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Abstract

The principle of metal Cut using Wire Cut Electrical Discharge Machine is studied.
Cobolt coated wire was sparked and controlled by an eleé:tric' pﬁlse generator at température
around 2,500-3,000 °C. The work piece was Cut while the wire passing through it. The
system was controlled by computer. During the cutting process the piece work was kept cool
with water or oil. The efficiency of cutting depends on many factors: wire tension, the speed
of wire fed, the magnitude of electric current and on-off period of applied current. The
cutting can be. applied both to mild and hard metal such as metal carbide. .'

The piece work could be Cut into deéired shape. The surfa.cé roughness of the Cut
was less than5|lm and the residual stress was about 53 kgf/mm *and not deeperthan 56].Lin.
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2.5 mnnlemamusanlavaay (WC-Co)
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wirilsalsenlasnsathiavsgnaurguuasindaane pulse Mifinsnsalaslifiuzas «
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ANMHAYDINTTAIISUNUITNBUAUNNGIRN 9

asvanadsild WC-CO 8 @3 Aifl WC grain 2une 1-3 m uasidutlssneuf
{iu Tausaring 6,12 uas 24% vsgnifsnindinmnfisnazasdauilsznoueng 9 Wafnwnazes
WC grainesforsann dautssnounia 3 § Tauesr 6% uaszue grain 1-3, 2-4 uss 3-6
Um waggUees ﬂmanﬁﬁvﬂﬁmna‘mﬂszﬂaudw 9 UHAIRINITIN 2.4 F1ATNLES (hardness)
et modulus BaeATINBaVtuYrRn  Waduilssneuiiiiu Tauaayiin lususfidnanumilen
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MmN 2.4 aasananlsldendanlsznausn 1

Cobalt content WC grain size Hardness Thermalexpansion
(%) ( pm) (Ra ) (X10°°C)
6 1-3 91.44+0.4 4.55
12 1-3 89.4+0.5 5.36
24 1-3 86.9+0.6 6.30
6 1-3 91.4+0.4 4.55
6 2-4 88.6+0.5 4.68
6 3-6 87.3+0.5 4.85

Cobalt content WC grain Elastic modul Kic
(%) size (Lm) (kg/mm %) ( Mpam-1/2)
g/ ‘1.3 65.0+2.5 9.140.7
12 . 1-3 80.5+2.3. . 11.040.9
24 3 44.2+3.2 6.9+2.6
6 1-3 65.042.5 9.140.7
6 2-4 60.9+1.9 13.440.9
6 6-6 59.4+2.2 17.4+42.5

Cobalt content WC grain Eectrical Thermal
size conductivity conductivity
(%) (Mm) (mhos/cm.) (W/m-k)
6 1-3 0.0585 100
12 1-3 0.0585 105
24 1-3 0.0580 a3
6 1-3 0.0585 100
6 - 0.0810 105
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§1_h71‘ 2.42 EDM - ed surface texture or WC-Co.
(6%, 1-3 lm WC grains) using operating conditions of : 1-1.0 A,
t-14 s, f-0.56 kHz '
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ATN 2.5 WEMTAIINANITINUEIENR

t 1 f cutting rate Rate of removal
(s) (A) (kHz) (mm/min.) (mm?/min.)
1.00 0.75 0.58 0.25 0.30
1.40 0.75 0.58 0.26 0.31
1.75 0.75 0.58 0.29 0.35
2.25 0.75 0.58 0.31 0.37
2.50 0.75 0.58 0.32 0.38
3.00 0.75 0.58 0.32 0.38
3.50 0.75 0.58 0.32 0.38
1.40 0.50 0.58 0.1¢ 0.22
1.40 0.75 0.58 0.26 0.31
1.40 1.00 0.58 0.32 0.38
1.40 1.25 0.58 0.32 0.38
1.40 1.50 0.58 0.32 0.38
1.40 0.75 0.50 0.20 0.24
1.40 0.75 0.60 0.26 0.31
1.40 0.75 0.70 0.31 0.37
1.40 0.75 0.80 0.32 0.38
1.40 0.75 1.25 0.32 0.38
1.40 0.75 2.00 0.32 0.38

t 1 f Power Energy per unit
(s) (A) (kHz) volume removed
1.00 0.75 0.58 0.031 6.2

1.40 0.75 0.58 0.043 8.3

1.75 0.75 0.58 0.053 8.2

2.25 0.75 0.58 0.089 11.2

2.50 0.75 0.58 0.078 12.0

3.00 0.75 0.58 0.092 14.5
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TN 2.5 (AD)RIMIIAIANNTHNUGIER

t 1 f Power Energy per unit
(s) (A) (kHz) volume removed
1.40 0.50 0.58 0.028 7.6

1.40 0.75 0.58 0.043 8.3

1.40 100 0.58 0.057 8.0

1.40 1.25 0.58 0.071 11.2

1.40 1.50 0.58 0.086 13.6

(12% Co, 1-3 km WC grains) using operating condituons of :
1-1.0 A, t-1.4 5, f-0.56 kHz
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A1 2.6 FlAn (G-Code)

G-Code Group Function
GOO woulfaumidusinudmgn
GO1 A ANMUFURTI NIDANEDY
GO2 aaudulamudanniinn
Go3 andudulamuduunitn -
Go4 B nzgm?wtu: (MU241987)

G40 sndnsawnSadiduain

G41 -G yawsaiviusInlunieghe

G42 T SEIEUR I lUn e

G50 BARNAGAYA Taper

G51 H . i1 Taper Wnags

G52 M1 Taper Wnwan

G54 £t Coordinate O

G55 18 Coordinate 1

G56° the Coordinate 2

G57 ! the Coordinate 3

G58 18 Coordinate 4

as59 18 Coordinate 5

G90 Tsunsudnsep:lanpfiundegaiinserin
Ggl J TsunsudaszozqanitaliBnqenils
Go2 man X, Y duaud
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M5 2.7 wulan (M-Code)

M-Code Function
MO0 gl sunUADUBILA
Mo1 Tusunsumuaziupgiunisns Flag
MO2 sullsunsuuds Iimpaiaineso v
MO5 #ni@n Sendor touch ldgnunistiaulazau
Me8 Gonlusunsuten
M99 umsSenlysunsugas

6N 2.8 Alam (T-Code)

Function

<& v X
e aoadu

da linaemeadiu

Datlsuninsiunaifiv

Taandunaodiu

Un Submerge

(U Submerge

MrpgFuuLasaalUsLnsSNIBRY Wire Cut EDM
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G82 XO.Y40. ;

G41 HO15 GO1 XO Y30.,;
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GO1 X-10. Y20.;

GO2 X-30. Y20.;

GO1 X-30. Y20.1-10. JO;
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MO2
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G41 HO15 GO1 X0 Y10. ;

M 02
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#ifdef _ TINY _
#error BGIDEMO will not run in the tiny model.

#endif

#include
#include
#include
#include:
#include
#include
#include

#define ESC

<dos.h>
<{math.h>
<conio.h>
<stdio.h>

<stdlib.h>
<{stdarg.h>
<{graphics.h>

#define TRUE 1
#define FALSE O

#define PI

$define CU 72
#define CD 80

0x1b

3.141592654

/% Define
/¥ Define
/* Define
/* Define

the escape key
some handy constants
some handy constants
a value for PI

#define SCALE

char

}s

"SolidLn",

int
int

0.9/5

¥LineStyles[] = {

"DottedLn", "CenterLn", "DashedLn", "UserBitLn"

GraphDriver; /% The Graphics device driver
GraphMode; ; /% The Graphics mode value

*/
*/
x/
*/

*/
*/

double AspectRatio; /* Aspect ratio of a pixel on the screen*/
MaxX, MaxY; - /% The maximum resolution of the screen */

int
int
int

struct palettetype palette;

int

MaxColors; /* The maximum # of colors available

‘ErrorCode; /¥ Reporté any graphics errors

c;

Function prototypes

Initialize(void);

Graph(void);

Pause(int c¢);
MainWindow(char *header);
StatusLine(char *msg);

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

changetextstyle(int font, int direction, int charsize);
gprintf(int xloc, int yloc, char *fmt, ... );
highlite(int left,int top,int Color,char *topics);
box(int left,int top,int right,int bottom);

Begin main function

int main()

{

Initialize();

/¥ Set system into Graphics mode

Graph();

closegraph(};

/* Return the system to text mode

return(0);

/* Used to read palette info

*/
x/
x/

*/
*/
*/

*/
*/
*/

*/
*/



/* %/
/* INITIALIZE: Initializes the graphics system and reports */
/¥ any errors which occured. */
/¥ *x/
void Initialize(void)
{
int xasp, yasp; /¥ Used to read the aspect ratio*/
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() + 1; /¥ Read maximum number of colors¥/
MaxX = getmaxx();
MaxY = getmaxy(); /* Read size of screen */
getaspectratio( &xasp, &yasp ); /% read the hardware aspect */

}

1

s
b
.S
1
1
s
1
1

}

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

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

etfillstyle(SOLID_FILL, LIGHTGRAY),
ar(left,top,right, bottom),

etcolor (DARKGRAY);

ine(left,top,left, bottom);
ine(left+l,bottom+l,right+1, bottom+1)
etcolor(WHITE);
ine(left,bottom,right,botton);
ine(left+l,top+l,left+l,bottom-1);

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

struct textsettingstype txtinfo;

int height,width;

gettextsettings(&txtinfo);

height = textheight(topics);

width = textwidth(topics);

if (txtinfo.font) height++;
setfillstyle(SOLID_FILL,Color});
settextjustify(LEFT_TEXT,CENTER_TEXT);
bar(left,top,left+width+15,toptheight+10);
setcolor{BLACK);
rectangle(left+3,top+3,left+width+ll, toptheight+7);
setcolor{Color+8);
line(left+3,top+3,left+width+11,top+3);
line(left+3,top+height+6,left+3,top+3);

setcolor (BLACK);

if (txtinfo.font) outtextxy(left+10,top+3*height/4,topics);
else outtextxy(left+8,toptheight+2,topics);
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/% ' %/
/% PAUSE: Pause until the user enters a keystroke. If the */
/% key is an ESC, then exit program, else simply return. ¥/
/% */
void Pause(int 'ch)
{
static char msg[] =
" Esc aborts or press a key...
StatusLine(msg); /% Put msg at bottom of screen %/
do{
do ch=getch();while(ch!=0&ch!=ESC);
if(ch==0) .
ch = getch(); /*¥ Read a character from kbd */
}while(ch!=CD&ch!=CU&ch!=ESC);
c=ch;
}
/¥ */
/¥ MAINWINDOW: Establish the main window for the demo and set */
/% a viewport for the demo code. */
/% : *x/
void MainWindow( char *header )
{
int height;
cleardevice(); = /*¥ Clear graphics screen . ox/
setcolor( LIGHTGREEN ); /* Set current color to lightgreen */
setviewport( 0, 0, MaxX, MaxY, 1 ); /¥ Open port to full screen */
height = textheight( "H" ); /¥ Get basic text height */
DrawBorder(0,0,MaxX,MaxY,header);
changetextstyle( DEFAULT_FONT, HORIZ_DIR, 1 );
setviewport( 0, height+4, MaxX, MaxY-(height+4), 1 );
setviewport( 1, height+5, MaxX-1, MaxY-(height+5), 1 );
}
/* %/
/¥ STATUSLINE: Display a status line at the bottom of the screen. */
/* x/
void StatusLine( char *msg )
{
setviewport( 0, 0, MaxX, MaxY, 1 ); /* Open port to full screen */

changetextstyle{ DEFAULT_FONT, HORIZ_DIR, 1 );
highlite(4,457,LIGHTGREEN,msg);
setcolor(WHITE);

line(6,457,MaxX-4,457);

setviewport( 1, 1, MaxX-1, MaxY-1, 1 );



/¥
/%
/%
/¥

VO

{

-81-

DRAWBORDER:

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

int width;
setfillstyle(SOLID_FILL,WHITE);
bar(0,0,MaxX,MaxY);
setfillstyle(SOLID_FILL,LIGHTGRAY);
bar(left+l,top+l,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,botton-22);
rectangle(left+24,top,right-24,bottom);
setfillstyle(SOLID_FILL,DARKGRAY);
bar(left+7,top+l1l,left+22,top+14);
bar(right-20,top+11,right-5,top+14);
rectangle(left+6,top+10, left+21,top+13);
rectangle(right-21,top+10,right-6,top+13);
setfillstyle(SOLID_FILL,WHITE);
bar(left+4,top+23,right-4,bottom-4);
barfleft+7,top+11,left+20,top+11);
bar(right-20,top+11,right-7,top+1l);
setfillstyle(SOLID“FILL,LIGHTBLUE)}
bar(left+24,top+4,right-24,top+22);

setcolor(WHITE);

settextstyle (DEFAULT FONT,HORIZ_DIR,1.6);
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 font file.

/*

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

{

}

int ErrorCode;

graphresult(); /¥ clear error code

settextstyle(font, direction, charsize);

ErrorCode = graphresult(); /% check result

if( ErrorCode != grOk ){ /¥ if error occured
closegraph();

printf(" Graphics Systenm Error: %s\n", grapherrormsg( ErrorCode ) );

exit( 1 );
}

x/
x/
*/
*/

)/

*/
*/
*/

*/

*/
*/
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/¥
/%
/¥
/¥

GPRINTF: Used like 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;
char str[140};
int cnt;

va_start( argptr, fmt);

cnt = vsprintf( str, fmt, argptr );
outtextxy( xloc, yloc, str );

yloc += textheight( "H" ) + 2;
va_end( argptr );

return( cnt );

}
void Graph(void)
{
int n,m,o0;
int  workpiece;
float Y _try; :
float X_ColS,X _ColE: °
.float Y_ColS,Y_ColE;.
float X_Co,X_CoSub;
float Y _Co,Y CoSub;: .
float V_Anglel,V_Angle2;
int  X_Plot[13][13]1,Y Plot[13]1[13];
int Z_Plot[13}[13];
int start,end;
int XY_Plot[169];
int X_Ref,Y Ref;
int  SX_Ref,SY_Ref;
int ON[] ={ 6, 6, 4, 4, 4, 4, 4
int OFF[] = { 16,16,14,14,14,14,14
int I1P{} ={ 17,17,17,16,15,14,16
int MA[] = { 14,14,14,14,14,14,14
int sv[] ={ 5, 5, 5, 5, 5, 5, 5
int SF{] ={ .6, 6, 6, 6, 6, 6, 6
int  humidity[] = { 60,64,67,65,61
65,61,67 };
float temp[] = { 24.0,24.6,24.7
24.5,24.3,24.6,
int Tension[] = { 340, 500 500,50
390,740,390,74
int Wire_Speed = 1;
float Rmax[14]1,Rmin[14]};
float Ral14]3{13][13] = {

. W e W e e o
»n

OO -
[N o]

/%
/¥
/%

/%
/%
/¥
/¥
/%
/*

[Urgpera—
=D O O b

. W W W W v e

o

.

0

4
4.
y5
,50

Argument list pointer
Buffer to build sting into
Result of SPRINTF for return

Initialize va_ functions
prints string to buffer

Send string.in graphics mode
Advance to next line

Close va_ functions

Return the conversion count

e
[ToRe T4 It -Ne > JET =
o [
COD T TN D
el
XN R R R R X2
N bt
WO NBEDODDM
o Pt
O G Ot YD
et
OGO D
M e e G e
e WO W W e e

- W W v W W

n

]

6,25.1,24.5,
4,24.2,24.5, }s
0,500,340,

0,500,500 };

4.
4

24.3
24.3

*/
*/
*/
*/

*/
*/
*/

*/
*/
*/
*/
*/
*/
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}s

workpiece = 0;

do {

MainWindow("Surface Graphics Plotting");
V_Anglel = tan(23%PI1/180);
V_Angle2 = tan(60%PI/180);

X_Ref = 300;
Y_Ref = MaxY-200;
for(m=0;m<13;m++)
{
X_Co X_Ref - (8%m);
Y Co = Y_Ref - (8%m*V_Anglel);
for(n=0;n<13;n++)

{

it n

X_CoSub
Y_CoSub
X_Plot[{m][n]
Y Plot[m][n]
Z_Plot[m]n]

X_Co+(10%*n);

Y_Co-(5%n*V_Angle2);

X_CoSub;

Y CoSub;

Y _Plot{m][n]
-ceil(Ra[workpiece](m][n]*10*¥SCALE);

setcolor(BLUE};
for(m=0;m<=11;m++)
for(n=0;n<=11;n++)

{

line(X_Plot[m][n],Z~Plot[m][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],Z;Plot[m][n+1]);
line(X_Plot[m][lzl,Z_Plot[m][lZ],X_Plot[m+1}[12],Z_Plot[m+1][12]);
line(X_Plot[lZ][m],Z;Plot[lZ][m],X_Plot[lZ][m+1],Z_Plot[lZ][mfl])f '

} .
line(X_Ref—llO,(Y_Ref—llO*V_Anglel),X_Ref-lZZ,(Y_Ref-lZZ*V_Anglel));
line(X_Ref—lZZ,(Y_Ref-lZZ*V_Anglel),

X_Ref—122,(Y_Ref-lZZ*V_Anglel)-36*SCALE*5/3);
line(X_Ref—llO,(Y_Ref—llO*V_Anglel)—36*SCALE*5/3,
X_Ref—122,Y_Ref-122*V_Angle1-36*SCALE*5/3);

outtextxy(X_Ref-106,Y Ref-45,"0"); A\
outtextxy(X_Ref—lOS,Y_Ref—(51+30*SCALE*5/3),"5");

/* =============:::::=:===:::::::::::::::::::::::::==================:*/

/¥ =S=SS=ESSSSSSSSSETSESERISE Graph B :::::::::=::::::::::::::::::::::*/
line(X_Ref—lZO,Y_Ref+60+20,X_Ref—lOS,Y_Ref+60+20);
line(X_Ref-IZO,Y_Ref+60+20,X_Ref—120,Y_Ref+(60+20—30*SCALE*5/3));
line(X_Ref—lZO,Y_Ref+(60+20—30*SCALE*5/3),X_Ref-105,

Y_Ref+(60+20-30%SCALE*5/3));
outtextxy(X_Ref-100,Y_Ref+60+20,"0");
outtextxy(X_Ref—lOO,Y_Ref+34+20+30*SCALE*5/3,"5");
SX_Ref X_Ref - 70;

SY_Ref = Y_Ref + 60 + 20;
for(m=0;m<12;m++)
for(n=0;n<12;n++)

{

start = ceil(Ra[workpiece][m][n]¥10%SCALE);

end = ceil(Ra[workpiecel[m][n+1]%¥10*SCALE);
line(SX_Ref+n*10,SY_Ref—start,(SX_Ref+(n+1)*10),SY_Ref-end);
}
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gprintf(20,14,"No.%d ",workpiece+l);
rectangle(4,11,MaxX-6,23);
rectangle(4,11,80,23); .
gprintf(100,14," 1 st cut");
rectangle(255,11,440,23);
rectangle(MaxX/2,25,MaxX-6,38);
gprintf(MaxX/6,28,"Temp.: %2.1f C",temp[workpiece]);
gprintf (410,28, "Humidity: %2d %",humidity[workpiece]);
rectangle(4,25,MaxX-6,38);
setcolor(RED);
gprintf(57,43,"MA : %d",MA[workpiece]);
gprintf(227,43,"SV : %d",SV[workpiecel};
gprintf(355,43,"SF : %d",SF[workpiece]);
gprintf(480-10,43," Wire Speed : %d",Wire_Speed);
gprintf (MaxX/3+13,57,"ON- %d-"",0N[workpiecel);
gprintf(MaxX/3+13,57," OFF %d  msec.",OFF[workpiecel);
gprintf(57,57,"IP  %d Amp.",IP[workpiecel); :
gprintf(468+10,57,"Tension %d g .",Tension{workpiece]);
gprintf(467+10,61," ")
rectangle(4,40,MaxX-6,52);
rectangle(4,54,MaxX-6,69);
line(175,40,175,52);
line(MaxX/2,40,MaxX/2,52);
line(MaxX/2+120,40,MaxX/2+120,52);
line(175,54,175,69);
.line(MaxX/2+120,54,MaxX/2+120,69);
Rmax[workpiece}=0.0;
Rmin{workpiece]=10000.0;
for(m=2;m<11;m++)

for(n=2;n<11;n++)

{

if (Rmax[workpiece]<=Ra[workpiece]lm]l[n])

Rmax[workpiece] = Ra[workpiece]lm][n];
if (Rmin[workpiecel>=Ra[workpiecel[r][n])
Rmin[workpiece] = Ra[workpiece]l[m][n];
}

gprintf(300,14,"MAX : %2.4f",Rmax[workpiece]);
gprintf(500,14,"MIN : %2.4f",Rmin[{workpiece]);

Pause(c);
if(c==CD){ if(workpiece==0)
workpiece=13;
else
--workpiece;
}s
if(c==CU){ if(workpiece==13)
workpiece=0;

else
++workpiece;
b
}
while(c!=ESC);
exit(0);

}
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i Tenp.: 24.4 C : Huniditu: 67 %

1 MA @ 14 SWcS SF._: 6 Hire Speed : 1
i IP 17 Anp. ON-OFF  6-16  nsec. Tension 740 4ag.
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PIECES No. Ip- ON-OFF TENSION DEPTH

(Amp.) (msec.) (20 (mm.)
1 17 6-16 340 0.0088273
2 17 6-16 500 0.0074957
3 17 4-14 500 0.0070051
4 16 4-14 500 0.0045872
5 15 4-14 500 0.0032323
6 14 4-14 500 0.0023215
[ 16 4-14 340 0.0058725
8 16 | 414 390 0.0050915

9 16 4-14 740 | 00043156 _

10 17 6-16 390 0.0081376
11 17 6-16 740 0.0072528
-12 16 6-16 500 0.0062469
13 15 6-16 500 0.0035458
14 14 6-16 500 0.0026354

] ' ¥ ¥
MINN 2.3 uaaemauAnnfsvesiiFuNuYe ATy
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" SpecimenNo.1 | Ip 17 Amp. | ON-OFF 6-16 msec. Tension 340 g
Length Width Thickness Weight Deflection
a b T W, Af
(mm ) (mm ) (mm ) (mg ) (pm)
89.40 10.62 2.75 19738.608 +12
Test Time W, At, mAf; Af, c
. (Sec) (mg ) (mm ) (pm) (mm) (kgf/mz)
1 10 19727.842 0.0015 13,5 0.0015  28.611
2 20 19586.671 0.0012 15.0 0.0015 34:121
3 30 19498.954 0.0024 20.0 0.0050 56.779
4 60 19388.981 0.0037 24.5 0.0045 34.224
5 120 19234.405 0.0036 28.0 0.0035 27.556
6 180 19173:319 0.0141 33.0 0.0050 14.792
7 240 19126.360 0.0221 36.0 0.0030 6.172
8 300 19086.465 0.0275 38.0 0.0020 1.927
9 420 19027.752 0.0232 39.0 0.0010 0.929
10 540 18976.047 0.0309 39.0 0.0000 -1.204
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Specimen No. 2 Ip 17 Amp. | ON-OFF 6-16 msec. Tension 500 &g
Length Width Thickness Weight Deflection
a b T A Af,
b (mm ) (mm) (mm) (mg ) (um)
89.50 10.63 2.74 19707.369 +14
Test | Time W, At mAf; Af, o
(Sec) . (mg) (mm) (um) (mm ) (kg, /mm?)
1 10 19696.581 0.0017 15.5 0.6015 26.665
2 20 19552.737 0.0015 17.4 0.0019 33.902
3 30 19479.288 0.0015 204 .0.0030 53.251
4 60 19377.846 0.0028 23.7 0.0033 32.241
5 120 19216.244 0.0052 28.2 0.0045 24.226
6 180 19155.109 0.0107 33.2 0.0050 12.112
7 240 19101.101 0.0133 37.2 0.0040 .7.572
8 300 19054.190 0.0224 40.2 0.0030 2.774
9 420 18995 551 0.0231 41.2 0.0010 0.795
10 = 540 18943.932 0.0334 | 41.2 0.0000 -1.109
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. Specimen No. 3 Ip 17 Amp. | ON-OFF 4-14 msec. Tension 500 &,
Length Width Thickness Weight Deflection
a b rn W, Af,
(rom ) (mm ) (mm ) (mg ) (um)
86.90 10.61 2.78 19377.679 +9
" Test | Time W At, mAf Af, a
(Sec) (mg) (mm ) (um) 1 (mm) (kg /mm?)
1 10 19367.920 0.(.)0.15 10.4 0.0014 25.232
2 20 19227.362 0.0016 12.2 0.0018 31.687
3 . 30 19160.964 0.0013 14.4 0.0022 49.154
4 60 19061.520 0.0033 17.7 0.0033 28.845
5 120 18909.166 0.0048 21.3 0.0036 21.120
6 180 18849.534 0.0144 26.3 0.0050 9.378
7 240 18807.027 0.0138 28.8 0.0025 4.782
8 300 18771.371 0.0147 30.3 0.0015 2.279
9 420 18713.714 0.0217 31.3 0.0010 0.736
10 540 18662.862 0.0354 313 0.0000 -0.847
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* Specimen No. 4 Ip 16 Amp. | ON-OFF 4-14 msec. Tension 500 g
Length Width Thickness Weight Deflection
a b T W, Af,
(mm ) (mm ) (mm ) (mg ) (um)
88.00 10.42 2.82 19548.854 +7
Test Time W, At; mAf; Af, < J
(Sec) (mg ) (mm ) (pm) | (mm) (kg /mm?)
~ ;
. 1
1 10 19538.455 0.0018 8.5 0.0015 22.594 _1
|
2 20 19385.130 0.0024 12.0 0.0035 42.418 d!
!
|
3 30 19316.336 0.0031 14.5 0.0025 22.371 |
4 60 19223.918 0.0046 16.7 0.0022 14.590
5 120 19084.200 0.0054 18.3 0.0016 9.026
6 180 19046.231 0.0105 20.1 0.0018 5.013
7 240 19014.394 0.0108 21.0 0.0009 2.277
8 300 18985.281 0.0184 21.5 0.0005 0.562
9 420 18930.456 0.0187 22.0 0.0005 0.411
10 540 18879.014 0.0279 22.0 0.0000 -0.129
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Specimen No. 5 15 Amp. | ON-OFF 4-14 msec. Tension 500 g
i Length Width Thickness Weight Deflection
a b T W, Af,
(mm ) (mm ) (mm ) (mg ) (um)
88.20 10.44 2.81 19561.277 +2
Test Time W, At mAf, Af; Tos
(Sec) (mg:) (mm) | (pm) | (mm). (kg /mm?)
1 10 194'84.7(32. 0.0019 13.0 0.0110 17.020
2 20 19338.547 0.0019 Y 0.0025 37.272
3 30 19274.632 0.0028 17.3 0.0018 19.805
4 60 19185.066 0.0040 19.1 0.0018 12.628
5 120 19045.563 0.0063 20.7 0.0016 6.536
6 180 19013.728 0.0096 21.6 0.0009 2.529
7 240 18985.311 0.0124 22.0 6.0004 0.708
8 300 18956.223 0.0181 | 22.5 0.0005 0.157
9 420 18903.496 0.0164 22.7 0.0002 0.109
10 540 18852.128 0.0239 22.7 8.0000 -0.053
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Specimen No. 6 Ip 14 Amp. | ON-OFF 4-14 msec. Tension 500 &
Length Width Thickness Weight Deflection
a b T W, Af,
(mm ) (mm ) (mm ) (mg ) (pm)
87.55 10.41 2.84 19568.026 +14
;
Test | Time W, At; mAf, Af, a \
\
(sec) (me ) (mm) | (om) | (om) | (kg /mm?)
' —
1 10 19561.825 0.0019 14.9 0.0009 13.953 7‘
2 20 19420.812 0.0016 16.6 0.0017 32.498 1
3 30 19356.805 0.0030 18.4 0.0018 17.106 |
4 60 19271.115 0.0034 19.6 0.0012 10.372 |
|
5 120 19135.199 0.0059 20.6 0.0010 5.607 |
6 180 191056.003 0.0121 21.1 0.0005 1.482
7 240 19078.837 0.0130 21.3 0.0002 0.154
8 300 19052.347 0.0146 21.4 0.0001 0.079
9 420 19000.715 0.0191 21.4 0.0000 -0.202
10 540 18949.083 0.0204 21.4 0.0000 -0.697 |




i s o

Specimen No. 7 Ip 16 Amp. | ON-OFF 4-14 msec. Tension 340 g
Length Width Thickness Weight Deflection
a b P W, Af,
(mm ) (mm ) (mm ) (mg ) (um)
88.55 10.36 2.84 19696.473 +10
;l“est .Timc W, At, mAf; Af, o
(Sec) (mg ) (mom ) (¢m) +  (mm) (kg /mm?)
1 10 i9588.150 0.0015 il.?. -0.0012 25.014.
2 20 19546.225 0.0017 12.9 0.0017 28.963
3 30 19482.491 0.0011 14.6 0.0017 45..108
4 60 19387.347 0.0029 17.1 0.0025 25.461
5 120 19237.012 0.0054 20.1 0.0030 16.875
6 180 19190.685 0.0104 23.1 0.0030 7.579
7 240 19151.193 0.0136 25.1 0.0020 4.026
8 300 19118.508 0.0158 26.1 0.0010 1.273
9 420 19061.970 '0.0183 26.8 0.0007 0.750
10 540 19010.171 0.0374 26.8 0.0000 ~0.527




Specimen No. 8§ Ip 16 Amp. | ON-OFF 4-14 msec. Tension 390 &
Length Width Thickness Weight Deflection
b a b T W, Af,
(mm ) (mm ) (mm ) (mg ) (um)
87.95 10.39 2.82 19481.496 +13
Test | Time W, At mAf Af, o
(Sec) (mg ) (mm ) (um) (mm ) (kg /mm?)
1 10 19471.824 0.0017 14.4 0.0014 24.316
2 20 19334.807 0.0013 15.6 0.0012 26.957
3 30 19269.627 0.0013 17.6 0.0020 44.332
4 60 19175.404 0.0030 20.1 0.0025 23.411
5 120 19028.600 0.0048 22.8 0.0027 15.728
6 180 18986.015 0.0102 25.3 0.0025 6.593
7 240 18948.203 0.0131 27.1 0.0018 3.522
8 300 18917.842 0.0152 27.8 0.0007 1.010
9 420 18862.538 0.0196 28.4 0.0006 0.503
10 540 18811.281 0.0361 28.4 0.0000 -0.2351




SpecimenNo.9 | Ip 16 Amp. | ON-OFF 4-14 msec. Tension 740 g
Length Width Thickness Weight Deflection
a b T W, Af,
(mm ) (mm ) (mm ) (mg ) (pm)
88.75 10.00 2.93 19658.835 +8
Test Time W, At mAf; Af; e
(Sec) (mg) (mm) (4m) (mm ).- (kg /mm?)
1 10 19651.455 0.0017 9.1 0.0011 20.415
2 20 19501.489 0.0022 12.1 0.0030 41.371
3 30 19436.260 0.0031 14.1 0.0020 20.819
4 60 19345.169 0.0045 16.1 0.0020 14.132
5 120 19205.646 0.0052 17.6 0.0015 8.493
6 180 19169.876 0.0102 19.1 0.0015 4.092
7 240 19140.691 0.0124 19.6 0.0005 1.813
8 300 19112.171 0.0172 20.0 0.0004 0.437
9 420 19058.416 0.0183 20.3 0.0003 0.298
10 540 19006.627 0.0280 20.3 0.0000 , -0.115
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Specimen No. 10 | Ip 17 Amp. | ON-OFF 6-16 msec. Tenston 390 £
Length Width Thickness Weight Deflection
a b T W, Af,
(mm ) (mm ) (mm ) (mg ) (um)
89.20 10.05 T8 18908.493 +7
Test Time W, At mAf; Af, G
(Sec) (mg ) (mm ) (pm) | (mm) (ke /mm?)
1 10 . 18896.972 ~ 0.0018 8.7 0.0017 27.738
2 20 18762.566 0.0012 10.1 0.0014 33.998
3 30 18687.756 0.0019 13.8 0.0037 .54.120
4 60 18586.155 0.0032 17.8 0.0040 34.011
5 120 18431.690 0.0049 22.3 0.0045 26.930
6 180 18370.330 0.0120 27.8 0.0055 14.091
7 240 _18319.006 0.0213 31.8 0.0040 5.306
8 300 18280.985 0.0281 33.8 0.0020 1.116
9 420 18224.845 0.0180 34.8 0.0010 0.821]
10 540 18175.321 0.0309 34.8 0.0000 -1.194




Specimen No. 11 | Ip 17 Amp. | ON-OFF 6-16 msec. Tension 740 g;
Length Width Thickness Weight Deflection
a b’ T W, Af,
(mm ) (mom ) (zam ) (mg ) (um)
88.65 10.15 2.79 18978.889 | +5
Test Time W At mAf, Af, G
(sec) | - (me) (mm) | (em) | o) | (kg /mm?)
1 10 |\ TesedGes 0.0016 6.5 0.0015 25.473
2 20 18831.743 0.0015 8 0.0017 32.944
3 30 18759.352 0.0018 11.5 0.0033 51.138
4 | 60 18662.734 0.0030 14.7 0.0032 30.012
5 120 18512.979 0.0046 18.4 0.0037 22.761
6 180 18456.034 0.0118 23.2 0.0048 10.953
7 240 18407.821 0.0122 26.7 0.0035 7.006
8 300 18369.631 0.0202 28.7 0.0020 2.045
9 420 18313.226 0.0283 29.7 0.0010 0.576
10 540 18263.462 0.0295 29.7 0.0000 -0.819
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SpecimenNo. 12 | Ip 16 Amp. | ON-OFF 6-16 msec. ‘Tension 500 g
Length Width Thickness Weight Deflection
a b T W, Af,
(mm ) (mm ) (mm ) (mg ) (ym)
£9.10 10.00 2.83 _19062.767 +6
Test Time W, At; mAf; AN : G
(Sec) {mg) (mm ) (um) (mm ) (kg /mm?)
1 10 19053336 |  0.0016 7.4 0.0014 25.157
2 20 18915.947 0.0016 9.1 0.0017 30.980
3 30 18848.888 0.0015 | 116 0.0025 46.903
4 60 18755.445 0.0027 14.3 0.0027 27.043
s | 120 18604.649 0.0055 18.1 0.0038 19.517
6 180 18556.465 0.0107 21.6 0.0035 9.021
7 240 18518.220 0.0131 23.6 0.0020 4.955
8 300 18483.298 0.0195 25.1 0.0015 1.948
9 420 18426.650 0.0232 26.1 0.0010 0.563
10 .| 540 18376.577 0.0321 26.1 0.0000 -0.704
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Specimen No. 13 | Ip 15 Amp. | ON-OFF 6-16 msec. Tension 500 &
Length Width Thickness Weight Deflection

a b T W, Af,
(mm ) (mm ) (mm ) (mg ) (um)

88.65 10.20 AV 18935.661 +2

Test | Time W, At mAf, Af; o

(Sec) (mg ) (mm ) (um) (mm ) (kg,/mmz)

1 10 18926.775 0.0018 33 0.0013 19.548
2 20 18779.867 0.0022 6.5 | 0.0032 38.947
3 30 18714.954 0.0029 8.7 Q.OO22 20.083
4 60 18625.154 0.0049 10.9 0.0022 12,617
5 120 1848§.600 0.0059 12.5 0.0016 7.073
6 180 18457.287 0.0095 13.6 0.0011 2.981
7 240 18426.999 0.0128 14.4 0.0008 1.320
8 300 18400.062 0.0149 14.7 0.0003 0.258
. 9 420 18348.201 0.0203 15.0 |. 0.0003 0.209
10 F 540 1829§.342 0.0248 15.0 0.0000 -0.07¢
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Specimen No. 14 | Ip 14 Amp. | ON-OFF 6-16 msec. Tension 500 8&;
Length Width Thickness Weight Deflection
a b T W, Af,
() (1) (1) (mg ) (sm)
88.95 10.08 2.81 19047.352 +5 _
Test Time W, At, mAf; Af; G
(Sec) (mg ) (mm ) (pm) | (rom) (kg /mm?)
1 10 19039.895 0.0620 6.1 0.0011 15.025
2 20 18897.810 0.0020 8.5 0.0024 33.914
3 30 18837.40S 0.0023 10.0 0.0015 18.136
4 60 18751.257 0.0040 11.6 0.0016 11.138
5 120 18616.277 0.0062 13.0 0.0014 6.933
6 180 18585.845 0.0098 13.8 0.0008 1.981
7 240 18559.404 0.0164 14.0 0.0002 0.296
g 300 18533.628 0.0134 14.1 0.0001 0.095
9 420 18483.402 0.0177 14.1 0.0000 -0.302
10 540 18433.175 0.0221 14.1 0.0000 -0.419
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4.4 usraemsiasie
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Research on Residual Stress of Wire Cut DEM

* ol - v v . . . : **
sssoec.Prof. Thavee Teschareon Prof. Kivoshi XNishimoto
. . g ¥ b .
Assit.Prof. Akradech Sindhuphak Assoc.Prof. Masakazu kKagawa
Ahstract

The metal piece was cut using Wire <Cut Electrical

Discharge Machine. Cobalt coated wire passing through the piece

wvork was sparked at temperature around 2500=-%000"C by an
glectric pulse 'generator. During the cut. the plece work was
kept. ccol in water -or bil hath. The efficiency ‘of the cut
depends on many factors: wire tension, <Speed cf wire fed and
magnitude of electric <urrent. Steel SKD!Ll. was thé metal used

for study.

A th

e

i

sample was cut  at bhigh tenperature and
immediately cooled drow. the residual stress was created but not

deeper than 30 «u from the surface.
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Research on Surface Roughness of wire cut, EDH
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issoc.Prof. Thavee Teschareon Prof. Xiyoshi Nishimotc
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Assit.Prof. akradech Sindupak .Assoc.Prof. Masakazu ZXagawa’
Abstract

Wire Cut. Electrical Discharge Machine was used for
cutting piec; work; Cobalt;poated kire was spark by an electric
pulse generator. The system was in turn controlled by 2 ccomputer.
The method can Dbe used to cut both mild and hard metal such as
aetal carbide.

The piece work could be cut into desired shape of

high accuracy. The serface roughness of the cut was less—than 5um.
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MACHINE : OSAKA KIKO(OKK)

PART NAME : EXHAUST F-CAR. (MD.189857)
MATERIAL : FCD

OPERATION TIME : 14.83 MIN

UPDATE : 03-11-1994

%
:0228 (EXHAUST F- CAR MD.189857)
G91 G28 XO. YO. Z0.

T1 '

M6

NI(FAEC MILLING. 160)

GO2 Z347. 85

G54 GY0 GO X-53. Y95. Z150. S450 M3

Z10. MB ‘

715

G1 Y-235. F160

GO Z25.

Y95

Z0.

G1 Y-235. F100

GO.Z100. M9

Go1 G28 Z0.

G90

G92 Z320.1 (STE P2)

G55 GB0 GO X-140. YO. Z150. S480 M3
Z10. M8

Z1.5

Gl X-~15. F140

GO Z25.

X-140.

ZO.

G1 X-15. F140

GO Z100. Me



o

G91 G28 XO. YO. Z0. M5

M1

M6

T2

M6

N2 (CENTER.DRILLD20)
G92 7258 (S T E P1)

G54 GYO GO XO. YO. Z150. S800 M3
710. M8 T3

G82 GO8 Z-6.R2. F200 P200
X-63. Y-32.

XO. Y-88. Z-5.4 R2.

X-63. Y-130.

XO. Y-186. Z-6. R2.

X-63. Y228.

XO0. Y-260.

GO Z100. M9

G91 G28 Z0.

G90

G92 7273.7 (S T E P3)
G56 G0 GO X-180. Y-11.5 Z150. S800 M3
Z10.M8

G82 G98 Z-3. R2. F200 P200

X0. YO. Z-9. R-3.

X0. Y-185.5

GO Z100. M9

G91 G28 Z0.

Gg0

G92 7231. (STE P2)
G55 GO GYO X-28.949 Y35.749 Z150. S800' M3
Z10. M8 )

G82 GI8 Z-5. R2. F200 P200
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X28.949 Y-35.749

GO Z100. M9

G91 G28 X0. YO ZO.M5
M1

M6

N3(DRILLD.12)
'‘G92 Z312.3 (ST E P1)

G54 G90 GO XO. YO. Z150. S530 M3
710. M8 T4 '

G81 G98 Z-18.5 R2. F100

X-63. Y-32.

X0. Y-186.

X-63. Y-228.

X0. Y-260.

GO Z100.M9

G91 G28 XO0. YO. Z0. M5’

M1 :

M6 .

N4 (D-R I L L10.5)

G92 7270.4

G54 G9O GO XO. Y-88. Z150. S600 M3
Z10. M8 T5

G81 G98 Z-18. R2. F120

X-63. Y-130.

GO Z100. M9

G91 G28 XO0. YO. ZO. M5

M1

M6

N5 (BORING55)

G92 7264.3 (STE P2)

G55 GE0 GO XO0. YO. Z150. S460 M3
Z10. M8 T6
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G76 G98 Z-5. R2. Q.5 F55 P300
GO Z100. M9

G91 G28 X0. YO. Z0. M5

M1

M6

N6 (DRILL DI10.8)
G92 7237. (STE P2)

G55 G90 GO X-28,949 Y35. 749 Z150. S580 M3
710. M8 T7 '

G81 G98 Z-25. R2. F115

X28.949 Y-35.749

GO Z100. M9

G91 G28 X0. YO. Z0. M5

M1

M6

N7 <T AP MI2X 125> -

G92 7218.4. :

G55 G0 GOX-28.949 Y35.749 Z150 S268 M3’
710 M8 T8

G84 G98 Z-22. R2. F 335

X28.949 Y-35.749

GO Z100. M@

Go1 G28 XO. YO. Z0. M5

M1

M6

N8 (DRILLDS)

G92 Z314. (STEP3) _
G56 GO0 G X-108. Y-11.5 Z150. S650 M3
Z10. M8 T9

G81 Ge8 Z-5.5 R2. F120

X0. Y0. Z-10.2 R-3.

X0. Y-185.5

GO.Z100. M9
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G91 G28 X0. YO. Z0. M5
M1
M6

NS (D RIL L D6.8)

G92 Z316.5 (S T E P3)
G56 G90 GO X-108. Y-11.5 Z150. S830 M3
Z10. M8 T10

G81 G98 Z-19.5 R2. F186
X0. YO. Z-25.5 R-3.

X0. Y-185.5

GO Z100. M9

G91 G28 X0. YO. ZO. M5
M1

M8

N10 (T A P. M81.25)
G92 7242.3 (ST E P3)
G56 GYO GO X-108. Y-11.5 Z150. S400 M3
710. M8 T99

G84 G98 Z-14.R2. F500
X0. YO. Z-20. R-3.

X0. Y-185.5

GO Z100. M9

G91 G28 XO. YO. Z0. M5
M1

M6

T1

G54 GO X200.

M30

G54 X142.85 Y-178.7
G55 X767.458 Y-3569.926
G56 X442.5 Y-229.95

%
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MACHINE : TK2

PART NAME : FLYWHEEL LA
PART NUMBER : MD 030645
MATERIAL : FC 25
OPERATION TIME

UPDATE : 03-17-1994

%
6454 (FLYWHEEL. L A, STE P4)
M22

M25 /

N1 (DNS27L TNMA 332)
GO X320. Z200.

G50 S500

G96 S180 M4 T100 .

GO X246. Z70. T1 -

725.

G1 Z13. FO.2

G1 Z12. FO.01

(304 V0.2

G1 X257.264 FO.15
X256.2 Z11.035 F0.35

GO Z100. M9

.GO X320. Z200. TO

M1

N2 (FSTU 110L TGPD 731)
GO X320, Z200.

G50 S750

G96 S150 T400 M4

GO X72. Z60. T4

728.

G1 Z23. FO.2

722. FO.1

GO X70. Z24.

X135



Gl Z22. FO.25
X72. FO.3

GO4 U0.2

GO X71.5 225.35

Gl X73.3 726.3 F0.25
GO Z50. M9

X320. Z200. TO

M1

N3 (S20Q SCLCL 09 CCMT 09T304)
GO X320. Z200.

G50 S750

G96 S150 M4 T600
GO X15. Z60. T6

723,

G1 Z9. F0.25

GO X14. 220.5

Gl X18. 222.5 FO.25-
" GO Z50. M9 -
X320. 7200. TO -
M5 '

M1

M16 T100

M24

M30

%
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MACHINE . TK2

PART NAME : FLYWHEEL LA
PART NUMBER : MD 030645
MATERIAL . FC 25
OPERATION TIME

UPDATE . 01-15-1994

%

6453 (FLYWHEEL LA, STEP3)
M22

M25

N1 ( CSYNL 2525 SNG 455)
GO X320. 2200,

G96 S200 M3 T400

GO X259.2 Z70. T4

Z35.

G1 X190. FO.4

X123. F0.25

GO Z50. M9

X320. Z200. TO

M5

M1

N2 (S40T SVXBL VBNT 180408)
GO X320. 7200.

G50 S750

G96 S180 M4 T100

GO X126. 790. T1

7.36.

G1 Z31.71 FO.2

G1 X132. Z28.25 FO.2
7.25.55

G3 X130. Z22.55 R1. FO.1
G1 X132. 228.2 FO.5
X134.5 Z26.08 F0.25
725.55



G3 X129.5 Z22.5 R3. FO.1
GO X126. 223.5

Z37.

X133.8

G1 Z35.7 F0.45

G1 X128. Z34.1 F0.25
732.072 F0.2
X135.15 725.5 F0.25
G1 X82. F0.25

X12. FO.25

GO Z50. M9

X320. Z200.TO

M5

M1

M16 T400

‘M24

M30

%
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MACHINE . TK2

PART NAME : FLYWHEEL LA
PART NUMBER : MD 030645
MATERIAL . FC 25
OPERATION TIME

UPDATE . 03-15-1994

%

6452 (FLYWHEEL. LA, STEP2)
M22

M25

N1 ( MCLNL 2525, CNMG 433)
G50 S500

G96 S170 M4 T100

GO X263.2 Z40. T1 M8

Z13.

G1 X251.5 FO.2

7.35.5 FO.3

' X217. F0.25

X240.

G1 Z28.752 F0.3

X246.5 Z21.5 F0.25

7183, -
X246.7

GO 733.297

X242.

G1 X236.594 Z38. F0.35

GO Z100. M9

X320. Z150.TO

M1

N2 (S25T MCLNL CNMG 433)
G50 S600

G97 S180 M4 T200

G96 S200

GO X135 Z50. T2 M8



727.5

G1 Z23 F0.25
X68.5 FO.25
GO Z27.0

G1 X85. FO.25
-GO 229.5
X76.23

G1 X71.5 Z26.635 F0.25
722.9

X70.0

GO Z100. M9
X320. Z150. TO
M5 T100

M24

M30

%

-9291-



-222-

MACHINE : TK2

PART NAME : FLYWHEEL LA
PART NUMBER : MD 030645
MATERIAL : FC 25
.OPERATION TIME

UPDATE . : 01-15-1994

% .
6451 (FLYWHEEL. LA STEPI)
M22

M25

N1 ( CS-NL 2525 R1.2)
G50 S700

G96 S250 M4 T100

GO X259.2 Z100. T1
.Z42. M8

G1 Z28. F0.3

GO X263.2 Z31.797

G1 X248.794 Z39. F0.25
GO Z100 M9

GO X300. Z280.TO

M1

N2 ( CSYNL 2525,R1.2)
G50 S700

GY6 S250 M4

M16 T600

GO X263.2 Z100. T6
737.5 M8

G1 X255. FO.5

X126. F0.35

X120.

GO Z2100. M9

GO X300. Z280. TO

M5

M1



N3(DILL.14)
G50 S450

G96 S200 M3

M16 T400

GO XO. Z100. T4
Z40. M8

G1 Z30. FO.45

710. FO.25

GO Z100. M9

GO X300. Z280. TO
M5

M1

N4 (S32S MCLNL R1.2)
G50 S700

G96 S180 M4 -
M16 T200

GO X127.5 Z100. T2
Z40. M8

G1 727.0 FO.3
726.25 FO.15

GO X126.5 735.797
G1 X130.906 Z38. FO.35
GO X13.

G1 Z30. F0.45

725. FO.1

X20.

X124. FO.3

X126. FO.1

GO Z100. M9

GO X300. Z280. TO
M5

M16 T100

M1

M24



-2241-

M12
M30
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-225-

MACHINE : FANUC DRILL

PART NAME : FLYWHEEL E-CAR 94
PART NUMBER : MD 030845
MATERIAL : FC 25

OPERATION TIME

UPDATE : 03-20-1994

%
:0133 (FLY E-CAR 94)

(MD 030645)

GS0

M1 ;
NI(CENTER. DRILL)

G92 Z158.155

G55 GO GSO X-26. YO. Z100. S1000 M3
. Z20. M8 ) '
G82 G898 Z-6.75 R2. F200 P200

M98 PO134

" GO Z30.

X-118. YO.

G82 G898 Z8.2 R14. F200 P200

M98 PO135

GO XO. Y-118.

G82 G98 Z8.5 R14. F200 P200

M98 P0O136

X-50. YO. Z-2.0 R2.0

GO Z100. M9

G91 G28 YO. Z0. M5

GS0

M1

M6 T2

N2 (DRILLI126)

G92 7109,

G55 GO G90 X-26. YO. Z45. S600 M3
Z20. M8



-226-

G81 G98 Z-13. R1. F150
M98 P0134

GO Z45. M9

G91 G28 YO. Z0. M5
G0

M1

M6 T3

N3 (D RIL L7.5)

G92. 764.

G54 G0 GO X-118. Z50. S1000 M3
Z10. M8

G81 G98 Z-17. R2. F200
M98 P0135

GO Z50.M9

G91 G28 YO. Z0. M5

M1

GSO

T4 M6
N4(REMMER.S)
G92 Z178.5

G55 GO GSO X-118. YO. Z100. S650 M3
710. M8

G81 G88 Z12.0 R2. F400
M98 P0135

GO Z100. M9

G91 G28 YO. Z0. M5

M1

M6 T5

N5 (DR IL L8.75)

G92 7Z108.

G55 GO GO XO. Y-118. Z100. S1000 M3
Z10. M8

G81 G988 Z-20. R1. F200
M98 P0136

GO Z100. M9



G91 G28 YO. ZO. M5
M1

M6 T6

N6 (T A P . M8 X1.25)

Go2 789.5

G55 GE0 GO XO. Y-118. 270. S400 M3
Z10.

G84 GO8 Z-15.3 R2. F500 M8

M98 PO136

GO Z70. M9

G91 G28 YO. Z0. M5

G90

M1

M6 T1

M30

-227-~



-228-

MACHINE : FANUC DRILL

PART NAME : FLYWHEEL E-CAR 94
PART NUMBER : MD 030645
MATERIAL : FC25

OPERATION TIME

UPDATE : 03-20-1994

%

10134 (SUB PRO FLYWHEEL E-CAR 94)
X-6.729 Y25.114

X19.731 Y16.931

Y-16.931

X-6.729 Y-25.114

M9 o

%



-229-

MACHINE : FANUC DRILL
PART NAME : FLYWHEEL E-CAR 94
PART NUMBER : MD 030645
MATERIAL . FC 25

OPERATION TIME

UPDATE : 03-20-1994

%

10135 (SUB PRO FLYWHEEL E-CAR 94)
X 59 Y-102.19
Y102.19 X58.

Mgg
%



MACHINE : FANUC CRILL

PART NAME : FLYWHEEL E-CAR 94
PART NUMBER - 1 MD 030645
MATERIAL : FC 25

OPERATION TIME

UPDATE : 03-20-1994

%
:0136 (SUB PRO FLYWHEEL E-CAR 94)
X102.19 Y-59.

Y59. X102.19

X0. Y118.

X-102.19 Y59.

X-102.19 Y-59.

Me9

%
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1.

g

Research on the Surface Rougﬁness of Mechine Surface fourth
Machanical Engineering Symposium 16/1-9P. KMITT,17-18
May 1990.

Development of Simple Air-Micrometer. Fourth Mechanical
Engineering Symposium 25/1-8P, 17-18 May 1990.

Research on-the Surface roughness generated by turning Fifth
Mechanical Engineering Symposium.244-253 P, Chaingmai
University, 17-18 Oct 1991, o

Research on the Geometrical accuracy of Wire Cut EDM
Surface Roughness and Surface Hardness. Sixth Mechanical
Engineering Symposium, 6/1-11 P, Kasersart Universitiy,
15-16 Oct 1992.

Research on Residual Stress of Wire Cut EDM. Seventh
Mechanical Er}gineering Symposium 31-44 P, KhonKaen
University , 21-22 Oct. 1993.

Research on Surface Roughness of Wire Cut EDM. Seventh
Mechanical Engineering Symposium 31-44 P, Khonkean
University ,21-22 Oct 1993.
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