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ABSTRACT

Nowaday, Computers have been introduced to control various
machineries. This in-coperation of the technologies have enabled
machineries to become more efficient.

This thesis will illustrate another way of disigning PCB
electronic drill and plotter which are controlled by the micro
computerized system. Together with th;s system, Protel V.3.3
programme which already has the circui£ contained within it is

used. Another programme Protel V.3.3 is used for plotting.
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TYPE TEST.TOL

PROTEL TRAXPLOT Version 1.58B
NcDrill Tool Loading Specification
PCB File : C:\PROTEL\TEST.PCB

Date : 15/02/1991
Time i 23:10:06
T01 25

T0O2 30

A \>

TYPE TEST.TXT

M48
TO1F00S00
TO2F00S00
%

TO1

XY

Y001
Y002
X003Y
XY003
X003Y001
Y002
XY004
X003Y003
Y004
XY005
X003
XY006
X003
XYo007
X007Y
Y001
Y002
X003Y007
X007Y003
XY008
X007Y004
X003Y008
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XY009
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X003Y009
X007Y007
Y008 )
Y009
X01Y005
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Y007
Y008
Y009

Y

Y001
Y002
Y003
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T02
X013Y009
X015
X017

M30

A \>
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{ DRILL.PAS }

uses crt;
var ftxt;ftxtc : string[20];
stl,st2,stn : string[3];
p0,pl,p2,p3 : string[2];
c,cc,cl,c2,¢3,st : char;
fp : text;
pPX,pyY,dl : integer; {px,py,.fpx,fpy gobal;dl static(delay)}
ni,fpx,fpy : longint;
drvx,drvy : array[l..8] of byte;
a,b,sx,sy : byte; {a,sx,sy static}

io : worg; {io static}

procedure init;

begin '.
a := port[$279];
if a = $87 then io := $278;
a := port{$379];
if a = $87 then io := $378;
a := port[$3BC];
if a = $87 then io := $3BD;
a := port[io+2];
a := a and $10;
a := aor $0F; {07 : moter on}
' portl[io+2] := a;
px := 0; py := 0;
sX := $01; sy := $01;
fpx := 0; fpy := 0;
end;

procedure action(act : char);



var delx,dely,dir : integer;
Xstep,ystep : shortint;
begin

xstep := 0; ystep := 0; delx := 0; dely := 0;

if fpx > px then begin delx := fpx - px; xstep := 1; end;

if fpx < px then begin delx := px - fpx; xstep := -1; end;

if fpy > py then begin dely := fpy - py; ystep := 1; end;
if fpy < py then 5egin dely := py - fpy; ystep := -1; end;
if delx = 0 then dir := 0 else dir := -1;
repeat
if dir < 0 then begin

Py := py + ystep;

dir := dir + delx;

if ystep = 1 then begin

8y = sy + 1;

if sy = 9 then sy := 1;

end;
if ystep = -1 then begin
sy :=sy - 1;
if sy = 0 then sy := 8;
end;
end
else begin

PX := pX + Xstep;
dir := dir - dely;
1 then begin

if xstep
SX := 8X + 1;
if sx = 9 then sx := 1;

end;

if xstep = -1 then begin



sx :=8xX - 1;

if sx = 0 then sx := 8;

end;

end;

port[io] := drvx[sx] or drvy[syl;

delay(dl);

until (fpx = px)and(fpy = pY);

if act = 'd' then begin

end;

begin

drvx[1] :
drvx{[5] :

drvy([1] :

drvy[5]

$0A;

1]

$OF;

$A0;

1= $F0;

drvx[2] := $08;
drvx[6]
drvy[2]
drvy[6]

a t= a xor $0C;

port{io+2] := a;
delay(3500);

a := a xor $04;

portlio+2] := a;
delay(3500);

a := a xor $08;

port[io+2] := a;

end;

:= $0D;
:= $80; drvy[3]

:= $D0;

drvx[3] :

drvx[7] :

drvyl7] :

:= $BO;

drvx[4] := $03;
drvx[8] := $06;
drvy[4] := $30;

drvy([8] := $60;



dl := 4;

init;

writeln;

writeln;

write('*INPUT FILE NAME : ');
readln(ftxtc);

writelnm;

ftxtc := 'c:\protel\test';

ftxt := ftxtc + ('.tol');

write('TOOL SIZE(mil)');
assign(fp,ftxt);
reset(fp);

while not eof(fp) do

begin
read(fp,c);
if ¢ = chr(13) then b := b+l;

if b = 7 then cc := 'Y';
if cc = 'Y' ‘then write(c);
end;
close(fp);
writeln;
write('*DRILL TOOL (TO1 or T02 or *) : ');

readln(stl);

write('*ORG XY (by arrow key & Enter to go) :

repeat
¢ := readkey;

if ¢ = 'M' then fpx := fpx + 10;

")



if ¢ = 'K' then fpx := fpx - 10;
if ¢ = 'H' then fpy := fpy + 10;
if ¢ = 'P' then fpy := fpy - 10;

action(' ');
until ¢ = chr(13);
fpx := 0; fpy := 0; px := 0; py := 0;

writeln;

if sti{1] = 't' then sti[1] := 'T';

ftxt := ftxtc + '.txt';

assign(fp,ftxt);
cc ;= 'N';

stn := ' ';
reset(fp);

st = '$';

while not eof(fp) do

begin
-read(fp,c);
if ¢ = '$'then cc := 'Y';
if ¢ = 'M' then cc := 'N';

if cc = 'Y' then
begin

if ¢ = 'T' then

begin
stn[1] := c;
_read(fp,c);
stn[2] := ¢;
read(fp,c);
stn{3] := ¢c;
read(fp,c);
end;

if (stl = stn)or(stl = 'x')



then

begin

if ¢ = 'X' then

if ¢

lYl

begin

st :=¢;

ni := 10000;

fpx := 0;

repeat

read(fp,c);

case ¢ of
D = 0;
'1; : b=1;
'2' :+ b= 2;
§AP~BL:= 3;
AN 0] =, &
6 TNk
' Echbr==6;;
vW . Ol ;
'8' : b :=8;
'9' b = 9;

else b := 0;

end;

fpx := fpxX + (b*ni);
ni := ni div 10;
until (¢ = 'Y')or(c
fpx := fpx div 5;

end;

then
begin

st :=¢;

B.

10000;

chr(13));



end;

close(fp);

fpx := 0; fpy :

action('u');

end.

0;



{ PLOT.PAS_ __}

uses crt;
var ftxt,ftxtc : string[20];
stl,st2,stn : string[3];
PO,p1,p2,p3 : string[2];
c,cc,cl,c2,¢3,st : char;
fp : text;
PX,py,dl,sign : integer; {px,py,fpx,fpy gobal;dl static(delay)}
ni,fpx,fpy : longint;
drvx,drvy : arrayl[l..8] of byte;
a,b,sx,sy : byte; {a,sx,sy static}

io : word; {io static}

procedure init;

begin

[si}
]

port{$279];
if a = $87 then io := $278;
port[$379];
if a = $87 then io := $378;

)
li]

port[$3BC];

Q
fl

if a = $87 then io := $3BD;

a := port[io+2];
a := a and $10;
a := a or $0F; {07 : moter on}

port[io+2] := a;

pPx := 0; py := 0;

sxX := $01; sy := $01;
fpx := 0; fpy i= 0;
a := a and $F7;
port{io+2] := a;

delay(1);



end;

procedure action;
var delx,dely,dir : integer;
xstep,ystep : shortint;

begin

xstep := 0; ystep := 0; delx := 0; dely := 0; !

if fpx > px then begin delx := fpx - px; xstep := 1; end;

i

if fpx < px then begin delx := px - fpx; xstep := ~1; end;

if fpy > py then begin dely :

fpy - py; ystep := 1; end;

if fpy < py then begin dely := py - fpy; ystep := -1; end;
if delx = 0 then dir := 0 else dir := -1;
repeat
if dir < 0 then begin
py := py + ystep;
dir := dir + delx;
if ystep = 1 then begin
sy := 8y + 1;
if sy = 9 then sy := 1;
end;
if ystep = -1 then begin
sy =8y - 1;.
if sy = 0 then sy := 8;

end;

end
else begin
PX := pX + xstep;
dir := dir - dely;
if xstep = 1 then begin

SX := 8X + 1;



if sx = 9 then sx := 1;
end;
if xstep = -1 then begin
SX = 8x - 1;
if sx = 0 then sx :=

end;

end;
portfio] := drvx[sx] or drvy[sy];
delay(dl);
until (fpx = px)and(fpy = py);

end;

begin

I

drvx([1] := $0A; drvx[2] := $08; drvx[3] := $0B; drvx[4] :

drvx[5] := $0OF; drvg[B] := $0D; drvx[7] := $0E; drvx[8] :

drvy(1] := $A0; drvy[2] := $80; drvy[3] := $BO; drvy[4] :
drvy(5] := $F0; drvy[6] := $D0; drvy[7] := $EO; drvy[8] :=

init;

writeln;

writeln;

write('*INPUT FILE NAME : ');

readln(ftxt);

ftxt := 'C:\PROTEL\xyp.Pbl';

write('*ORG XY (by arrow key & Enter to go) : ');
repeat

¢ := readkey;

if ¢ = 'M' then fpx :

fpx + 1;

1
]

if ¢ 'K' then fpx := fpx - 1;

$03;
$06;
$30;
$60;



'H' then fpy :

i

if ¢ fpy + 1;

if ¢

Il

'P' then fpy := fpy - 1;

if (fpx <> px) or (fpy <> py) then action;
until ¢ = chr(13);

writeln;

fpx := 0; fpy := 0; px := 0; py :

]
(=]
~e

a := a or $08;
port[io+2] := a;
delay(100};

a := a and $F7;

port{io+2] := a;

assign(fp,ftxt);
cc := 'N';

stn = ' T
reset(fp);

while not eof(fp) do
begin
read(fp,c);
if:c = 'D' then begin
a := a or $08;

port{io+2] := a;

end;

if ¢ = 'U' then begin
a := a and $F¥7;
port{io+2] := a;
end;

if ¢ = 'A' then



begin

ni := 10000;
fpx := 0;
sign := 1;
‘repeat
read(fp,c);

if ¢ = '-' then begin

sign := -1;
read(fp,c);
end;
case.c of
'0! = 0;

!4!

o
& (e S\WSEY GO A 52 o |\
T ATV I Sy
]

‘6’ =6
> ) =7;
'g! % 8;
A\ =9;
else b := 0;
end;

fpx := fpx + (b*ni);

ni := ni div 10;

until c = ',';

fpx := (fpx div 10) * sign;

if ni <> 0 then fpx := fpx div (ni*10);

ni := fpx; .
fpx := fpx div 5;

ni :=ni mod 5;



if ni >= 3 then fpx := fpx + 1;

if ni <= -3 then fpx := fpx -1;

ni := 10000;
fpy := 0;
sign := 1;
repeat
read(fp,c);

if ¢ = '-' then begin

sign := -1;
read(fp,c);
. end;
case c of
'0' : b :=0;
s bl=1;
o b\ 27
TR . 35
'4' b = 4;
ROy (550D
'6' + b :=6;
7' b= T;
'8' : b = 8;
'‘9' + b= 9;
else b := 0;
end;

fpy := fpy + (b*ni);

ni := ni div 10;

until (¢ = ';') or (c = chr($1A));
fpy := (fpy div 10) * sign;

if ni <> 0 then fpy := fpy div (ni*10);



end;

close(fp);

end.

ni := fpy;

fpy := fpy div 5;

ni := ni mod 5;

if ni >= 3 then fpy := fpy + 1;

if ni <= -3 then fpy := fpy -1;

writeln(fpx*5,' ',fpy*5);
action;

end;



TYPE TEST.PBL

P3:PA0,0;PA0,381;VS 12;PA0,762;PA0,249,;PD;PA81,249;PA41,249;PA41,127;PU;PAL122,12
7;PD;PA122,249,;PA203,249;PA122,249;PA122,188;PA163,188;PA122,188,;PA122,127;PA203
,127;PU;PA244,147;PD;PA264,127;PA305,127,PA325,147;PA244,229;PA264,249,PA305,249
;PA325,229;PU;PA366,249;PD; PA447,249;PA406,249;PA406,127;PU;PA610,127;PD;PA67]1,1
27;PA691,147;PA691,168;PA671,188;PA630,188;PA671,188;PA691,208;PA691,229;PA671,2
49;PA610,249;PA630,249;PA630,127;PU;PAT52,127;PD;PAT92,127;PA752,127;PA732,147;P
A732,188;PA752,208;PA792,208;PA813,188;PA813,147;PA792,127;PU;PA853,208;PD;PA935
,208;PU;PA894,147;PD;PA894,249;PA894,147;PA914,127;PA935,147;PU;PA975,208;PD;PAl
057,208;PU;PA1016,147;PD;PA1016,249;PA1016,147;PA1036,127;PA1057,147;PU;PAL1118,1
27;PD;PAL1158,127;PA1118,127;PA1097,147;PA1097,188;PA1118,208;PA1158,208;PA1179,1
88,;PA1179,147;PA1158,127;PU;PA1219,127;PD;PA1219,208;PA1219,188;PA1240,208;PA126
0,188,PA1260,168;PA1260,188;PA1280,208;PA1300,188;PA1300,127;PU;PA1463,127;PD;PA
1463,249;PA1463,127;PA1544,127;PU;PAL1605,127;PD;PA1626,127;PA1605,127;PA1585,147
;PA1585,188;PA1605,208;PA1626,208;PA1646,188;PA1646,147;PA1626,127;PA1646,147;PA
1666,127;PU;PA1707,147;PD;PA1707,208;PA1707,147;PA1727,127;PA1748,127;PA1788,168
;PA1788,208;PA1788,107;PA1768,86;PA1727,86;PU;PA1829,168;PD;PA1890,168;PA1910,18
8;PA1890,208;PA1849,208;PA1829,188;PA1829,147;PA1849,127;PA1890,127;PU;PAL1951,12
7;PD;PA1951,208;PA1951,168;PA1991,208;PA2012,208;PA2032,188;PU;PA1727,1092;PD;PA
1047,1092;PU;PA1034,1092;PD;PA1034,1097;PA1032,1102;PA1028,1106;PA1024,1108;PA10
20,1110;PA1015,1110;PA1010,1109;PA1005,1107;PA1002,1104;PA999,1099;PA998,1095;PA
998,1090;PA999,1085;PA1002,1081;PA1005,1077;PA1010,1075;PA1015,1074;PA1020,1074;
PA1024,1076;PA1028,1079;PA1032,1083;PA1034,1087;PA1034,1092;PA1029,1092;,PA1016,1
105;PA1003,1092;PA1016,1079;PA1029,1092;PU;PA1016,1194;PA1047,1194;PD;PA1524,119
4;PA1524,1264;PU;PA1542,1295;PD;PA1542,1300;PA1540,1305;PA1536,1309;PA1532,1312;
PA1528,1313;PA1523,1314,;PA1518,1313;PA1513,1310;PA1510,1307;PA1507,1303;PA1506,1
298;PA1506,1293;PA1507,1288;PA1510,1284;PA1513,1280;PA1518,1278;PA1523,1277;PA15
28,1277;PA1532,1279;PA1536,1282;PA1540,1286;PA1542,1290,PA1542,1295;PA1537,1295;
PA1524,1309;PA1511,1295;PA1524,1282;PA1537,1295;PU;PA1727,1295;PA1727,1264;PD;PA
1727,1092,;PU;PAL1745,1295;PD;PA1745,1300;PA1743,1305;PA1740,1309;PA1736,1312;PAl7
31,1313;PA1726,1314;PA1721,1313;PA1717,1310;PA1713,1307;PA1710,1303;PA1709,1298;
PA1709,1293;PA1710,1288;PA1713,1284;PA1717,1280;PA1721,1278;PA1726,1277;PA1731,1
277;PA1736,1279;PA1740,1282;PA1743,1286;PA1745,1290;PA1745,1295;PA1740,1295;PA17
27,1309;PA1714,1295;PA1727,1282;PA1740,1295;PU;PA1339,1295;PD;PA1338,1300;PA1336
,1305;PA1333,1309;PA1329,1312;PA1325,1313;PA1320,1314;PA1315,1313;PA1310,1310;PA
1307,1307;PA1304,1303;PA1303,1298;PA1303,1293;PA1304,1288,;PA1307,1284;PA1310,128
0,;PA1315,1278;PA1320,1277;PA1325,1277;PA1329,1279;PA1333,1282;PA1336,1286;PA1338
,1290;PA1339,1295;PA1334,1295;PA1321,1309;PA1308,1295;,PA1321,1282;PA1334,1295;PU
;PA1321,1295;PA1289,1295;PD;PA1047,1295;PU;PA1034,1295;PD;PA1034,1300;PA1032,130
5;PA1028,1309;PA1024,1312;PA1020,1313;PA1015,1314;PA1010,1313;PA1005,1310;PA1002
,1307;PA999,1303;PA998,1298;PA998,1293;,PA999,1288;PA1002,1284;PA1005,1280;PA1010
,1278;PA1015,1277,;PA1020,1277;PA1024,1279;PA1028,1282;PA1032,1286;PA1034,1290;PA
1034,1295;PA1029,1295;PA1016,1309;PA1003,1295;PA1016,1282;PA1029,1295;PU;PA1034,
1194;PD;PA1034,1199;PA1032,1203;PA1028,1207;PA1024,1210;PA1020,1212;PA1015,1212;
PA1010,1211;PA1005,1209;PA1002,1205;PA999,1201;PA998,1196;PA998,1191;PA999,1187;
PA1002,1182;PA1005,1179;PA1010,1177;PA1015,1176;PA1020,1176;PA1024,1178;PA1028,1
180;PA1032,1184;PA1034,1189,;PA1034,1194;,PA1029,1194;PA1016,1207;PA1003,1194;PA10
16,1181;PA1029,1194;PU;PA1034,991;PD;PA1034,996;PA1032,1000;PA1028,1004;PA1024,1
007,PA1020,1009;PA1015,1009;PA1010,1008;PA1005,1006;PA1002,1002;PA%999,998;PA998,
993;PA998,988;PA999,983;PA1002,979;PA1005,976;PA1010,973;PA1015,972;PA1020,973;P
Al024,974;PA1028,977;PA1032,981;PA1034,986;PA1034,991;PA1029,991;PA1016,1004;PAl
003,991;PA1016,977;PA1029,991;PU;PAL1034,889;PD;PA1034,894;PA1032,899;PA1028,902;
PA1024,905;PA1020,907;PA1015,907;PA1010,906;PA1005,904;PA1002,901;PA999,896;PA99
8,891;PA998,887;PA999,882;PA1002,877;PA1005,874;PA1010,872;PA1015,871;PA1020,871
;PAL024,873;PA1028,876;PA1032,879;PA1034,884;PA1034,889;PA1029,889;PA1016,902;PA
1003,889;PA1016,876;PA1029,889;PU;PA1034,787;PD;PA1034,792;PA1032,797;PA1028,801
;PA1024,804;PA1020,805;PA1015,806;PA1010,805;PA1005,802;PA1002,799;PA999,795;PA9
88,790;PA998,785;PA999,780;PA1002,776;PA1005,772;PA1010,770;PA1015,769;PA1020,76
9;PA1024,771;PA1028,774;PA1032,778;PA1034,782;PA1034,787;PA1029,787;PA1016,801;P
A1003,787;PA1016,774;PA1029,787;PU;PA1034,686;PD;PA1034,691;PA1032,695;PA1028,69
9;PA1024,702;PA1020,704;PA1015,704;PA1010,703;PA1005,701;PA1002,697;PA999,693;PA
998,688;PA998,683;PA999,679;PA1002,674;PA1005,671;PA1010,669;PA1015,668;PA1020,6
68;PA1024,670;PA1028,672;PA1032,676;PA1034,681;PA1034,686;PA1029,686;PAl1016,699;
PA1003,686;PA1016,673;PA1029,686;PU;PA1034,584;PD;PA1034,589;PA1032,594;PA1028,5
98;PA1024,600;PA2020,602;PA1015,602;PA1010,601;PA1005,599;PA1002,596;PA999,591;P



{ PRINT.PAS }

uses crt;
const f : array[1..1767] of byte =

($F¥,33,15,8,$FE,27,8,%$FD, 30,8, $FE, 33,8, $FD,

$FF,34,21,7,$FE,15,7,$¥D,21,9,$FE,15,9,$FD,

$FF,35,27,3,$FE,27,14,$¥FD,21,3,$FE, 21,14,$FD,15,6,$FE, 33,6,$FD, 15,11,
$FE, 33,11, $FD,

$FF,36,30,3,$FE,30,12,27,14,24,12,24,6,21,3,18,6,18,14,18,9,15,9,33,9,$Ep,

$FF,37,18,3,$FE,15,3,18,3,18,6,15,6,15,3,$FD,18,15,$Fﬁ,15,15,18,15,30,3,
33,3,$FD,33,12,$FE,33,15,33,12,30,12,30,15,33,15,$FD,

$FF,38,33,9,$FE,27,15,33,9,33,6,30,4,27,4,21,9,18,9,15,6,18,4,21,4,33,15,
$¥D,

$FF,39,21,10,$FE,15,10,8FD,

$FF,40,15,12,$FE,21,6,27,6,33,12,$FD,

$FF,41,15,6,$FE,21,12,27,12,33,6,$FD,

$FF,42,30,10,$FE,18,10,$FD,24,5,$FE,24,16,$FD,30,5,$FE,18,16,$FD, 18,5, $FE,
30,16, $FD, '

$FF,43,30,11,$FE,18,11,$FD, 24,5, $FE,24,16,$FD,

$FF,44,28,11,$FE,33,11,38,6,$FD,

$FF,45,24,5,$FE,24,10,8$FD,

$FF,46,30,12,$FE,33,12,3FD,

$FF,47,33,4,9FE,30,4,18,14,15,14,$FD,

$FF,48,33,6,$FE,30,3,19,3,16,6,16,9,19,12,30,12,33,9, 33,6, $FD,

$FF,49,16,9,$FE,19,6,16,9,33,9,33,6,33,12,$FD,

$FF,50,19,3,$FE,16,5,16,11,19,14,22,14,25,11,25,5,28,3,33,3,33,14,$FD,

$F¥F,51,16,6,$FE,19,3,16,6,16,11,19,14,22,14,25,11,25,8,25,11,28,14,30,14,
33,11,33,6,30,3,%FD,

$FF,52,28,14,%FE, 28,3,25,3,16,12,33,12,$FD,

$FF,53,30,3,$FE,33,6,33,12,30,15,25,15,22,12,22,3,16,3,16,15,$FD,

$FF,54,25,4,$FE,25;12,28,15,30,15,33,12,33,6,30,4,22,4,16,9,16,12,$FD,

$FF,55,16,4,$FE,16,15,19,15,30,4,33,4,$FD,



$FF,56,33,7,$FE,30,4,28,4,25,7,25,13,22,15,19,15,16,13,16,7,19,4,22,4,25,
7,25,13,28,15,30,15,30,15,33,13,33,7, $ED,
$FF,57,33,10,$FE,33,7,33,10,28,16,19,16,16,13,16,7,19,4,22,4,25,7,25,16,
$FD,
$FF,58,20,11,$FE,23,11,$FD, 30,11, $FE, 33,11, §FD,
$FF,59,25,11,$FE,22,11,$¥D, 28,11, $FE,33,11,36,8, $FD,
$FF,60,16,12, §FE,25,4,33,12, $FD,
$FF,61,22,4,$FE, 22,12, $¥D, 28,12, $FE, 28, 4, $FD,
$FF,62,16,4,$FE,25,12,33, 4, $¥D,
$¥F,63,19,5,$FE,16,8,16,11,19,14,22,14,25,12,28,11,$FD, 32,11, §FE, .
33,11, $FD,
$FF,64,28,8,$FE,31,8,28,8,26,5,28,2,31,2,34,5,34,11,31,13,20,13,17,11,17,
5,20,2, $FD,
$FF,65,28,2,$FE,34,2,28,2,17,8,28,14,28,2,28,14, 34,14, $¥D,
$FF,66,34,3,$FE,34,11,31,14,28,14,26,11,26,5,26,11,23,14,20,14,17,11,17,3,
17,5,34,5,$FD,
$FF,67,34,11,$FE,31,14,34,11,34,6,31,3,20,3,17,6,17,11,20,14, $¥D,
$FF,68,34,3,$FE,34,12,31,14,20,14,17,12,17,3,17,6, 34,6, §¥D,
$FF,69,34,3,$FE,17,3,17,15,17,3,26,3,26,9,26,3,34,3,34,15, §¥D,
$FF,70,34,4,$FE,17,4,17,15,17,4,26,4,26,9,26,4,34 4, $FD,
$FF,71,26,12,$FE,26,15,34,15,34,7,31,4,20,4,17,7,17,15, §¥D,
$FF,72,17,4,$FE,34,4,$FD,17,15,$FE, 26,15, 26 ,4,26,15, 34,15, §¥D,
$FF,73,34,7,$FE,34,10,17,10,17,7,17,13,17,10,34,10,34,13,§5D, .
$FF,74,31,5,$FE,34,7,34,13,31,16,17,16, §FD,
$FF,75,17,5,$FE,34,5,$FD, 26,8, $FE,17,16,26,8,26,5,26,8, 34,16, $FD,
$FF,76,34,5,$FE,17,5,34,5, 34,16, $¥D,
$FF,77,34,5,$FE,17,5,29,10,17,15, 34,15, §¥D,
$FF,78,34,6,$FE,17,6,28,16,17,16, 34,16, $FD,
$FF,79,34,5,§FE,17,5,17,12,34,12,34,5,$¥D,
$FF,80,35,2,$FE,18,2,18,11,21,13,23,13,26,11, 26,2, 35,2, $¥D,
$FF,81,32,11,$FE,29,8,32,11,35,8,35,5,32,2,21,2,18,5,18,11,21,14,29,14, 32,

11,35,14,$FD,



$rF,82,18,3,$FE,35,3,18,3,18,11,21,14,23,14,26,11,26,3,26,5,35,14,$FD,
$FF,83,35,6,$FE,32,3,35,6,35,11,32,14,21,3,18,6,18,11,21,14, $FD,
$FF,84,18,14,$FE,18,3,18,14,18,9,35,9,$FD,
$FF,85,18,3,$FE,32,3,35,6,35,12,32,15,18,15, $FD,
$FF,86,18,16,$FE,23,16,35,10,23,4,18,4,$FD,
$FF,87,18,16,$FE, 33,16,35,14,31,10,24,10,$FD, 31,10, $FE, 35,6,33,4,18, 4, $FD,
$FF,88,35,4,$FE,32,4,21,15,18,15,$FD, 21,4, $FE,18,4,21,4,32,15,35,15, $FD,
$FF,89,21,4,$FE,18,4,21,4,26,10,35,10,26,10,21,16,18,16,$FD,
$FF,90,18,5,$FE,18,16,21,16,32,5,35,5,35,16, $¥D,
$FF,91,35,8,$FE,18,8,18,14,$FD, 35,14, §FE, 35,8, $FD,
$FF,92,21,5,$FE,18,5,21,5,32,16,35,16,$FD,
$FF,93,18,8,$FE,18,14,35,14,35,8,$FD,
$FF,94,24,6,$FE,18,10,24,14,$FD,
$FF,95,38,4,$FE,38,12,$FD,
$FF,96,19,4,$FE, 24,10, $FD,
$FF,97,36,5,$FE,36,8,36,5,33,2,27,2,24,5,24,5,24,8,27,11,33,11,36,8,33,11,
36,14,$FD,
$FF,98,36,3,$FE,19,3,30,3,24,8,24,11,27,14,33,14,36,11,36,8,30, 3, $FD,
$FF,99,24,6,$FE,24,14,24,6,27,3,33,3,36,6,36,14, §FD,
$FF,100,36,9,$FE,30,14,36,9,36,6,33,3,27,3,24,6,24,9,30,14,19,14,36,14, $FD,
$FF,101,30,3,$FE,30,12,27,15,24,12,24,6,27,3,33,3,36,6, 36,12, $FD,
$FF,102,27,4,$FE,27,12,$FD,19,12,$FE,21,15,19,12,19,9,21,6,36,6,$FD,
$FF,103,38,4,$FE,41,7,41,12,38,15,27,15,24,12,24,7,27,4,33,4,36,7,36,15,
$FD,
$FF,104,36,4,$FE,19,4,30,4,24,10,24,13,27,15,36,15, $FD,
$FF,105,36,10,$FE,27,10,$FD,24,10,$FE, 21,10, $FD,
$FF,106,38,5,$FE,41,7,41,10,38,13,27,13,$FD, 21,13, $FE, 24,13, $FD,
$FF,107,19,5,$FE,36,5,19,5,30,5,30,11,24,16,30,11,36,16,$FD,
$FF,108,33,10,$FE,19,10,33,10,36,13,$FD,
$FF,109,36,5,$FE,24,5,27,5,24,8,27,11,30,11,27,11,24,14,27,16,36,16, $FD,
$FF,110,36,7,$FE,24,7,27,7,24,9,24,12,27,15,36,15, $FD,
$FF,111,36,7,$FE,36,12,36,7,33,4,27,4,24,7,24,12,27,14,33,14,36,12, $¥D,



end;
procedure up;
begin
a := a and $F¥7
port[io+2] :=
end;
procedure down;
begin
a := a or $08;

port[io+2] := a;

end;

procedure action;

var delx,dely,dir :

xstep,ystep :

shortint;

a := port[$379];

if a = $87 then io := $378;

a := port[$3BC];

if a = $87 then io := $3BD;

a := port[io+2];

a := a and $10;

a := a or $0F; {07 : moter on}

port{io+2] := a;

pPx := 0; py := 0;

sx := $01; sy := $01;

fpx := 0; fpy := 0;
a := a and $F7;
port[io+2] := a;
delay(1);

a;

integer;



begin

xstep := 0; ystep := 0; delx := 0; dely := 0;

if fpx > px then begin delx :

fpx - px; Xstep :

i1
[

end;

if fpx < px then begin delx := px - fpx; xstep := -1; end;

]

if fpy > py then begin dely :

fpy - py; ystep :=1; end;

if fpy < py then begin dely := py - fpy; ystep := -1; end;
if delx = 0 then dir := 0 else dir := -1;
repeat
if dir < 0 then begin
pY := py + ystep;
dir := dir + delx;
if ystep = 1 then begin
8y := sy + 1;
if sy = 9 then sy := 1;
end;
if ystep = -1 then begin
Sy := sy - 1;
if sy = 0 then sy := 8}

end;

end
else begin
PX := pX + Xstep;
dir := dir - dely;
if xstep = 1 then begin
sX = 8x + 1;
if sx = 9 then sx := 1;
end;
if xstep = -1 then begin
8X = sx - 1;

if sx = 0 then sx := 8;



$FF,112,42,4,$FE,25,4,28,4,25,7,25,11,28,13,34,13,36,11, 36,4, $FD,
$FF,113,42,13,$FE,25,13,28,13,25,12,25,8,28,4,34,4,36,8, 36,13, §FD, .
$FF,114,25,3,$FE,36,3,25,3,31,3,25,8,25,11,28,14, $¥D,
$FF,115,36,3,$FE,36,11,34,14,31,11,31,6,28,3,25,6,25,14, $FD,
$FF,116,25,14,$FE,25,3,$FD,19,9,$FE,34,9,36,12,34,14, §FD,
$FF,i17,25,3,$FE,34,3,36,6,36,9,31,15,25,15,36,15,$FD,
$FF,118,25,4,$FE,36,9,25,15,$FD,
$FF,119,25,4,$FE,34,4,36,7,34,10,31,10,34,10,36,12,34,15,25,15, §FD,
$FF,120,25,4,$FE,36,15,$FD, 36,4, $FE, 25,15, $FD,
$FF,121,25,4,$FE,34,4,36,7,36,10,31,16,25,16,39,16,42,13,42,7, $¥D,
$FF,122,25,5,$FE,25,16,36,5,36,16,$FD,
$FF,123,19,13,$FE,22,10,25,10,28,7,31,10,34,10,37,13, $FD,
$FF,124,36,11,$FE,29,11,$FD, 26,11 ,$FE, 19,11, $FD,
$FF,125,19,8,$FE,22,11,25,11,28,15,31,11,34,11,37,8, $¥D,

$¥F,126,34,4,$FE,31,6,31,12,28,14,$FD, $FF);

var ftxt,ftxtec : string[ZO];
stl,st2,stn : string[3];
pO,pl,p2,p3 : string[2];
font : array[1..256,1..32] of byte;
¢,cc,cl,c2,c3,st : char;
fp : text;
pXx,py,dl,sign,w,x,y,z,bxy,xXy : integer;
ni,fpx,fpy : longint;
drvx,drvy : array[l..8] of byte;
a,b,sx,sy : byte; {a,sx,sy static}

io : word; {io static}

procedure init;
hegin
a := port[$279];

if a = $87 then io := $278;



end;

end;

port[io] := drvx[sx] or drvy[sy];

delay(dl);

until (fpx = px)and(fpy = py);

end;

drvx[1] := $0A; drvx[2] := $08;
drvx[5] := $0F; drvx[6] := $OD;
drvy[(1] := $A0; drvy[2] := $80;
drvy[5] := $FO; drvy[6] := $DO;

drvx[3] :=
drvx[7] :
drvy[3] :=
drvy[7] :

write('*ORG XY (by arrow key & Enter to go) : ');

repeat

c := readkey;

if ¢ = 'M' then fpx := fpx + 1;
if ¢ = 'K' then fpx := fpx - 1;
if ¢ = 'H' then fpy := fpy + 1;
if ¢ = 'P' then fpy := fpy - 1;

if (fpx <> px) or (fpy <> py) then action;

until ¢ = chr(13);

drvx[4] :
drvx[8] :
drvy[4] :
drvy(8] :

i

$03;
$06;
$30;
$60;



down;
delay(100);

up;

writeln;

writeln;

write('*INPUT FILE NAME : ');
readln(ftxt);

ftxt := 'C:\PROTEL\f.Pbl';

writeln;

assign(fp,ftxt);
cc := 'N';
stn := ' L

bxy :

]
(=}
~e

reset(fp);
while not eof(fp) do
begin

read(fp,c);

if ¢ = 'D' then begin

down;
wi=w+l;

font[xy,w] := $FF;

writeln('FE ');

end;



if ¢ = 'U' then begin
up;
Wi=w+l;
font{xy,w] := $FE;
writeln('FD ');
writeln(' ');
writeln(' ');

readln;

end;

if ¢ = 'A' then

begin

ni := 10000;

fox := 0;

sign := 1;

repeat

read(fp,c);

if ¢ = '-' then begin
sign := -1;
read(fp,c);
end;

case c of

w
v v v o v U U
o S R Y S
w



'8' : b :=8;
'9' : b :=9;
else b := 0;

end;

fpx := fpx + (b*ni);

ni := ni div 10;

until c = ',';

fpx := (fpx div 10) * sign;

if ni <> 0 then fpx := fpx div (ni*10);

ni := fpx;

fpx := fpx div 5;

ni := ni mod 5;

if ni >= 3 then fpx := fpx + 1;

if ni <= -3 then fpx := fpx -1;

ni := 10000;
fpy := 0;
sign := 1;
repeat
read(fp,c);
if ¢ = '-' then begin
sign := -1;
read(fp,c);
end;
case c of
'0' : b :=0;
'1' . b= 1;
12" + b= 2;
'3' : b= 3;



<
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else b := 0;

end;

fpy := fpy + (b*ni);

ni := ni div 10;

until (c = '";'") or (¢ = chr($1a));
fpy i= (fpy div 10) * sign;

if ni <> 0 then fpy := fpy div (ni*10);

ni := fpy;
fpy := fpy div 5;

ni := ni mod 5;

"

if ni >= 3 then fpy := fpy + 1;

if ni <= -3 then fpy := fpy -1;

ni := fpx + 48;
"k := $00 - $10;
repeat
X = X + $10;
ni := ni - 48;
until ni < 48;
z := ni;

write(ni);



repeat
Yy:i=y+1;
ni ;= ni - 16;

until ni <= 16;
XYy 1= X+Y;
if Xy <> bxy then w:=1;

bxy := Xxy;

writeln(' ',ni);

font[xy;w] = Z;
W o= WHl;

font[xy,w] :

2

W o= wtl;

action;

end;

end;

close(fp);

writeln;
writeln;

write('*INPUT FILE NAME : ');



readln(ftxt);

ftxt := 'print.pas';

writeln;

writeln;

assign(fp,ftxt);

reset(fp);

x := fpx; vy := fpy-16;

while not eof{fp) do
begin

read(fp,c);

X := X+0; y := y+l6;

if ((%=2064)or(c=char(13))and(x=2016)) then begin

x:=0; y:=0; fpx:=x; fpy:=y; d4l:=10;

action; dl:=15; writeln;

writeln('END press any key to continue');

readln;

end;

if c=char(13) then begin

if y=1280 then begin

x:=x+48; y:=0; fpx:=x; fpy:=y;

action;

dl:=15;

write(c);

read(fp,c); write(c);
read(fp,c);

end;

X:=xX+48; y:=0; fpx:=Xx; fpy:=y;

dl:=10;

dl:=10;

action;



dl:=15; end;

fpx := x; fpy = y;
W= 0;
repeat
Wi=W+l;
until (w = 1767).or ((f[w]=$FF) and (char(f[w+1])=c));
write(c);
if w<1767 then begin
Wiz=wW+2;

repeat

il

fpx = x+£f[w];

fpy := y+f{w+l];

if (fpx <> px) or (fpy <> py) ;hen action;
Wi=W+2;

if f[w]=$FE then begin w:=w+1;down; end;

if f[w]=$FD then begin w:=w+l; up; end;
until f{w]=$FF;

end;

end;

close(fp);

end.



EXSAMPLE FOR PRINT FUNCTION

Nowadoy,Computers have keen introduced tg control various
mochineries. This in - cooperatign of the two technoldgies hove

enok led mochineries to become more efficlient.
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A POLAR PLOTTER

In earlier chapters, we introduced how
microprocessors function and examined in
. some detail the methods by which they may
be interfaced with mechanical and process
equipment. In these (inal chapters, we wish
to use this information as the basis for a
broader exploration of sysiem design. The
case study in this chapter typifies a design
process in which the designer chooses to
break with traditional approaches in order to
design a system which exploits the com-
putational, ability and the favorable price/
performance ratio of 4 microprocessor.
The device we will design is a pen
Jlotter which will be capable of drawing a
line between two points. The line will be the
primitive element with which graphs can be
made, curves approximated, and letlering
generated. The compleled system will con-
sist of a mechanism to hold a pen and paper,

acluators to move the mechanism, a
microprocessor to control the actuators, and
software to generate the vectors.

STATE OF THE ART

Our design sirategy begins with a
survey of plotters which are commercially
available. Two types of pen plotters are in
common use-loday: those which move the
pen in two dimensions and those Which
move the pen in one dimension and the
paper in the other. Flat-bed (x-y) plotters
use a pen which rides on a ganiry mounted
on onc or two roller ways. The gantry
moves over a Nat bed 1o which the paper is
attached. In order for the pen to draw in 1wo
dimensions, 4 way is fillted on the moving
gantry. The plotter also includes a mechan-
ism for lifting the pen.

The other common plotter is a drum
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Plotling bed \
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. . Moving-way
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gure 8.1: Stylized View of an X-Y Flatbed Pen-Plotter and Actuators

stter, so called because the paper is
ounted on a rotating drum, while the pen
les on a stationary way.

'Flat bed plotiers are usually driven by
ther of two types of actuation systems.
1€ system has an actuator mounted on the
se of the plotter to move the gantry and
.other mounted on the gantry tlo move the
‘n. This design, while mechanically sim-
e, makes it difficult to achieve high speed
«rformance, because of the inertia of the
tuator mounted on the gantry. The sec-
1d 1ypical system for flat-bed plotiers uses
illeys and cords 1o move the gantries (see
gure 8.1). The pulleys and cords are

iven By two actuaiors mounied on the '

oiter base.r This design overcomes the
ertia problem but is more complex
echanically.

Drum plotters simplify the pen drive
nsiderably, but they require a drum

" actuator which is larger and often.more cos-
tly than those needed for Nat-bed plotters.

A POLAR SOLUTION

For our plotter design, we will seek 10
combine the best features of plotiers that
are commercially available: low inertia, so
that we can improve speed or -decrease
actuator cost, and mechanical simplicity.
We will incorporate a microprocessor into
the design to provide support for any com-
putational complexity that may result.

The mechanism we design, a polar
plotter, will move a pen in-lwo dimensions.
1t will consist of a boom driven by an actua-
tion motor mounted on the base of the plot-
ter. The boom will sweep an arc. The pen
will ride on a way mounted on the boom
(see Figure 8.2). This approach will elimi-
nate the need for one set of machined ways.
Additionally, it will reduce the problem



endemic to the flat bed ploiter—that of
actuating ‘the second gantry—because the
pen actuation motor may be mounted at the
origin without significantly increasing the
inertia of the plot arm (see Figure 8.4).
Since our plotter will operate with polar
coordinates, we will use a microprocessor to
transform the points which the user
specifies in Cartesian coordinates.

. Any point in the Cartesian plane de- -

scribed by (x,y) may be represented by
the polar coordinates (r, 8), where r is the
radius from the polar ordinate and @
is the angle which the radius makes with the
reference radius (see Figure 8.3).

The transformation of- Cartesian 1o
polar coordinates may be described as

re=a/x?+ y?
and '

8 = arcsin (y/r)

Figure 8.2: Stylized Polar Pen-Plotter

THE STEPPING MOTOR e

(x, v} or {r, 0}

\* \¢

— ]

Figure 8.3: Cartesian and Polar Coordinates

ACTUATOR CHARACTERISTICS

All plotters require actuators with
similar characteristics. Most plotters are
driven by rotary electric motors. A myriad
of motor designs exist, but one major dis-
tinclion can be made: the motor may be
either synchronous or asynchronous.
Although asynchronous motors have
several attractive qualities, such *as good
power o weight ratios and jerk-free opera-
tion, they have one negative characteristic -
which makes them suitable only for costly
systems. In order to be accurately posi-
tioned, asynchronous motors require feed-
back. By contrast, synchronous motors may
be operated open loop (see Figure 8.5). The
angular displacement of a synchronous
motor is correlated to the actuating power
signal. Electric plug-in clocks, for example,
are typically driven by a synchronous induc- .
tion motor which follows the AC line fre-
quency. Such a motor is'designed to rotate a
fixed angle for each cycle of the AC line.

THE STEPPING MOTOR

Because a stepping motor is syn-
chronous, it is well-suited to our plofier
application. Stepping motor coils are usually
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excited by direct current rather than by
alternating current. Inside the **black box™’
stepping motor controller which we used in
Chapter 4 is a circuit which applies direct
current to combinations 'of motor'coils in
such a manner that the rotor advances from
one stable position to another cach time the
step input is toggled. We will first examine
how a stepping motor responds to the pat-
terned actuation of the coils and then pro-
pose two methods for generating the
‘seauence of actuations. -
Figure 8.6 depicts an idealized step-
ping motor. The four poles may be mag-
netized by sending a current through one of
the two coils on each pole. Poles 1 and 2 are
of opposite polarity, as are poles 3 and 4.
Each pole-pair has two coils, wound in

~

Top view

opposite directions, so that a unipolar
voltage source may be used. The same
effect could be achieved with a single coil by
using a bipolar (positive and negative)
power supply and permitting current to flow
in either direction through the coils. The
double-wound pole is called a bifilar wind-
ing. We will assume that current flowing
through coil A, but not B, will cause pole 1
to be magnetized south and pole 2 north.
The opposite will occur if current flows
through B and not A. Likewise, current
flowing in coil C and not D will'cause pole 3

‘10 be squth and pole 4 to be porth. The rotor

is a permanent magnet designed so that
each of the: teeth has a south sense. If an
imbalance exists between the magnetic field

. of the rotor and the net magnetic field of the

—~.
.
Angular actuator
- 3 Radial actoator
vl ——_ o
1

() ha

N/
~ Side view Pen actuator

L_-d Pulley

f.{ \5] Cotd

0

‘ipure 8.4: Actuating the Polar Pea-Plotter
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a. Closed loop control of an asynchronous mator
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Synchronous
motor
Position
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P Motor
| controller

b. Open loop contro! of a synchronous motor

Figure 8.5: Synchronous and Asynchronous Motor Positioning
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Figure 8.6: 1dealized 4-phase, Bifilar-wound,
Permanent Magnet Stepping Motor
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coils, the motor will rotate. Because the
pumber of rotor teeth is not equal to the
number of poles, changing the polarity of
one set of poles will always result in a torque
on the rotor.
To verify that the coil excitation
sequence given in Table 8.1 actually causes
the shaft to rotate 15 degrees for each step
in the sequence, we strongly suggest that
the reader trace the rotor, cut it out, and lay
it on Figure 8.6. Then, for each excitation
change, move the rotor Lo its nearest stable
equilibrium point.
Table 8.2 differs from table 8.1 in only
one respect. Inserted between each full-siep

g A B Cos:: 4 . 2P0153 . 4
g On Off "On Off S N § N
g- On Off on ot | s N o1 o
€ 0n OH O On s N N S

off ott ofi On | Ottt Ot N S

1%

Ot On Off On N S N

Off On Ottt Ot Nt S Cn oft

Oft \On On Off N S8 S N

Clockwise

\ off Ot On Off 0oft off S N

Table 8.1: Full-Step Actusation Sequence

Table 8.2: Half-Step Actuation Sequence



122 A POLAR PLOTTER

-______..'__—__—_..._—.--._._—-..-—_

T
— |
1 1} 1 4] L
3 i
Transition ° ]
tahle in ! 0 0 ! |
memory ')‘ LN}
0 1 0 1 A
p— 'CPU |
0 1 1 0 —+ :
L — |
. / H
Mt . A
I Luss0s 0 1 1 0 { Parallel output port |
5 - I
_______ il il I IR N |
7 YIy[vs v
Switching g
Lansisiors s .
20 QO] .
h &8
00,00

>
Stepping motog

igure 8.7: Programmed Logic Generation of
tepping Moter Excitation Sequence

~

a_step in which only one of the two poles
energized. This sequence causes the rotor
1 half-step or move 1.5 degrees. Half-step-
ng doubles the precision with which the
nor.may be positioned and increases the
amber of points on the plotling bed to

hich the pen can be moved. Decreasing

ep size in this manner. increases the
1ality of the finished plot. The price paid
I the quality gain is a reduction of avail-
e torque to roughly 70 percent of the Tull-
2p torque,

EN\ERATING THE EXCITATION
QUENCE

The black box which we showed
hematically in Chapter 4 in Figure 4.15¢
nlains a sequential logic circuir designed 1o

produce a 4-phase excitation sequence. By
connecting the four signal lines—one for
each set of coils—10 a parallel output port,
we can use & microprocessor instead of a
sequcn(ial logic circuit to generate the

-, Sequence. An easy way 10 accomplish this is

to store in memory a table of words, each.of
which is the pattern for one stable rolor
position. Indexing through the table by
ascending addresses causes the motor (o
step in one direction. Indexing through the
table by descending addresses causes the
motor 1o step in the opposite direction (see
Figure 8.7).

TIMING AND RAMPING
“Figure 8.8 shows how a programmed

" sequential logic generator rotates the step-

ping motor. A microprocessor can execute
this algorithm in about 25 microseconds,
which is much faster than the motor can
siep. We can determine the maximum rate
al which the motor can be slepped as
follows: the rotor and the motor-load are
inertial masses which must be accelerated.
Because the torque of the magnetic field is
relatively constant, motor step rate is most
severely limited when ihe rotor is station-
ary. Once the motor is rotating, however,
we can ramp the slep rate in order 10 bring
the motor to maximum speed. Figure 8.9
shows a three level ramp designed to permit
the motor to reach a given angular velocity
under maximum load before jis stepping
rale is increased. The ramping profile is
tailored for werst case load because the
motor is open-loop.

MICRO-STEPPING

Another step-size refinement that wil]
further enhance the quality of our finished
plot is micro-stepping. Consider the case in
which the stepping motor of Figure 8.6 is in
a stable position, with coils A and C



energized. If we reduce the current in coil
A, the rotor will move some distance..

Figure 8.10 shows the qualitative relation-
ship between the current in coil A and the
resulting rotor position. We emphasize that
this relationship is qualitative and show no
scaling for the rotor position because the
function which maps current 1o rolor posi-
tion is determined by the motor design and
may well be non-linear. .

One way to implement micro-stepping
is with D/A converters (see Figure 8.11).

Using one converter per coil, we can apply

discrete currenis “to the four coils. The

motor will migro-step through the resulting..

set of angles.

We can -refine this approach by
transferring the function of the four costly
D/A converters 1o a microprocessor. We
know that the force exerted on the stepping
motor rotor is a function of the power

delivered to the coils. We also recall that®

varying the duty cycle of a digital signal by
either pulse widih modulation or pulse {re-
quency modulalidri changes the signal’s
power output. Modulated digital signals can
therefore be substituted for the D/A con-
verters.

Motor speed
] LA
1

Step rate

0 » Time

, .
Figure 8.9: Ramping the Step Rate

MICRO-STEPPING 123
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Figure 8.8: Flow of Programmed Logic
Sequencer
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Stepping Motor Coil Current und Rotor
Position
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' Coil
Voltage

] DAC —¥1to turrent —» . A
converter

Aicroprocessor

Voltage
~—+| DAC |—#|tocurrent —» B
converter

. Voltage
—%| DAC |—|to current
converter

Voltage .
- 1 DAC }—#[10 current —» D
converter

un2 8.11: A Conceptual Solutlon to the
icrostepping Requirement

ESOFTWARE CHALLENGE

A successful polar plotter design
juires both an effective- mechanism and
\listic software for vector generation. We
Il now write a subroutine which has as its
rameters the starling and-ending points of
vector. The subroutine will generate, in
il tkme, the actuation signals required by
: plotter’s two 4-phase stepping motors.
orcer to place a realistic constraint upon
r design, we will specify that our

t- 1
[}
t Piotting paper
ro AN
; .
’ 2D
t
1
I
1. i
L
! 9| T
i
H
i .
¢ ---=- -+ ¢
v
0, 0) \
tesian otigin Polar origin

ure 8.12: Location of the Cartesian Plotting
face Relative to the Polar Origin

algorithm must step one motor at a
minimum rate of 100Hz.

~ Figure 8.12 shows how the polar coor-
dinate system will map onto the Cartesian
coordinates of the paper. The radius at =0
will bisect the plotting surface. In order to
use the transformations presented earlier,
the algorithm will rotate the Cartesian coor-
dinate system 90 degrees and shift it by 1/

times the maximum radius.

Because 4 stepping motor is only sta-
ble in a finite number of positions, the pen
will trace a staircase vector (except in the
special case where 6,= 48 ). Our goal is to
develop an algorithm which will draw the
best approximation possible to the desired
vector. An ancillary goal is to have the
algorithm do this efficiently.

- The Brute Force Method

The brute force method is often a
good starting point from which to move to a
more efficient solution. Figure 8.13 shows
the eight points to which the pen can possi-
bly move from position P. The points can be
reached by posilive or negative angular
steps, posilive or negative radial steps, or
combinations of angular and radial steps.
We must select-one of the eight points. The
best point is the one whose distance 10 the
ideal vector is the smallest. We find this dis-
lance by determining the equation of a line
through the trial point which is perpendic-
ular (o the desired vegtor, then finding the
intersection of the two lines, arid finally
finding the distance between the trial point

. and the intersection point (see Figure 8.14).

*The brute force algorithm requires us to
solve for each of eight points

distance =/ Ix, - x})? + (y‘t vi)’
where x (a/ta’s ity 4 X2 )

and vy, ax,+h
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Circuit Description

Outputs
Outputs Q1, Q2 (pins 1,9) are fed by push-pull
diodes, referred to
voltages from an inductive

load.

Enable .
Outputs Q1 and Q2 are turned oft when voltage
current then decreases maximatty to
transistors are turned on when V322 V.

Phase
he voltage at pin 2 determines the

as sink for V<08V and as source for Vy22V.
Similarly output Q2 acts as

sink when V22V and

source when V,s08V
The sink transistors are ncamnﬁ.ozouvmp An
currents at phase changse.

Nominal Current input,

The peak curre
compares this with the voltags drop at

current is exceeded, the output sink transistors are turned

sync Input/RC %

Outputs are turned an by 2 signal at pin
ingbya fed-in TTL signal or fre2 running

Free-Running. Operation

Wwhen the supply voitage is applied, capacitor

zuﬂom?. 2.4 V. With increasing current

current sensor R, (pin 4)-

input (pin B) the comparatof,

The logic turns off sink \ransistors T3 and T4. C;
* R, then discharges Cs.

c voltage of the
constant t, = R;
triggered by the

“x C,. After the lower

actual current sensor (pin e.mw, jower thad the 0
the sink tran

the ‘compara
oif again. Turn-on cannot.be repeated
time being a fungtio

resel The logic circuit then turns on
pin 4 rises above
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1o the lower trigger threshold, the discharge
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Maximum Ratings

‘Synchronous Ova_.meoa .
3. .
it a TTL level sync signal is fed to pin 7, the negative edge sets the RS flipflop, via the T.=—-25°Cto +85°C .
Schmitt Snnm_.vaoaoaon combinalion, provided that the voitage at pin 4 is below the Description ) Symbol | min max Unit
nominal value at pin 8. As in the free-running. oumqmeoa mode, the relevant output transistors " P— "
. become conducting. Similarly they are cut off by resetting the RS Hfiipliop once the voliage Supply voitage pin Vs ~03 45 v
- atpin 4 is higher than the nominal value at pin 8. I . Supply current, pin 5 Is 1o 25 A
. .- ' £ Peak current in ERE T = @
Pulse Suppression T . output transistors, pin 1, 9 Is 225 25 " A
- In all cases the pulse suppression circuit eliminates positive pulses, typically of 0.5 ps Diode currents . i ’
. acaeo: at pin 4. These can result rom cross-over currenis in choppar operation through ‘i 7 : 1 >
. the integrated free-whee! diodes. As a result, the voltzge 2t pin 4 rises well above the o e o +Vs r 25 A
. Dioda to ground Ie 25 . A
S - nominal value, and without pulse suppression this would lead to dynamic current kmiling. - - —
- _ The duration of these basically unavoidable cross-ovér curents is of the same order of Input voltage, pins 2, 3, 7. 8 L —03 8 v
., magnitude as the reverse-recovery lime of the free-wheel diodss. - Output current, pin 4 I, ~25 A
- LY
- . k3 - Voltage, pin 4 1/ -03 5 v
. Temperature Safegtiard, - .
i L. ) Ground current, pin 6 Is 25 A
) If the temperature of thé IC rises to 2pprcx. 150°C, the final stagas are turned off. At approx. oo et T T50 <
v . 130° . ot . unction temperature y .
30°c S.mx mm\mm?_ ;ned on again. “ ¥ Storage temperature ™ -40 125 .| C
- . Thermal resistance 3 |
B L . . : system - arbizn . . Rinsa 70 KW .
4 togic Table 3 ..* .= . ) system - casa R sc " g K -
. Erable’ N ‘H..*H - f . .
. Phase oy L H Operating Range st .
. — ST - " — ¢ Supply voftage, pin 5 ' v, 8 40 v T
oupit .. Qi ™% 4 fL ‘R : . \ WeBR y R . . _
. oo - - —_ = — Package temperature Te =25 85 . 1 -
;.1 , Qutput Q2 - R st H, L AL A Input voltage, pins 2, 3,7 . v, o e s v .
. - o s - T D S — — " C%
. Transistor T X X X - at: | Qutput cufrent A ~2 f2Tens A
i Transistor T2 7 X iX e X V,>10mV : :
' Transistor T3 T X PiX e , X R,>0Q . P e i %y P e s
“Teansistor’ 0 T4 LIX . 1X, | for L g { ) .
¢ 1%‘?*(%%.@ Hh.vwluwﬂ : y\.w..“m X .\.TV& , ~* ! - M‘”u.ua ov”v b & 4 . »
* rL\ e ﬁlf{x!mufi e .
= = Cow. voltage tevel, Suﬁ open - - g
sy .I = High voltage.Jevel x- w?. k.,
P o i oy g et R N o ._‘,U;: o 5 . )
,nwrsuwm.rzwa.&»wxmmﬁnm:u..ﬂ@ - ..4}# 1zum.5vﬂm Lo W .naah. ke - . & 5 . B - 1 vk e
Feg & N .q?:..ﬂ,_‘nm.:m.mon ole Brigs R E oAt | NS R IDT W ‘ " = : . ST .
-- "= Transistor conducting with curent fimiting tumed on ’ . . . . R
- ~ == Quiput ?ms‘.z_u&w:om - —h g
. v N .
,mnw.rnu o wu».‘a!l Hape = ) - et me o S ’ N @ . ' - Ve enwere -
u,.‘.,.fr - e ; Mu_.uﬂ:h?a (wﬂt R g g me o e wesene e S D T T - wa,h,_:,tg»% o - =y
A PN - E - o .
° - - fu e T e RS L T " N " . . H Ey Sl
P R T N LI ’ e ey 2 o }
= . " ‘| L.a.!eA o Uurrs Ay ey t..uﬂ% 2 e o7 X - . ku. 2 -t ) e B s et m..ﬁ.«;.... N %«u,,.wwlx... a Fimy g . s
700 .. S a§ » = e .-




- (.‘.Wq - = 4 -2 v ey ;
. . - s SN, 3 .
- - E CRERER Dy W T g S
LN s Lt H- R N =T et
. - ~ e ot g . X .
. - Bt g : ,

Maximum Ratings

Characteristics  _
=25°C : 7. = 25°C bis +85°C

) V=24V, T .
. »» Description . Symboi| Testconditions | min typ Unit Description Symbol | min max Unit
Supply current, pin 5~ - - | g | Viam Vi * E
- P . (] 18 mA . Supply voltage, pin 5 « 17 -03 45 -
4 . R s s : v
.P . Supply current, pin § Is L Via= V. . 05 .| mA ) . w%nz current, pin § . ’ Iy o . 1.25 A .
R o sp . .o . eak current in .
ji 7% Output'pins1,9 T A gt o outout transistors, pins 1,9 - - Io -1.25 1.25 A
R Output voitaga: source . Ve 1I1=1A - g ‘ ’ . ’ : ~ o=
N - Output voltage: source SW“, I ~w.l 1.5 A “M « Diode currents, pins 1,9 R
- mcc h“” «MWMM“ Mun «o.. “ wo “ = “ w> 12 v Diode against +V5 Iy 1.25 A
. . = 1. g . g .
: Reverse current . _www_ o ; 1.5 ol M> o.nwam against ground : In 1.25 A
v t Figure 1 0.1 03 [10 fus . nput voltage, pins 2.3, 7, 8 . LY ~03 & v .
3 Dﬂwﬂvﬂm tage of diodes - \ “3. “n.z - “ w> “w. “W v ! 4 Output current, pin 4 L -1.25 . f A
A Ve w15 . 1 v 2 * -
v~ Forward voliago i diodes HVe. |Ii=1a : 11 13 Lv Voltage, pin 4 Vi -03 5 v :
P _to ground * “ Va In=15A R 15 v Ground current, pin 6 I . 125 A -
- A - < -
T ‘Inputs: enable, pin 3 .. Junction temperature T . F 150 °C
P : 7
8 Sy Storage temperature -40 -] 125 M
e m:a nrmmm. pin2 L c -
u% X —— . , - ~h 2 Thermal resistance '
b ) rn Vin K3 system - ambient i R sa” Yoo .70 TR RW
|2t . w;. ) - N, [~ system - case ] . ‘ .
& 8 « e - " 4 > . "
L —:Uc.. current . um.r “!un w « . 50 “wm y (measured at pin 14) e RO 15 1w . .
et s B - (N 2 ) B
Rise’and fall time - ¢ - ~ N -,
T.n B, 4 /L Operating Range ! i
e o L S PTINC o = y * T —
mm‘ W&n 205:5_0943—. pin8 = S E Praln T % Supply voltzge, pin 5 - AL 8 . 4|40, < |V
3 e s Tan — . ) - R T - CRCH Y g
1o ¥sF SCoritrol range " Y.L o7 _\_. " R Y ST 2 Package temparafure T RSPy
o cartent 2 L. T T IS L vgmoy, o s e A o _ measuredalpintd .~ o ?| Ten ¢ | Z255%F ] 855 « 4G
v Wy TV Y. » 35 B X —— T o — —
+¥ input onwm. voltdge s £, ' Viasy | Figures a0 U \= Input voltagé: pins 2,3, 7 .. N A e T A
_Y#..Jm.tv> | current; pin 4+ . e Output current, pins 1,9 T “l- 7 v ="TA
-, ctual A A far SR, lcn. At R R B . o AN wp . f . - o~ « > - R
“ DT By 3 < e " K o -~
iy o . — . A N v BT Feh e
s ..snoazo_ range o L5 Vie o «| Figure§ (1] A 20 4 f ¥ st m - P y ’ v -
m N bToJ Qm?«t s Soidneg b lol, ..ym -} Figurad- BT 2 S Rl L R u. u ST e B & e B
- maunm  E N epah, " Trmadd LAY ,4.... [P A a4 ,,.n P A té..\ = ».\ . e .,wv““./n. 3 *® S~ A P N .a.‘u. o m.{\h?,x,.,...u\:m... . M_ldho.%v. ,J.Y..nmvusaﬂ
5 .:.;..G«S inpUYRC; pin L — 2} BRI GPNsY e N AR KA 7 S e A I SorE S S s
s i
i fn?., .w<:0 ?mn:»:Q N L, .f Dulycycle:05 . oo | ¥ Mers am. . - . -~ 5 3w,
mm%.‘ Seam.m_u mw»%m,ﬁ%i‘%%.}u %« o sslenay | gL st s v T T w.
. Me $es,s s 1 ~Q.nr 1:...0:3 PUSI o) un?.u - :.oq? S POy . _ i TN ..V.x. A s Ay s
. ..;.1,. “ ileungar) 20ed RS Gt sertage i SR L e S s I T P
.v qUnw“ os,“:“::r_zaﬂ , i,”.b.o,, g TR S RPN AT T .WQ 3 ‘wﬁx‘mmgu (7 pa N . RS e mmwﬂfw;xuﬁuﬂ % Mawx ] 4 2o wa 4l g
T e T T p M B gire 2 06 jos8 fv - - ' SR TR ,,‘:H. RNkt v ;
b JE = Ol ODn— P T Jy.f«.m\v. o Var, P S 22 . 24 v, . ) . s sl c.n. o) e v
oy L peri ﬂ.n:.d&.,.., e ey 64 Fo T . s ~ ...ﬁ&.x{h&.% ~ > ~ > v ~ G Pas - e, s .'mm ity -
1B v Dynamic input ,mw_«saﬂwwf iz 15V, : 10 ' ko o « R e RS RO w st
' 4 pin 7. ...v.h .«..,.!hb ...r S L A s P A ROPRE TR T St - g ; . o . e L ¥
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R e S .o TCA 1560 B
: T . - . ; ..H.Wn»h.. s“..fﬁ :.“rrvu.., Tm .m.? = . m.. & RIS Terx T e
7Nz J B R T i e .
Characteristics . N _:nm:._w_ E.::o c* v:..u . R B - -
\ V=24V, T,=25°C . b P
2 2
| Description Symbol | Test conditions min typ max MP . 5 .
o
Supply currant, pin S "t 1Is Viz=Vin - 18, [.30 .. - = = g
mcuu_.\ current, pin 5 Is Vo=V 0.5 1 . . .
“ Outpub pins39 " = P s . . .
OUtoUt VORAGE: SOUICE Ve |ilt=0sA | T {1e |18 = RPADEE Sl T -
: Output vellase: source Van 1 Igt=07S A 1.65 1.90 Vv ) she moe Do 3 LXTS
. Output voltaga: sink Vau 1 Igt=05A 10. 1.2 v . =3 .
. Output voliage: sink .- Voo I Ia1=075A = |14 14 v K]
: Reverse current Vgst ) 300 |pA <
. Phase dead time . tr Figure 1 01 03 1.0 ps <
- Forward voltaga of diodes Ven Iy=05A . 0.9 1.1 N . p
. to +Vs 3 Vew Ja=075A . togs ~} 1157 |V
XA Forward veltags of diodes Vi I5=05A “ 0.95 115 V- - . .
. to ground . Va Io=Q75 A 41.0 12 ' N -
' = o n. pe3

" Inputs: enable, n_:\u .
and phase, pin 2 . . : B
H Input voltdge S i/ 2 3! - :

. Linput volage. | ) %1087 |V 7

“Hinputcurtents < . o 1 ler V= -

"
&
<

Sync Tnput/RC

<
R
3
]
(7]
<J‘
-‘.
-8 8
ey
2,
2
A
A

Linput current ~ly V=0V . s
[Riszand falitime - Lt . - . .
L - ’ * . * w "
Nominalcurrent, pin8 » ™, - . et .
7 *Conlidt range “:« i vee, B EX W >
7Y nputclment |« s E “Tg. | Ma=0V [ Tpipat Zw..M »
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e — g PN - - -
¢ SRR L. Sk A At i.ﬁfuﬁ? T T
e . WL e
- Actual current, pin & ”
Fa - . ;
f < ¥ Ky v * g - T~ PG = gt | *n,
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E The total power dissipation P, comprises . . °
Saturation losses P N . (transistor saturation voltage and .
diode forward <o=m.6m$. -
Quiescent currént losses Py (quiescent current muttiplied by supply
. voltage)
Switching losses R ?E:-os\a.‘:.oa ovm..‘mzoa .
v, v . The following equations give the power dissipation for chopper operation without phase *
‘ o w R = reversal. This can be regarded as sworst case”, as, in addition to the switching losses, -
o f \l\\l\\\l full-load current flows for the entire time. -
n A . : \ :
05 1 o . Pu=Pa+Paths
L .05 ) AL~ _ | - )
A . : with Po=la Ve D+ Vi, (1 D) +Van!
A o
~5 Po=I -V
-05- . -4 )
oo TV sedndty, _ .xw:.m..nme:.rt..ﬁ» | Half-Stea Crmng 1214 B = ,l.\_w. ” ﬁ%\o.u L ..ﬁhmPWMJ * mw. Anuu.% fonv” .
= , ) I, = fated cument (mean value) o
FER N . . X § [, = Quiescent current - .
X iy = Reverse current during turn-on delay time e
Lo 5 - i, .= Peakreverse current
a ' s ey g t, = Oo:acnz:m time of chop transistot.
- - . R - ~ . ton = Turn-ontime
<. #* 5 < - E i...,.u. \ - R tore = 4:6-0: time
[~ ) . L - o toon = Jurn-on delay time
: £ R - % toops = Turn-off detay time .
WX = e & LI .
- ex Y . . - * . “ % T = Cycle duration .
sl T R S vk ‘ A D = Dutycyclel/?
LI W RS e v - -V, = Saturation voltage of sink transistor (13, 4
¢ e ¥ - & Vo = Saturation voltage of source transistor T, 2)
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