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ABSTRACT

Nowadays CNC machine has been widely used throughout industrial business due to its
ability to make a standard production with speedily and needs no craftsman but a few
technicians., However, a price of the CNC machine is quiet high. Thus in order to decrease a
production cost, this project has proposed to improve an old-manual machine for the likewise
CNC machine; by doing that, the machine structure has been adjusted and an application

software has been developed to automate the machine.
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dmsumsaads1Wa inpouts2.dil g 1Hcopy W& inpout32.dil aslulnmaeisystem voq
. 4 e . .
72U windows %9 windows 95 , 98 1???1»3131‘11?‘]61?!8‘; Ciwindows\system Udgwindows Me, 2000 ,XP

Ha9 199 awnes C:windows\systemn32 H30 C:\winntisystem32
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5 da A ’ . ~ 1
m33on1F1u IS inpout32.dil SudludestsemaianFunnte13ve9 code window tHofou

]

mstszmeerFuieSon ¥ g inpous2.dil dmiunisiudeya

Private Declare Function Inp Lib “inpout32.d1l” Alias “Inp32” (ByVal PortAddress As Integer)
As Integer

mstszmafadFuioSonldan W inpou2.di dmumsdeteya

Private Declare Sub Out Lib “inpout32.dll” Alias “Out32” (ByVal PortAddress As Integer,
ByVal Value As Integer)

2.2.3 Mailpuimduive3u-aetoyaly Visual Basic 6
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fdeanldlunmsSudeyauriusezldfids

Inp (WOSALBALAT )

L} o w g Yo Y Y o Ay 1 a o
80119710 Input from a Port ufdsiilFudeyadunnnwesafidimuadusidenldiums
1 o nl: o @
dedoynaonsinwesniins 1wz 19d1ds
o 9 a 1
Out WasauoAMs I, Yoyanozd
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2.3.1 DATA PORT
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Name Read/write Bit No. Signal Name
Data port Write bit7 Data7(pin9)
Data port Write bit6 . Data6(pin8)
Data port Write bit5 Data5(pin7)
Data port Write bitd Data4(pin6)
Data port Write bit3 Data3{pin5)
Data port Write bit2 Data2(pin4)
Data port Write bit1 Datal(pin3)
Data port Write bit0 Data0O{pin2)

2.3.2 STATUS PORT

=1

¢ e 9 r = 1 =1 9 9 o q’ @
Status Port 1Juniafioudoyastiude liemusadoudoyandll1s wesatlvziidyga

] ar ar ar

1Whod 5 Aynnm tesdn a IRQ Mudyamerain1ion 2 Oa Tasdyn o Busy 12 Active Low

& 7]

man 2.3 UAAIILDSIDUAUDI STATUS PORT

Name Read/write Bit No. Signal Name
Data port Read bit7 Busy
Data port Read bité nAck
Data port Read bit5 PaperEnd
Data port Read bit4 Select
Data port Read bit3 . nError
Data port Read bit2 IRQ(not)
Data port Read bitl Reserved
Data port Read bit0 Reserved
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® Bit7 Busy {19 Active Munuda wiwmoiez lusudoya
4 = o o - o .
® Bit 6 nAck (19 Active HU1004 WIURDI NS O UNDEHIY {Active Low)
. ) . =5 = sy
® Bijt5 PaperEnd 148 Active HUUD wmmaﬁnnﬂﬁmm
. el . = = = o
® Bit 4 Select 1U® Active HUIYNOY IDDNATULABDT
. = o & Py .
® Bit 3 nError {19 Active HUUH W UMDTNATDAANDIA {Active Low)
® Bit2, Bit 1, Bit0 134

2.3.3 CONTROL PORT
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Control Port Wuwaiafilflumsntuguniuwes dyanmlunguilezr Active Low onidu

» 1
Yy un3o Initialize 11U lign Invert

u

A15197 2.4 LIAAITIUAZIOUAUDY CONTROL PORT

Name Read/write Bit No. Signal Name
Data port Read bit3 nEselect (pinl7)
Data port Read bit2 nlnitialize(pin16)
Data port Read bitl nAutofeed (pinl4)
Data port Read bitQ nStrobe (pinl)

ANBUZAITNIIWYDINARE LA 1U Control Port
N . A . =5 =] = o
® Bt 3 nESelect Printer 11U Active Y1190 189ANTHINDT
. e . A . s A =y o
® Bit 2 nlnitialize 1U8 Active HUTHD JIBANTHIADT
Y a o a .
® Bit ] nAutoFeed Lﬁﬂ Active “rimtlﬁd WIHWMBOITNTN Line Feed
. & . = ¥ a o | ey ¥ ¥
® Bit 0 nStrobe 11 Active HUU04 msuaﬂﬂlwwsumasmmmmmy,mmmum
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~ @ 1 o t
Data port lunsnauguiismiaaznisasuguaImiuemes Taesld 2 v1aensasugu 1 unu 1
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amai 25 agdmsihudazAivvamosavuunilzsgna 14t Ty sina

i msszynald

2 Aruaaudunux
3 AHUANAN1UAUX
4 fMruannudunuy
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6 AMHuaA NS WAUZ
7 SINUATANIWNUZ
8 aamsihauvesaiu@duomod)
11 YBLWANTTRINU-Y
12 UDUAANITNNIUHY
13 YDA TTNTIU-X
15 VDUAANITAINIUHX
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dl | a 1 =Y o o q ¥ o o
3N 2.5 (Ae)rimstusasuveanesavumindssynalgiulysang

A A3z ynaly
19 Ground

20 Ground
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23 Ground

24 Ground
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Tumsdfilgunsasimiusuiiuadadsiinzdosiinnuiifoduiims ldnuemeiswemesn
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= . Y o ar & [ = oo 3 ar ' '
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uagansonuau 1A

241 uamaiuvunszv’juuﬂn%mz (Separately exited)

R, I_L"

+ — MWy o
Ip R,F

Fe E4 ¥r Ricaa

Ly

- o

(a)
Separately Excited
314 2.3 uAR9I9TAUYAVDINBIABT LN TTAUB AT (Separately exited)
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1 |
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together and
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E, ¥y E, R,

: a o [ r o
50 2.5 uansmsihinvuewemeituunizaudass luanzeydalan

L3

v & o

[ o 4 = A A4 A o
HANNII MWD UUDINBDRD T NTELTRAT ‘wmmqﬂ‘n FIUANUTUNUT 91
Field Circuit:V ,=1,R,

Armature Circuit:V =E +] R,

~
S dp

MagCurve: £ =K-¢-w ,1 ;=1,- N E ,—1/ Curve
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Mechanics . v ,,= K¢I ,
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2.4.1.1 m3dunmdivesuemeinizuansa
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317 2.6 uaaglnsaad1a DC Motor

ar : =4 ) = o 3/ d? '
Aty s adeunuusiaoimundamaas veawomes IMhnszuease 18 2 uuy Yueg

P -

nuAmYshnugy A

o  Amature — Controlled Motor

s Field — Control Motor
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F=Bi,l 24.1
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F=NBi L 24.2
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T =NBi,Lb 2.4.3

o ' =9 ¥ ar ar . ' =Y o A - o o < A4 at u’:
LI10SHUUIT 1LTIUR Tﬁﬁ]zﬁjuﬁﬂmunu Bla ﬂ’]u‘ﬂ']'i'lllm'f]'iﬁu § FAINTINTUNDADIH UL 5] ANUU

mannsoeuasms ity

T =k Bi, 244
Tauh
k = NLb

e 1J5um V' (Armature Voltage Control}

V?' Tlnd'RA

@ =——
K¢ [K¢)
Faunlsiild
V.=V, Armature Voltage ¥20:du Tand

1 o

E,=V, (back emfd) viwiilu Trad

A Py ' I d & e a ° o ¥ a

(191910 amature 1uvaa A AinyLagluauiman SaAnmsmsmiisniuaz i I¥ife

‘!' o ¥ = - |a J y [ Y- 1 w o H

MmN 1WAy Aanaveasandeou WM AAaTHE v2a Tt ud UM 19Y04A A 1ANEN
° ¥ a w o = & s = o At e
Mlnifamsnyu aeiusaSonusandeu TWihnfasnn1smiie 1t 9 back emf Ty back emf 1l

o 1 W 1 o { = 3 o
wiludnsduAusa I INTNYULD3 armature Uaz UM AR TIRATUYINVATIA TR

] od ]
MOULLMan B iauilu
V ,=k,Bw 245
d'l - o ' =
il @ Aoanuisouveunaiuas k, Musind

o g 9 8 . 3 P = o
Armature — Controlled Motor ﬁju:uamammwuﬂﬁlwni:xm"lﬂﬁﬂw Field coil HUHUAIAINLASAITULT]
o w [Y 4 1 a ot [y { .
souvananei vzl TaslSuldeuniuaedng v, A19AY armature M3nnszua lWluy field coil 3

3 ek 1 3/ ' =3 = s o g ¥
AFINAOUTAINAN VLU UINLH AN B UATHIN 1‘1111’”511@]

V,=k,o 2.4.6
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- ' e

] z @ .
o k., ADAIAIN 117995909 armature 12 132NOUAIIANUA UMY R, ¥ inductance L @1

b4

H é H = ¥ s 3 T 3 1 o o ar
1l 289 lunsdiflag i 1ifia back emf v, Hu daiudminiund anuandng v, fues

4
armature L‘in"lﬂ

4, g 247
t

v, -v,=La

g a

Armature Grou
UM 2.7 D.C. Motor Circuit

A = s . o = = VoA Vo
ioss s a1t Tugved block diagram Aeuaasluglh 2 mesunmim viuseu
' Y 4 0 q.WM Ve = o
v, udergnaanidie back emf. v, Sz v lddwgimanuianaia (v,-v, ) fyaunny
= 1 Y T a : d’ = -~ w ow ' o
Aanaaf 1atieidhduann armature fatiuaums (2.4.7) fzefutsnennuduiussyn ety

AanuAanaIa uazanszuan 1y armature coil i unumv, asluaunms 2.4.7) wl1d

di
t" +R i, 2.4.8

va_k:ia): La

» o = = ‘é = 1
nszua i, IM¥AaIA armature 9z¥in I IAausedia T Felimmuaums (2.4.4) 15y

T=k,Bi =k,i 2.4.9

a

A ﬂ T = .5 o ﬂ = 9 o 2 d‘.dyd‘l A
luﬂk4l HATFNN INUULTIVAIT NATL u@uwﬂiﬂﬂﬂ'jgﬂﬂﬂ'ﬁgﬂ'jﬁu chluﬂuﬂﬂlﬂ’ﬂfuzﬂ'nnlﬂﬂﬂ

14 ¥
YBIIZUUIA AT AIMHYUNIMUA AITUTINTSULFIND
Net torque =T — damping torque 2.4.10

1ot damping torque Ua WM co Shuanumiiguaz ¢ Wumad dimnasasanduwan by

~ - v ) ] or of i 4
UANUUATYUINIYU ﬂﬁE)LWﬂ'lLﬂN'JﬂQLﬂSQLTﬁ}E’,lIﬂ
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hilonossnnaly nissomndimantsi

Net torque =k ;i ,—co 2411
b y = ¥
FaNNNYUoN 2 1519y 19
do .
[—=k,i,—cw 24.12
dt

¥
INANNT 2.4.8 LA 2.4.12 #929FUIUNISVIUUDY armature — controlled motor

v,~ v, w Lo, + A4 10 =T~ 0w
) ] T v ki ol
v + Y- %{  Armalure 4 Ammature 4 Load Load
. circuit coll rodation ©
2.m.
Back e.m.f. induction
Vi
%= ko

1 o
UM 2.8 UHUNINAONYO armature — controlled motor

e 5um 7 s+ (Field Current Control)

VT _ de'RA
Kol Ko, ]

=

o o o ! P o i
MINTUNUUBIADI LY field-controlled motor 12411 Taoimualdnszuah Inad1g armature 1A
[ ot .:{ [ t w o . . é . . ﬂy
uAdsunsenssu laensdasuudasninuaafAngued field circuit ¥43995 field circuit Hog
¥ E
¥ . 1 (Y] . @ Qs -
1J52N0UNY inductance ADBYNIUNY Resistant, R ; muﬂmwm
R, +1L d, 2.4.13
v =R i +L,—~ 4.
! for f df
(51EITOWNTUINIININUVOA field — controlled motor TUUUDLUBY block diagram Fanuaaaluzl
a an ¥ 3 o Vo . 3 . . a  w o
# 4 i519z8unnidszunluy , nniussihinifanszuei, ulu field — circuit ANUFUNUTVD
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nyzuauaza Nua gty ldmurunidauui nrzuafinatussi ldien nuduauuimn
) ﬁ P a ° [ kY [} o dyd @ 1 a .
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t ¥
-
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T=kBi ,=ki, 24.14
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var
var

022103410

depth = 1;

MANUIN-N

Code
CAD VML

false;

document .onbeforeunload = 021603360;

var
var
var
var
var
var
var
var
var
var
var
var
var
var
var
var
var
var
var
var
var
var
var
var

var

026003800

026303830 =

012602460

021203320 =

024303630

013602560 =

018503050
012502450
012802480
020403240

026703870 =

025903790

026803880 =

015602760
016802880

025603760 =

015402740
025103710
025403740
026103810

016402840 =

026503850

FF = "ff";

024903680

021903390

"default";
"block";

"'V: ll'.

L . 2";
"white"
'lszll;
"#alalal";
"y:fill";
"gradient";
"fill darken(96)";
l!225";
lldiv";
"absoclute";
" 6pxll;
"nw-resize";
"hidden";
"red“;
"025103710";
"none";
"crosshair";
"§555555";
"auto™;

"relative";
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"width=300, height=100, top=10, left=10, status=no, toolbar=no,menubar=noc, locati
on=no, scrcllbars=yes, resizable=yes";

var 022203420 = "<scriptrwindow.cnerror =‘new Function{\"return
true;\");</script><span style=\"font-family:'Lucida Console';font-
size:10pt;color:#ccc\"><b>Start 022303430 log ...</b><br>";

var 026403840 = "black";

var 025203720 = "oval";

var 025003700 = "rect";

var 024803680 = "roundrect";

var 024403640 = "textarea";

var 013402540 = "#004060";

var 0125902490 = "#d40d40d0";

var ©013002500 = "0px solid #000";

var 025503750 = "Lucida Console";

var 021103310 = "8pt"™;

var 018903090 = "Trebuchet MS";:
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var 019003100 = "<dir><span style=\"font-family:'Verdana';font-
size:12pt;\">»<b>Graphite</b></span>&nbsp;&nbsp; &nbsp;Version
1.0&nbsp;&nbsp; &nbsp; &nbsp; &nbsp; &nbsp; &nbsp;&nbsp; &nbspy— V" + "e" + "nk"
+ "at " + "Re" + "ddy" + "<br><br>" + "Graphite is a shapes application
developed using the power of Javascript, DHTML and VML. " + "No images or
icons are used. A text interface is provided for saving and loading the
shapes.</dir>" + "<ul>" + "<1li><b>Show or hide windows: </b>Click on the
013202520 buttons (last three) on toolbar to show or hide Color Picker,
Text Window, and this Help Window.</1i>" + "<li><b>Create new shape:
</b>Click on a shape button. Mouse pointer changes to crosshair. Start
drawing.</1i>" + "<li»<b>Add color te shape: </b>Click on a color in
palette, and click on a shape.</li>" + "<li><b>Select a shape: </b>Click on
it. A small red resize box appears at bottom-right corner, indicating
selection.</1i»"” + "<li><b>Move a shape: </b>Select it by clicking eon it,
and drag it.</1i>" + "<li><b>Resize a shape: </b>Select it, and drag the
small red resize box.</1li>" + "<li><b>Save all shapes: </b>Click on <span
style=\"font-family:'Wingdings';font-size:'12pt'\">&lt;</span>, and copy
the contents of text window to a file.</li>" + "<li><b>Load shapes from
file: </b>Copy file cocntents to text window, and click on <span
style=\"font~family: 'Wingdings'; font-size:"'10pt"\">1</span>.</1i>" +
"<li><b>Erase all shapes: </b>Click on <span style=\"font-family:'Wingdings
2';font-size:'12pt'\">/</span>.</1i>" + "<li><b>Erase selected shape:
</b>Click on <span style=\"font-family:'Webdings';font-
size:'8pt';color:#c00;:\"><b>r</b></span>.</1i>" + "<li><h>Replicate
selected shape: </b>Click on <span style=\"font-family:'Webdings';font-
size:'12pt';\">2</span>.</1i>" + "</ul>";

var 020903290 = "Erase all shapes?";

var 015503150 = " 24, 45, 19, 93,2,1,#40£ff40\n" + ™ 71, 53, 19,
93,2,1,#0040e0\n" + " 26, 92, &6, 18,2,1,#ff2020\n" + "121, 51, 66,
18,2,1, #££c080\n" + "118, 83, 51, 21,2,1,#a02000\n" + "11l6&, 50, 19,
93,2,1,#20a060\n" + "122,124, 66, 18,2,1,4%a0a040\n" + "204, 49, 19,
93,2,1,#604040\n" + "209,121, 56, 18,2,1,#60e0c0\n" + "279,124, 56,
18,2,1,#0060e0\n" + "278, 48, 19, 93,2,1,#e000c0\n"™ + "347, 43,
77,103,0,1,#c0££40\n" + "365, 64, 43, 59,0,0,#606060\n" + "447, 21,
19,101,2,1,$e00060\n" + "442,137, 33, 34,0,1,#0020e0";

var 020503250 = "<html xmlns:v='urn:schemas-microsoft-com:vml'>\n" +
"<head>\n" + "<style>w\\:*

tbehavior:url {#¥default#VML)} ;positiocn:absolute; }</style>\n" + "</head>\n" +
"<body bgcolor=\"#555555\">\n";

var 020603260 = "\n</body>" + "\n</html>";

var vGradientFill = "<v:fill type=\"gradient\"™ color2=\"fill darken{160)\"
angle=\"225\7/>",

function 0217C3370{) {

var tmp = document.getElementsByTagName ("TD");

for (var 1 = 0; 1 < tmp.length; i++) {
tmp[i].style.pixelWidth = 20;
tmp[i].style.pixelHeight = 15;
tmp{i].style.backgroundColor = "#¢7dceb";
tmp{i].resetBg = "#c7dceb";
tmp[i] . hiBg = "#eff";
tmp[i].style.overflow = "hidden";
tmp(i] .style.border = “lpx solid #c7dceb®;
tmpiil .onmouseover = Q17702970;
tmp[i].onmouseout = Ql730299%0;
tmp(i].align = “center™;



var 022603460 = document.all.clrTbhtn;
var 019303130 = document.all.hlpThtn;
022603460.click (C23003500) ; .
document.all.plswait.innerText =

nn,
r

}

function 0124¢2440() |
019903190 = this.012202420;
019903190.018203020.onmousedown = 01810301C;
019903190.015102710.style.display = 026303830;
01990319C.018203020.style.zIndex = ++depth;
019903190.015102710.style.zIndex = ++depth;
if (020203220) |
this.fillColor = 020103210;
document.body.style.cursor = 0260C3800;
020203220 = false;

!

function 024603660({016302830) ({
this.026203820 = 1;
for (x in 016302830) thislix] = Cle302830([x];
this.(018203020 = document.createklement (012602460 +
013702570 [parseInt (this.024703670)1);
this.018203020.0nclick 012402440;
this.018203020.arcsize = 021203320;
if {this.026603860 != undefined) {
this.018203020.arcsize = this.026603860;

}

if (this.Id !'= undefined) {
this.018203020.id = this.Id;

}

this.018203020.strokeColor = 024303630;

this.018203020.strokeWeight = 013602560;

this.01l8203020.fillColor = 018503050;

this.018203020.014502650 = 014502650;

this.018203020.014302630 = this,024703670C;
this.018203020.019703170 = this.025703770;
this.018203020.012202420 = this;

if (this.02570377C == 1) {
var 020303230 = document.createElement {012502450) ;
020303230.type = O12802480;
020303230.coleor2 = ©20403240;
020303230.angle = 026703870;
this.018203020. appendChild (0203C3230) ;

this.C15102710 = document.createElement (02590379%0) ;
this.015102710.style.position = 026803880;
this.01510271C.style.height = C15602760;
this.015102710.style.width = 015602760;
this.015102710.style.cursor = 016802880;
this.015102710.onmousedown = 01500270C;
this.015102710.style.overflow = 025603760;
this.015102710.style.backgroundColor = 015402740;
this.015102710.012202420 = this;



T |

b

if (020003200} {
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022303430 ({"Loading:"™ + this.02470367C + ":" + this.025803780 + ":"

+ this.Left + ":" + this.Tep + ":" + this.Width + ":" + this.Helight};

this.018203020.fillColor = this.025803780C;

this.018203020.style.pixelTop = parselnt{this.Top);

this.01820302C.style.pixelleft = parselnt{this.Left);

this.018203020.style.pixelWidth = parselnt{this.Width);

this.018203020.style.pixelHeight = parselnt (this.Height}:
1

022303430("Just After creating:top:left=" + this.0lB8203020.style.top +

":" + this.Q18203020.style.left);
document .body.appendChild (this.01510271C) ;
document .body.appendChild (this.018203020) ;
this.015202720 = 0Ol5202720;
this.017802980 = 0O17802980;
this.025303730 025303730;

022303430("2: Just After creating:top:left=" + this.018203020.style.top

+ ":" + this.018203020.style.left);
}
function 0253037301() {
022303430("3: top:left=" + this.018203020.style.top + ":" +
this.018203020.style.left);
this.024003600 = false;
this.023803580 false;
var x = 0;
var y = 0;
var h = this.Height;
var w = this.Width;
022303430 ("Top:Left=" + this.Top + ":" + this.Left);
y = parselnt{this.Top) + parselnt (document.body.scrollTop);
x = parselnt({this.Left) + parselnt (document.body.scrocllleft};
this.01510271C.style.display = 026303830;
this.018203020.s5tyle.display = 026303830;
this.018203020.style.zIndex = ++depth;
this.015102710.s5tyle.zlndex ++depth;
this.023303530 = x;
this.023203520 = y;
this.023403540 = h;
this.023103510 = w;
this.015202720(w, h):
022303430("32: top:left=" + this.(018203020.style.top + ":" +
this.018203020.5tyle. left);
this.0178029B0(x, y):
022303430("33: top:left=" + this.01B8203020.style.top + ":" +
this.018203020.style.left);
}
function 018103010{} ¢{
if {023903590) return true;
this.style.zIndex = ++depth;
this.012202420.01510271C.style. zIndex = ++depth;

this.012202420.018303030 = this.style,pixelTop - event.clienty -

document.body.scrollTop;
this.Cl12202420.018403040

document.body.screllleft;
this.012202420.024003600 = true;
0139903190 = this.012202420;
return false;

this.style.pixelleft - event.clientX -
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function 0150C2700(}) {
this.012202420.01490265%0 = this.012202420.018203020.style.pixelHeight -
event.clientY - document.body.scrollTop;
this.012202420.015302730 = this.012202420.018203020.style.pixelWidth -
event.clientX - document.body.scrolllLeft;
if (1023903590} |
this.012202420.018203020.style.zlndex = ++depth;
this.style.zIndex = ++depth;
}
this.(012202420.023803580 = true;
019903190 = this.012202420;
return false;
}
function ©2150335C() |
if (023903580} |
var 016302830 = {
Top: event.clientY,
Left: event.clientX,
Width: 0,
Height: G,
024703670: 014202620,
025703770: 02410361C,
Id: 025103710
}
var t = new 024603600(016302830);
t.0253037301();
t.015102710C.cnmousedown () ;
return;
}
}
function 021303330() {
if (0239035%90)
document .body.style.cursor = 026003800;
023903590 = false;
}
if (019903190 == null} return false;
01%903190.018203020.onmousedown = null;
01%90319C.015102710.style.display = 025403740C;
019903190.023803580 = false;
015903190,024003600 = false;
}
function 021403340 () {
if (019903190 == null) return true;
if (018%03190.023803580 == false && 019903190.024003600 == false)
return true;
if (event.button !'= 1) {
019903190.023803580 = false;
0195%031950.024003600 = false;
return true;
1
01930315C.020803280 event.clientX + document.body.scrolllLeft;
0199031%0.020703270 = event.clientY + document.body.scrollTop;
window.setTimecut {"024203620()", 10);
if (019903190.02380C3580 || 01990319%0.024003600) {
event.returnvValue = false;

}

return false;
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function ©1780298C (x, y) {
x = parselnt(x);
y = parselnt{y);
this.01B203020.style.left = x + 'px';
this.023303530 = x;
this.01B203020.style.top = y + 'px';
this.023203520 = y;
this.C1510271C.style.left = this.023303530C + this.02310351C -
this.026203820 - this.015102710C.style.pixelWidth;
this.015102710.style.top = this.023203520 + this.(0234C3540 -
this.026203820 - this.(01510271C.style.pixelHeight;
}
function 015202720 (w, h) {
w = Math.max{w, this.C26203B20};
h = Math.max{h, this.(026203820};
this.018203020.style.width = w;
this.018203020.style.height = h;
this.023103510 = w;
this.023403540 = h;
this.015102710.style.left = this.023303530 + this.C23103510 -
this.026203820 - this.015102710.style.pixelWidth;
this.0151C2710.5tyle.top = this.023203520 + this.023403540 -
this.026203820 - this.015102710.style.pixelHeight;
}
functicon 024203620} {
if (019903190 == null) return false;
if (©1990319C.C24003600) {
var X = Q19903190.020803280 + 019903190.0184C3040;
var y = 019903190.020703270 + 019903190.018303030;
C19903190C.C178B02980(x, vy);
return false;
}
if (01%903190.023803580)
var x = 019903190.020803280 + 019503190.015302730;
var y = ©199C3190.020703270 + (©1990C319C.0149C2690;
C19903190.015202720(x, v}
return false;
}
return true;
}
function 017502950(019703170) {
014202620 = "0";
0l1l72029%20(019703170) ;
}
function ©17302930(01970C3170) {
014202620 = "2";
017202920(01%703170) ;
}
function ©17402940(0C19703170) {
014202620 = "1";
017202820(01%703170) ;
}
function 01720292C(019703170) {
023903590 = true;
024103610 = 019703170;
document .body.style.cursor = 026103810;



var 023903590 = false;

var 014202620 null;

var 024103610 false;

function 015802780¢() {

if (019903190 != null} {

019903190.018203020.style.display-
019903190.015102710.style.display
019903130 = null;

Il

025403740;
025403740;

I

}
}

var n = 8;
var sp = 256 / n;
var sy = 16;

var sy = 16;

022303430("013802580 022803480");

var 022803480 = document.createElement {025903790);
022803480.style.backgroundColor = 016402840;
022803480.style.position = 0Z6803880;
022803480.style.display = 025403740;
022803480.style.overflow = "hidden";
022803480.style.pixelTop = 0;

022803480, style.pixelWidth = 163;
022803480.style.pixelleft = document.body.clientWidth -
022803480.style.pixelWidth;
022803480.style.pixelBeight = 230;

var 023603560 = document.createElement {025903790);

023603560.style.overflow = "hidden";

var 023703570 = new Array("black", "navy", "teal”, "green", "olive",
"maroon", "purple", "#aaa", II‘#444H’ "blue", uaquan’ "lime", |lyellowu'
"fuchsia", "white");

for (var k = 0; kX < 023703570.length; k++) {
var 023003500 = document.createElement (012602460 + 024803680);
023003500.strokeColor = 024303630;
023003500, style.pixelWidth = 18;
023003500.style.pixelHeight = 18;
023003500.5tyle.position = 0243%03690;
023003500, onmousedown = 022903490;
023003500.arcsize = 021203320;
023003500.fillColor = 023703570(K];
023003500.title = 0©23003500.fillColor;
023003500.innerHTML = vGradientFill;
023603560, appendChild (C23003500)

}

this.022803480.appendChild(023603560) ;

var 021803380 = document.createElement {(025903790);
021803380.style.cverflow = "hidden™;
021803380.style.position = 024903690;
021803380.style.pixelHeight = 180;
021803380.style.pixelTop = 2;

var 016102810 = document.createElement ("Button”);
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"red" .

01610281C. innerHTML = "<span style=\"color:#f00;position:relative;top:-

5px; font-family: 'Webdings'; font-size:'10pt';\">6</span>";
01610281C.style.pixelWidth = 022803480.style.pixelWidth / 2 - 1;
01610281C.style.pixelHeight 12;

016102810.style.borderWidth = 1;

01610281C.style.marginTop = G;

01610281C.onclick = 016002800;

021803380. appendChild (016102810} ;
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var 017002800 = document.createFElement ("Button”);

01700230C. innerHTML = "<span style=\"coleor:#f00;position:relative;top:-

S5px;font-family: 'Webdings'; font-size: '10pt';\">5</span>";

017002900.style.pixelWidth = 022803480.style.pixelWidth / 2 - 1;

017002900.s5tyle.pixelTop = 0;

01700290C.style.pixelHeight = 12;

Cl17002900.style.borderWidth = 1;

017002300.0onclick = 016902890;

0218C3380. appendChild (0170029%00) ;

022303430("013802580 loops™):

for (var k = 0; Xk < n + 1; k++) {
var Q18003000 = document.createElement {(025903790) ;
018003000.1id = "01B00O3000" + k;
018003000.style.display = C25403740;
018003000.style.pixelWidth = 185;
018003000.style.pixelHeight = 175;

var k¢ = k == n ? FF: 016602860({(k * sp).toString(le));
for (var 1 = 0; 1 < n + 1; i++) |
var ic = 1 == n ? FF: 016602860( (i * sp).toString{le));
for (var j = 0; J < n + 1; J++) |
var jc = j == n ? FF: 016602860((j * sp}.toString{l6]));

var 023003500 = document.createElement (012602460 + 024803680);
023003500.strokeColor = 024303630;
023003500.style.pixelWidth = sx;
023003500.style.pixelHeight = sy;
023003500, style.position = 024903690;
023003500. onmousedown = C22903490;
023003500.arcsize = 021203320;
023003500.fillCclor = "#" + kc + ic + Jjec;
023003500.title = C2300350C.fillColor.substring(l);
023003500.innerHTML = vGradientFill;
01B8003000. appendChild(G23003500} ;
]
}
021803380, appendChild (CG18003000);
}
022303430 ("adding detail");:
this.022803480, appendChild (021803380} ;
document.body. appendChild (022803480} ;
022303430 ("calling 0169028930");
016802880(} ;
var 022503450 = undefined;
function 016302890} {
if (022503450 == undefined) {
022503450 = 0;
document .all.QlB0C30000.style.display = 026303B830;
} else {
eval ("document.all.018003000" + 02250345C + ".style.display =
025403740;") ;
022503450++;
if (022503450 >= B) 022503450 = 0;
eval {("document.all.0l8003000" + 022503450 + ".style.display
026303830C;");
}

!

}



function 016002800{) {
if (022503450 == undefined) ¢
022503450 = 0;
document .all.0lB0030000.style.display = 026303830;
} else ({
eval ("document.all.CLl8003000" + 022503450 + ".style
025403740; ") ;
022503450--;
if (022503450 < 0) ©22503450 = §;
eval ("document .all.C1800C3000" + 022503450 + ".style
02630C3830;") ;
1
}
function 016602860{(c) {
if (c.length < 2) {
return 0" + c;
}
return c;
}
var 022003400
var 019903150
if (022103410) |
022003400 = window.ocpen("", "", 021903390);
document .body. focus (};
022003400.document .write{022203420};
022003400.document .body.b020103210

il

null;
null;

n -~

026403840;

} .
document .onmousemove = 021403340;
document .onmouseup = 021303330;
document .cnmousedown = 021503350;
document.body.onresize = 015502750;
var Cl3702570 = new Array (025203720, 025003700, 024803680} ;
var 017602960 {

oval: "Oo",

rect: "1™,

roundrect: "2"

1

b

var 013502550 document . createElement (024403640) ;
013502550.style.position = 026803880;

013502550, style.backgroundCoclor = 013402540;
013502550.style.color = 012902490;
013502550.style.display = 025403740;
013502550.style.overflow = 026503850;
013502550.style.pixelWidth = 216;

013502550.style. fontFamily = 025503750;

013502550.style. fontSize = 021103310;
013502550.style.border = 013002500;
013502550.style.pixelleft = 0;

013502550.style.pixelTop = 24;

013502550 .wrap = "off";

013502550.style.pixelWidth = document.body.clientWidth -
document .body.scrollleft;

013502550.style.pixelHeight = document.bocdy.clientHeight -
document .body.scrollTop - 013502550.style.pixelTop;
document.body.appendChild {013502550) ;

.display

.display



var 016302830 = {

Top: document.body.clientHeight - 310,

Left: 10,

Width: 560,

Height: 300,

024703670 "2v,

025703770: 0,

026603860: ".05",

Id: "Help"
}
var 019203120 = document.createElement ("span");
019203120.style. fontFamily = 018903090;
019203120.style. fontSize = 021103310;
019203120.style.right = "10px";
019203120.style.top = "5px";
019203120.style.positicn = 024903690;
019203120.innerHTML = 015003100;
var 019103110 = new 024603660(0163C2830) ;.
019103110.018203020. appendChild (019203120} ;
019103110.025303730¢();
©19103110.018203020.style.display = 025403740;

015103110.015102710.style.display = 025403740;
var 020103210 = 024303630;
var 020203220 = false;
function 022503450() (
document .body.style.cursor = "hand";
02010321C = this.fillColor;
020203220 = true;

}
function 015502750() {
01910311C.018203020.style.pixelTop = document.body.clientHeight -
019103110.018203020.style.pixelleight - 12;
022803480.5tyle.pixelleft = document.body.clientWidth -
document.body.scrollleft - 022803480.style.pixelWidth;
013502550.style.pixelWidth = document.body.clientWidth -
document.body.scrolllLeft;
013502550C.style.pixelHeight = document.body.clientHeight -
document.bedy.scrollTop - ©013502550.style.pixelTop;
I
var 013302530 = null;
function 014102610(e} {
022303430 ("e.style=" + e.style);
013202520 (e) ;
if (022803480.style.display == 025403740} {
022803480.style.display = 026303830;
} else {
022803480.style.display = 025403740;
}
H
function 014002600(e) {
013202520(e) ;
if (C1%103110.018203020.style.display == 025403740) {
019103110.018203020.style.display = 026303830;
019103110.015102710.style.display 026303830;
01%103110.018203020.style.zIndex = ++depth;
} else {
019103110.018203020.style.display = 025403740C;
015%103110.015102710.style.display 025403740;
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functicen 013902590(e) {
013202520(e);
if (01350255C.style.display == 025403740) {
013502550.style.display = 026303830;
013502550, style.zIndex = ++depth:
} else {
C13502550.style.display = 02540374C;
}
}
function 013202520 {btn} | :
if (btn.style.backgroundColor == btn.resetBg) |

019403140 (btn};
} else |{

015702770 (btn) ;
t
}
function 012702470 (btn) {
022303430("btn=" + btn.style};
if (013302530 == btn) {
015702770(btn};
013302530 = null;
} else {
if (013302530 != null && 013302530 != undefined} /{
015702770 (013302530) ;
}
019403140 (btn} ;
013302530 = btn;
}
)
functicn 015702770 (btn) |
022303430("015702770::btn.resetBg=" + btn.resetBqg);
btn.style.backgroundColer = btn.resetBg;
btn.style.border = "1lpx solid "™ + btn.resetBg;
}
function 018403140 {btn) {
©22303430("015%403140:btn.hiBg=" + btn.hiBg);
btn,.style.backgroundCelor = btn.hiBg;
btn.style.border = "lpx inset #eff";
}
function 014702670() {
var 016202820 = document.all.025103710;
var 02240344C = "";
022403440 += 020503250;
if (016202820 != undefined) {
if (016202820.length == undefined) |
if (C16202820.style.display != 025403740} {
022403440 += 016202820.01450265C();
} .
} else {
for (var i = 0; 1 < 01620282C.length; i++} {
if (016Z202820[1i].style.display != 025403740) {
022403440 += ©16202820[1].014502650¢();
if (i < 016202820.length - 1) {
022403440 += "\n";
¥



022403440 += 0©20603260;

}

window.open ("AddTask.aspx?vmlspec="+escape (022403440)," self"};
/*013502550.innerText = 022403440;
if {013502550.style.display == 025403740} {
document.all.txtTbhtn.click{document.all.txtTbhtn);
J*/

function 022703470({) /{

}

function 0210C3300() |

H

if {©1990319C == null ] 019903190C.1d == "Help") /{
return;

}

var Qle302830 = {
Top: 01990319%0.01820302C.style.pixelTop + 20,
Left: 019903190.018203020.5tyle.pixelleft + 20,
Width: 019903190.0C18203020.style.pixelWidth,
Height: 01%9%03190.018203020.s5tyle.pixelHeight,
024703670: 019903190.024703670,
C2570377C: 019503190.025703770,
Id: 025103710

}

var 017102910 = new 024603660(0C1l6302830);

©17102910.C18203020.f111Color = 0199031%0.018203020,.f111Cclox;

0l17102910.025303730();

019903190 = Q17102910;

(19903190.018203020.click (),

var 016202820 document.all.025103710;
if {0162C2820 != undefined) {
if (‘eonfirm(Q20903290)) |
return;
}
if (016202820.1ength == undefined) {
016202820.style.display = 025403740;
} else {
for (var 1 = 0; 1 < 016202820.length; i++) {
C16202820([1].style.display = 025403740;

}

function C1580318C (022403440, Cl3802580, delim)

var j = 022403440.index0f {013802580);
var k = 022403440.1index0f (delim, 3);
var 014802680 = 022403440.substring(j + 013802580.length, k;};

if (0148C2680.charAt (0) == "\"") 014802680 = 014802680.substring(1);

if (C14802680.charAt (01480268C.1length - 1) == "\""} 014802680 =

©14802680.substring (9, 014802680.1length - 1);

}

function 01B703070() {

return 01480C2680;

var 013102510 document.all.txtTbhtn;

0131C2510.click(013102510);

022303430{"111") ;

021003300() ;

020003200 = true;

var 022403440 = Q13502550.innerText;

var 018803080 = 022403440.split{"\n");

022303430("2222"); i

for (var i = 0; i < 018803080.length; i++) {
var C13802580 = "<v:i";
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+ sh + ":

}
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if (0l8803080(1i).indexQf (013802580) !'= 0} continue;
022303430({"3333");
var n = 01880308C[1i].indexCf ("<v:f211");
var v = Q18803080(i];
if (n !'= -1} {
v = 018803080 [i].substring{0, n);
}
022303430("3333-1");
var sh = Q19803180(v, 013B0O2580, " ");

var fc = (0198Q3180(v, "fillcolor=", " ");

var gd = 0;

if {(©18803080[1].1indexQf ("type=\"gradient\"") != -1) {
gd = 1;

}
022303430("4444");
var fc 019803180(v, "fillcolor=", " ");
var 1t 019803180 (v, "left:", ";");
var tp = 01980318C(v, "top:", ";");
var wd 019803180 (v, "width:", ";"};
var ht 019803180 (v, "height:™, ";"):
022303430 ("015902790=" + 1t + ":" + tp + ":" + wd + ";" + ht + ":"
u +gd+“:“ +fC);
var 016302830 = {
TLeft: 1t,
Top: tp,
Width: wd,
Height: ht,
024703670: 017602960(sh],
025703770: gd,
025803780: fc,
Id: 02510371C

I

}

var 012202420 = new 024603660(016302830) ;
022303430("5555");

012202420,025303730C(});
012202420.015102710.s5tyle.display = 025403740;

022303430("666E™M) ;
020003200 = false;

}

function 018603060() {
Q21003300();
020003200 = true;

var 022403440 = 013502550.innerText;
var Cl6702870C = 022403440.split{"\n");
for {(var 1 = 0; 1 < 01€702B7C.1length; i++} {
var 015902790 = 016702870[1i].split (", ")
Q22303430 ("015902790=" + 01590279C[0] + ":"™ + 0159C2790[1] + ":" +
015902790[2] + ":" + Q015802790[3] + ":" + Q©15902790[4] + ":" + 015902790[5]
+ "M 4+ 015902790([61);

var 016302830 = {
Left: ©15902790([0],
Top: 015902790[1],
Width: 0159%02790[2],
Height: 01590z2790C([31,
024703670: 015902790(4],
025703770: parselnt {015902790(5]),
025803780 015902790([6],
Id: ©25103710



var 012202420 = new 024603660(016302830);
C12202420.025303730();
012202420.015102710.style.display = 025403740C;

}

020003200 = false;

022303430 ("test");
}
function 014502650() {

var str = "<v:" + 013702570 [parseInt{this.01430C2630)] + "
strokecolor=\"white\" strokewelght=\"2px\"" + " fillcolor=\"" +
this.fillColor + "\"";

if (this.01430263C == "2") |

str += " arcsize=\".2\"";

Str+=" fill=\"0\ll "
str+="x=\""+(this.style.pixelleft/10)+"\"
y=\""+(this.style.pixelTop/1C)+"\" "
str+="x2=\""+{(this.style.pixellLeft+this.style.pixelWidth)/10)+"\"
y2=\""+((this.style.pixelTop+this.style.pixelHeight) /10)+"\" "
str+= " style=\"top:" + this.style.pixelTop + ";left:" +
this.style.pixellLeft + ";width:" + this.style.pixelWidth + ";height:" +
this.style.pixelHeight + ";\">";
if (this.0197C3170 == 1) {
str += "<v:fill type=\"gradient\".color2=\"fill darken{140)\"
angle=\"225\"/>";
} .
str += "</v:" + 013702570[parselnt (this.014302630)] + ">";
return str;
1
function 014402640/} ¢
var str = ©16502850(this.style.pixelleft) + ", " +
16502850 (this.style.pixelTop} + "," + Q1650285C{this.style.pixelWidth)
*." + 01650285C(this.style.pixelHeight) + "," + this.01430263C + "," +
this.019703170 + ", " + this.fillColor;
022303430 ("str=" + str);
return str;
}
function €16502850(n) {

if (n < 10} return " " + n;
if (n < 100} return " " + n;
return n;

}
function 022303430 (msgy |
try {
022003400.document..write {msg + "<br>");
} catch(exception) {}
}
var 020003200 = false;
function 014602660({) |
C135C2550.innerText = 019503150;
018603060();
}
function 021603360() |
try |
022303430 ("closing™);
022003400.clese () ;
} catch{exception) {}



function
this.
this.
this.
this.

'

function
this.

01770297C() |
style.borderTopColor = "#ff£f";
style.borderleftColor = "#fff";
style.borderBottomColor = "#048";
style.borderRightColor = "#0487;
017902990() {

style.borderColor = "#cT7dceb™;
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Imports System.Math
Imports System.xml

Public Mcodule Shape

Public Class VMLPoint
Protected fX As Double
Protected fY As Double
Sub New(ByVal aX As Dcuble, ByVal aY As Dcuble)

fX = aX
fY = ay
End Sub

Sub New{ByVal aX As String, ByVal aY¥ As String}
fX = Double.Parse(aX)
fy Double.Parse{aY}

End Sub

Function X{) As Double
Return fX
End Function

Functien Y () As Double
Return fY

End Functicn

Function ToGCode{) As String

Return "¥=" + fX.ToString + " Y=" + fY.TocString

End Functicn

Function DistanceFrom{ByVal aPcint As VMLPoint}

As Double

Return Sqrt({aPoint.X{) - fX} ~ 2 + (aPoint.Y ()} =~ fY)

End Function
End Class

Public MustInherit Class VMLShape
Protected fNode As XmlNode
Protected fPointArray As New ArrayList
Sub New(ByVal VMLNcocde As XmlNode)
fNode = VMLNode
CreatePointArray()
End Sub

Overridable Sub CreatePointhArray()
End Sub

Overridable Function Prefix() As String
Return vbTab
End Function

Function ToGCeode ()} As String
Dim tmp As String = ""

~

2}
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Dim I As Integer
If fPointArray.Count > 0 Then
tmp += Prefix()

53

+ fPecintArray(0).ToGCode + vbCrLf

tmp += Prefix() + " Z=-1" + vbCrLf
For I = 1 To fPointArray.Count - 1
tmp += Prefix({}) + fPointArray(T).ToGCode + vbCrLf
Next
tmp += Prefix() + " Z=1"
Else
tmp = "No Points"”
End If

Return tmp
End Function

Function ToVMLPath{ByRef index As Integer)
Dim tmp As String = ""
For Each Obj As VMLPoint In fPeointArray
If index 0 Then
tmp += "mlr
ElseIf index
tmp +: n
Else
tmp 4= u'
End If
tmp += CInt{Round{Obj.X * 10)}.TcString +
CInt(Round(Obj.Y * 10)).ToString
index += 1 .
Next
Return Tmp
End Function

l"

1 Then

Function Callistance (Optional ByVal StartPoint As
Optional ByVal EndPoint As Integer -1) As Double
Dim I As Integer
Dim totalDistance As Double
If EndPoint -1 Then
EndPoint fPointArray.Count - 1
Else
EndPoint
End If
If StartPoint > EndPoint Then
Throw New Excepticon{"Error:

Min{fPointArray.Count - 1,

Ending Point™)
End
Dim
Dim
For

1f

lastPoint As VMLPoint
thisPoint As VMLPoint .
I StartPoint + 1 To EndPoint
thisPoint = fPointArray(TI)

Rs String

"' " +

Integer 0,

EndPeoint)

Starting Point must less than

fPointArray(StartPeint)

it Point

' Cal Distance between lastPoint and Curre
totalDistance += thisPoint.DistanceFromi{lastPoint)
lastPoint = thisPoint

Next

Return totalDistance
End Function

Protected fPosition As Integer -2
Function GetPosition()
Return fPosition

End Function

As Integer



Public¢ Overridable Function GetStatusAsHTML()

Pim tmp As String = ""

Dim i As Integer

tmp += "<table border=1><tr>"
If fPosition = -1 Then

As String

tmp += "<td bgcclor=red>" + fPointArray(0).ToGCode()

Else

tmp += "<td>" + fPointArray(0).ToGCcde ()

End If
If fPosition = 0 Then
tmp += "<td bgcclor=red>z=-1"
Else
tmp 4= "<tdrz=-1"
End If
Fer i = 1 To fPointArray.Count - 1
If fPosition = i Then
tmp += "<td bgcolor=red>"
Else
tmp += "<td>"
End If

tmp += fPointArray({i).ToGCode + "</tr>"

Next

If fPosition = fPointArray.Count Then
tmp += "<td bgcclor=red>z=1"

Else
tmp += "<tdrz=1"

End If

tmp += "</tr></table>"

Return tmp

End Function

Sub CallCNC (ByVal aCNC As CommonCNC)
If fPointArray.Count > 0 Then

With fPointArray{0)
fPeosition = -1
aCNC.MovePin({(.X, .Y, 1)
fPosition = 0
aCNC.MovePin(.¥X, .Y, +1)

End With

"fPosition = -1

LRl & Vil
alNC .M

'fRaosition 0

'alNC. MovePin{fPointArray (0} .¥, fPoint

ovePin{fPointArray (0} . X, fPointArrayvi{0)."

-
Array{0}.

For fPosition = 1 To fPcintArray.Count - 1

With fPointArray(fPcsition)
aCNC.MovePin(.X, .Y, -1}
End With
Next

With fPointArray(fPointArray.Count - 1)

aCNC.MovePin{.X, .Y, 1)
End With
fPosition += 1
End If
End Sub

End Class

Public Class VMLLine
Inherits VMLShape
Sub New(ByVal VMLNode As XmlNode}
MyBase.New (VMLNode}

A

24



End Sub
Overrides Sub CreatePointArray()
fPointArray.Add{New VMLPoint {(fNode.Attributes ("x"}.Value,
fNode.Attributes("y").Value))
fPointArray.Add(New VMLPoint (fNode.Attributes("x2").Value,
fNode . Attributes{"y2").Value))
End Sub

End Class

Public Class VMLRect
Inherits VMLShape
Sub New(ByVal VMLNcde As XmlNcde)
MyBase .New (VMLNode}
End Sub
Overrides Sub CreatePointArray()
fPointArray.Add(New VMLPoint (fNode.Attributes{"x").Value,
fNode.Attributes {("y").Value))
fPointArray.Add(New VMLPoint (fNode.Attributes ("x2").Value,
fNede . Attributes ("y") .Value))
fPointArray.Add (New VMLPoint (fNcde.Attributes("x2").Value,
fNode.Attributes ("y2") .Value))
fPointArray.Add (New VMLPoint (fNode.Attributes{"x").Value,
fNode.Attributes ("y2") .Value))
fPointArray.Add({New VMLPoint (fNode.Attributes("x").Value,
fNode.Attributes ("y") .Value))
End Sub
End Class

Public Class VMLFillRect
Inherits VMLRect
Sub New(ByVal VMLNode As XmlNode)
MyBase.New (VMLNcde)
End Sub
Overrides Sub CreatePointArray()
Throw New Excepticn(”Not Implementation")
End Sub
End Class

Public Class VMLOval

Inherits VMLShape

Sub New(ByVal VMLNcde As XmlNcde)
MyBase.New (VMLNode)

End Sub

Overrides Sub CreatePointArray()
Dim cx, cy, %, ¥y, %2, y2, rl, r2, s, o, j As Double
Dim i As Integer
X = Double.Parse{fNode.Attributes ("x"}.Value)
y = Double.Parse{fNode.Attributes ("y"}.Value)
x2 = Double.Parse({fNode.Attributes ("x2").Value) ' x axis

Y2 = Dcuble.Parse (fNode.Attributes ("y2") . Value) ' v axis
cx = (x + x2) / 2

cy = (y + y2) / 2

rl = x2 - c¢cx

rZ = y2 - cy
It fNode,Attributes{"step") Is Nothing Then
s = 100
Else
s = Double.Parse {fNode.Attributes("step").Value)
End If

95



o 2 * (PI) / s

i =20

For i = 1 To 5 + 1
fPointArray.Add (New VMLPolnt(cx + rl * Cos(j},

5in(3) 1))

] =1 t+t¢

Next

End Sub
End Class

Public Class VMLFillOval
Inherits VMLOval
Sub New(ByvVal VMLNode As XmlNode)
MyBase.New (VMLNode)
End Sub
Overrides Sulby CreatePointArray{)
Throw New Exception("Not Implementation™)
End Sub
End Class

Public Function CreateVMLShape (ByVal aNode As XmlNode)
Dim isFilled As Boolean

isFilled = (aNode.Attributes("fill").Value = "1™}
If aNode.Name = "wv:line" Then

Return New VMLLine (aNode}
ElseIf aNode.Name = "v:rect" Then

If isFilled Then
Return New VMLFillRect {aNode)

Else
Return New VMLRect {aNode)
End If
Elself aNode.Name = "v:oval" Then

If isFilled Then
Return New VMLFillOval {aNode)
Else
Return New VMLOval {aNode)
End If
End If
Throw New Exception{"Not support " + aNecde.Name)
End Functicn '

End Module

cy t+ r2 *
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IICNC”

Imports System.Threading
Imports System.Math
Imports ElixirScripting

Public Module CNC
Public Class Clock
Protected fTimer As New ElixirScripting.Scripting

Sub Delay(ByVal Sec As Double) ' Deiay in sec
Dim tl As Double = fTimer.Time
Dim t2 As Double
While True
t2 = fTimer.Time
If £2 - tl »= Sec Then
Exit While
End If
Thread.Sleep{0)
End While
End Sub
End Class

Public MustlInherit Class CommonCNC
Protected fSpeed As Double

Sub HNew() .
fSpeed = 10
End Sub

Qverridable Function X{} As Double
End Function

Overridable Function Y{) As Double
End Function

Overridable Function Z() As Double
End Function

Protected fDistance As Double = 0

Cverridable Function GetDistance() As Double
Return fDistance
End Function

Function CalTimeUsage (ByVal Distance As Double) As Double
Return Distance / fSpeed
End Function

Sub MovePin(ByVal aX As Double, Byval a¥ As Double, ByVal aZ As
Double)
'Round{ax, 2, MidpointRounding.AwavFromierc)
DoMovePin {aX, a¥Y, az)
'fDistance += Sgrt(¥{) - aX} ~ 2 + {(Y{(} - a¥y: ™~ 2
End Sub
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Double,

Protected Cverridable Sub DoMcwvePin(ByvVal X As Double,

ByVal Z As Double)
End Sub

End Class

Public Class DummyCNC

Double,

Y.TeString + ",

Inherits CommonCNC
Protected fX As Double = 0
Protected fY As Double =
Protected £2 As Double = 1
Protected fDelay

|
L}

Sub New(Cptional ByVal
fDelay = Delay

End Sub

Cverrides Function X()}) As Double
Return £fX

End Function

Cverrides Function Y(} As Double
Return fY

End Function

Overrides Function Z () As Double
Return f2

End Function

Protected Overrides Sub DoMovePin(ByVal X As Double,

ByVal Z As Double)
Console.WritelLine("move pin to(" +

" + Z2.ToString + ")" + vbCrLf)

Thread.Sleep(fDelay)

fX = X
fYy = Y
fz = 2
End Sub
End Class

Fublic Class CommonCNCEx

Inherits CommonCNC

Protected
Protected
Protected
Protected
Protected
Protected
Protected

fClock As New Clock()
fFreq As Integer
fDelay As Double
fAtomStep As Double =
fX As Integer = 0
fY As Integer = 0
fZ As Integer =1

Sub New(ByVal aFreq As Integer) '
If aFreq < 1 Then
Throw New Exception("Freg must
End If
If aFreq > 1000 Then
Throw New Exception("Freq must
End If
fDelay = 1 / aFreq
End Sub

Freg

Qverrides Function X() As Double

Delay As Integer

3/ 200
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ByVal Y &s

=1 * 100)

ByVal Y As

X.ToString + ", " +

=1 to

1GC0

greater than 0")

less than or equal to 1000"™)



Integer)

Return fX * fAtomStep

End Functi

on

Cverrides Functicn Y{} As
fY * fAtomStep

Return
End Functi

on

Overrides Function Z{) As
Return f2

End Functi

Protected
End Sub

Protected
End Sub

Protected
End Sub

Protected
End Sub

Protected
End Sub

Protected
End Sub

Protected
End Sub

Protected
End Sub

Protected

£X 4=

£y +=

If DX

Mo

Elself

End If

If DY

Mo

ElseIf

Mo
End If

on

QOverridable

Overridable

Overridable

Overridable

Overridable

Overridable

Overridable

Overridable

Qverridable

DX
DY
= 1 Then
veRight ()

Sub

Sub

Sub

Sub

Sub

Sub

Sub

Sub

Sub

DX = -1 Then
MoveLeft ()

= 1 Then
velp ()

DY = -1 Then

veDown ()

Console.WritelLine ("

GenPul

se ()

fClock.Delay (fDelay)

Double

Double

PinUp ()

PinDown{)

Movelp {}

MoveDown (}

MoveRight ()

MoveLeft {}

ResetPulse ()

GenPulse ()

Move (ByVal DX hs Integer,

Byval DY As

Delay " + fDelay.ToString + "sec™)
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ResetPulse{}
Consocle.WriteLine{" Delay " + fDelay.ToString + "sec")
fClock.Delay(fDelay)

End Sub

Protected Sub MovePinUsingPittewayAlgo(ByVal XStep As Integer,
ByVal ¥YStep As Integer) ’
Console.WritelLine ("Move " + XStep.ToString + ", " +

YStep.ToString)
Dim dx = XStep
Dim dy = YStep

"Initialisations

Dim adx = Abs{dx) ' &bsolute vaiues of distances
Dim ady = Abs{dy)

Dim sdx Sign{dx) ' Sign of distances

Dim sdy Sign{dy)

Dim pdx, pdy As Integer

Dim ddx, ddy As Integer

Dim ef, es As Integer

Dim err As Double

Dim i As Integer

I

If adx > ady Then
' x ls fast direction
pdx = sdx : pdy = 0
ddx = sdx : ddy = sdy
ef = ady : es = adx '
Else
y is fast direction
pdx = 0 : pdy = sdy '
ddx = sdx : ddy = sdy
ef = adx : es = ady ’

End If
Dim X = 0
Dim ¥ = 0

"'SETPIXEL (X, Y)
err = es / 2

'Pixel loop: always a step in fast direc
then also cne in slow direction

For i = 1 To es " ez also is
drawn

'update errvor term

err = err - et

If err < 0 Then
err = err + es ' make err term poesitive (»=0) again
'step in both slow and fast directicor
A e Xy + oddx o Y ow Y ' Diagonal step
Move (ddx, ddy)

Else

'step in fast direction

'X X0V + pde 0 Y =YY+ pdy
Move (pdx, pdy)
End If
PYSETPIXEL (X, Y3
Next

' Parailel ste

vt

End Sub
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Protected Overrides Sub DoMovePin (ByVal aX As Double, ByVal aY As
Double, ByVal aZ As Double)
If aZ <> fZ Then

If fZ = -1 And aZ = 1 Then
PinUp ()
ElselIf f£fZ = 1 And aZ = -1 Then
PinDown{)
Else
Throw New Exception('"Neot Support G-code z=" +
fZ2.ToString + "," + aZ.ToString)
End If
End If
Console . WritelLine (vbCrLf + "move pin to(" + a¥.ToString + "," +
a¥.ToString + ™," + aZ.ToString + ")"}
MovePinUsingPittewayRAlgo (CInt {Round({a¥X - X{)) / fAtomStep}),
CInt (Round((aY - Y()} / fAtomStep)})
End Sub .
End Class

Public Class VisualCNC
Inherits CommonCNCEx
Protected fVMLPath As String = ""
Protected fPointIndex As Integer = 0
Sub New(ByVal aFreq As Integer) ' §r
MyBase . .New{afreqg)
End Sub

FTunction ToVMLPath() As String
Return "m0,0 1" + fVMLPath + " e"
End Function

Protected Overrides Sub ResetPulse!)
If fPointIndex > 0 Then
fvMLPath += ", "
End If
fVMLPath += CInt{Round{10 * X{)}).ToString + "," +
CInt{Round (10 * Y{))).ToString '
fPointIndex += 1
End Sub

End Class

Public Class ConsoleCNC
Inherits CommonCNCEx

Sub New(ByVal afreq As Integer) Freg = 1 to 1000
MyBase.New(aFreq)
End Sub

Protected Cverrides Sub ResetPulse ()
Console.Write(":-StepTo " + X.ToString + "," + Y.ToString +
vbCrLf)
End Sub

Protected Overrides Sub MoveUp()
Console.Write(" Up")
End Sub

Protected Overrides Sub MoveDown()
Console.Write{" Down")
End Sub



Protected Overrides Sub MoveRight (}

Conscle.Write ("

End Sub

Right")

Protected Overrides Sub MovelLeft (}

Console . WriteLine ("

End Sub

End Class

Public Class SmartCNC2007
Inherits CommonCNCEx
Protected fPort As New ParalellPortUsingI0O32 (&H378)

Sub New{ByVal aFregq As Integer)

MyBase.New(aFreq)

End Sub

Protected Overrides Sub

Integer)

Dim Phasel As Short =
Dim PhaseZ As Short =

fX += DX

fY += DY

If DX = 1 Then
Phasel = 3
Phasez = 2

ElseIf DX = -1 Then
Phasel = 1
PhaseZ = 0

End If

If PY = 1 Then
Phasel += 12
Phase2 += 8

Elself DY = -1 Then
Phasel += 4
Phase2 += 0

End If

fPort.Send{Phasel)

fClock.Delay(fDelay}

fPort.Send(Phase?)

fClock.Delay(fDelay)

End Sub

Left")

Move {ByVal DX As Integer,

Protected Overrides Sub PinUp ()

fPort.Send(&H16)
fClock.Delay(fDelay)
fPort.Send(&H0)
fClock.Delay{fDelay)

End Sub

Protected Overrides Sub Pindown ()

fPort.Send (&H48)
fClock.Delay{fDelay}
fPort.Send(&H032)
fClock.Delay{fDelay)

End Sub
End Class

End Module

Freg = 1 to 1030

Byval DY As
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“Task"

Dim tmp As String = ™"
For Each Obj In fShapes
tmp += I.ToString + ":" + Obj.ToGCode + vbCrLf + vbCrLf
I +=1
Next
Return tmp
End Function

Public Cverridable Functicn GetStatusAsHTML{) As String
Throw New Exception{"Please define GetStatusAsHTML"})
End Function

Function CalPassedDistance() As Double
Return fCNC.GetDistance{) - fInitbistance
End Function

Function CallRemainDistance({) As PBPouble
Return CallDistance(} - CalPassedDistance ()
End Function

Function CallDistance{} As Double
Dim Obj As VMLShape
Dim totDistance As Double = 0
For Each Cbj In f3hapes
totDistance += Obj.CalDistance
Next
Return totDistance
End Function

End Class

Public Class VMLCNCTask
Inherits CommonCNCTask

Sub New (ByVal TaskSpec)
MyBase.New(TaskSpec)
End Sub

Function GetStatusAsHTML2 () As String
Dim obj As VMLShape
Dim i As Integer = Q
Dim tmp As String = ""
tmp += "<table border=1>"
For Each obj In fShapes
tmp += l'l<tr>"
If fCurShape = i Then
tmp += "<td bgcolor=yellow>"
Else
tmp += "<td>"
End If
tmp += obj.GetStatusAsHTML + "</td></tr>"

Next
tmp += "</table>"
Return tmp

End Function

Overrides Function GetStatusAsHTML{) As String
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Dim obj As VMLShape
Dim i As Integer = 0
Dim pointIndex As Integer = 0
Dim tmp As String = ""
‘tmp += "<span style=""zoom:O.i""xY
tmp += “<v:shape id=nrl style=""LEFT: Opx; WIDTH: 796px;
POSITIONZ: absclute; TOP: Opx; HEIGHT: 55lpx; antialias: true"" coordsize =
"r796,551"" filled = ""f"" strokecolor = ""black""™ strokeweight = ""lpt""
path = " ”
tmp += "m0,0 11000,0,1000,1000,0,1000,G,0 "
For Each obj In fShapes
tmp += obj.ToVMLPath (pointIndex) '"mi,
10,1000,1060, 1600,1000,0,0,0"
Next
tmp +=
e""><vipath></vipath><v:ifill></v;fill>»<v:stroke></vistroke></v:shape>"
'otmp += "</span>"
Return tmp
"dashstyle=""dot™"
End Functicn

"

Protected Overrides Sub LoadFromSpec (ByVal TaskSpec As String)
Dim vml As New XmlDocument
Dim cbj As XmlNode
vml.Load¥ml (TaskSpec)
For Each obj In vml.ChildNodes(0).ChildNodes (1) .ChildNodes

AddShapes (CreateVMLShape {obj} )

Next

End Sub

End Class

Public Class CNCTaskManager
Protected fTasks As New Arraylist
Protected fCNCs As New ArraylList )
Protected fworker As Thread

Public Sub AddTask(ByVal aTask As CommonCNCTask)
fTasks.Add{aTask)
End Sub

Function Tasks{ByVal Index As Integer) As CommonCNCTask
If Index < 0 Or Index >= fTasks.Count Then
Return Nothing
End If
Return fTasks{Index)
End Function

Public Sub ProcessTask()
While True
If fTasks.Count > 0 Then
If fCNCs.Count > 0 Then
fTasks (0} .CallCNC({fCNCs (0)}
fTasks.RemoveAt {0)
End If
Else
Thread.Sleep (1000}
End I1f
End While
End Sub

Public Sub AddCNC({ByVal aCNC As CommonCNC)



If fCNCs.Count = 1 Then
Throw New Exception{"Not support for multi-CHNC")
End If
fCNCs.Add (aCNC)
fworker = New Thread(AddressOf ProcessTask)

"fworker.Priority = ThreadPricrity.Highest
fworker.Start ()
End Sub

Function CNCs (ByVal Index As Integer}) As CommonCNC
If Index < 0 Or Index >= fCNCs.Count Then
Return Nething
End If
Return fCHNCs(0)
End Function

Public Function GetTaskList () As String
Dim tmp As String
Dim i As Integer = 0
tmp = "there are " + fTasks.Count.ToString + " task{s}"
tmp += "<ol>" .
Dim rand As Random = New Random{)
For Each cbj As CommonCNCTask In fTasks
tmp += "<1i>"
tmp += "<span style=""zcoom:0.1""

onclick=""windcw.open('?task=" + i1.ToString + "&refresh=" +
rand.Next.ToString + "',' self")""
onmouseover=""this,style.backgroundColor="'yellow';""
onmousecut=""this.style.backgroundColor="";"" >"
tmp += obj.GetStatusAsHTML ()
tmp += "</span>"
i+=1
Next
top += "</ol>"
Return tmp

End Function
End Class

Private fTaskMM As CNCTaskManager )
Function CreateCNCTaskManager{) As CNCTaskManager
If fTaskMM Is Nothing Then
fTaskMM = New CNCTaskManager (}
fTaskMM.AddCNC {(New VisualCNC(500))
"fTaskMM. ADACNC {New SmartCNC2007(20))
End If
Return fTaskMM
End Function

End Module
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“Add Task.aspx .vb”

Imports CADLib
Partial Class AddTask
Inherits System.Web.UI.Page

Protected Sub Page Load(ByVal sender As Object, ByVal e As
System.EventArgs) Handles Me.Load
CreateCNCTaskManager.AddTask (New
VMLCNCTask {Request .QueryString{"vmlspec"}) )
Dim x As New Random({)
Response.Redirect ("TaskManage.aspx?refresh=" + x.Next.ToString)
End Sub
End Class
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Tilsunsundugu CNC uuy Manual Form

Private Declare Function Inp Lib "inpout32.dll"" Alias "Inp32" (ByVal PortAddress As Integer) As
Integer

Private Declare Sub Out Lib "inpout32.dli” Alias "Out32" (ByVal PortAddress As Integer, ByVal
value As Integer) )

Private Declare Sub Sleep Lib "kernel32"” (ByVal dwMilliseconds As Long)
Public pwrite As Integer

Public pread As Integer

Public n As Integer

Public Self Timer As Boolean

Public m As Integer

Public X As Double

Public Y As Double

Public Z As Double

Public j As Integer

Public i As Integer

Public tour As Boolean

Public B As Integer

Public A As Double

Public C As Deuble

Public D As Double

Public E As Double

Public F As Double

Public G As Double

Public AA As Double

Public AB As Double

Public BA As Double

Public BB As Double

Public CA As Double
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Public CB As Double

Public bl As Double

Public ¢_bl As Double

Private Sub closed_Click(Index As Integer)
End

End Sub

Private Sub Command4_Click()

X=0
Y=0
Z=0

position_x.Caption = X
position_y.Caption =Y
position_z.Caption =Z

End Sub

Private Sub Commandé_Click(Index As Integer)
Timerl.Enabled = False
Timer3.Enabled = False
Timerd4.Enabled = False
Timer5.Enabled = False
Timer6.Enabled = False
Timer7.Enabled = False

End Sub

Private Sub dec_x_MouseDown(Index As Integer, Button As Integer, Shift As Integer, X As Single,
Y As Single)

AB =1000

Timer3.Interval =1

Timer3.Enabled = True ' Timer start

If Option1 Then
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B = text_jog.Text
End If
Label11.Caption =B

End Sub

Private Sub dec_x_MouseUp(Index As Integer, Button As Integer, Shift As Integer, X As Single, Y

As Single)
If m =0 Then
Timer3.Interval =0
Timer3.Enabled = False ' Timer start
End If
End Sub

Private Sub dec_y_MouseDown(Index As Integer, Button As Integer, Shift As Integer, X As Single,
Y As Single)
BB = 1000
Timer5.Interval =1
TimerS.Enabled = True ' Timer start
If Optionl Then
B = text_jog.Text
End If
Labell1.Caption = B

End Sub

Private Sub dec_y_MouseUp(Index As Integer, Button As Integer, Shift As Integer, X As Single, Y
As Single)
If m =0 Then
Timer5.Interval = 0
Timer5.Enabled = False
End If

End Sub
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Private Sub dec_z_MouseDown(Index As Integer, Button As Integer, Shift As Integer, X As Single,
Y As Single)
CB = 1000
Timer7.Interval = 1
Timer7.Enabled = True ' Timer start
If Option1 Then
B = text_jog.Text
End If
Labell1.Caption =B

End Sub

Private Sub dec_z_MouseUp(Index As Integer, Button As Integer, Shift As Integer, X As Single, Y
As Single)
If m =0 Then
Timer7.Interval =0
Timer7.Enabled = False
End If

End Sub

Private Sub decx_decy_MouseDown(Index As Integer, Button As Integer, Shift As Integer, X As
Single, Y As Single)
Timer3.Interval =1
Timer3.Enabled = True ' Timer start
TimerS.Interval =1
Timer5.Enabled = True ' Timer start
If Option1 Then
B = text_jog.Text
End If
Label11.Caption =B

End Sub
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Private Sub decx_decy MouseUp(Index As Integer, Button As Integer, Shift As Integer, X As Single,
Y As Single)
If m =0 Then
Timer3.Interval =0
Timer3.Enabled = False ' Timer start
TimerS5.Interval =0
Timer5.Enabled = False ' Timer start
End If

End Sub

Private Sub decx_incy_MouseDown(Index As Integer, Button As Integer, Shift As Integer, X As
Single, Y As Single)
Timer3.Interval =1
Timer3.Enabled = True ' Timer start
Timerd.Interval =1
Timer4.Enabled = True ' Timer start
If Optionl Then
B = text_jog.Text
End If

Labelll.Caption =B

End Sub
Private Sub decx_incy_MouseUp(Index As Integer, Button As Integer, Shift As Integer, X As Single,
Y As Single)
If m =0 Then
Timer3.Interval =0
Timer3.Enabled = False
Timer4.Interval =0
Timer4.Enabled = False
End If

End Sub



Private Sub Form_Load()

s x=0

Option2.value = 1
Optionl.value=10
pwrite = &H378
pread = &H379

' Out pwrite, &HO
End Sub
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Private Sub inc_x_MouseDown(Index As Integer, Button As Integer, Shift As Integer, X As Single,

Y As Single)
AA =1000

Timerl.Interval =1

Timerl.Enabled = True ' Timer start

If Option] Then

B =text_jog.Text

End If

Labelll.Caption =B

End Sub

Private Sub inc_x_MouseUp(Index As Integer, Button As Integer, Shift As Integer, X As Single, Y

As Single)

If m =0 Then

Timerl.Interval=0

Timerl.Enabled = False ' Timer start

End If
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End Sub

Private Sub inc_y_MouseDown(Index As Integer, Button As Integer, Shift As Integer, X As Single,
Y As Single)

BA =1000

Timerd.Interval = 1

Timer4.Enabled = True ' Timer start

If Optionl Then

B = text_jog.Text
End If

Labelll.Caption =B

End Sub

Private Sub inc_y_MouseUp(Index As Integer, Button As Integer, Shift As Integer, X As Single, Y

As Single)
If m =0 Then
Timerd.Interval =0
Timerd4,Enabled = False
End If
End Sub

Private Sub inc_z_MouseDown(Index As Integer, Button As Integer, Shift As Integer, X As Single,
Y As Single)
CA=1000

Timer6.Interval=1

Timer6.Enabled = True ' Timer start

If Optionl Then

B = text_jog.Text

End If

Labell1.Caption = B

End Sub
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Private Sub inc_z_MouseUp(Index As Integer, Button As Integer, Shift As Integer, X As Single, Y

As Single)
If m =0 Then
Timer6.Interval =0
Timer6.Enabled = False
End If
End Sub

Private Sub incx_decy_MouseDown(Index As Integer, Button As Integer, Shift As Integer, X As
Single, Y As Single)

Timer5.Interval=1

Timer5.Enabled = True ' Timer start

Timerl.Interval = 1

Timerl.Enabled = True ' Timer startIf Optionl Then

If Optionl Then

B = text_jog.Text

End If

Labell1l.Caption =B

End Sub

Private Sub incx_decy_MouseUp(Index As Integer, Button As Integer, Shift As Integer, X As Single,

Y As Single)
If m =0 Then
Timer5.Interval =0
Timer5.Enabled = False ' Timer start -
Timerl.Interval =
Timer1.Enabled = False ' Timer start
End If

End Sub
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Private Sub incx_incy MouseDown(Index As Integer, Button As Integer, Shift As Integer, X As

Single, Y As Single)

Timerl.Interval = 1
Timerl.Enabled = True ' Timer start
Timer4.Interval =1
Timer4.Enabled = True ' Timer start
If Optionl Then

B = text_jog.Text
End If

Labelll.Caption = B

End Sub

Private Sub incx_incy_MouseUp(Index As Integer, Button As Integer, Shift As Integer, X As Single,

Y As Single)
If m =0 Then
Timerl.Interval =0
Timerl.Enabled = False ' Timer start
Timerd.Interval =0
Timer4.Enabled = False ' Timer start *
End If
End Sub

Private Sub lock_key_Click()
If lock_key.value =0 Then
m=0
'Textl. Text =m
End If
If lock_key.value =1 Then

m=1
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'Text]l. Text =m
End If

End Sub

Private Sub Optionl_Click()
lock_key.value =1
j=1
text_jog.Enabled = True
text_jog.Locked = False
text_jog.BackCoalor = &H80000005
text_jog.Text=10

End Sub

Private Sub Option2_Click()
text_jog.Locked = True
text_jog.Enabled = False
text_jog.BackColor = &HEQEQE(Q

lock_Kkey.valne =10

End Sub

Private Sub start_MouseDown(Index As Integer, Button As Integer, Shift As Integer, X As Single, Y
As Single)

B =10000

If Val(s_x.Text) > 0 Then
If Val(s_x.Text) > Val(position_x.Caption) Then
'Label8.Caption = position_x.Caption
AA =Val(s_x.Text) - Val(pesition_x.Caption)
Timerl.Interval =1

Timerl.Enabled = True



End If
If Val(s_x.Text) < Val{(position_x.Caption) Then
AB = Val(position_x.Caption) - Val(s_x.Text)
Timer3.Interval =1
Timer3.Enabled = True
End If
End If
If Val(s_x.Text) < 0 Then
If Val(s_x.Text) > Val(position_x.Caption) Then
Label8.Caption = position_x
AA = Val(s_x.Text) - Val{position_x.Caption)
Timerl.Interval =1
Timerl.Enabled = True
End If
If Val(s_x.Text) < Val(position_x.Caption) Then
AB = Val(s_x.Text) - Val(position_x.Caption)
Timer3.Interval =1

Timer3.Enabled = True

C=0
End If
End If
If Val(s_y.Text) >0 Then

If Val(s_y.Text) > Val(position_y.Caption) Then

BA = Val(s_y.Text) - Val(position_y.Caption)
Timer4.Interval =1
Timer4.Enabled = True
End If
If Val(s_y.Text) < Val(position_y.Caption) Then

BB = Val(position_y.Caption) - Val{s_y.Text)
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TimerS.Interval =1
TimerS.Enabled = True
End If
End If
If Val(s_y.Text) <0 Then

If Val(s_y.Text) > Val(position_y.Caption) Then

BA = Val(s_y.Text) - Val{position_y.Caption)
Timer4.Interval = 1
Timer4.Enabled = True

End If

If Val(s_y.Text) < Val(position_y.Caption) Then
BB = Val(s_y.Text) - Val(position_y.Caption)
Timer5.Interval =1
Timer5.Enabled = True
C=0

End If

End If

If Val(s_z.Text) >0 Then

If Val(s_z.Text) > Val(position_z.Caption) Then

CA = Val(s_z.Text) - Val(position_z.Caption)
Timer6.Interval = 1
Timer6.Enabled = True

End If

If Val(s_z.Text) < Val(position_z.Caption) Then
CB = Val(position_z.Caption) - Val(s_z.Text)
Timer7.Interval = 1
Timer7.Enabled = True

End If



End If
If Yal(s_z.Text) <0 Then

If Val(s_z.Text) > Val(position_z.Caption) Then

CA = Val(s_z.Text) - Val(position_z.Caption)
Timer6.Interval = 1
Timer6.Enabled = True
End I
If Val(s_z.Text) < Val(position_z.Caption) Then
CB = Val(s_z.Text) - Yal(position_z.Caption)
Timer7.Interval = 1
Timer7.Enabled = True
C=0
End If
End If

End Sub

Private Sub Timerl_Timer()
If SelfTimer Then
pulse.Caption = 555

Out pwrite, &H3

Else

pulse.Caption =0

Out pwrite, &H2

End If

SelfTimer = Not SelfTimer
X=X+1

position_x.Caption = Format(X / 160, "###.#4")

A=A+1

Labell10.Caption = A

80



If Optionl Then

IfB <= A /160 Then
Timerl.Interval =0
Timer1.Enabled = False
A=0

End If

End If

If AA <= A /160 Then
Timer1.Interval =0
Timerl.Enabled = False
A=0

End If

e _bl=1

End Sub

Private Sub Timer2_Timer()
n = Inp(pread)
testh.Caption =n

End Sub

Private Sub Timer3_Timer()
If SelfTimer Then
pulse.Caption = 555

Qut pwrite, &H1

Else

pulse.Caption = {

Out pwrite, & HO

End If

SelfTimer = Not SelfTimer

position_x.Caption = Format(X / 160, "### ##")
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C=C+1
Label10.Caption = A

If Optionl Then

H B <=C /160 Then
Timer3.Interval =0
Timer3.Enabled = False
C=0

End If

End If

If Abs(AB} <= C /160 Then
Timer3.Interval =0
Timer3.Enabled = False
C=0

End If

End Sub

Private Sub Timerd_Timer()
If SelfTimer Then
pulse.Caption = 555

Out pwrite, &H12

Else

pulse.Caption =0

Qut pwrite, & H8

End If

SelfTimer = Not SelfTimer

Y=Y+1

position_y.Caption = Format(Y / 160, "###.##")
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D=D+1
Label10.Caption = A

If Optionl Then

If B <=D/160 Then
Timer4.Interval = 0
Timer4.Enabled = False
D=0

End If

End If

If BA <=D /160 Then
Timerd4.Interval =0
Timer4.Enabled = False
D=0

End If

c_bl=1

End Sub

Private Sub Timer5_Timer()
If SelfTimer Then
pulse.Caption = 555

Ouf pwrite, &H4

Else

pulse.Caption = 0

Out pwrite, &HO

End If

SelfTimer = Not SelfTimer

Y=Y-1

position_y.Caption = Format(Y / 160, "##HH ")
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E=E+1
Label10.Caption = A

If Optionl Then

If B <=E /160 Then
Timer5.Interval =0
TimerS.Enabled = False
E=0

End If

End If

If Abs(BB) <= E /160 Then
TimerS.Interval =0
Timer5.Enabled = False
E=0

End If

End Sub

Private Sub Timeré_Timer()
If SelfTimer Then
pulse.Caption = 555

Out pwrite, &H48

Else

pulse.Caption = 0

Out pwrite, &H32

End If

SelfTimer = Not SelfTimer
Z=7Z+1

position_z.Caption = Format(Z / 160, “##H ##")

F=F+1
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Label10.Caption = A

If Optionl Then

If B <=F /160 Then
Timer6.Interval = ¢
Timer6.Enabled = False
F=0

End If

End If

If CA <=F /160 Then
Timer6.Interval = 0
Timer6.Enabled = False
F=0

End If

e bl=1

End Sub

Private Sub Timer7_Timer(}
If SefTimer Then
pulse.Caption = 555

Out pwrite, &H16

Else

pulse.Caption = 0

Out pwrite, &HO

End If

SelfTimer = Not SelfTimer
Z2=7-1

position_z.Caption = Format(Z / 160, "###H.##'")

G=G+1
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LabeH 0.Caption = A

If Option1 Then

If B <= G /160 Then
Timer7.Interval =0
Timer7.Enabled = False
G=¢

End If

End If

If Abs(CB) <= G/ 160 Then
Timer7.Interval =0
Timer7.Enabled = False
G=0

End If

¢ _bl=-1

End Sub

Private Sub zero_x_Click(Index As Integer)
X=0
position_x.Caption =X

End Sub

Private Sub zero_y_Click(Index As Integer)
Y=0

position_y.Caption =Y

End Sub

Private Sub zero_z_Click(Index As Integer)
Z=0
position_z.Caption=Z

End Sub
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ULN2001A - ULN2002A - ULN2003A - ULN2004A

SCHEMATIC DIAGRAM

Series ULN-2001A
{each driver)

EACH DRIVER

Series ULN-2002A
{each dnver)

0540
I~
|
|
|
H
1
e M e e — —
EACH DRIVER
Series ULN-2003A Series ULN-2004A
{each driver) {each driver)
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Vaiue Unit
A Qutput Voltage 50 v
Vin Input Voltage (for ULN2002A/D - 2003A/D - 2004A/D) 1] v
I Cantinuous Collector Current 500 mA
Iy Cantinuous Base Cument 25 mA
Tamb Operating Ambient Temperature Range -20t85 iC
Tayg Storage Temperature Range - 5510 150 “C
T; Junction Temperature 150 “C
THERMAL DATA
Symbol Parameter DIP16 8016 Unit
R jamp | Thermal Resistance Junction-ambient Max. 70 120 ‘TN
2/8




ULN2001A - ULN2002A - ULN2003A - ULN2004A

ELECTRICAL CHARACTERISTICS (Tamp = 25°C uniess otherwise specified)

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit | Fig.
lcex Cutput Leakage Current Vee = 50V 50 pA | tfa
Tamo = TO°C, Ve = 50V 100 A | 12
Tm =70°C
for ULNZ0D02A
Vee = 50V, Vi= 6V 500 wA | 1b
for ULN200D4A
Vee =50V, Vi= 1V 500 pA | 1b
Yeeisar Coftector-emitter Saturation lc = 100mA, Is = 250pA 09 1.1 \' 2
Volage lc = 200 mA, ig = 350RA 1.1 13 Vi 2
le = 350mA, 1 = 500uA 13 16 v 2
Tt Input Current for ULN2002A, v, = 17V 0.82 1.25 mA 3
for ULN2003A, V; = 385V 0.93 1.35 mA 3
for ULN2004A, v, = 5V 0.35 0.5 mA | 3
Vi=12v . 1 1.45 mA 3
ftom input Current Tamy = 70°C, I = 500uA 50 65 WA | 4
Vi Input Voitage Vep = 2V v 5
o for ULN2002A
le = 300mMA 13
for ULN2003A
lg = 200mMA 24
iz = 250mA 27
le = 300mMA 3
for ULN20D4A
Ig = 125mA 5
Ic = 200mA 6
lc = 275mA 7
l¢ = 350mA 8
hee DC Forward Current Gain for ULN200TA
Vee = 2V, Ic = 350mA | 1000 2
Ci input Capacitance 15 25 pF
trn Tum-on Delay Time 05Vito 0.5V, 0.25 1 us
) Tum-off Delay Time 05vito 0.5V, 0.25 1 us
Ir Clamp Diode Leakage Current | Vp = 50V 50 pA | 6
Tame = 70°C, Vg = 50V 100 | puAa | 6
Vr Ciamp Diode Forward Voltage | I= = 350mA 17 2 v 7

38
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ULNZ2001A - ULN2002A - ULN2003A - ULN2004A

TEST CIRCUITS

Figure 1a. Figure 1b.
OFEN Vo
£
oPEN CEX
5-%71%
Figure 2. Figure 3.
OPEN OPEN
i
hre s
Iy e il .t
Vi —
5-1880 " l
Figure 4. Figure 5.

Figure 6.

Figure 7.

3-190

4/8
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ULN2001A - ULN2002A - ULN2003A - ULN2004A

Figure 8: Collector Current versus Input Current

Ic DOAINS2
(mA) 1
Tj=25"C
500

0 /

ax/
- e /

RENVAV4
- / / TYPICAL
Y/

0 100 200 300

400 500 ibfpA)

Figure 10: Peak Collector Current versus Duty

Cycle

Ic peak
{mA
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T NUMBER OF ACTIVE OUTPUT
7
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500
\
NN
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W amb=roc \\\‘\\\"‘
0 (DIP16) &:
“"'-.._,_____
100
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Figure 9; Collector Current versus Saturation

Voltage
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(may[ /
500 /

Tj=25'C /
400
Max
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Figure 11: Peak Collector Current versus Duty

Cycle
Ic peak DEOINS2A
{mA) Tamb=70'C
(SO16)
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400 \
\
300 \ :
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100 e
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ULN2001A - ULN2002A - ULN2003A - ULN2004A

DIM. m fneh QUTLINE AND

MIN. | TYP. | MAX. | MIN. | TYP. | MAX. MECHANICAL DATA
al | 051 0020
8 | o 165 | 0.030 0.065
b 05 0.020
b1 0.25 0.010
D 20 0787
£ 85 0.335
e 2.54 0.100
e3 17.78 0.700
F 7.1 0.280
| 5.1 0.201
L 33 0.130

DIP16

z 127 0.050

- —

L -
-t b
Z o |——'— B
o |
D

Ml riarry r

) | s

1 8

[ S A OO I I O D B D

o 57
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ULN2001A - ULN2002A - ULN2003A - ULN2004A

oM o nen OUTLINE AND
MIN. | TYP. | MAX. | MIN. | TYP. | MAX. MECHANICAL DATA
A 1.75 0.069
a1 0.1 025 | 0.004 0.009
a2 1.6 0.063
b 0.35 046 | 0.014 0.018
b1 0.19 0.25 | 0.007 0.010
C 0.5 0.020
cf 43" (Iyp.)
D{(1) | 98 10 |0.386 0.394
E 58 6.2 0228 0.244
e 127 0.05¢
ed B.89 0.350
F{l) | 38 4 |0.150 0.157
G 4.6 53 | 0181 0.209
L 04 127 | 0.016 0.050
M 062 0.024 S016 Narrow
S 8°(max )

(1) D and F do nof include mold flash or protrusions. Moid flash or polnusions shall not exceed 0.1 Smm { 006Ginch).

I'I -l
a 1 eSS
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| ) ——_H |
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ULN2001A - ULN2002A - ULN2003A - ULN2004A

Information fumished is believed o be accurate and reliable. However, STMicroglectronics assumes no responsibiity for the conse-
quences of use of such information nor for any infringement of patents or other rights of thied parties which may result from its use. No
lcense is granted by implication or otherwise under any patent or patend rights of STMicroelectronics. Specification mentioned in this
publication are subject {0 change withoul natice. This publication supersedes and replaces afl information previousty supplied. STMi-
troelectronics produdds are not authonzed for use as chtical components in fife supporl devices of systems without express written
approval of STMicroetectronics.
The 3T logo is a registered tradensark of STMicroelectronics
9 2002 STMicroelectronics — Printed in italy — All Rights Reserved
STMicroelectronics GROUP OF COMPANIES
Australia - Brazil - Canada - China - Finland - France - Gemmany - Hong Kong - India - Israel - Italy - Japan - Malaysia - Malta - Moot co -
Singapore - Spain - Sweden - Swil2edand - United Kingdom - United Siates,
http:/fiwww.st.com
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National
Semiconductor

General Description

The LM124 series consists of four indepsendent, high gain,
internally frequency compensaled operational amplifiers
which were designed spacifically fo operate from a single
power supply over a wide range of voltages. Operation from
split power supplies is also possible and the low power
Bupply current drain is independent of the magnitude of the
power supply voltage.

Application areas include transducer amplifiers, DC gain
blocks and afl the conventional op amp circuits which now
can be more easily implemented in single power supply
systems. For example, the LM124 serigs can be directly
operated off of the standard +5V power supply vollage which
is ueed in digital systems and will easily provide the required
imartace electronics without requiring the additional £15V
power suppiias.

Unique Characteristics

® In the linear mode the input common-mode voltage
range includes ground and the output voliage can ako
swing lo ground, even though operated from only a
single power supply voltage

® The unity gain cross frequency is temperature
compensated

® The input bias current is also tempaerature compensated

LM124/LM224/LM324/LM2902
Low Power Quad Operational Amplifiers

August 2000

Advantages

& Eliminates need for dual suppties

@ Four intemally compensated op amps i a single
packago

u Allows directly sensing near GND and Vg7 also goes
to GND

a Compatible with all forms of fogic

& Powsr drain suitable for battery operation

Features
» internally frequency compensated for unity gain
m Large DC voltage gain 100 dB
m Wide bandwidth {unity gain) ¢ MHz
{temparature compensated)
» Wide power supply ranga:
Single supply 3Vio 32V
or dual supplies +1.5V to 16V
n Vary low supply cument drain {700 pA} —essentially
indapendent of supply vollage
m Low input biasing current 45 nA
{temperature compensated)
® Low input offset voltage 2 mV
and offset current: 5 nA
= |nput common-maode voltaga range includes ground
n Diflorentiaf input voltage range aqual to the power

supply voltage
» Large outpat voltage swing OV fo V* - 15V

Connection Diagrams

CUTTYT ¢ INPUT AT RRIT S

1 13 13

DuaHn-Line Packaga

GND

1

WPUTY' INFUTY OyTéur)

D

H

kS
&

1 ¥ 3}

DUTPUT 1 iMAUT 1™ INRUTE

v

Top View
Order Number LM 124J, LM124AJ, LM1244/8683 (Note 2), LM124AJ/883 (Note 1), LM224J,
LMZ24AJ, LM324J, LM324M, LM324MX, LM324AM, LM324AMX, LM2902M, LM2502MX, LM324N, LM324AN,
LM324MT, LM324MTX or LM2902N LM124AJRQML and LM 124AJRAMLV{Note 3}
See NS Package Number J14A, M14A or N14A

§ 'l Ir
INRUT 2T ieUT T QuIRUY 2
QR0

© 2004 National Semiconductor Coporation  DS008299

wivw.national.com
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LM124/LM224/LM32 4/LM2902

Connection Diagrams (Continuad)

1
QUTPUT ¢ [:2
INPHT £ E——T
INPYT 4+ ]

4
w3
]

INPUT 2+ L""""i;'
NPT 2- tﬁ?
(LITH T e—

LM124W

“ﬂ] CUTPUT 4
%_:3 tNPUT A-
‘!'L_"‘":j INPUT 4+
":j_“"":] GND

w0 D)
3: INPUT 3-
a:] QUIPLT 3

NI

Order Number LM124AW/883, LM124AWG/B83, LM124W/883 or LM124WG/383

LM124AWRQML and LM124AWRQMLY(Note 3}
Sea NS Package Number W14B

LM124AWGRGML and LM124AWGRQMLV{Note 3)

See NS Package Numbaer WG14A

Hote 1: LM124A aveilable per JM38510/11 006
Note = LMi24 availablo por JM38510¢1 1005
Hote : See BTD M3 DWG 5562R008504 for Radiation Tolerant Devioe

Schematic Diagram (each Ampifier)

www.nationalcom
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Absolute Maximum Ratings pete 12)

It Military/Aerospace specified devices are required,
pleasa contact the National Semiconductor Sales Office/

Supply Voltage, ¥
Differential Input Voltage
inpunt Voltage
input Cumrent
{V,y < —0.3V) (Nole &)
Power Dissipation (Note 4}
Molded DiP
Cavity DIP
Small Cutline Package
Cutput Short-Circuit to GND
[One Amplifier; {Note 5)
V+ <15V and T, =25°C
Operating Temperature Range
LM3241M3244
LM224M224A
LM124/1M1244
Storage Temperature Ranga
Lead Temperature (Soldaring. 10 seconds)
Soldering Information
Cual-In-Line Package
Soldering {10 secands)
Small Owtline Package
Vapor Phass {60 seconds)
Infrared (15 seconds)

See AN-450 “Surface Mounting Methods and Their Eftect on Product Raiiability” tor other methods of soldering sutface mound]

Distributors for availability and specifications.

LM124/L M224/LM324
LM124A/LM224ALM324A

32y
Ry

-0.3V to +32V

50 mA

1130 mW
1260 mW
800 mW

Continuous

0Clo+70°C
~25'Clo+85°C
-85'C to +126°C
~65°C to +150°C

260°C

260°C

215°C
200°C

LM2902
28V
P
-0.3V to +26V
50 mA
1130 mW

1260 mW
BOO mW

Continuous
-40°C to +85°C

-65°C fo +150°C

260C

260°C

215C
220C

dewicas,
ESD Tolerance (Note 13} 250V 250V
Electrical Characteristics
V* = +5.0V, (Note 7). unless otherwise stated
L LM124A LM2244 LM324A .
Parameter Conditions Min Typ Max|Min Typ Max |Min Typ Max| "=
Input Offset Voltage (Note 8) T, = 25°C 1 2 1 3 2 3| mv
Input Bias Cument fngey OF Ty Viom = OV, 0 5 0 8 & 100l m
{Note 9} T,=25C
Input Cffset Current invgey OF Inspp Vioma = OV, 2 1 2 15 5 30| nA
T,=25C
Input Common-Mode V= 30V, (LM2902, V" = 26V}, 0 V151 0 Vr-15( 0 Ve-15| V
Voltage Range {Nole To=25C
10)
Supply Current Over Full Temperature Range
R, = = On Afl Op Amps mA
V+ = 30V (LM2902 V* = 26V) 1.5 .3 15 3 15 3
V=BV 07 1.2 07 1.2 07 12
Large Signal V= 15V, B2 2k, 50 100 50 100 25 100 VimV
Voitage Gain Vo=1Vio H1V), T, =25°C
Common-Mode DC. Vg =0V io V* - 1.5V, 70 85 70 85 65 85 daB

www.national com
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LAM124/LM224/L.M324/LM2902

Electrical Characteristics (continued)
V* = 45,0V, (Nofe 7), unless otherwise stated

10)

. LM124A LM224A LM3z24A ,
Parameter Conditions Min Typ Max [Min Typ Max|Min Typ Max Units
fAejection Ratio Ta=25C
Power Supply V™ =5V to 30V .
Rejection Ratic {LM2902, V* = 5V 10 26V, 65 100 65 100 65 100 dB
Ta=25C
Amplifier-to-Amplifier f=1KkHz10 20 kHz, T, = 25'C -120 ~120 -120 dB
Coupling (Note 11) {Input Referred}
Output Source | V' = V.V~ = OV, 20 40 0 40 50 40
Current
Vr= 18V, Vg =2V, T, = 25C mA
Sink Vi =1V, Vigt = 0V, 10 20 10 20 10 20
V' = 15V, Vo= 2V, T, = 25°C
Vi = 1V, Vit = OV, 1250 12 50 12 50 A
Ve 16V, Vg =200mV, T, = 25°C
Short Circuit to Ground | (Nole 5} V* = 15V, T, = 25°C 40 60 40 80 40 60 [ mA
Input Offset Voltage (Note 8} 4 4 5§ | mV
Vs Drift Rg = 00 7 7T 2 7 30 |G
Input Oftset Current bngtey = Ty Ve = OV 30 30 75 1 nA
log Drift Rg = 0 10 200 10 200 10 300 |pA/'C
Input Bias Current Pages OF Iy 0 100 40 100 4 200 nA
inpul Common-Moda | V* = +30V 0 V21 0 V210 w2 v
Voltage Range (Note {LM2902, V* = 26V}
10)
Large Signat V' = 115V (VoBwing = 1V 10 11V}
Voltage Gain R 22k 25 25 15 VimV
Output Von V=30V B =2k 26 26 26 v
Voltage
Swing (LM2902, V*=26Y) (R -=10kn |27 28 27 28 21 28
Voo |V =5V,R =10k} 520 5 20 5 20 | mv
m‘ Sourcs | Vo = 2V YWtV e a 10 20 10 20
Vi =0V,
Ve - 15V mA
Sink Vo =+1V, |10 15 5 8 5 8
Vi = OV,
V= 18V
Electrical Characteristics
V" = +5.0V, (Nole 7}, unless otherwise stated
Parameter Conditions !.MIWLM 224 - Lhazd - LM2002 Units
Min Typ Max (Min Typ MaxMin Typ Mex
Input Offset Voltage {(Note 8) T, =25C 2 5 2 7 2 7 | mv
Input Bias Current gty OF gy Vom = OV,
Noio ) T:: s c‘ ! 45 150 45 250 45 250 | nA
Input Ofiset Current lingsy OF hngo Viow = OV, 3 3 5 50 5 50, nA
Ta=25C
Input Commen-Mode | V* = 30V, {(EM2902, V* = 26V}, 0 V15| 0 V15| 0 V15| v
Vollage Rangs (Note Ty=25C

wwwhational.com
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Electrical Characteristics (contined
V* = 45.0V, {Note 7}, unlass otherwise stated

N LM1241M224 LM324 LM2902 ,
Parameter Canditians Win Typ Max [Min Typ Wax [Min Typ Max Units
Supply Current Cver Full Temperature Range
R, = = On All Op Amps mA
V* = 30V (LM2002 V* » 26V) 15 3 15 3 15 3
V=5V 07 12 07 12 07 12
Large Signal V= 18V, R 2k, 0100 2 100 25 100 VimV
Voltage Gain (Vo =110 11V), T, = 25°C
Common-Mode DC, Ve =0Vio V* - 15V, 70 85 65 B85 5¢ 70 dB
Rejection Ratio Ta=25C
Power Supply V=5V 1o 30V
Rejaction Ratico (LM2902, ¥+ = 5V fo 26V). 65 100 65 100 5¢ 100 dB8
T,=25C
Amplitier-to-Amplifier f=1kHzto20kHz T, = 25°C -120 ~120 -120 dB
Coupling {Nole 11 {Input Referrad)
g:ﬂj;t Source | Vit = 1V, Vo =0V, 0 40 20 40 20 40
Vo= BV, V=2V, Ty e 25'C mA
Sink | Vi = 1V, Vet = OV, 10 20 10 20 10 20
Vo =15V, Vo= 2V, T, = 25°C
Vo = 1V, V)t = OV, 12 50 2 50 12 50 PA
V= 15V, Vg =200 mV, T, = 26°C
Shert Circuit fo Ground | {Note 5) V* = 15V, T, = 25°C 40 &) 4 80 40 80| mA
Input Oftsel Voltage (Note 8) 7 9 10| mv
Vo Drift Rg = OF 7 7 7 wre
Input Offset Currant | by, = vy, Vo =V 100 150 45 200 nA
log Drift R = 02 10 10 10 pASC
Input Bias Cumment Inie O Iy 40 300 40 B0 40 500 nA
Input Common-Moda | V* = +30V 0 At 2] ez | o vz vV
Vaoltage Range (Note | (LM2902. V* = 26V}
10}
Large Signal V* = +15V {VSwing = 1V to 11V}
Voltage Gain A z2kn 25 15 15 Vimy
Qutput Vou | V7 =30V B =2k2 |28 2 22 ¥
Voltaga
Swing (LM2902, V+ = 26V} | B =10k 27 28 27 28 23 24
Voo (W =8V, R =10k 5 20 5 20 5400 mv
g:::’r:l Souree | Vo = 2V AR TP 10 2 10 20
Vi~ = 0V,
Ny mA
Sink VpomtlV, | 5 8 5 B8 5 8
Vit = OV,
W 18V

Habn & For opanting ol high tamperetures, the LMIZALMIZAMNMIS0Z mus e Seraiod bated on a +125'C manmum junclion temparalue and g themal
resiztanca of 88'CA¥ which applios for the davice ackiered in a prinid circuit board, sparating in & stil alr ambient. The L2241 MZ24A and LM 12401244 can
ba deraled basad on a +150°C maximumn junction temperature. The dissipation is the tolal of all four amplifiers — use exiemal rsistors, whara possible, to atow the
amplEer o seturatq of 9 reduce the powar which is dicsipaied in the Megrated circuit.
Hote & Shon druits from e outputic V* can catme oxtessive hoating ant eventuat destruction, When considerng shod circuits o pround, The maximunm outpd
curent i appoximaiely 40 mA independent of the magnitute of V™. A% valugs of supply voitage In qnoess of + 15V, conlindous shor-dreull can exceed the power
Heaipation ritings and caves evartual destrudion Destruciive dissipation can reul! Trom simultanaous shorts on &l srpiifier,
Hote 6: This input cumant will only adst when tha voltega at ary of e mput leads is driven nagative. It is due 1o the colactoe-basa junclion of the input PNP
\rensisiors beaorming forward biased and thondby acling a8 ifput diode damps. In addilon to 1Hs dodo action, thafe B alsc |aloral NPN paraeic transistor action

14

www,nallonal.com
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LM124/LM224/LM324/LM2302

Electrical Characteristics (continved)

on tha IC chip. This tranaistor ection can causs tha output voRages of the op smps o go b the Vvoltage keval {6+ to ground for a [erpa everdrive) for tha time durtion
that an inpul is drfven hegative. This Ls nol destrucfive and normed oulput statas will ro-setablish when tha input voltage, which was negative, again retums to § value
proater than -0 3V (at 26°C).

Nots 7: Thase spocifications as Hmitad 10 -55°C < Ty, < +125°C for the LM124AMI24A, WIlh the LM224AM224A, ail 'emparating specicationt ar fmitad to
-25°C € Ta < +B5°C, the LM324 MI244 tomporature apedifications are §mited 1o 0°C < Ta <+70°C. and the LM2502 spacifications are mited to ~40'C S Ta €
H85°C.

Note 8: Vo = 1.4V, Rg « O wih V" from 5¥ to 30V; and over the Tull input common-moda renge (OV to V' - 1.5V} for LM2902, V™ from BV to 26V,

Note 9: The dinection of the input curren is oul of tha IC due 1 tha PNP input slaga. This currant is essantially constan, indopondand of tha stata of tha output 5o
o loading change exiats on the Input nas.

Note 10: Tha npla comman-made voliage of ethar NPl signal volaga should N0t bo Alowed to go negative by mov fhan 0.3V (at 25°C}. Tha upper and of the
common-moda valtage range is V' - 1.5V (at 25°C), but cithal of both inputs can go to + 32V without damage (+26V for LMZ92), independant of the magnitude
of v*.

Hote 11 Due to proximity of oxtamal componants, insurs thal coupling is not oRgInating via MMy capacitance botwoon these axtamal parts. This typicaky can be
detoctnd aw this type of capacitance ncreasas at higher frequancies.

Note 12: Reter to RETS124AX for LA 124A miltary tpocfications and mior i RETS124X for LM124 mditary spacifications.

Note £3: Human body modal, 1.5 ki2 in sefies with 100 pF.

Typical Performance Characteristics

Input Voltage Range Input Current
1% %0 ey
N
< ~ B Hr
=]
(e £ 7 -
2 £ Vo 430wy,
w0 ~ 60
K : / z bt
a NEGATVE g S i e
> 2 40 Vs 415y,
2 POSITIVE 5
A T
. v Vo= asvy
> A
) 10 H
a
9 5 10 E * -55-35-15 5 23 43 63 BS 105175
¥ OR YV~ POWER SUPLY VOLTAGE [#Vy) T, = TEMPERATURE {°C}
QOREE {Ro0gss
Supply Current Voltage Gain
P r 150
£ é 1 L
= my" B R = 2040
z 1} f 120
a | g / My
- 7
Z wl B ]
g op | ML 3 0 A
CI e 3
¥ Pl .
& e, = 09CTO 41259 a 4
= >
(4] L4
' T, = -35%C
I ]
0 10 i 0 9 6 20 50 40
¥ - SUPPLY VOLTADE (V) ¥ - SUPPLY YOLTRGE (¥}
EQRBE [1rer
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Typical Performance Characteristics (Continued)

Open Loop Frequency
Response

143 ]
[s]
g 130 &
= N E
z 100 N ] z
E \\ 8
o 8 % = —1— 2
g \\ v aloy & 2
2 B e NN 835621, 291255 o
; N\ :
T ?
3 \ z
7 vt =16 10 i5Y ‘:\\ 2
iy o N =z
55007, 241259 % 8
n i )3 1 1 I
o100 100 1.8k Bk 100k 1.0M 108 E
£ - FREQUERCY {Hz) 3

Common Mode Rejection
Ratio

100 % 18k 109K 1M

X0 i - TREQUENCY (k)
DHENN
Yoltage Follower Pulse Yoltage Faollowsr Pulse
Response Response {Smatl Signal)
4 — 500 —
v R = 2.0k ‘
g2 3 V= 154y =
§§ , i E 450 berden X
s w % 5097
'3 / \ g 37 I A
>»> ¥ A w400 e = Y
¢ > =
. - INPGT
f’ 7 g |r
55 5 outPEr
2y ! T O,
VE & T T =siset
CX- T . v = elov
>z 250 L9
¢ 1 Fi] L] 16 ¢ 1 2 3 4 % 6 7 8
t - TINE { us) t - TINE (s}
R ez
Largs Signal Frequency Output Characteristics
Response Current Sourcing
2 5
. T
-~ 7 E i
-9 -
; w
£ A )
L) = . v N A
z 2% 20—y
z -2 ; - — -
. 0 £ o J__ ¢
2 58 4 e
55 a :E —
o 1 E L
vl S8 IKDEPENDENT OF v* {
2 “ g 1, ® 115°¢
", i
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LM124/LM224/1 M324/LM2902

Typical Performance Characteristics (Continued)

Output Characterigtics
Current Sinking
t
D™
’;S vz e LN
2 Vo 430,
w i £
e
5
[=]
-
5 v
5t
o e
! 1§11 -
o ! Fi
> bt
001 /
0.001 a6t 01
lg = CUTPUT SMK CURRENT {mag.}
oo
Input Current {LM2802 only}
169
{5
-
x
ol
€
= 50
5]
. /
B [t
z LT T, = 4255
P ] u
E
0
& 10 F 30

V¥ - SUPPLY VOLTAGE [¥y )
00308945

Application Hints

The LM124 series are op amps which operate with only 2
single power supply voftage, have true-diflerential inputs.
and remain in the linear mode with an input common-mode
vollage of 0 V. These amplifiers operate over a wide renge
of power supply vohage with Iitke change in performance
charactenstics, At 25°C amplifier operation is possible down
{o a minimum supply voltags of 2.3 Vpe.

Tha pinauts of the package have been designed to simplify
PC board layouts. invarting inputs ane adjacent to outputs for
gfl of the amplifiers and the outputs have also been placed at
the comers of the package {pins 1, 7, 8, and 14).

Precautions should be taken to insure that the power supply
for the integrated circuit never becomes roversed in polarity
of that the unit is not inadvertently installed backwards in a
fest socket a5 an unlimited cumrent surge through the result-
ing forward diode within the IC could cause fusing of the
intemal conductors and resuft in a destroyed unit

Large difierontial input voitages can be easily accommo-
dated and, as input ditferentiai voltage protection diodes are
not needed, no large input curments result from large differ-
ential input voltages. The differential input voltage may be
larger than V* without damaging the device. Protaction

Current Limiting
4¢

0 |

70 =,
§0

50 o
0
i0
20
0

[
-55-35-15 5 5 45 85 83 105335

= DUTPUT CURRENT (még.)

-
D

7, - TENPERATURE (°C)

R2AE
Voltage Gain {LM2902 only)
160 l !
& R =20k
e i
z - s
3 v R =2.0kn__|
[
2 m
2
-t
o
>
'J
g
=
e
& 10 ] 30

¥* - SUSPLY VOLTAGE {¥y )
DORRERdY

should be provided to pravent the input voltages from going
negative more than -0.3 Vi (8t 25°C). An input clamp diode
with a resistor to the iC input terminal can be used.

To reduce the power supply drain, the amplifiers have a
class A output stage for small signal levels which converts to
class B in a large signal mode. This allows the amplifiars to
both seurce and sink lerge output currents. Therofore both
NPN and PNP external current boost transistors can be used
fo extend the power capability of the basic ampiffiers, The
cutput voltage needs lo raise approximately 1 diode drop
above ground to bias the on-chip vartical PNP transistor for
output cument sinking applications.

For ac applications, where the load is capacifively coupled to
the output of the ampfifier, a resistor should be used, from
the output of tha amplifier to ground to increass the class A
bias current and prevent crossover distortion.

Where the load is dinsctly coupled, as in de applications,
theta is no crossover distortion,

Capacitive loads which are appited directly to the output of
the amplifier reduce the loop stabiity margin. Values of
50 pF can be accommodated using the worst-case non-
inverting unity gain connecfion. Large closed loop gains o
resistive isolation should be used if larger load capacitance
must be driven by the amplifier,

www.national.com
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App"CﬁtiOl’l Hints (Continued)

The bias network of the LM124 establishes a drain cument
which is independent of the magnitude of the power supply
voltags over the range of from 3 Vi, to 30 V.

Output shon cireuits either 1o ground or to the positive power
supply should be of short time duration. Units can be de-
stroyed, not as & result of the short circuit curent causing
metg! fusing, but rather due to the large increase in {C chip
dissipation which wil cause eventual failure due to exces-
sive junclion temperatures. Putling direct short-circuits on
more than ona amplifier at a fime will increase the total IC
power dissipation to destructive levels, if not properly pro-
tected with extemal dissipation limiting rasistors in series
with the output leads of the amplifiers. The larger value of

oufput source current which is avallable at 25'C provides a
larger output current capability at elevated temperatures
{see typical performanca cheracteristics) than a standard IC
opamp.

The circuits presented in the section on typical applications
emphasize operalicn an only a single power supply vollage.
It complementary power supplias are available, all of the
standard op amp circuils can be used. In ganeral, introduc-
ing & pseude-ground {a bias voltage reference of V*/2) will
allow operation above and below this value in single power
supply systems. Many application circuils are shown which
take advantage of the wide input common-mode voitage
range which includes ground. In most cases, input biasing is
not required and input voltages which range to ground can
easily bs accommodated.

Typical Single-Supply Applications (v- - 50 vy
Non-nverling OC Gain {0V input = OV Output)

*A nat nesded due 1o kamparature independant iy

DC Summing Amgplifier
(Vins 2 0 Vpe and V2 Vi)

Where: Vg = Vy 4 V2 - V- ¥y
(V4 + ¥o) 2 (V3 + Vg) to kaap Vo > O Vpg

Y | o e en ——
g
-
=]
2
=]
g a1 2
7]
= 10% {AS SHowN)
U Vou (V)
(ORpecs
Power Amplifier

Vo=0Vp, forVyy=0Vpe
Ay =10
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LM124/M224/1 M324/LM2 902

LED Driver

Fixed Current Scurces

=1 khz
Q=5
Ay = 100 (40 dB)

Typical Single-Supply Applications v - 50 Vo (Continued)

“Bl-QUAD" RC Active Bandpass Filter

A1

160
ANy
<]
h1iyl g
I RS
470K
A4
10M
A A A
Yy
=]
hel-Y3
(e
{ALNTNA "
]
184 ]
v
.
] “
* T
IR

Lamp Driver
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Typical Single-Supply Applications
{V+ =50 Vo) (Gontinued)

Cument Monilor

A1 I
a1 —

Yo
(4]
]
X012
_ Wiy
Yor T,
VsV - av
“(increass A1 for | wmal)
Driving TTL

Voltage Follower

O Vp

Wy O

e

Pulse Generator

R1
L]

Liil}

Squarewave Ogcillator
1]
1000
c
0.081F

IN$&

TR

it

www.nalional.com

CO6CW I/ PEEWTPZENT/PCLINT

112



LM124/LM224/L M324/LM2902

Typical Single-Supply Applications (v - 50 Vi) (Continued)

High Compliance Current Sink

T l l'o

ko = 4 armpivoll Yy
{increass Re lor |, small)

LF

- {POLYCARBONATE 0A
POLYETHYLENE! = mey

™. AT 1A
Q_J— e
-t
HIGKZ,,
LOW 257 | L ®»
t

oy

A LBHZEA

AUX AWF

f Ig 19PUT CURRENT
™ CONPENSATION
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Typical Single-Supply Applications v+ = 50 v, (Continued) g
S
Comparator with Hysteresis Ground Referencing a Differential Input Signal ;
N
¥ D g
Ry r
™ =
O Vo S
Rl
% 2
Weee O N OVo E
vy P
e
- (¥
0002820
Wy
|
!
i ]
Vo=Vq

Yoltage Controlled Oscillator Circuit
085.f

W' D)

=

O DUTAIT

2’ R
7 VAVAYY
(G QUTBUT 2
\' 104
_A'l'A'
g

“Wide contrel voltage range: 0 Vpe 5 Vg 5 2 (¥* -1.5 Vgl

Photo Yoltaic-Cell Amplifiar

Ry
m

‘W‘V

*cml

ICELL HAS OV
ACROSS ETi

14 LMIZAR o

|||—l
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LM124/LM224/1L.M324/LM2 9302

Typical Single-Supply Applications v+ = 50 vy (Continued)

AC Coupled Inverting Amplifier

A,
100

A
Ay = -H—;-[As shown, Ay = 10}

AC Coupled Non-inverting Amplifier

Rt R2
] L]

A _|+EZ_
MERNT

Ay = 17 (g shown)
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Typical Single-Supply Applications (v - 5.0 Vo) (Continued)

DC Coupled Low-Pass RC Acfive Filter

3]
0.04.F

1H L1208 Vo

Vo
1
q i
NEHN0Y
lo= t k2
Qat
Ayn2

High input Z, DC Differential Amplifier

R2
100k

Ry

For
R2

B4
&= {CMRR depands gn this reaistor raio match)

R4
Vo= !+l -V

As shown: Vg = 2{¥y ~ Vi
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LMT124/1 M224/L M324/LM2502

Typical Single-Supply Applications v- - 50 vy (Continued)

High Input Z Adjustable-Gain
DC instrumentation Amplifier

Rt
100

GAIN ADSUST

14 LMTZ4R

TR = RS & R3 = A4 = RE = AT {CMRAR depends on maKh)
2A1
Vo = 1 4 e -
o1t nsz W}

As shown Vg = 101 {vy =~ V)

Using Symmetrical Amplifiers to Bridge Current Amplifier
Reduce Input Current (General Concept)

may

noof

NS AT S0 ek
._J— b
-—

i _L—'\m— Fo§ << tandRy > A
g § - M (5)9'
= Vo= Vpeel = f=
T4 LA 0 TREF\2/ A
- ALY ANP
R &
15M INPUT CURRENT
COMPENSATION
DOFX20
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Typical Single-Supply Applications v+ - 50 Vo) (Continued)

Bandpass Active Filter

0.01,F

T4 LIIEA

o LY Ri
Wk T 100k 100u
- v

fo= 1N
Q=25

Yo
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LM124/LM224/L M224/LM2502

Physical Dimensions inches {millimeters) unless otherwise noted

Ceramic Dual{n-Line Package {J}

E A ]
{T55%)
MAX
(i [5] ] 1] [} o] [
L ¥
o 0228-0.318
(5583-7.47)
njARERORORO]D!
0235-0.320 s PF]
{1365-8128 ”‘,E:' LA 00602005 wmal
SEALANT {1 -ai2i} WA Laze-o06e
XTI ] 1 ! = 0.508-1524}
wsm i
f 95 5 80 Tvp N T
10° MAX 0.409-8.012 [
F2_6.305)
[ danoam | 0810 .03 -
PAn-1a} LU A% AT m,*”'* s
P fars-hom
MAX BOTH ENDS - 100 4010 LI
2540 :02%4) ]
MIN 115K REY B

Order Number JL124ABCA, JL124BCA, JL124ASCA, JL124SCA, LM124),
LM124AJ, LM124AJ/883, LM124./883, LM224J, LM224AJ or LM324)

MX 8.0. Peckage (M)

NS Package Number M14A

NS Package Number J14A
T
:.__ 8 508 - B 738 -
wer e owoy o
N 48
0270244
T 2
B f\.‘
DN T T
gt ,LWJJ s ¢ [j .’-;mj,.,..*.
v 721 & 5 § 1? {
LI
10,25
£.150 8,557
](!.liln].ﬂ] =
sa-0m 9,053 - 0.064
e 3E‘u ¥ MALTYP u'mjm L804 -010
| 804 -, 0
: s . — R
L—JE i e ,;:!:::::."'__ it * Wﬁi
] ¥ T wrh oo
LIR-E00 ] : L i T
- ] LU-08 G =
TOP ALL LEADS 1 (0.4 - £ 20 v i« 500
Tim THP AL LEADS Ra vl
ML LEAR TS W@

Order Number LM324M, LM 324X, [M324AM, LMI24AMX, LM2302M or LM2902MX
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LM124/LM224/LM324/LM2902 Low Power Quad Operational Amplifiers

Physical Dimensions inches imilimeters) unless otherwise noted (Continued)

"

E:gj..‘n.

el iG]

R T

17 ¥y
Trp i

5

: STEEY
Tii oAy

RECOMMENDED LAND PATTERM

o
&

-

L ! (5

o

UM R ELY emd e

R ’ [AMENSIONS ARE P MILLIMETERY
R == BIMENEIONS b i o TSR R(VERTRCE MY

MTC14 (Rav )

14-Pin TS50P
Order Numberl M324MT or LM324MTX
NS Package Number MTC14

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE FRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION, As used hersin:

1. Life supporl devices or systems are devices or
systems which, {a) are intended for surgical implant
ino the body, or {b) support or sustain life, and
whose feikise to perform when propedy used in
accordance with instructions for use provided in the
labsling, can be reasonably expected to result in a
significant injury to the user.

2. A critical component is any component of a life
supporl device or systemn whosa failure to perform
can be reasonably expected to cause the failure of
the ¥e support device or systern, or 1o aifect its
safety or effectiveness.

BANNED SUBSTANCE COMPLIANCE

National Semiconducior certifies that the products and packing materials meet the provisions of the Customer Products
Stewardship Specification (CSP-8-111C2) and the Banned Substances and Materials of Interest Specification
{CEP-311152} and contain no "Banned Substances” as defined in CSP-§-11182,
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WA niational com Franvais Teb +33 (o) 1 4101 8700
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