ectron emission. The temperature of the wir

n conclusion, the applicaton of <cryogenic tr
I scharge machining |l ed t o not abl e I mMpr ov e me
onductvity ccormpoageendi ct ot rnecant onfe nTaguddlei uex peanritn
uccessfully pinpointed the opt mal parameter .
MRR), with the type of wire, pulse width, tm
S signifcant factors.

I

d

c

S

(

a

J. J¥feasodonP. HaTlhi araesephhperddirenance of br a
for a micromachining dlhe st rpiagealr d issscichmaeedmsd smanc
resabtai nedexXperm méhrebpgosi te @Gairteetcobemdt . t Mk
aut hor s c¢ oGrcylougdeendi ¢ htarteat ment signifcantly red
removal rate (MRR) i n micbBDM efloerc tdriifce rdei nstc heal regc
including brass, copper, and tungsten. For br
reducton in TWR andCappew ectecetavdesnshNBRed a
and a 34% reducton in MRR ngfedremcdryyaggesniecx hti he
reducton in TWR and a 55% reducton i @r WdhRkdRe wihe
treatment also |l ed to a decrease in electrica
all electrode material s

As a conclusi on, a ncoFmpgeunrdei u2n we cahne sdeef er ent
functon of tme used by the diferent authors t
it we can see in comparison how the diferen
di ffeat approaches, using diferent cooling/ heat
soaking stage, and even subjectng the materi a
soaking, precegsesswitb diferent intensites w

30 CRYOGENIC TREATMENT OF BRASS WIRE FOR EDM.

10 Time (Hs)

NN S WD O N0 O A NMmS N ON 0O o N M W N 0O O/d & M S N W

AN
o
=3
Temperature (°C)

-150 K. Satynarayana Et al [1]

—K. Singh Et al [1][2]

—W. Tahir, Et al [4]

Fi ga-rfTemper/atTuirneeCrcyh@agdni c. Treat ment
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As a resul t of these treatments and based on

mentoned in the |iterature analysi s, Table 1
the diferent authors, where talbed et enmaperatadr, e ta
which the caeks@adoitlhe wdree mal gradients wused
experiments can be appreciated. Li kewi se, f o
conclusion deri eeexfprommeatcls ofegahdsng the me
SR.

Refer¢SoaSogd Wirg Machi|Mate|Gr ad Concl u

TemTin Mat el of
(°q(Hg Temp(
t ur ¢
ramg
(°Cl/
K. 1883 24 Br as N/ A N/ A 1 No quan
wir e
Satyna concl u
cupp
a, Et Wi r e
tungs
Wi r e
K. Sin 184 12|0. 25 [Char m| Al SI 0,5l ncreas
di amgTechn St eg¢ MR R ( A
[ 2] zinc |es of di f e
C,OateRobof opar ame
di f us
brass
wi r e
K. Sinf 184 12(0. 25 |Char m| Al SI 0O, 5]decreas
di amgTechn St ee SR (Ave
[ 3] Zinc |es di feren
CpateRobof par amet
di f us
br ass
Wi r e
W. Tah 70| 24 X X X X X X X X XXX 2 Il ncreas
el ectri
L [ 4] conduct
(direct
with MR
not qua

J. Kapo| 1853 18 BrasRobof | EN1 0,3]l ncreas
al [ 6] Wi r € SAE appr ox.

10
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DAMRC

Br ass Em1
Cub6 39 Gl1.0
Zn37%9 SD. 3
Har dn Mn

(VH)5 5 0.50
905 PO . 3
N/ mm?2 SO0. 04
Conduy C. 4
Vi ty HRE&S8
( %l &C MML 1
1%

Tablei ter atur e

summary.

4 Set Up of tthe experiments
Il n this secttamyielke opatiotdhg s
the test performed i sdidies

resources
materi al s,

used to achi evel
equi pme%uW mmaarnidz

go,alwhich is to measure t hi

when cutng a set of parts

wire without cryogenic tre

with cryogenic treatment, ge

perfor meddiifer e wto ways for t h

conventonal air and el ect o]
n

treat ment
freezer

as ) mahd wstipoasl LB |

4. IMateri al f or the test

The
on

three wi
data from

re coil s morsd mastedduiadaVieesD pormo dtdhsese eb acs
the Danish industry, which wild.l

The three cmat eawid DaiindeMiXd® UPREMDBDRSANR RE MBE N & MeA X

The tesesBOpBDrBdbmmbe vVvi suallgerdrhaels,eFiager enald er i
| evel s otfisdaddrydenagessg di es, forgingmjteacdlon, moXA tc
ther mopl ast cest,c . whowemmbhdbi méhgi ewotul a@andesomet m

t make with other t eWIhDNMIhoeg ymedcigfraeng ecaald b esstaene |
al lcoayns be appreciated in Table 2.
a! ¢owL! [| ah5![!'{] .,L9[5 {¢|c¢cob{L[9 {| !/ 1LY
9[ ! {¢L| 6ald 0 & LI | 1 w59b

11
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DAMRC

6alld o
Lat! -t {6k 20500 ( 900 1020 5MHRC
t HANO
hw+! wt {!ty 21000 1520 1820 5H4RC
61 L{L 'L{L
i bLa! -1 21030 00 1720 2050 5HRC

CAdpmB ¢ { ! .

Toperform

el ectr

L{IL

t he

¢ 0SS OKI yAOISE HSNHILIINHE 204

~

8 %NOEDPI AT O A& O O

faci bBntdesprovi ded
SERVWE&E S.usldicshi ne

-5Thi s

nctaacnh i wnoer k

6 40x5 4uOsmm g
WEDWKac hwhmer editenleest dieti vered tojéhencuheg M¥Yaaeé

part i

s fully

wires

a+xMHAN{

WE R IMT SpurB
i C Mo dell oMValt 2e0d0 Si

To ctuhte
mat e, tihal
brass
Novotec
Brass -5
(di amet
0O, 25 mm,
Length:)ap@6®danThi s mat er
sui tfaobrl ebuett pleshF Or hi ghe

angl mmaer e fexisbhimesbewir e
evaluatedkedmt i thHaiwed
objectve of study i s i

compl ex of ,t hwee pcaarnt dtios n
l i mi t aton

— t —J__.

NMAMAATIL R

R |
s >

\

wh @dhKe - - _
betOwenAs &8, 0 fandntd, 8gai nst

submeggethei cudingl pcbcess.

12
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I n terms of the equi pgmemtt nmedwidnakenth hee.w sFgdrgsdan
amMRTI KO CR¥Fg e2c3t0r iw tfhr eceazpearb i -l b 0OWiCtt ha vaarcr hagnepv e
downfO ,¥56/ mamp =~p0,0lf8 38 1ICd m2 3Bde—-6F.i gur e

Then, a TAYLUOURO-MBHASRKI OINi qui d n

g 4 storagesgsesdgséelo test one -of t
195 ° C, which has.aTbapdcagiqtuy do-
vessel has a control system
connect to a tPCmmperrdame@briger iam ht h «
an external system is used to

K | and control the three stages ¢
and heat wup.). This control s\

f 3 and is connected tentweal we/ of

C?\E'“Z'Nﬁ”pjg{[{Lg[:H bLt freezer and toypeh#étermecoplpke
- mi ddl e of the brass coil. The
foll owwe gilcreerdve of tf @mp etrhaet up reo

accordihemg sthamgerst oaed, i f the re

temperatur e

i n the ftrheeesadeue bast medeystemnadctr o1
and cl.osing it

When téehhhearnonehe measur emearne off a BaRedh ssMRi h a
surface roughvees 8sdadfshpmesdd i whEmgas beeamprgé i
350 pm ma2Xi0mwm Harld ngxg)p Bl pat on traverse i s

S

ChA JymB NI dzMF t { m

To t akme aMRIR ements, the WEDM MV1200S can cal c
an additonal process is carried out by taking
afer the WEDM process, in orderhtouglet h@dewdi ¢
then applying the tme i n twhalcchultatee ptrhoec eMREBR .waF
the KERN-BMB81&0bBA&l ance is usef, which is show

Reocr ding of the temperature is done with a SEF
ands icompathbl e wi t h t hher mnennnl e t vne
K,J,E,N, T, R and S . f o CAddeN®w/ ¢LYh [ w, h Horlere

used a type KheéehSEmMBAK
shown i Figure

13



.NDUSTRIENS -OND

CAIdmMBwb{ 9mEZdonn, CAIdzNB9 Gw! a ¢y mc .

v $AOECIT di £# OAOO

Il n order to carry out the experiments that al
proposed in this technical report, a xspteeag nbeyn tc
was developed, below is the gui dtee stthsat accomp

1)The Crpogedagpse Iin,dndstegpdmcepeodtsdrees ctrwa
bel ow:

a)Cryodewiodd h-EAiect ric Freezer (ARCTI KO CI
The brass wire coil iI's placed ciamttalse df r
muchpaosssi bcembh thetthaeezartempemhat moestp
homogeneousCasspdsessi bget haigéeherafFlbgtus
medi ci nal us e, has a descent and ascent
up the freezer, these parameters cannot
from that conceived during its manuf act
eltercic freezer, the only <control par ame
soaking tme, where the soaking temperat
that the commer cildOCS rtleee dteme ciasn d eefarcehd (kL
mo s t cobneevaaaue obtained (fZrdor® )l i dddiatt arr

contanmnlexternal system is usedOhoevahec
system is installed, the freezer 1 s tul
reach®®°C and is maintained for 24 hour

to room temper at urceh arFacgueae sltGei & howdh et h
and ramp up of the freezer defned by th

14
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30 CRYOGENIC TREATMENT OF BRASS WIRE FOR EDM.

10 Time (Hs)

<10 1 3 5 7 9 11131517 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 5961 63 65 67 69 71 73
-20
-30

-50
-60
-70
-80

-100
-110
-120
-130
-140
-150
-160 Arctiko
-170
-180
-190
-200

Temperature {°C)

CA Az S @GMNBIOCINE/S it § Noh @

The choice of the basaeki nago ntsneer viasg vaee fproe
because, i f we consider that our temper
in the literature, taking the {10edtCme mwte
see that it was 24hsaseWand ake thkhkes Chese
because our objectve is not to fnd the
of the treat.Blentuseer the wreat ment with
bWwrkoin their facilitegenaratetd poothem
in appendi x 1.

VL8HPOUT CAODIEAABOENOEA . JEIODIT/ICAT7 (A24/

p A L TP
To perform the cryogenjictpeotesgsidi nhtt
the external cont rfaoleleezre thies Dbdnoansnse dwierde tcoc

and ceéntiéhiee voffurmedheeazaebbt ai n the most h
temperatuase pips osd brkieng t heOntcree atthmeearnrdey st e

installed and the piece is placed in ¢t
005°C/ min, delivering luipglu®ddbartr ogeh at
185°C, then it is maint diorhebde aitn tthhel sf rceoe

increasing talDe5t @/mpiem awmutrle reaching roor
to perform the experameénthe scshwevnt @ nb &
controller is shown in Figure 12,
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CA A dNBNMMF B SOSE NI mYi Y YR [AljdAR bAGNRISY @Saast

10 Time (Hs)

10 0 \1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 f31

AN
o
=1
Temperature (°C)

CAIdzNBS WIS NI G dzNB OdzNBS T2NJ / NE23SyAO GNBIFGYSY(d éA

2)The next step is to measstuwr e btthad nwei gvhatl uce
afer the cut and to be able to obtain a
measur ement s, t e OKIER NS ussM3I .3000

LB84A OO0 OAOGRYE- 1 AMAHEET A
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The prpeetewiiteld t he control s®ysitge mhef
ng parameters automatcally based on
pToheesdef aulldr aasesapgsseRE.gar ding the ge
cut, It began with a perpendicul ar
Omm@m, transiton to 15° over a | entgot ht hoef
est of the Dbl ock.

> ST c oW
@ D — Qx

Safhe process is carried out with the
utng parameters automatcally based on
he process. The defaulttesethg@sttfhhehseea, b
etngs are changed in intervals of 2 mi
ave thataiggsecé(ThedebDantr ol system of t|
wor king to ensur e t hat, twhee nwiweet hidnocerse
aggressi vaebmse modifed the pul seufsthequ
the parameters mor eghodéengf t hhegskao gehttr
cuthg otugh material are used.

>o0n 0 e

- ¢SAaThos pestorimedmobyng the automatc co
paramestaeards ng wi slket mpa defeaaulithcr easi ng t

fr d3mm/ mi oamnd/ mim i ntervals of 4mm gi.ving
Regarding the geometry of the cut, stra
- ¢SalUsmmmagnual control over the feed rate
cuts througarusslkeed mat ¢eisal the | imit of t
feed rate of 2.6mm/ min and a power setn
for the cutng conditons.st@Qib¢gd feleahtcut Vv
slowly increased in 0.1 i nitserdwaled Wwryt 10.
i f it | astiede efnoerd 1s tnaibnluet.eshleen p awere alsew
and wi delme®t break afer oniesmdrneuad e d haes f
This was repeated unt | the wire broke
power | everlatog. the feed
3)Once the parts are cut, thégraneewbéefjoed
eachit ng, and then this diference is divi
parameter in each case. Furthermores the:

obtai nedWEDManc hihree .

4)The surface roughness is then measured ar

© 2A00IEOHPA OO

I n this secton, the results of tests on three
are presented. The objectve is to evaluate tfF
treated with deep cool imgeluedtnrgi d ifqrue edz enri,t r @mrg

17
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c haretc oofd etdh e
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tohwWEDMedpdes entad

experi ments

ters

afer
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I NE23aASYAQ¢SYLISNI GdzN{2F1Ay3 a|{2F1Ay3 ¢S ¢SYLISNI {
DNI RA &YWl Y D NI R4vBlyYi
R24Yy ® dzLId

ARCTI KO C 0,5 °cC/ 24hs -1 5°0C 0. r8&3 mi

Temper-at uree char't

3 CRYOGENIC TREATMENT OF BRASS WIRE FOR EDM.
10 Time (Hs)
0
qp SO TNEre o0l 2R ORRRAILRRNERARSNRIRRSERASTSRIRES
-20
-30
-40
-50
-60
-70
80 ¢
-90 g
-100 E
-110 “éi
-120 &
-130
-140
-150
-160 Arctiko
-170
-180
-190
-200

¢ oSS BLIS Ngl¢ h B0/ FENTIYh  / w, h Hon

I NE23SyAd

¢ SYLISNI ( dz
DNJ RAGSWEY

{211 Ay 3

{21 1Ay 3
¢ SYLISNI ( dz

¢ SYLISNI i
DNJ REBI YV

R246y @ dzLJ®
TAYLOR 0.5C/ mi [1&s -1 9°5C 0.5C/ mi n
WHART'ON O-}
M5 0 5 K
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Temper-at uree char't

¢l 0 fSSYILISNI¢hagB OK I NIi ¢ Iumpmivw npYdw ¢ h b

P8 %- | AAEETET ¢C OAOOI 008
| n ftohlel wwi dgscuss about t henemd owletd ofn tslee t @xip ¢

For ¢S§hisheir e the cutng parameéecsnbdfut &theytha ehiei a
controbohsiemdithe real tme ometarsy aedndbefftteounlst set ng
brassthwa reuts began with a perpendicul ar cut

then transitoned to a 15° cut over the | ength
bl ock.Tdate T®2%Sults of t PAipyp etBedsohredp @ Bveh erree $sianb iferds t
i s pr eseevnatleuda taonn of tdief efRRN caebheosve i ghéeé af er ai
andseacnondeomave result about the performance t
with thdeemMaRethre ddta extracted from .tFlne ¢dntsr a
the coils used in the WEDM process with the 1
appreciable diference when the MRRAdalhowlgat o
at the speed defhedl bpfthbBeumathbohegcoa higher
treated with LN2 (A3) of approximately 4%. Th
to the speed and the calculaton through wei gt

opratng without a real i mprovement i n the MR
removed than at ,kkbepdboght gbe MRRPp a@WARE® SsUaPniReE M
materi al t he sigtiuvaetnont hiast dfiofrertewd awaly 8 c rt ea sset

approxi mateloypseery%dcdmrbda he( BBgdgarndiermag edhavi o
treatsneonviei,nrge al chanFgoer iULNItMAeX@®MRF.e si tuaton i s
increasetfrerattelde wé¢aihl LN2 (C3) but with a dife

FotrSatihesr resul ts can .bel nf otuhoedsn ttneoship pB e td mac i ne
cutng parameteirs Baso®daotathg cutng conditons

process is started with default ignga&trvaadTafeorf I[2
Mi t subi shi MYaR@0% DPwRPE mMEL er that pocamrebe chhd
“aggversdashsat i®f ahdwvtehe machine amnsgwse thaet pta

dos no,t <damewhhee aggr essi,vetnlees swiirse iincrewastead ¢
maxi mum perfor manc ea ifnalirheunose dnegr tthoe erviaslku actfe wi
treat ment has an efect on the resistance of

aggressiveness during machining, and all owi ng¢
ment oned psariamerneasdad every 2 minimum intervae
parameters during cutng and stabilize the <cu
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prockwrsing thfeedteate, tmet er,s torhe wamde awerrsaigne

evalu@ahedresult of these experiments for | MP/#
average speed for both the coil treated with
the coil without treatmenttobhsdraé¢ bbeersameha
the aggressiveness was increased to the maxi
treated with LN2 cwnTlhsk er @ hiel tost heean thweo extr ap
materials where similar results were found, b

in the average speed for UNI MAX® SUPREWMEF icd uorse
12t,the resultng cut of the test 1 and test 2 ¢
appreciate itnhda hter amgilteomf the wire during the

¢l oMuSvSadzZ ayad Odzi 2F ¢Sa&aid moftSDO yR ¢S8a&aid H O6NRIKC

Dur ¢6g§0 tmlehine control unit t haltepawntdd magt coanl Ic
conditons was disabled to start with standar c
making straight cuts through the material. To
change, 4 mm i Ther gahb dfaeetfneece dtehset masx i mum f e
achieved for each of t he odidfidroenmmrst dweif rneedT hf eod e re
results can be found in Appkinaivedshowhrerfeon hea
coil and material combinaton, and the&otrhashe s
experimamtysconsi derable chamigpiesatacmunand hmatde
coils were found.

TheSailipaeirf or mendnusingontrol over the feed rat
where sttar gthhgpehcwmatsseedat o test the |imit of t1}
combi nat onppo weert weerech speedswi Tihhe apf ®eeas g agtearof
power setng of 11, which is the machinei's st

started and st aibsilloiwsl eyd,i ntchree afseecedd irnartGek EThet e ®
iseducedandy i0. 1t | ageedetiost abmentsfiées poweeaskb
one and iderstoite bwiera&k caf er one minute the feed

proceepeiagzed untl the wire broke within 60 sc¢
the rfefBde resul ts! KAIBY Reksereashome small difere
appreciated there is not a tendency that can
To study the efect on the surface quality of
WDEM process, measurements were taken of the

20
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the cutng carried out in Test 1. The resul ts
where a negatve trend is seen for cryogenical
cryogenically treated coielss,abblue d0% xToenprRO @ ¢
carried out by the wuntreated <coil s. Only in

cryogenicallyi g rpadzidniwvea mpo aN€enent of 3% be o
the surface rodgbeessegabed Bt ahoubkol ated cas
for the rest of the sampl es.

p84A00 OAOOI OO Al T Al OOET T O8

I n summary, diferent tests were carried out t
coils in the WEDM process where diferent tren
and the surface roubDheemanwdl| tdred woutkpmatced t
par ameters, i ncluding aggressiveness, feed r

intricate relatonship between crTyhoeg erneisculttrse ait
that the cryoigrefnriendea e;an meertf' sr mance varied a«

consistent trend observed. While certain inst
wi bhehaviour , ot her cases did not exhibit sig
treat ment on surface quality, as assessed th
showed a negatve trend, with an ouetaébdtedcc
However, there were isolated cases, stclaaedt
coil, where a 3% i mproveme.®bri n lsspueMRA ccaa |tlloyo g &

i mprovements of the 5% danfdor3 % VIEERVAELIL ®c aSnU PIR&E M&
SUPREME machined by the cryogenically treat ecf
experiments that open doors to the study of ¢
di ferent aut otntast ci nc htahrea cctoerrfigsur at on of the cut

machine where the user today has no infuence.
not show any i mpact on the resistancedof ad ewe
as on the quality of the surface of the parts

i n ctahsek S href ace roughness.

x #1 1T A1 OOET 1 ¢

The results obtained from our extensive test
Throughout the tests, we monitored the Mater:i
study. Surprisingly, no signMRRahbor chhegesr r ece
various treatments, including deep <cryogenic
untreated wire. This outcome contrasts with f
a cryogeni c turddat mewidtir ecasre mviheaspi egrhtte si nf aead.c SR MR
This apparent contradicton in our results can
wires used in our experiments are manufacture
propertes are inherentlyndesi sdtiagdnetrend &areat ¢

Al ternatvely, the discrepancWEOMalchi me sattrmiebns
Our machine operates wwithe andaogatof cpatamét ewv
from the machines discussed in the |iterature
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is fully submerged in dielectric, whereas in
encoubhersutng are@ondirdd gibaegpt sjuet .f ndi ngs und
compl eWEDMr mdesses, and the multfaceted natur e
hi ghlight the i mportance of careful cepecdéca
factors when at ewigppDifheyr ftoor noapntcrei.z eFur t her r esea
l earn kmabwluédgere r etllaed 00 bariwekelnes and their
Removal Rat e.

Addi t omsalwloy,t hi thotng that the maxi mum diferenc
( MRR) Dbet ween itshea pvparrSxa snsaitseelsyh®s wn i n t he WDEM
ovORVAR® SUPREME with théeycaNRPhics yesggegeshs!| yh
|l ack of signifcant changes in the MRR, there
wires under diferent treatments.

Regarding Surface Roughness, some signifcant
i n most <cases, the standard cabl e obtained t
concl usummaudghevaS snotnafetutnaedteire condi t ons of
Il n conclusion, although the cryogenic treat me
criterion proposed by the Project was wmoftamet .
Roughnessought, efincaeritahtonval uesated to these
| owEo del ve deeper into understanding the <cha
mi crostructural alteratons. Examining these m
mor e prionfsoiugnhdd i nt o the wunderlying mechani sms
As our fndi ngsWHDprooncsetsrsaties, cthhaer act eri zed by &
propertes -apecmhchifaetors. Therefore, further

intricate relatonship between these variabl es
g 2AEAOAQT AAO

MdSatynarayana, KosaNRajSu 2,F EXNFEaDDHyRBAHAIYA €2 A NB  Odz

HASim,g kul 201t ENF AN YOS SyKlIyOSYSyid 20NEZASNAG
GNBFGYSyild 2y TAyO 02| O RENRBASRAH NI aa GANB Ay

odSingh, kul7oeaxdSdEt 2afl .QNE2ISYAOFffe& GNBT@SR AN
LINE OS&aé o

ndTahi,r ,EtW al9.0 SOZ0RF) LINROS&E LI NI Y S(9SSNEINERYS aCGidzk Ay
YFEOKAYAY3 1 {[! aGdS5SSt grxiGK ONEB23ISYyAO (GNBIGSR oN

pdSabogal , (ZD¥EBYPEYOS 2F G(KS ONEB23ISYyAO GGNBIGYSy
KIENRySaa 2@mni KYRSNINRY cné o

CONVF sy RSNI YILI22NI T {SKAZ2LI Hnpd@yBROGE 2R \BINE 2136 y{i Oy
GANB St YOUNSIWNRS t2WBY20Ff NIGS Ay ¢ANB St SOGNROI

TONG ad WFHITGSNE2Y I yaR OKA yIAWYNR K FSNNIFY2 NOYH /MOS0 2GF / NB 2 °
Ay aAONRSt SOGNRO 5Aa0KIFNABS al @AYAYy3I | [ 2YLI NI
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w! DPPAT AE@(

ws8pbDPbAT AED »p

TEST PROCESS - DATA SH

PROJECT P1001-4-5 CREDM
D RC DAMRC CP Giuliano Carrillo | gac@damrc.com

TEST DATH
Danish Advanced Manufacturing Research Center SUPPLIER ARCTIKO
TEST PLACE ARCTIKO FACILITIES

PROCESS NAME

Cryogenic treatment of brass wire coil using aire-electric freezer.

MATERIAL DELIVERY BY DAMRC TO PROCCE| QTY

brass wire spools K125 (diameter: 0,25mm, Length: 9360m) 1
PROCESS DESCRIPTION

1) Place the brass wire spool in the freezer so that the coil is vertical and ce

center of the freezer.

2) Lower the temperature from room temperature until -150°C. If it’s possibl

temperature/time gradient (°C/seg) used during the process of ramp-down a

temperature of this step.

3) Keep the brass wire spool into the freezer at -150°C for 24 hours without

possible desviation during this process.

CRYOGENIC TREATMENT OF BRASS WIRE FOR EDM.

4) Gradually increase the tempe

o

Jp ST N MTN e N Ee g NI R RS NRNANERNRREAASIRAARETUIILEGY

from -150°C to room temperatui »

0

keeping the coil of wire in the fi :
possible, record the temperatur ; g

gradient (°C/sec) used during th

130

ure ()

emper

increase process and the time ri3

-160 Arctiko
170

reach the final temperature of tF

DATA RECORDED DURING THE PROCESS

Temperature sensor location:
Center of coil, Use brass sensor and thermocouy Thermocouple and
Outside diameter, top of coil - Thermocouple sen Lzt

ter of the coil,
vutsige alameter or the coll - Dotom side - | nerr center of the co

Place thermacouple in
contact with the brass
wire in the top and

bottom of the Cail. -Brass wire.

—_T

+ Plastic Frame.

ADDITIONAL DATA - OBSERVATIONS
SUPPLIER' S SIGNATURH

DATE OF RECIPT | | RETURN DATE |

I LIS y@RIASER (im LINR QA BB 2 AR OD2 NS GYSy i sAGK St SOGNRO
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w8lcbPAT AED ¢

ho@#XS LISNOSyidGlFI3aIsSa LINBaAaSyiSR Ay GKS GFoftS FNB YSIad
gAGK2dzi GNBFGYSyGao
tAf2ESUS¥Ayal SN ¢w9! ¢a9be¢ 2 SA3| 2S8SA3( /[ dky aww
21Lw9 2L¢1 2 . 8F¥2| IDSN] ¢AY§ O6YSH &dz
\ o L A
/)¢ Odzk y| Odzk y' 3 6 YAy 6 SA3IAK
°30 63K YA
Al I MPAX Whi tout Tre
1662,/1654,|333 0,249
SUPRE
A2 | MPAX Cryogeni c T 0,24
1652,{1644,|3223
SUPRE|Arct ko cryo ( 6%)
A3 I MPAX Cryogenic T 0 52
SUPRE|TAYLOR WMAR1743,/1735,|3148
10M505K. ( 26)
B1 ORVAR Whi tout Tre
1605,/]1597,|338 0242
SUPRE
B 2 ORVAR/Cryogenic T 028
1625,{1617,|3383
SUPRE|Arctko cryo (& .98
B3 ORVAR Cryogenic T 028
SUPRE|TAYLOR WHAR 1656, 1648,|32D8
10M505K. (%)
C1l UNI MA{Whi tout Trel1l653,/1645,[339 0,42
C2 UNI MAXCryogenic T 0,24
Arct ko cry01649’1641‘ 339
( 6%)
C3 UNI MAXCryogenic T
TAYLOR WHMAR 1638, 1630,(322 0.&4
10-M505K. (%)

I LILIS yqaamEw Ha S| & daNRYdgayKir 66SSIAGT Kuiid
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w8lcbPAT AEQ@ o

ho&XKS LISNOSydGl3Sa LINBaSydSR Ay GKS GlrofS NS YSI adz2NBR
GNBIFdYySyido
Material Treatment ID Wire Used Spee_d Time Comment
(m) (mm/min)
Al 187 3,2638 33:03
Impax
Supreme
Orvar Normal Bl 308 32175 33:30 Broke twice near end due to pinching, made]
Supreme wire use much higher
Unimax C1 187 3,2357 33:19
Supreme
3,3310 .
Impax A2 184 (=2 %) 32:23
Supreme
. 3,3140 .
Orvar Electric B2 184 ( 3%) 32:33
Supreme
3,2481 .
Unimax c2 187 ( 6%) 33:09
Supreme Broke once near end due to pinching
3,3892 .
Impax A3 181 (=4 %) 31:48
Supreme
3,3515 .
Orvar LN2 B3 240 (=4 %) 32:08
Supreme Water quality was not good
3,3269 .
Unimax C3 184 ( 39%) 32:22
Supreme Water quality was not good

I LILISydamBw oa ST & dzZNB Y Sy i

a

OB NE NMRBE A0S § R oF SR YIS

25




.NDUSTRIENS -OND

DAMRC

w8NPPAT AED 1
hoq;xg% EJS[\leydl-aéé LINBaSyGidSR Ay (GKS GFrotS NB YSI adaNBR
GNBI GYSydo
Feedrate Wire Aver
Material | Treatment| ID| 0-2 | 2-4 | 46 | 6-8 | 8-10 | Used| Speed | Time Comment
Min | Min | Min | Min | Min | (m) | (mm/min)
Impax AL| 23(35|38| 4 | 4 [ 127 | 41290 |22:19 Vg;lrj Efrg:fcst
Supreme
Wire broke at
Normal |B1|23|35|38| 4 | 4 | 125 | 42845 |21:31 max
Orvar aggressivenes
Supreme twice
Wire broke
Unimax C1[23|38|39]| 4 41 | 124 4,3716 | 21:30 due to
Supreme pinching twice
Wire broke at
end of block
and could not
rethread.
Restarted and
sparked the
4,2973 ] entire length
A2|1 23|38| 38| 4 41 | 124 (=49 21:30 of the cut
region
_ showing that
Electric the internal
stresses
Impax pinched the
Supreme wire
Orvar B2 23|36|38|39]| 4 121 1’33726% 21:03 No Break
Supreme
Unimax c2(23|38|39]| 4 41 | 118 1’4:?029% 20:37 No Break
Supreme
Impax A3| 25(35(39|39| 4 | 124 ‘?23120% 21:53|  No Break
Supreme
Orvar LN2 B3| 26| 36| 38| 4 41 | 121 1’3:4817% 21:12 No Break
Supreme
38938 Wire broke
Unimax C3| 27| 37| 38| 4 4,1 | 143 ( —i 2 0 23:40( once af[ max
Supreme aggressivenes
I LILISYRASESR1 NI ST YSGSNB 2F sANBS#EASKR | YR aLISSR
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wS8UDbDPAT AEQ

U

ho&dKS LISNOSy(Gl3Sa LINBaSyGidSR Ay (GKS Gloft NB YSI éxaNBR
iQNBFGYSyido
Material | Treatment ID Feedrate_ Max Comment
(mm/min)

Impax Al 4,05 Stable at 3.95

Supreme

Orvar Normal Bl 4,16 Stable at 4.05

Supreme

Unimax C1 4,16 Stable at 4.05

Supreme

Impax A2 (4’250 %) Stable a3.95

Supreme

Orvar ectric table at 4.
Electri B2 (20 %) Stable at 4.05

Supreme

Unimax C2 (4560 %) Stable at 4.05

Supreme

Impax A3 (4’250 %) Stable at 3.95

Supreme

Orvar LN2 B3 4’}6 Stable at 4.05

(=0%)

Supreme

Unimax C3 (4_13?50/0) Stable at 3.95

Supreme

I LILIS YRASES Ric N @1 & o @

(]

27



.NDUSTRIENS -OND

w8lpPbPAT AED o

Step Go to Position | Feed
No.

1 4 3,00
2 8 3,11
3 12 3,21
4 16 3,32
5 20 3,42
6 24 3,563
7 28 3,63
8 32 3,74
9 36 3,84
10 40 3,95
11 44 4,05
12 48 4,16
13 52 4,26
14 56 4,37
15 60 4,47
16 64 4,58
17 68 4,68
18 72 4,79
19 76 4,89
20 80 5,00

I LILISYRASES e NI G Sc ¢ BE S LID ddza SR

DAMRC
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ho&KS LISNOSydGl3Sa LINBaSydSR Ay GKS GlroftS NS YSI adzNB
GNBFGYSyio
Material | Treatment| ID IP Max Speed at Max P Comment
(mm/min)
Impax Al 12 4,2 Instant Break at IP=13
Supreme
Orvar Normal | B1 13 4,3 Same Mai’;ﬁ‘;ii%for IP=1
Supreme
Unimax Ci1 13 4,2
Supreme
4,2
Impax A2 12 ( =0 %) Instant Break at IP=13
Supreme
Orvar Electric B2 13 (4’:30 %)
Supreme
4,2
Unimax C2 13 ( =0 %)
Supreme
45 Instant Break at IP=13,
Impax A3 13 ( _ 7 %) Speed kept rising without
Supreme breaking
4,2
grvar LN2 B3 13 ( =0 %)
upreme
: 4,2
gnlmax C3 13 (=0 %)
upreme

I LILIS yqReS anli twS & dzf G & o
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w8WODPAT AED

ho&XKS LISNOSydl3Sa LINBaSydSR Ay GKS (GlrofS NS YSI adz2NBR
GNBFGYSyidoe
t At20 Jdal GSNXI § ¢w9! ¢a9b¢ hC ¢ wl wi
5Sy2YAYy 21 Ll Le L{| s.vo 6% Y0
Al | MPAX® SUWhitout Treatmdq 3, 72 25, 4
A2 | MPAX® SUCryogenic Treat 4,00 28,5
cryo 230. ( 76) (=)
A3 I MPAX® SUCryogenic Treat 3,71 28, 3
WHARTAN-M5 05 K. (=0 % ( £ %)
B1 ORVAR® SUWhitout Treatmg 3, 85 25, 2
B2 ORVAR® SUCryogenic Treat 3,90 28,0
cryo 230. ( %) (=%)
B3 ORVAR® SUKFCryogenic Treat 3, 93 27,0
WHARTAN-M5 05 K. ( 2%) ( 96)
Ci1i UNI MAX® Whitout Treatmg 3, 73 24,1
Cc2 UNI MAX® Cryogenic Treat 3,99 28,0
cryo 230. ( 76) ( % 6b)
Cc3 UNI MAX® Cryogenic Treat 3,59 23,4
WHART'AN-M5 05 K. ( 4%) ( %)

I LILISYRME aSlk adNBYSyidao
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