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Abstract

This project deal with the working process of wire cut EDM .and the
result of cut material with this instrument. By the way of cutting this
material, there are a lot of parameters which has effected on cutting and
roughness of working pieces. The experiment is determined on the current
in the wire for cutting the material. Other parameters are stable. Then the
result of cutting is analyz:ed to find the precious values. '
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Cobait WC grain Surface Width of Cutting
“content size roughness cut rate
(Weight %) (m) (m) {mm/min.)



Covailt WC zrain Suraca Width of Cutting
content s1ze roughness cut rate
{Weignt %) {mj A m) Lmm/min.)
2 R 4 137 322
8 2-4 g 232 087
3 Z-3 C 28 CET

——— s - ——— — m — = o e T T e e e e e e e e e . e o e

Cobatt  WC grain rate-o Power _ Energy per unit
content size remova  volume removed
(Weight %) (m}  (mm 3 ‘min) (0.5 (47mm 33
6 1-3 069 0.092 8.0
12 1-3 0.39 0.126 7.48
24 1-3 1.22 ©.830 30.2
6 1-3 0.69 0.092 8.C
- 0.84 0.105 7.5

_.........-.——_.__..._____..__..____-_.._-.—___-...—_...__..._.___..-.______..;..___._
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AT N 4
Cobalt  WC zrain  cutting Maximum -surface

contant size rate roughness
M ~e N / 5 I g hY
(Weight %3 {m)  {mm/mn) oMo

a TR TIT 82 g

& 3 c.Cag Q

12 "-3 C.087 3

24 & 0.232 3

3 L2 2243 3

5] 2-4 0.084 7

g 3-3 2.08% 8

fmn WC Grain vAndu azvinldRs umunrey Cobalt ndw Feviugy
nIamsesuAndTs daziiuntsidis Machining Rate.

sorlananasnudaiinstdlufindamanandii  ssdowaldaiaveny
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diamond saw gnanduAmMIuNITUSzNaUTWEu WC-Co Aifidmnanfiunansnaiu
URZANAUIA WC Grain 99nmT19% 4 udmermnauionilasients EDM  uas
n151Y diamond saw Siafn AvAuudadsadntbedmiunisly eom dafr &
wlindneziniAMuaIn diamond saw A1AINLEIEINIIENTaERlaenn
diamond saw a1verfusfemnudauignuasvdes Swaunnld stress
TuAnnugsanas foudn eom -a:ﬁwmﬁqmmga‘}gandwmiam stress 4azyYinlA
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.
Unf 8
HIGH SPEED PULSE DISCRIMINATION FOR REAL-TIME EDM ANALYSIS
FUIUNTT EDM-process aﬂﬁ'uaﬁﬁ'zjm asavnivdnSalalasnsen
u.ﬂaomuaum'ﬂﬁma%asi'm'ﬁm:auﬁqa L'f"iaaxlﬂ"l‘\Jﬁqa"m'ﬂmsm%uﬁgnqn
madhudu  UszAndua(effective)ianmnsmitmnluszlos  wWudossuuiis
mInnIatvsdnmshiTuiudoniinlddmiuiaquszasmiug in process )
Twawumamugseas  EDM Adasmammmsinzanaiadng
é'm"lm‘imsauﬁgqqm n13l837 eletrodes 18N A4 roughness 289R79THSinaN
Suld  w3a  swfeleine 1 Adeemsuaadiiiin d1iululdluncg on-line
msianazenaiasilaen Sl niweddne 9 ssesuiumsdasidenda
sensing parameters 'ﬁtﬁmw"uéﬁ'uﬁ'wﬁ'u machining objective
AnahzssINineiuaznsiin gap voltage FuagiunisiUdsuuuas
89 process é’aagaLﬁmﬁ'un'mdﬁ'auuﬁaaaaqﬁcyrym (eig. deley time td,
rise time t., fall time t ¢ )uUAA voltage SesEumiis dayaifierdunts
LﬂﬁauuUaeuaoé’ryn,n”uﬁ'[ﬁ”ﬁ'umnﬁaamsmuammumi EDM saagnudu
-Auads  nia  mauBensdaninfiiilanes voltage  (Us) Foldlu

NTAIUANTZUL servo
-qaSasuIaImMImYINIaT ty  dUlamilusuvivnnendn 5

7.‘51%51”1 gap senser

-STRUNEYYIU noise 1aviNlRIUINNSLARAIHEIEN

UszinAndines EDM-puise onyan@sng s CIRP STC-E uamlAiAug
LUUNISIATISA EDM-pulse pulseuﬁ\‘nﬂu 4 9%A normal sparks, open circuit,
short circuit, arcs N15IVENAUILAETIN pulse BTRAFAN 7 Faanaazuanety
windszlagilunsWwamialuasszuy EDM-control

favw  sieazBastigninludumezgminhdewuuseriiongs  puse
nRauiu ﬁ'atﬁm'tu die-sinking EDM-=operation 84 pulse TWARTUATINAY
pulse - AfimanTuINANT wire-cutting(1av msné’afnngtnm'ﬁ) pulse HRABW
AHIIONAITIUNBENNNE

Nages puise fAindnasudndasiunioniu puse  AldRINTVINNTIRY
M1EUU pulse ﬁumnshogna%’wfiﬂ KU. Leuven AMMUALIR 15 2% EDM-pd 843
sgnaBdAuIraeERA(die-sinking N3 wire-cutting)180LAS8Y spark erosion
ua3aAuTignuITeMegUnsaint mAtazaduralimsulunewriesasund
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NMIARAIAUSNBUSYBY pulse
msﬁ%mmsngwmao puise WalFifuinun ?iamsmmaaums_
WisuuUasdfazag pulse ﬁtﬁmgu[maﬁﬂnﬁiwmaaa
AIINEYDS Wire-EDM-Discharges

A daninauiutunisate pulse mﬁ(static pulse iaTsn1Tiin
Tldluszuu die-sinking azlanamyiadu wire-cutting )

ﬁmﬁﬁuiﬂﬁlﬁl"ﬁ‘?ﬂ"lﬁkﬂ?’!“ﬁtﬁﬂﬂ'lﬁi’l frequency  content vay pulse
signals '~1mwmnﬂsuaanm~m’lﬂ hight frequency lmam'ﬂmuniuaﬂn'm
wave form “/l'[ﬂ( Tektroriic 7912A/D 500MHz WaveForm  ‘recorder ) 54
#1 channel-1 Uummﬂﬂaauuﬂ’mw‘lmm lnwrnudgeldidn wuda dygu
voltage 138 current m«mwm'm-aﬁegwc lUumuey silicon dicde 84 dicde
zmmummsaﬂumﬂamﬂmu‘luum vertically ED) horizontally ﬁ’lmn (L‘J“H
digital mode #3a T.V. mede)

ﬁﬁﬂﬁadﬁ”ﬂaaﬁéﬂﬂ%ﬁ? menitor #3887 control  wazdelUT plotter
dYYIUIINATT 100 MHz(A unTeimualne voitage Y38 current) &N
wmsesnmdadugin  n1smaase r*uammaLumvaem%nmwm'mmvuzw
Henug 125  MHz  anminisUaudayazal 486  Tektroni digital
oscilloscope (geiawﬁ'ﬁ"ia'{,ﬂ\ L?Jw?i'wmﬁdaﬁ sinfaunazdnuuziuansines
AN pulse mnmawnn 7 pulse mnmﬁuuﬂu 7 389 wire-cutting machme
pulse muzmmgnuuwn‘lv.msac Charmilles-Andrew wire-cutting :‘*nm'nm
500 MHz sivuaneluguii2. ailanas Characteristios 39ld Tu EDM-PD w5z
I pulse if"iumnshaﬁ'ummsngnwu'lumsi’m voltage n38 current Usznausie
oscilloscope aWIA 12.5 MHz maviusseneludantin .

JUMia.  wamednzasntTeuulas pulse  Aisaiioiu  mIveU
[meiASas  Charmilles Isopulse 80  qUuULAM gap voltage JUAIUTRY
puise currgnt’ FIUUY form 17;5"! HUFIHIT0 reset Lﬁﬂ voltage ulé‘gm
wlaeiuiviula  szwdremisideuudas( t e-) LﬂuddanwstdﬁaugUauaau
:charge has discharge

“MANIN voltage  AMAY  ( breakdown drop )ifludumeud puse
\3BusIn (very smooth) wisuiisuiluuaigasniaia discharge 17 1
Tifendunissandneas sddyree puse Rutadu 15 %ia Szt
W ( minute ) namnm'smmum‘hﬂwabvmwamnanmmmae EDM-PD
jﬂYlQ WAz M1 1. SIH puise 15 Ui



Description Pulse | H.L.| t4 > te Ue Ug Remarks
ne. 200 ns{ 8 N H|H N L|H N
' X X
Normal spark 1 b4 X b .
Normal spark 2 X X b ¢ X b < te sma
Normal spark 3 X X b'd X te ;éri
Less eff.spark 4 x X X x X Ug hig
Less eff.spark 5 X X X NCF X ty larg
H.L.arc
6 X NO NCF X NCF L.
ﬁ?‘(c: 7 NO NO . NCF X NCF
Arc '8 NO NO NCF . X
Short circuit 2 NCF NCF NCF NCF ’
Short circuit 10 NCF NCF NCF NCF Carb.br
Contam. pulse 11 X x| x X Ue high
r
Less eff. spark| 12 X NCF X ta lé i
Contam. pulse 13 NO NO NCF b X Ue blg
Open circuit4 14 X X NCF ‘NCF S.B. ‘No disc
Remainders 15 N.C. NCF NCF NCF .| Spec.ar
Summation 16 N.C. NCF NCF NCF Check

A1519Y1  ANWMTESY pulse THAR 9

Note : gjﬂ?’i&

H.L D mMIaatussauge

xtd

te

. IS HAUTBINTITUUINIAN

: 9791281718989 breakdown

dmsu Deep Sinking Machining

Ug . voitage ﬁgni’mné’omn breakdown
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mMaUGenulaaiinanaas puise 1znINUaEfign 50 % 389t

CZ
»

FINIATEU T 180 L4

s

N nuAuaUn g

H AgegadmuRatiuine s

L Arsgmd T FuReiduRRa TN

NCF : lafarsioudeddu

SB : MIATINIUININANIAYEMSU open circuit

-8ty JUTS. § pulse 4 78im

1.normal  spark (ztﬁm?}s.) Forautrmuaug tdﬁ. open circuit
saelW 80 V Az voltage Annnda fall time (t:) voitage drop WimTEWiIng
2 52U nsAauuag voltage gnAaI TILATMN ARTHUNG

2 anazdinala ﬂnﬁ'w.ﬁaqm‘%mﬁwﬁw (t 4 ) 9gavIEHINATT 5O %
a9 t; (20m915.)

3.open circuit (ﬂﬁm‘ﬁl’ldm) 'lsiﬁqm breaksown U‘i'lﬁ{]‘ﬁ% N1 set pulse
FRARY 7 AITIETIANWIZIAY pulse TILANANAN

aarc (20aN115.) Feanninsziu voltage LGan lafigamiaoaan

sUiuUEmNzIa pulse dsnTAUENAnwMzANASIMTY Fan1sTandvaes
oulse TWaLIWNITAINITONIA LS

BHAYaY puise ULinlmen153ainarasiaIas Chamilles-Andrew

wire-cutting 92gn plot HIlw 31J°7i6 WIBUgUALUIVIUNTG die-sinking .
pulse a:lsz'v'wnmﬁév'umn mMaUassuadpginAnnnimuanaangie

FMSUNTINMUIIUINAIT  die-sinking RINSUTANTT arcs B9laABIn1SIH

@ 9

NzaiulniAINLUUaRLAzgNaaIamMSULATaY wire-cutting  N1SILATIZHTgas

L]
=

\Bunnas . EDM-PD  #aen1TRGIum =B muaii 113 short circuit 389n3UAaS
gnanAm(iimited) [gAaswnuateln :
gererator  BUNAAWSTALAEMIUNITIATIZARDeSYs gap  voltage/time
allows (RELENTRAZEY pulse G0 7 uneseEaRzInnIavan n3evinlw
\indunsandanala
i EDM-PULSE DISCRIMINATOR (EDM-PD)
NSLENAN®MZIAY pulse ifuaﬂﬁuﬁujmaaaﬁamsmé’uﬁrymmmﬂﬂﬁﬂ

-voltage levels



-time penads
-siope 38IHEYEUIN voltage drop (dv/dt)
% voltage oulse LAMBEFIRaLIaIAMEI 10 MHz N5 oulse Wiu
Uszameumind EDM-PD Uszneudaa 3 diundn fe (JUA7.)
1.input unit
2.719MT233ULAzUSTIANZa pulse

L 3.A77N97200LASANNATIUINATS

JINPUT UNIT (311%‘7 )

input gap voltage ;ﬂunw agsu AC ﬁatﬁﬁ“mlmm’m’mﬁ electrcnics
§79U pulse u@:ﬁtﬂﬁﬁﬂzﬁﬂﬁ‘ifmmaLNLLM‘QG’I‘HLNNﬂ"ﬁUﬁﬁ‘d voltage ( open
gsnerator voltage) 1% 80 vV n¥a 200 v L'ﬂuéﬁi:&iams set generator s‘foﬁzwﬁa
UudnwuzfAeadaiinain198aniuuIees  High Level Detection sglURa
volage AIUTLAY 30 wit ﬁaqmﬁwmu (cut off) tW9E voitage gx‘l&jﬂ‘aaﬁﬂﬁ SparK
milaszdu 50 voit Fuqvzasmsidinezgnianagnesiminduados  Analog
to Digital Cenvertor

(Frudaedyyin) dnmnisitienuuas 10 us tAS8Y A/D-convertor HTM
Auaniai 8 Tminfaniufianafiesnss 0.2 V 89 gap voltage

nmstaviunisiinda UIUTUNIUTBYA FoAReNnaUINAIIN SN TIe
8 (radiation) 2899UIMN15 EDM-process )

1.Ln‘%'axmﬂmé’:gfym A/D-conversion AITHNATAEN gap lndtunadx
A3 éenﬂséddﬂaﬁ'aadammsn save lasnluntsasugasdrdudiiey (digitised
format) | ,

. 2.8 man frame :1a\w’ﬁuané’mmmmw}'"moﬂz’mﬁmnm'%aa ED-machine
ﬁwammmumum'm \A389  ED-machine .m*mudn'{mrmm"gnmanuma
818 shieled 'mrs uuilasiudtyynusunin(special shielded cables)

3. m'sau opto- couplers azilasiudngiunelwirainiases Eom- -machine

aﬂn‘imm 3 2fan Lﬂumiaaﬂmﬂumudnammu

~digitised gap voitage (8 bit) -
_~result of high level test (1 bit)
=10 MHz clock signal synchroriisation (1 bit)

 -the generator pulse time t ; (1 bit)
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ANSRIIIIYLAYTLIANYSS PULSE (JUA7.)

P o &
Uszinnuad pulse YUNUNUF WA

1.pre-history ot the pulse
2 discharge charecteristics
3.mean discharge voltage level

AFFAIAINITAUINIAT t g 1AL 200 ns d@rwsald set Uhidu

HIRSIFIWLG voltage drop (dv/dt) 13 voltage breakdown WndAdaemna
Z o9 v 3 d"q v S A o6
Gaaldidan 3 deai ldiluinguszavAlunisuen

N1SI5EVATUY0Y gap voltage (the digitised gap voltage) WunisiuSeu
WgLAUTTALIanITUTY (N o N 3 ..ete, JUAB)WME  set lmanislidiiaume
ARIABN  (thumb wheel selectors) wazssnsilIauiausinnisuandnwnzao

v &

pulse  LAAMAINUAIATITEAINMITYIIU(MISIUREMLURITINIY te L 2alu

d 1

N1SURBRERQNYW suise £, IANUINIAT T 4 , 1IATTTAI pulse ¥iNU t g )
WRATUNITUSBBAIIM puise t; WATLIATT puise ¥ t o Fnufenudas

N197NASSY E.D.- Jenerator

MUl ssianuasuagain S AsuLUaesa NSO A UaIAIINABIMS

4 o v
1.Short rise time(t , ) JIIUEITZAUN generator open voltage

2ilgnition delay(t 4 ) H1NA91 200 ns

3.Pulse fall time(t ¢ ) aglwdraiimua

4:n5UAaunyacmag voltage a:%’aaag'szﬂiwvoltage Aidainsmn
1 4 FailiwuiiAendunswdensuasezlifuusaaniiduea
384 pulsé ¥IF997N breakdown SzHUTAY Voltage dM1SOTALA 8 ASI/pulse  BAdWS
Alividudanninedzesnisia 8 a%h Imsnsgeasldmmuauazainnsa
Lﬂﬁam:,m'w 100 ns WAz 12.4 us
aqﬂémfmminﬁﬂﬂm%ﬂuLﬁﬂuﬁ’unsﬁi'm:ﬁuaae voltage louazldlu
nMsdenndninandmiunishaTey input 8% 9 wazUsHAMAIATITUT aTeiu
(5UMs.) Taniodtyau curent uaz gap voltage IRANBUZUANGIIAHTRATEY
pulse WAZLIAINTUBNANBUTAAY pulse Toyaazgnilougrrudnganadas EDM-

PD #1MSUNTITILASIZVHANUIN
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MIBATINIILAZIUIUNTS ( 311171; 7.)
ANTRagUnsala usoudneliiin 2 du
—msﬁua’nﬁuaaamﬂusﬁﬁm%’uﬂaaaoamumiﬁ%wumszm’wmﬁmmu
~MIRUAFUINIAI NI MU aEY 1 289M53R
-H’ﬂNQWYILHUI’)?JW‘!GIU’T%H'ﬂ\Jm'ﬂ‘iun'lﬂLﬂﬂ"ﬂi’lﬂa"tﬂﬂﬂﬁae pulse i
saiiaaiu ‘uammwumnmnu pulse 512 \Uw puise wgn'nu'b(mu pulse fiAg

maa) -

MUIgAT NI T UIAS ag die-sinking WA % wire—cutting

1ms'zGmm'zu’m(fmamsﬂ:_]umacuvate manualy) %38 soft-warewise)
s:ﬂﬂammmwmms’m (msnummﬂ computer A3a operator &1%3UL29IaN
7 8w ns, sec, min, hour) dmsuruIung S“nn'mmumuumgmn‘u‘lﬂu
NUIANNITUAY HATINAUTONNAZES pulse F5aT 1 B9 15 IRTINNINHATDY
pulse FRAGNY 7 9zgnimlusznitemsasisday (3fiaR16.)  waTIaLENAzIag
N1SAUIA (t g ) Feszndnenisldevudag (te)  draaanlunisade
pulse t| TI91787984 puise t o

%aﬁna’mmﬁg\mumﬁgndﬂﬁﬁ frontal  display  uazanwsOgnaIulae
computer FRRIavTRYa lFdAmMIusULuL: 7 Turssuiuns

2.m3ialudrnaandug (na3nEaWuIs) usTedayaninmfausuiunsia
TYXYNITOYAYIGATEY pulse 4K gnTagniAuly mode W 1308 IUETE
computer Lﬁﬂﬂu’u

3.m3a5 pusedaiiias (Inaldgsia n‘%a Fanu25) mhﬂmmahmﬁ'ﬁa
Random Access Memories (RAM) 370 pulse ‘YN‘HNW 512 9fm pulse mm"m
Fsuaziliuundsindadaya (suoply)

a.Pulse time information: LI81%849 pqlse

WU tg, Funamsiwdowwdas t ., drnailaluntg
d379 pulse t i, 1797817384 pulse-t g

b. Charecteristics Pulse: AMANWIZIANIZIBY puise .
AadsreInIsWEsuuUag voltage u R Al Sushetne (v mmaauaa

MR 8 A%, thazes pulse (1, 15) address 389 pulse WAz biock
header) _,
ATINEaNLAuTayaUszAN puise dliias iy 4608 words



wireaINd 1294 puise Antiing SrunTnusnsadnalandranidalaly 4 mode 9
1 fawrzdm3y moment arm Tae operator
2.'7%mqmsn’iﬁﬁdgnﬁwmfmamsﬂswngaad ouise  miiantelasianis

(1nannsaifiHMINLEI789 pulse RaANTY past history of a pulse)
g.nszummslasiamzaes pulse afiantis (mansaiidaiuluilagtu

I8N puise ﬁﬁmﬂ‘fid pre history of a pulse)

4. 3z1fin 256 pulse nandsnnafiaaay pluse (pre and past history of a

pulse)

MsiATEezan MTIAsTEzad LATAINAIYaa pulse siaiiiay
srursauaasiiiulunafiiarduld 19 cower mnluansiiasTiziTiaas
\Besndnnisaalizanaios EDM-PO
1. Fusndya-w puse snsaliuunInigaedie pulse Aanasd 2 us
{(yet 20 samples/puise) dMTU pulse wAAZING Jaya 18 0 Fdenulanda

AonnSedayaiieiusiu
IWIAIING 4K Puise AILATIZA 512 pulse

3.gunsalazlsiBendegaun puse Aldiwlnlulafiauinnisuansaan
N ANNAIAYININITAIUANTINENZAN  SzUUAN ] idenagnanysl A9
LATIZRRUUTIHINNNELIRES

uaLgaeﬁuﬁgmi‘ssﬂum‘éaman J5ygu1u EDM-PD (die-sinking)

‘U‘Ylﬁgjﬁ]ﬁﬂad EDM-PD Functions ‘

ANuKnawEanTIRdy pulse  avsuuRiuansdluneaiula i
789 EDM ﬁgnaanuuu -aUn'mIﬁﬁmf:mm"mﬁm’mm pulse ﬁgnﬁan e
leﬂsw puise iausiaanuuuly qﬂnsmumanu EDM-PD wm'l.m'sﬁjmna.
AU pulse winfiaes EDM=PD sransawEevudacldlaesmiasludisnaiiun
uau

jﬂﬁ;m. UV puise ATHATSHWIWGNIZAL nse puise lagUszuIm
aaanInUdenudas 1 oA

A98819NTTLa8N pulse
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U117, 1l puise 2 JUASU JULULTEY puise nanegnATuideng
(gap) U pulse #ign 7 WANAYTINTINGULLUAYY 7 i EDM-PD  Wasl\Lwnan
4w3n7 10 MHz (EDM-PD INPUT) uazu3u 50 v Favine N1 Sien 0/A Hw mode
Laaana Tektronix 468 oscilloscope 32 aammmmau‘[uma iamm*nwu 6 WA
Tsiwuludid

A1581539ATHAUILLUIBYpUlse mﬁ'mwaumaé samsen 2 luse
MNINNT  test m'i'zm..ﬂvmmn 73 Tuf Aanysaizas puise fna; 7 AuAs
U waalizua mnmi'mn 2 R399z clear \fialaidl puise Sudasnde ( P16 =
P1 + P2 + .+ P15) Mnunzas pulse aziiulganntaias EDM-PD nsiRaus:
andnmrainsdeuudag to . NMIKAR pulse t; qm%mmmm tyg, 92
Wi pulse t o UAZERTIEMMIN to /ty, tg/tj, UAZ tg/t, 9zIdM
NINHUTEUYad puise UNITHR 19U Fariduaes GAP-width JUT12 uanenazas
FhanaUisuutas .du nirizasdaeszaudneBenianyiae (tg set) szauty
Afeadenin 1 eap 180 7 USeBwuzdiazas pulse U5, Fayagn
USiﬁImaLﬂ‘%au EDM-PD ﬁummné’amqwx,ﬁa A1a7889n79  spark(1)  Uae
arcs(3) finsaadisng gap An 7 mMaUBeu_1Ua2995(4) uar pulse Fedn
AUSAUAY N1I¥iKIIa1(2) nnsvamluzas gap (dn g

Pulse type Sum Pulse density ( % )
1 4670 9.2
2 5502 10.9
3 11964 23.8
4 3 0.0
5 2217 4.4

. 8 , 48 0.1
7 13316 26.3

- 8 0 0.0
9 1 0.0
10 0 0.0

R1TIN 2: pulse YHAATS ¢ @1MTU deep sinking EDM-test
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Pulse type Sum Pulse density ( % )

11 6 0.0
12 685 1.4
13 0 0.0
14 1279 2.5
15 11014 21.7
16 50705 100.0

te (ms) 2148 t { ms) 2538

tqy (ms ) 2086 to ( ms ) 506

te/ti(%w) 8486 te/ty (% ) 70.5

(%) 8.1 tet, (% ) 6.8

R15197% 2: puise THAGTS ) d1USU deep sinking EDM—test (sa)

unagy

NEWI‘SWI‘I’ISHNWJE]EJ’NY!H 7 10 MHz LUHR’)WNQ”LWHOWB‘?’M?U EDM EE]SJ‘?
ENANEENAININN1IAR unaguzas EDM -PD m'lmnmwmmuaﬂﬂaﬁmﬂnﬁm
a’mdﬁmumim deep sinking ,m"mﬁam wire-cutting

dmiuiAsas wire-cutting 3EWAISUT input A9 UAT Uszinaaedyu
Y voltage WAT-current

L ﬂ' . . . J & K d‘ 4 (-3 ; o
dMMTULASEY die-sinking IUNULIAINTIIYINIUIIUGeuUURRSI1 5 14l
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inpqt

—
EDM-

Machine

7812 A/D

Computer
HP8S

Digital
APloticr

xvz |[Tv |

| monitor
S |

U1, M15TATIEANSIRAI8AINE 500 Mhz

58 V/div, B Vitv,
3 8
4 4
2 2
¥ h
~ ~ . & : % i 03 =
LE-88 ofdtw, LES o/div,
N Vv, B Vdiv.
8 CL
4 4
2 2
b
K ~ ~ Jc'i = s o~ ~ C . A
1.E8 o/dtv. L& o/dtv.

2a: Veltage measurements

A Wi, 2 Mitw
8 8
L] 8
i
4 4
AN
2 AR NI/AN
THRN FIRN
t S ™~ - - = & ~ 2 ] &
LE-#8 o/dtv. LE-#8 o/div
3 Mdiv. 3 NMdtv,
T ' jzm
JARRAN
8 ]
/1N [ \
‘ I/ \\ ‘ =
2 2
& ~ - ] = & ~ - T @ C
1B o/dtv, LES8 o/div.

2b: Current measurements

Y2, msiwmTzviufiavaewaderewaiaa 7912 A/D



Die-sinking or
Wire-cutting machine

voltage electrode
probe ~N
4 =0OM

i generator
IS
i
workpiece
digital current external trigger
oscilloscope probe-
|
¢ pulse duration t;
hQ) Tektronix
Ch.1 468
- plot:
H.P.85 A digital . j—_L——x F‘dischcrge volta

computer plotter LA

w discharge curre

o L - 8 ar o g
sUN3. MSARARIIIITHRFTIVIUNRY

Cen bypu o Ta/Tts 188 we  CHli Gap Veltege € 28 (V/diw))
Tes 6 ue CH2 Gop Cisrent ( 28 (A/diV))
. l
T voltage
6
g N
\*~‘XA‘L~—VPV~4 o Py
) N
4 Bttt e
> current
../“ ™~ K‘J N
g —J d I - -:l
[] 2 4 6 8 18
Crownd) — o — . Tine soulee 5B (we/div)

U4, mamAiadaediselusuiuns deep-sinking
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99 |
Chi: Gop voltage: 20 V/div Gen. type: If tj: B0 ue
Ch2: Gap current: 18 A/div to: 20 ve
1 2
ST ‘I T T Ly .
L] 1 3
. 2 1z = ]
- - ]
.k i [ i P . il
. I é I
. L W . L
L 4 ‘ s
3 Time scale: 18 (us/div) 4 Ground: — — —
. B ‘
] . 2
| i
] ] . L7 § .l
PV W7 A N L ] / —2 ! Ay ]

JUM5. mswAguudasiiuansnedu 4 wuu

JUUU: UARS gap voltage JUATS: WAAS current

uyv
200
) Z
_ %707 N t

(A) -
80
N 7777 Z 7777 t
: . Tus N

6 - . s o & -
3UN6. THAYAINRINLAAYUUULATEY wire cutting



INPUT UNIT

Gap veltage

p—

PROCESSING UNIT

DETECTION & CLASSIFICATION UNIT

=

GERERATOR

ML

(&g 3

jafisjio

LONG  PEAIOD

| D I

| Pulse cissses }——-

Olscharye vettogs

insulation

E ] Swm of times 1 }-— to
= = .
Pro— §
~] computer
Classitieation
pring

MEMORIES

I

5UN7. nssiansasuen TEYUIUNAT EDM §195U deep-sinking

Uy (v}

| sTant o

P < il i f S ST S A T

N B

srory of start 1y stop t, _J

OraN CracUIl VOLIAS S ———]

saLL TN Cont

"tam vaiut w u,

Yoot SmaNt CinCin?

u-oh‘:‘[l L1t l_l

JUfis. imdumaddmsunisusndyanu eom Wad
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Diffarential Frocesaing
voltage unit
/. attenuator. \'D Yy 2 .
L~ Y Detection
//// jj/A ‘I Claseification long/ehort
unit pariod
3 Current
= probe memories
d' 3. 2 - - . -
31]7‘9. 73UUﬂ']'§LLﬂnﬁ§y§y1§Na'}ﬁ‘§U wire—cutting

Gop Voltage

-~ High Ir;.l voltage

8o
-
—
-t
o ]
—
20-1
a

ver- T T ML St A

19 20 30 40

3U¥i10. nmsd1aaa Digital wad
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Gen bypw IF  To/Tis 8 e His 28 V/div)
T 22 e o 2 (V/div)
8
6
b |
v b o yw
s — ‘ P ——
4 pe—pt— [—--—.— emomgp—" e —— e g— S g
2 d TANNI A A
ﬁ - L
a .
a 2 4 6 8 18
Ground) = o= — Tiss scola 18 (e/div)

o~ o
suuu: aN gap

U1 1. msaursrvaaniad 1

sUane: nnsiew A0 \Ju p/a TagiaTas eom-pD

Number of pulses.(Z) ve. Td set (us)

)
q
% ———— el
T TG
g FiWs .4
v _— —
Ly |
2 \\
“\
15 N,
\\\.\
19 N S ———
AAAAA e 3
s ..
g L h o2 4 ] .
[ § 13 1s F- ] F-] ] ] " I 9
Td st (ua)
@ Number of pulses &) ve. Td set (us)
a8 ' -
7y
Open Gener. volt.: 80 V ,/
B Peak current Ip: 32 A S
Iso-Freq. Generator /./
® I co(+)/st(-) o
i Flushing rate Q: 6 1/h | yd
2%} T4: 100 us To: 20 us' v
e
2 /./
s
18 yd i
- AR
I e :
.7""/
s } /"J/"
et
H
s R . . . . . s
[ H 1] 18 F- ] F- 3 E = 7] It E]
1é out Gud

U2, memAnsildsuuyad vs. t g ref.
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UNN 9

ATINA[IIUILTUNRINTTVNIA|DY

Tassuililuntmaaasaamduls ( parameter ) A zasianan
AIEnETU ( roughness ) 1nanzdunisldnu nsnasasdarinlnentsvindu
ymlifimnasnasgmlefiznn 6x10x85 mm. seiminfesiniurusngalag
FIAT LU TA ARG ALF MM AT A BTy

[ .
- ° B

IUABNUNTITNTIIIU B

1iunandn SKD 11 auieRwindm 15 x 15 mm 2 Faduurie
SNV IARIALAAIHE1IUTENIIA 90 mm ithisuIn 20 8w Lagnasld
\iaelwRyintsan

2yuviamdnie 20 Aunvimsly  RessswaRwRm s naanan
WlndiAsssuimeasdnemwdmiviosvinnmamaass Insdlaswinaoeduemian
vae ((Uszum 1.5-2.0 mm )

A 3
-] )

2.1 l8ASIULIA A AN WA

ar

56 8 x 15 mm 2
2 2lansofiaaclviiRuAinindn 8 x 12 mm 2
syifwewilaninda 2. wvhmadss Aeliinzesiueudouuasly
naasRuinifam AT M eesEwunaaseis 8 x 10 mm 2
4xiEnemildnmafefaihnisuiusmarnaen  Tnelddssuazas
Tulumsanuseiumusnswiaiununaaasiiawamsenaviafy 85 mm
53UNBNNIATIFIUN 20 34 SeezflswiaUszann 6 x 10 x 85 #1
vinsudsasniliu 2 ndaurin9inuas
ngwii1 vinllauiigumgdt 1145 © ¢ Hunat 1 Hlnoudnindu
nugnathiiui M uudasnvinmsauiigangd 400 © ¢ dwam 45
wIN :
nguA2 ﬁﬁ'lﬂaﬁﬁ'qmnqﬁ 600 © claan 1 Halus udaioly
Wiauluanar
8iEurmnanguistuiursumnaiee 5 svnsRRIsAIes
wire cut EDM R8N1SHIASIARIUMNENI828A7 parametér 647 Feaslddn
\1'1‘Hmmaaou’IM‘ﬂgﬂuauﬁm\Ji:mm 3 mm x 10 mmx 85 mm ™ A" parameter

A an LavinnsiEnAnenlilaglidl parameter Tisraulafardgas P fin
- & ' | f “ o Vel ; Voo o
wWasuutaslunus 1P = 14-17 d2u parameter mau IR RAAWImwAsalUd
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Y
iP=14-17

P=1

SV=5

SF=26

MA = 4

CN =4

OFF =14

WIRE SPEED = 1
. TENSION = 5
73U LAYIINSAARINAY parameter 8197 X1Y015 RN surface

roughness N38ATATINNEU-aZLB8ad a9

a.vi'mamiwmaa_aﬁ‘lﬁ'mﬁmﬁa%’wnﬁﬁﬁuﬁ'ﬂmﬂlﬁm5L§aumsunsuﬁ’hﬂ
AW C RN ThATz R S uay

9. 31ATrLazaTUNanTldA parameter 709 ABATINVENU-aTiEEATEY
Arfuanu



91

HANTSNARIATNSIAAIINNEIU- AL S 9RIMNBUITY L1EN

SKD 11 #fildvn1say Tempering HIL&A7
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#ifdef __TINY__
#error BGIDEMO will not run in the tiny model.
#endif

#include. <dos.h>
#include-<math.h>
#include <conio.h>
#include <stdio.h>
#include <stdlib.h>
#include <stdarg.h>

#include <graphics.h>

#define ESC Ox1b ' /™ Define the escape key */
#define TRUE 1 /* Define some handy constants */
#define FALSE O /™ Define some handy constants */
#define Pl 3.141592654 /* Define a value for P} */

char-*LineStyles[] = {
"SolidLn®, “DottedLn”, “CenterLn”, "DashedLn”, "UserBitLn” -
pX

int  GraphDriver;  /* The Graphics device driver */

int  GraphMode; /* The Graphics mode value */

double AspectRatio; /* Aspect ratio of a pixel on the screen*/
int Ma;<X, MaxY, /* The maximum resolution of the screen ‘/
int ~ MaxColors; : /* The maximum #. of colors available */
int - ErrorCode; /* Reports any graphics errors */

struct palettetype palette; /* Used to reéd palette info ™/

/* */
/= " Function prototypes */
/* 7
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void Initialize(void);

void Graph(void);

void Pause(void);

void MainWindow(char *header);

void StatusLine(char *msg);

void DrawBorder(int left,int top,int right,int bottom,char f“topics);
void changetextstyle(int font, int direction, int charsize);

int gprintf(int xloc, int yloc, char *fmt, ... );

void highlite(int left,int top,int Color,char *topics);

void box(int left,int top,int right,int bottom);

7 */
/x Begin main function */
/* */
int main{)
{
Initialize(); /* Set system into Graphics mode */
Graph();
closegraph(); /* Return the system to text mode */
return(0);
t
/"
/" INITIALIZE: Initializes the graphics system and reports
;* any errors which occured.
/‘

void Initialize(void)
{

int' xasp, yasp; /* Used to read the aspect ratio*/

*/

.4/

=/

- ‘/
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GraphDriver = DETECT, /* Request auto-detection */

initgraph( &GraphDriver, &GraphMode, ** );

ErrorCode = graphresult(); /* Read result of initialization*/

if( ErrorCode != grOk ){ /* Error occured during init */
printf(” Graphics System Error: %s\n”, grapherrormsg( ErrorCode ) );
exit( 1 );

getpalette( &palette ); /* Read the palette from board */

MaxColors = getmaxcolor() + 17 /* Read maximum number of colors*/

MaxX = getmaxx():

MaxY = getmaxy(); /* Read size of screen */

getaspectratio( &xasp, &yasp ). /* read the hardware aspect */

AspectRatio = (double)xasp / {double)yasp; /* Get correction factor */

}
void box(int left,int top,int right,int bottom)
{
setfillstyle(SOLID_FILL,LIGHTGRAY);
bar(left,top,right,bottom);
setcolor( DARKGRAY));
line(left,top,left,bottom);
line(left+1 ,bottom+1 right+ 1, bottom+1);
setcolor(WHITE);
line(left,bottom,right,bottom);
line(left+1,top+1,left+1 ,bottom.-:‘l )
| - )
void highlite(int left,int top,int Color,char *topics)
{
struct textsettingstype txtinfo;
int height,width;
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—_—_

gettextsettings( &txtinfo);

height = textheight(topics );

width = textwidth(topics);

if (txtinfo.font) height++;
seftfillstyle(SOLID_FILL,Color);

settextjustify( LEFT_TEXT,CENTER_TEXT);
var(left.top,left+width+14,top+height+10);
setcolor(BLACK);

rectangle(left+3,top+3,left+width+1 1 top+height+7);
setcolor(Color+8);

line{ieft+3,top+3,left+width+1 1,top+3);

line(left+3 top+height+8 left+3,top+3);
setcoior(BLACK):

if (txtinfo.font) outtextxy(left+10,top+3=height/4,topics);
alse outtextxy(left+8,top+height+2 topics);

——

/*  PAUSE!: Pause until the user enters a keystroke. If the
/™ key is an ESC, then exit program, else simply return.

/’.‘

void Pause(void)

{

static char msg[] =

Esc aborts or press a key...

nt ¢,
StatusLine(msg); /= Put msg at bottom of screen */
c = getch(); /* Read a character from kbd */

if( ESC == c ){ /™ Does user wish to leave? */
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closegraph(); /* Change to text mode */

exit( 1); /*RetumtoQS */

if( 0 ==c ){ /= Did use hit a non-ASCIl key? */

¢ = geteh(); /™ Read scan code for keyboard */

cleardevice(); /* Clear the screen */

/: “/
/* MAINWINDOW: Establish the main window for the demo and set */
/* a viewport for the demo code. =/

’* ) */

void MainWindow( char *header )

{
int height;:

cleardevice(); /* Clear graphics screen */

setcolor( LIGHTGREEN ); /* Set current color to lightgreen */
setviewport( 0, O, MaxX, Max¥, 1 ); /* Open port to full screen */ .
height = textheight( "H" ); " /™ Get basic text height */
DrawBorder(0,0,MaxX,MaxY,header);

changetgxtstyle( DEFAULT_FONT, HORIZ_DIR, 1 );

setviewport( O, height+4, MaxX, MaxY~-(height+4), 1 );
setviewport( 1, height+5, MaxX-1, MaxY-(height+5), 1 );
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L

/‘ "/
/™ STATUSLINE: Display a status line at the bottom of the screen. */

-/ * "/

void StatusLine( char *msg Y
{ .
setviewport( O, 0, MaxX, MaxY, 1 ); /* Open port to full screen */
changetextstyle( DEFAULT_FONT, HORIZ_DIR, 1 );
nighlite(5,457 LIGHTGRAY,msg);
setcolor(BLACK);
iine(4.457 MaxxX-4,457);
setviewport( 1, 1, MaxX-1, MaxY-1, 1 );
}

™ */
Vs DRAWBORDER: [ 4
/* *'/
/= */

void DrawBorder(int left,int top,int right,int bottom,char *topics)

{ .
int width;
setfilistyle(SOLID_FILL,WHITE);
bar(0,0,MaxX,MaxY);
setfillstyle(SOLID_FILL,LIGHTGRAY);
bar(left+1,top+1,right-1,bottom-1 );
setcolor(BLACK);
rectangle(left,top,right,bottom); :
rectangle(left+3,top+3,right-3,bottom-3);
rectangle(left,top+22 right,bottom-22);
rectangle(left+24. top,right- 24, bottom);
setfillstyle(SOLID_FILL,DARKGRAY);
bar(left+7,top+11,left+22 top+1 4);
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bar(right-20 top+11 right-5,top+14);
rectangle(left+6,top+10,left+21 1op+13);
rectangle(right-21,top+10,right-6,top+13);
setfillstyle(SOLID_FILL,WHITE);
bar(left+4,top+23,right-4,bottom-4);
bar(left+7,top+11,left+20,top+11);
bar(right-20,top+11,right-7,top+11);
setfillstyle(SOLID_FILL,BLUE);
bar(left+24,top+4,right-24,top+22);
setcoler(WHITE);
settextstyle( DEFAULT_FONT,HORIZ_DIR,1.3);
settextjustify( LEFT_TEXT, TOP_TEXT );
width = (right-left-textwidth(topics))/2 + 5.
 outtextxy(width,top+10,topics );

/* =/
/* CHANGETEXTSTYLE: similar to settextstyle, but checks for */
/*  errors that might occur whil loading the fbnt fite. */

/* . */

void changetextstyle(int font, int direction, int :charsize)

{

int ErrorCode;

graphresult(); /* clear error code */
_ settextstyle(font, direction, charsize); _
ErrorCode = graphresuit(); /= check resuit %/
if( ErrorCode != grOk ){ /™ if error occured */
closegraph(); _
printf(” Graphics System Error: %s\n”, grapherrormsg( ErrorCode ) );
exit( 1 ); !
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= x,
/*  GPRINTF. Used iike PRINTF except the output is sent to the */
/*  screen in graphics mode at the specified co-ordinate. */

/‘ */

int gprintf( int xloc, int yloc, char *fmt, ... )

{
va_list argptr; /* Argument list pointer */
char str{140}), /* Buffer to build sting into */
intent;  /* Result of SPRINTF for return */

va_start( argptr, format ); /* Initialize va_ functions =/ .

cnt = vsprintf( str, fmt, argptr ); /= prints string to buffer */
outtextxy( xloe, ylog, str ); #* Send string in graphics mode */

yloc += textheight{ "H" ) + 2; /* Advance to next line 5/
va_end( argptr ) /* Close va_ functions */
return( cnt ); /™ Return the conversion count */

}

void Graph(void)

{
int n,m,o; )
int- workpiece;.
float Y_try;
float X_ColS,X_ColE;
float Y_ColS,Y_ColE;
float X_Co,X_CoSub;
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float Y_Co.Y_CoSub;

float V_Angle1 V_Angle?;

int  X_Plot[13][13],Y_Plot{13][13];

nt  Z_Plot[13][13];

int start,end;

int  XY_Plot[169];

int X_Ref,Y_Ref;

int  SX_Ref,SY_Ref;

int ON[8] ={ 4,4,4,4,4, 4,4, 4 b

int OFF[8]={14,14,14,74,14,14,14,14}:

int IP[8] ={17,17,16,16,15,15,14,14 };

int MA[8] ={1.4.14,14.’;4,14.':4,‘.4,14};

int P[8] ={ 1,1,1,1,1,1,i,1¥

int SV[8] ={ 5.5,5,5,5,5,5,5};

int SF[B] ={ 6,86,6,6,6,8.56.86:

float temp(8] = { 24.0,24.6,24.7,24.6.25.1 .24.5,24.3,24.8 };
int  humidity[8] = { 80,64,67,65,81,64,69,63 i
int Wire_Speed = 1;

it

int Tension =:5;
float Rmax(8],Rmin{8];
char *Date[] = { f
"‘NOVEMBER 13,1992",
"NOVEMBER 20,1992",
"NOVEMBER 21,1992,
“NOVEMBER 25,1992",
"NOVEMBER 30,1992",
‘DECEMBER 7,1992",
*DECEMBER 11,1'592',
"DECEMBER 16,1992
h
float Ra[8][13][1 3] = {
' /*WORKPIECE No. 1>/
0.0000,0.0000,0.0000,0.0000,0.0009,0.0000,0.0000,0.0000,0.0000,
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/*WORKPIECE No.7*/

0.0000,0.0000,0.0000,0.C000,0.0000,C.0C00,0.0000,0.0000,2.2000,
0.0C00.0.0000.,0.0000,0.0000,
0.06000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0500,0.0000,0.0000.
0.0000,0.0000,0.0000,0.C000,
0.0000.0.0000,1.3716,1.1938,1.24486,1.1648,1.3716,1.3970,1.20564,
1.1684,1.3462,0.0000,0.0000,
0.0000,0.0000,1.3462,1.3970,1.24486,1.3716,1.1938,1.1938,1.1938,
1.4986,1.1397,0.0000,0.0000,

| G.00000,0.000,1.1684,1.2700,1.1938,1.1684,1.1684,1.1430,1.2700,
1.2446,1.1684,0.0000,0.0000,
©.00C0,0.0000,1.1480,1.2192.1.1176,1.1430.,1.1634,1 0668,1.2700,
1.1684,1.2954,0.0000.0.0000,
0.0000,0.0000,1.1938,1.1430,1.2192,1.1938,1.1176,1.1684,1.2448,
1.3208,1.3208,0.000C,0.00C0,
0.0000,0.0000,1.3208,1.2446,1.2448,1.0688,1.2192,1.1430,1 .21 82z,
1.3270,1.2446,0.0000.0.0000,
C.0000,0.0000,1.6840,1.2954,1.1176,1.15684,1.2446,1.1684,1.5240,
1.6510,1.83970,0.0000,0.0000,
0.0000,0.0000,1.2904,1.3208,1.4478,1.2446,1.3208,1.37186,1.8700,
1.7526,1.5748,0.0000,0.0C00,
C.0000,0.0000,1.8970,1.4732,1.3970,1.3716,1.5494,1.6510,1.8034,
1.8700,1.8700,0.0000,0.0000, :
0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,
0.0000,0.0000,0.00C0.0.000¢C,
0.0000,0.0000.0.0000.0.0000.0.0000,0.0000,0.0000,0.0000.0.0000,
0.0000,0.0000,0.0000,0.0000,

/*WORKPIECE No.8*/

0.0000,0.0000.0.0000.0.0QO0.0.00Q0.0.0000‘0.0000,0.0000.0.00QO,
0.0000,0.0000,0.0000,0.0000,



. 112 |

e

2.8194.2.6924,0.0000,0.0000,
0.0000.0.0000,2.9210,2.6416.,2.4892,2.5908,2.9210,2.6416,2.5908,
2.5654.,2.51486,0.0000,0.0000,
5.0000.0.0000,2.4130,2.5308,2.6416,2.6162,2.6416,2.2860,2.64186,
2.3622,2.6670,0.0000,0.0000,
0.0000.0.0000,2.6162,2.5400,2.5146,2.8194,2.5146,2.6162,2.5908,
2.3876,2.3876.,0.0000,0.0000, ,
5.0000,0.0000,2.4892,2.6654,2.4638,2.6670,2.6416,2.3622,2.4892,
2.6670.2.4130,0.0000,0.0000, :
0.0600.0.0000,2.3114,2.3876,2.3622,2.4384,2.3114,2.4384,2.3622,
2.7940,2.7620,0.0000,0.0000,
0.0000,0.0000,2.3114,2.5908,2.4638,2.5400,2.4384,2.5908,2.7432,
2.3368,2.3876,0.0000,0.0000,
0.0000.0.0000,2.2606,2.7432,2.5400,2.4384,2.5146,2.3876,2.4130,
2.0828,2.4130,0.0000,0.0000,
0.0000.0.0000.0.0000,0.0000.0.0000,0.0000,0.0000,0.0000,0.0000,
0.0000,0.0000,0.0000,0.0000, ‘
0.0000,0.0000,0.0000,0.0060,0.0000,0.0000,0.0000,0.00C0,0.0000,
0.0000,0.0000,0.0000,0.0000,

/*WORKPIECE No.3*/
0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,
0.0000,0.0000,0.0000,0.0000,
o.oooo,o.oooo.o.oooo,o.oooo,o:oooo,o.oooo,o.oooo,o.ooo‘o,o.oéoo,
0.0000.,0.0000,0.0000,0.0000,
0.0000,0.0000,1.6764,1.4224,1 4478,1.6256,1.5240,1.6002.1.7018,
1.7780,1.7018,0.0000,0.0000,
0.0000.0.0000,1.4732,1.6240,1.4732,1.5240,1.5748,1.4224,1.4732,
1.5240,1.6002.0.0000.,0.0000, - ‘ A
0.0000,0.0000,1.4224,1.3970,1.5484,1.5748,1.4732,1.6002,1.6784,
1.5748,1.5748,0.0000,0.0000,
0.0000,0.0000,1.4732,1.5748,1.5240,1.5748.1.8034,1.5240,1.4478,
1.4988,1.4732,0.0000,0.0000,
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0.0000,0.000,1.5748,1.6256,1.6570,1.8256,1.6510,1.6256,1.8288,
1.8256,1.7780,0.0000,0.0000,
0.0000.0.0000,1.9812,1.5240,1.6256,1.6764,1.7526,1.7018,1.7780,
1.5240,1.8764,0.0000,0.0000,
0.0000,0.0000,1.4732,1.8256,1.5748,1.7018,1.6256,1.7018,1.82586,
1.6510,1.6764,0.0000,0.0000,
0.0000,0.0000,1.4732,1.6510,1.4988,1.6256,1.7780,1.6510,1.9812,
1.5748,1.7526,0.0000,0.0000,
0.0000,0.0000,1.5240,1.5240,1.5240,1.7780,1.7526,1.5748,1.6510,
1.5240,1.7780,0.0000,0.0000,
0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,
0.0000,0.0000,0.0000,0.0000,
0.0000.0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.6000,
0.0000,0.0000,0.0000,0.0000,

. /*WORKPIECE No.4*/
0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000.
0.0000,0.0000,0.0000,0.0000,
o.oooo,o.oooo,o.oooo,o.o'ooo,o.oooo,o.oooo.o.oooo,o.oooo,o.oooo,
0.0000,0.0000,0.0000,0.0000,
0.0000.0.0000,1.3970,1.5748,1.5748,1.6002,1.5748,1.5748,1.5748,
1.5748,1.5240,0.0000,0.0000,
0.0000,0.0000,1.4986,1.5748,1.5748,1.4986,1.5748,1.6002,1.5748,
1.5748,1.0062,0.0000,0.0000,
0.0000,0.0000,1.5224,1.5748,1.6256,1.6764,1.6510,1.4732,1.8510,
1.5748,1.5494,0.0000,0.0000,
0.0000,0.0000,1.5748,1.6510,1.7780,1.7272,1.5748,1.6764,1.6510,
1.7526,1.5494,0.0000,0.0000,
0.0000,0.0000.1.7272;1.7018,1.7272,2.05 74,1 .6256,1.6764,1.6002,
1.8002,1.7272,0.0000,0.0000,
0.0000,0.0000,1.5748,1.8542,1 6002.1.5748.1.7018,1.6256.1.6002,
1.9304,1.5748,0.0000,0.0000,
0.0000,0.0000,1.5748,1.7272,1.5748,1.7272,1.6764,1.6610,1.7018,
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1.8034,1.5748,0.0000,0.0000,
0.0000,0.0000,1.8034,1.6510,1.6510,1.6510.1 .6256,1.4732,7.3970,
1.75286,1.6784,0.0000,0.0000,
0.00C0,0.0000,1.7018,1.8034,1.9304,1.8288,1.701 8,2.1000,2.1000,
2.1000,2.1000,0.0000,0.0000,
0.0000,0.0000,0.0000,0.0000,0.0000.0.0000,0.0000,0.0000,0.0000,
0.0000,0.0000,0.0000,0.0000,
0.0000,0.0000,0.0000,0.0000,0.0000.0.0000.0.0000.0.0000.0.0000.
-0.0000,0.0000,0.0000,0.0000,

/*WORKPIECE No .5%/
0.0000,0.0€00,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,
0.0000,0.0000,0.0000,0.0000,
0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,
0.0000,0.0000,0.0000,0.0000,
0.0000.0.0000,1.4732,1.4478,1.6000,1.5240,1.3970,1.397¢C,1.39 70,
1.4986,1.4986.0.0000,0.0000, "
0.0000,0.0000,1.3716,1.2700,1.4732,1.3462,1.4224,1.4478,1.5240,
1.3208,1.3970,0.0000,0.0000,
0.0000,0.0000,1.2954,1.2700,1.1430,1.3716,1.2700.1.3462,1 4986,
1.3970,1.1430,0.0000,0.0000,
0.0000,0.0000,1.2192,1.2192,1.2954,1.2192,1.2446,1.1684,1 4224,
1.3462,1.4732,0.0000,0.0000,
0.00G0,0.0000,1.1884,1.1430,1.2192,1.3462,1.1430,1.2446,1.1938,
1.1397,1.4224,0.0000,0.0000.
0.0000,0.0000,1.1684,1.0180,1.1938,1.1176,1.0868,1.0668.1.2700.
1.8716,1.5748,0.0000,0.0000,
0.0000,0.0000,1.0868,0.990€,1.0922,1.0160,1.0668,1.1430, 1 1430,
1.4478,1.3208,0.0000,0.0000,
0.0000,0.0000,1.3462,1.3208,1.4732,1.2446,1.2192,1.6000,1.2954,
1.4224,1.5240,0.0000,0.0000,
0.0000,0.0000,1.4224,1.5716,1.3716,1.3716,1.4732,1.2954.1.4478.
1.3870,1.3970,0.0000,0.0000,
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0.0000,0.0000,0.0000,0.0000.0.0000.0.0000,0.0000,0.0000,0.0000,
0.0000,0.0000,0.0000,0.0000.
0.0000.0.0CO0,0.0000,0.0000,0.0000,0.0000,0.0000.0.0000,0.0000.
0.0000,0.0000,0.0000,0.0000,

/*WORKPIECE No.6* /
o.oooo,o.oooo.o.oooo,o.oooo.o..oooo,o.oooo,o.oooo.o.oooo,o.oooo,
0.0000,0.0000,0.0000,0.0000, -
o.oooo.o.oooo.o.oooo,o.oooo.o:oooo,o.oooo.o.oooo.o.ooo‘o,o.oooo.
0.0000,0.0000,0.0000,0.0000,
0.0000,0.0000,1.1684,1.2192,1.1938,1.0668,1.1684,1.1176, 1 0922,
1.1430,1.2700,0.0000,0.0000,
0.0000,0.0000,1.0992,1.0414,1.1430,1.0668,1.1176.,1.041 4.1 .9380,
1.21982,1.2192,0.0000,0.0000,
0.0000,0.0000,1.0474,1.0414.,1.0668,1.2192,1.1176.1.1176.1.1 430,
1.3462,1.4478,0.0000.0.0000,
0.0000,0.0000,1.1684,1.1684,1.1938,1.2448,1,1928,1.2446.1 21 82,
1.2446,1.3208,0.0000,0.0000,
0.0000,0.0000,1.1938,1.1430,1.1176,1.1430.1.3208. 1 .2954,1.24486,
1.2954,1.2954,0.0000,0.0000, , )
0.0000,0.0000,1.3970,1.3462,1.3970,1.1938,1.2192,1.2954. 1 2448,
1.2954,1.2954,0.0000,0.0000,
0:0000,0.0000,1.3462,1.2954,1.2954,1.3208,1.2954,1.1176.1 2954,
1.8716,1.3462,0.0000,0.0000, _
0.0000,0.0000,1.4732,1.1684,1.3208,1.2954,1.2192.1.2954.1 .3208,
1.4224,1.3716,0.0000,0.0000,
0.0000.,0.0000,1.3462,1.3716.1.21 92,1.3208,1.3208,1.3970,1.4732,
1.3462,1.3970,0.0000,0.0000,
0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0. 0000,0. 0000,0.0000,
0.0000,0.0000,0.0000,0.0000,
0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0. oooo 0.0000,
0.0000,0.0000,0.0000,0.0000,
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0.0000,0.0000,0.0000,0.0000,
0.0000,0.0000,0.0000,0.0000,0.0000.0.0000.0.0000,0.0000,0.0000,
0.0000,0.0000,0.0000,0.C0C0,
0.0000,0.0000,2.9718,2.3876,2.7432,3.1240,2.9718,2.5654,3.0988,
3.5000,3.0988,0.0000,0.0000, '
0.0000,0.0000,2.8448,2.3622,2.4638,2.3876,2.6416,2.3876,2.4130,
2.4384,2.7178,0.0000,0.0000,
0.0000,0.0000,2.4638,2.5908,2.5400,2.3876.2.3368,2.3622,2.3368,
2.7432,2.3253,0.0000,0.0000,
0.0000,0.0000,3.5000,2.5654,2.5654,3.5000,2.6416,2.5654.,2.6924,
2.5928,2.5908,0.0000,0.0000,
0.0000,0.0000,3.5000,3.0480,2.7686,2.9718.,2.8448,2.7940,3.0226,
2.5654,3.5000,0.0000.0.6000.
0.0000,0.0000,2.9972,3.5000,2.8194,2.6672.2.6416,3.0480,2.5654,
2.7686,2.6670,0.0000,0.C000,
0.000C,0.0000,2.8194,2.7178,2.8194,2.7940,2.7432,2.3876.3.5000,
2.5654,2.7432,0.0000,0.0000,
0.0000,0.0000,2.6670,2.3956,2.7178,3.5000,2.6162,2.9464,2.6670,
2.8956,2.8194,0.0000,0.0000,
0.0000,0.0000,3.5000,2.9972,2.9972,2.8194,2.8956,3.0480,3.5000,
2.8956,2.9210,0.0000,0.0000, :
0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,
0.0000,0.0000,0.0000,0.0000,
0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,
0.0000,0.00C0,0.0000,0.0000, |

/*WORKPIECE No.2*/
0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,
0.0000,0.0000,0.0000,0.0000, : '
0.0000.0.0000,0.0000,0.0000,0.0000,0.0000.0.0000,0.0000,0.0000,
0.0000,0.0000.0.0000,0.0000, .
o.oooo,o.oooo,z.8448,2.5654.’2.7432,2.3622.2.3876.2.7940,355000,
3.5000,2.6162,0.0000,0.0000, ; :
0.0000,0.00000,2.8448,2.8194,2.6924,2.8194,3.5000,2.7686,2.5908,
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0.0000,0.000¢,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,0.0000,
0.0000,0.0000,0.0000,0.00C0,
0.0000,0.0000,1.4732,1.2700,1.3462,1.4224,1.5494,1.5494,1.4480,
1.2700,1.7018,0.0000,0.0000,
0.0000,0.0000,1.2904,1.1684,1.4224,1.4732,1.5748,1.3716,1.37186,
1.2192,1.7526,0.0000,0.0000,
0.0000,0.0000,1.3716,1.1760,1.2700,1.2192,1.2192,1.3208,1.5240,
1.4224,1 .4478.0.00Q‘0.0.0000.
0.000G,0.0000,1.2954,1.1684,1.1684,1.24486,1.3402.1.2446,1.2700,
1.2954,1.4732,0.0C00,0.0000, -
0.0000,0.000C,1.2700,1.1397,1.1420,1.2700,1.2446,1.2446,1.1684,
1.3716,1.5240,0.0000,0.0000,
0.0000,0.0C00.1.24486.1.1430,1.2192,1.2192,1.4478,1.4732,1.1 684,
1.3462,1.5748,0.0000,0.0000,
0.0000,0.0000,1.2904,1.1430,1.1684,1.2208,1.5240,1.3718,1.2954,
1.4478,1.8510,0.0000,0.0000,
0.0000,0.0000,1.3970,1.2192,1.2700,1.6510.1.4478,1.3760,1.1 938,
1.5240,1.86256,0.0000,0.0C00,
0.0000,0.0000,1.3970,1.2954,1.4478,1.4224,1 4732,1 5240,1.3208,
1.83970,1.5484,0.0000,0.0000,
0.0000,0.0000,0.00Q0,0.0000.0.0000,0.0000,0.0000,0.0000.0.0000,
0.0000.0.0000,0.00d0,0.0000,
0.0000,0.0000,0.0000,0.0000,0.0000.0.0000,0.0000,0.0000,0.0000,
0.0000,0.0000,0.0000,0.0000,
X '
workpiece = O;
ao {
MainWindow( “Surface G;aphics Plotting”);
V_Angle1 = tan(23*P1/180);
V_Angie2 = tan(60*Pl/180);
X_Ref = 300;
Y_Ref = MaxY-1 oo;?

for(m=0:m<13;m++)
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{
X_Co = X_Ref - (8*m);
Y_Co = Y_Ref - (8*m*V_Angle1);
for(n=0:n<13;n++)
{
X_CoSub = X_Co+(10*n);
Y_CoSub = Y_Co-{5*n*V_Angle2);
X_Plot{m][n] = X_CoSub;
Y_Plot{ml{n] = Y_CoSub;
Z_Plotm]n] = Y_Plot[m][n]—ceil(Ra[workpiece][m][n]"1 0);

/*Graph A*/

setcolor(BLUE);
for(m=0:m<=11m++)
for(n=0;n<=11:n++)
{
line(X_Plot[mI[n],Z_Plotim]n],X_Plot{m+1][n],Z_Plot{m+1][n]);

: line(X_Plot[m][n],Z_Plot[m][n],X_Plot[m][n+1 LZ_Plotim]in+1]);
line(X_Plot{m][12],Z_Plot{m][12],X_Plotim+1][1 2],Z_Plot[m+;l 12));
line(X_Plot[12][m}.Z_Plot[12][m].X_Plot[1 2][m+11,Z_Plot[1 2]m+1]);

}
line(X_Ref-110,(Y_Ref-110*V_Angle1),X_Ref-122,(Y_Ref-122*V_Angle1));
line(X_Ref-122,(Y_Ref-122*V_Angle1)X_Ref-122,(Y_Ref-122=V_Angle1 )~

30);

line(X_Ref-110,(Y_Ref-110*V_Angle1)-30 X_Ref-122 (Y_Ref-
122*V_Angle1)-30);
outtextxy(X_Ref-106,Y_Ref-50,70");
outtextxy(X_Ref- 108,Y_Ref-80,"3");

/‘===========================================::=============‘/
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| I, |

/*Graph B */

line(X_Ref-1 2o,Y_Ref+eo,x_Ref-1 05,Y_Ref+80);
iine(X_Ref-120,Y_Ref+80,X_Ref-120.Y_Ref+30);
iine(X_Ref-120,Y_Ref+30,X_Ref-105,Y_Ref+30);
outtextxy(X_Ref-95,Y_Ref+57,70");
outtextxy(X_Ref-95,Y_Ref+27,73");
SX_Ref = X_Ref - 70;
SY_Ref = Y_Ref + 80;
for(m=0;m<12:m++)
for(n=0;n<12:n++)
{
start = cell(Ra[workpiecel[m][n]*10):
end = ceil(Ra[workpiece][m]n+1]*10);
line(SX_Ref+n*10,SY_Ref-start,(SX_Ref+(n+1)~10),SY_Ref-end);
!

U & - PN O0C0NRA BN/ < N\ RRNNRAN 9 - |
gorintf(20,14,"No.%d " workpiece+1);
rectangle(4,11,MaxX-6,23);
rectangle(4,11,80,23);
gprintf(100,14,” 1 st cut’);
rectangle(225,11 ,440,235;
rectangle(255,25,450,38);
gprintf(20,28,"DATE : %s”,Date[workpiece]);
gprintf(MaxX-340,28, Temp.: %2.1f C" temp[workpiece]);
gprintf(490.,28,"Humidity: %2d % humidity{workpiece]):
rectangle(4,25,MaxX-6,38);
setcolor(RED); _
gprintf(22,43,'0N _OFF P MA P sV SF .WIRE SPEED -

TENSION®);
gprintf(25,53, %d”,0N[workpiece]);
gprintf(81,53,"%d" . OFFworkpiece]);
gprintf(1 40,53.'%d',lp[workpiece]);
gprintf(197,53,"%d" ,MAworkpiece]);
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gprintf(253,53,'%d",P[workpiece]);
gprintf(314,5 3,'%d',swworkpiece]):
8Printf(377.53,"%d",s Flworkpiece]);
gprintf(468,53,’%d',Wire_Speed);
gprintf(583,53,'%d’.Tension);
rectang!e(4.40,MaxX—6,65,);
Iine(60,40,60.65);
line(120,40,1 20,65); .
line(175,40,175,85);
line(230,40,230,65);
line(285,40,285.65);
!ine(350,40,350,65);
line(410,40,41 0,65);
Iine(535,40,535,65);
Rmax[workpiece]=0.o;
Rmi n[workpiece}= 10000.0;
for(m=2;m<1 Tim++)
for(n=2;n<1 T;n++)
{
if( Rmax{workpiece]< =Ra[w6rkpi ece]llmj[n])
Ra[workpiece][m][n];
if(Rmin[workpiece]>=Ra[workpiece][m][n])
Ra[workpiece][m][n];
}
8printf(280,14,"MAX ; %2.4f',Rmax[workpiece]);
gprintf(500,14,"MIN %2.4f',Rmin[workpiece]):
workpiece++;
if(workpiece>7) workpiece = 0;
Iwhile( geten() 1= ESC);
}

Rmax[workpiece]

Rmin[workpiece]

H
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NOCO1 [ MAIN PROGRAM };
380 G92 XY,
M98 P1010;
=00 X0 Y-1C0C0;
M98 P1010;
woz;
N1010[SUB1 ;
GE5;
392 X0 Y15000 Z0;
T39;
G42 HG;
G50 AG;
c101;
GO1 Y11CCO:
T84
CB31;
M 38 PCC10; -
T39;
Ca31;
G42 HG;
01 X0
G40 G50 Y130C0,
MS9:
NCO10 [ SUB2];
GO1 YSC00:
X-10CQ0;
Y1CCQ0;
X-5CCO;
GO3 X-10000 YSC00 J-1C00;
GO1 Y-SCCO;
GO3 X-30C0 Y-10000 11CCO;
GQO1 X90CQC; )
GC3 X1CCCO Y-35000 J1CCQO;
GC1 YS0C0:
‘GO3 XS000 Y10000 1-1000;
‘GO1 X10C0;

YSCCO;

XECO;
MS9;
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