Tag

d aa <
Wi eyassl 3urnad iwyad
W OAUIT ITEVIY

W gl5aTTe YA

P
113NN

o ar [ a
e19158  wia deasfall

S$u oy O 24 802041

m'nnzxﬂuu.......Q.a.a.l.‘g.ﬁ......

i, ). 20200 94810

< I3

Ssaaniinudmivinanssumaaiodia
maisddnnsedind
auzdrnssumaad
aa1tuma TuTadnszeeundudmunmsmaniziia

Ynrsdnun 2540

039145



&t
Paantinusimsanm 2540
MAdY IAnssudEnnseting
o d Y] o
auimnsumans aaniumalulatnszesuniigammanianszii

é 4 v 1 d
(382 msthazgnamslyauyuaun (Lvuna)

Lyweyasal  Fwewedlwyad 37014556

2.41E1BATTT ITTUMIY 37014572
3.MMIgliITse Yaas 37014600

d ar [y
@wsdnia  Fsaatl)

wsamisnmn



<é U4
' matszgaamsl¥auueua@una)

ROBOT APPLICATION

1. wweyasal  Ieynadinyed 37014556
2. MNANBAAT  DITEWIY 37014572
3. wisaaglarssar yyya 37014600

¥
2

Tassnulafumsasreasundy wieunosinisasy'ta

@w1dniy §asfail)

s11sansnmn



faanssudsema
“lumsv‘iﬂﬂsq»1mﬂ%gq'f:ﬂNﬂmzéﬁ'ﬂﬁﬂﬂi’ﬂmﬂﬂweuwszﬂm IR.AT. WTE 4229
fail fusdhega firnunsoguaietlelduas IddSamesulndsa uasveveuga # hitme
Jndmnssuaiosnai iff i nSnymiediu Mechanic vesdausuna , voveunssnu
010138 $1004 Uswuda e1tilszhimadrinnssunsesnasasarazaIMIeiY
wronuii lun1si1dau Mechanic oz gat e §amdiafilszs1 Shop Mechanic finsy 1
Wiy meduniesdiof1dlumsi Mechanic uaz tlous (§, To) AlEmamuzlumsdo

gilnsalnaeatii laseny

.........................................

........................................

........................................

(a1 glsdssa yge)

$ar o

Avav



d
matszgaamslfauyuaua@uuna)

wie eyasal Fozwed lwyad
UWA 82N $ITEVY

unma glsssa yyda

ot dasfall (ewsdifSau)

AMANSANYIN 2 Yn13fnm 2540

unfiase

o Y Y Y ay A o ' ‘4 & Y

Hegiudianuiramimadnuna lulad lelimsiaun ledusas ¥ ludm
) [] Y 9t ° ] o r 9/ o ; 4‘!
gaamnas sy luTsanudauIng ladinstimjusudcrobon lFamfumniiu disnneunse
- g ¢ o a a o 1t o t ¢ a :cl -_ P & o
maldedafidsz@niam staSuazwindindanged aniuddlBmsfaudaningnu
4:’ :&’ 4‘! 9/ o & ] L4 Aw o : : et ©
FutiyunueasuaussnIwassms luilegpin Fajusuda@uunaidamiyuillainismh pe
L4

vewmes uar madtweries nldnuluns drive tvunaludiudieg Waunsehan'ld

P ° ° . v e N
AMABINTT Fezhn1sANEINTTRNIUYEY gripper Ifansadutag WWawdens



ROBOT APPLICATION

Mr. Anusorn  Viriyapongphaibul
Miss. Alisara  Jarnyaham

Miss. Uraiwan  Boonsong

Mr. Manus  Sungvorasilp (Advisor)

17 Semestor,Educational Year1997

Abstract

Today technoiogy has developed rapidly . In industrial has brought robot to use in
their job. Due to it can work with efficiency , rapidly and accurracy so our group has made
this project to response demand in the present. This project, Robot A mm is made by using
d.c. motor and stepping motor for rotate parts of Robot Arm for it can work with

efficiency and learn about work of gripper for catdhing object with efficiency
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unit Urobot;
interface

uses

windows, Messages, SysUtils, Classes, Graphics, Controls, Forms, Dialogs,

StdCtris, ExtCtris, Menus, Buttons;

type

Tmain = class(TForm)
MainMenu1: TMainMenu;
Main1: TMenultem;
Exit1: TMenuitem;
Option1: TMenultem;
Testport1: TMenultem;
Help1: TMenultem;
Panel1: TPanel;
monitor: TPanel;
Label1: TLabel;
ar7: TPanel;
a6: TPanel;
ab: TPanel;
a4: TPanel;
a3: TPanel;
a2: TPanel;
a1l: TPanel;
a0: TPanel; )
Label2: TLabel;
¢7: TPanel;
c6: TPanel;
¢5: TPanel;
c4: TPanel;
c3: TPanel;
c2: TPanel;



Application.MéssageBox(‘GetCommTimeOuts'.'Error Initialize',MB_OK);

halt;
end;
with CommTimeQuts do
begin
WriteTotaITiméoutMultip|ier:=10:
Wn'te’l:otalTimeoutConstant:=35;
- end;
if SetCommTimeouts(Compo;t.Commﬁmouts)=False then
begin ) )
MessageBeep(MB_ICONEXCLAMATION);
Application.MessageBox('SetCommTimeQuts','Error l}witialize'.MB_OK);
end;
i:=inbuffer{ 1];
Edit1.text:='Comport Complete";
send;
display_a;
display_c;
end;
procedure Tmain.Outseria{COM:THandle;Data:DWORD);
const dwtowrite:DWORD=S5;
vér dwwritten:DWORD;
bcheck :BOOL;

begin outbuffer{1]:=data;
dwwritten:=0;
bcheck:=WriteFile(COM,outbuffer,1,dwwritten,nil);
IF (bCheck=False) then |
begin
MessageBeep(MB_ICONEXCLAMATION);
Application.MessageBox('Can"t Out to Comport','Error, MB_OK);

end;



c1: TPanel;
c0: TPanel;
Edit1: TEdit;
Button1: TButton;
- data_a: TLabel;
data_c: TLabel;
Labeld: TLabel;
status: TLabel;
dattime7: TPanel;
dattime6: TPanel;
dattime5: TPanel;
dattime4: TPanei:
dattime3: TPanel;
daitime2: TPanel;
dattime1: TPanel;
dattime0: TPanel;
Panel27: TPane!;
BitBtn1: TBitBtn; .
BitBtni2: TBitBtn;
BitBtn3: TBIitBtn;
. Button5: TButton;
Button6: TButton;
BitBtn4: TBitBtn;
BitBtn5: TBitBtn;
speedstep: TScrollBar;
BitBtn6: TBitBtn;
BitBtn7: TBitBtn;
Edit2: TEdit;
Label5: TLabel;
Timer1: TTimer;
BitBtn8: TBitBtn;
BitBtng: TBitBtn;
Edit3: TEdi't:
BitBtn10: TBitBtn;



P

Button7: TButton;
Button8: TButton;
directa: TEdit;
Label6: TLabel,

. Label7: TLabel;

Button9: TButton;
Button10: TButton;
Button11: TButton;
Button12: TButton;
Button13: TButton;
Button14: TButton;
Label3: TLabel;
Part: TLabel;
Label8: TLabel;

_ directc: TEdit;

Button2: TButton;

procedure Outserial{ COM:THandle;Data:DWORD);

procedure Butto}11CIick(Sender: TObiject);

procedure FormCreate(Sender: TObject);

procedure €xit1Click(Sender: TObject);

procedure BitBtn1MousgzDown(Sender: TObject; Button: TMouseButton;
‘Shift: TShiftState; X, Y: Integer); .

procedure BitBtn1MouseUp(Sender: TObject; Button: TMouseButton;
Shift: TShiftState; X, Y: Integer);

procedure BitBtn2Click(Sender: TObje_ct):

procedure BitBtn3Click(Sender: TObject);

procedure 8itBin8KeyDown(Sender: TObject; var Key: Word;
Shift: TShiftState);

procedure BitBthSKeyUp(Sender. TObject; var Key: Word,;

: Shift: TShiftState);

procedure BitBtn9Click(Sender: TObject);

procedure BitBtn10Click(Sender: TObject);

procedure Button2Click(Sender: TObject);

procedure Button7MouseDown(Sender: TObject; Button: TMouseButton;



Shift: TShiftState; X, Y: Integer);

procedure ButtoﬁQMouseDown(Senden TObject; Button: TMouseButton;
Shift: TShiftState; X, Y: Integer);

procedure éutton1 1MouseDown(Sender: TObject; Button: TMouseButton;.
Shift: TShiftState; X, Y: Integer); )

procedure Button13MouseDown(Sender: TObject; Button: TMouseButton;
Shift: TShiftState; X, Y: Integer);

procedu.re Button8MouseDown(Sender: TObject; Button: TMouseButton;
Shift: TShiftState; X, Y: Integer);

procedure Button10MouseDown(Sender: TObject; Button: TMouseButton;
Shift: TShiftState; X, Y: Integer);

procedure Button12MouseDown(Sender: TObject; Button: TMouseButton;
Shift: TShiftState; X, Y: Integer);

procedure Button14MouseDown(Sender: TObject; Button: TMouseButton;
Shift: TShiftState; X, Y: Integer);

procedure Button7MouseUp{Sender: TObject; Button: TMouseButton;
Shift: TShiftState; X, Y: integer);

procédure ButtonQMoiJseUp(Senden TObject; Button: TMouseButton; |
Shift: TShiftState; X, Y: Integer);

procedure Button11MouseUp(Sender: TObject; Button: TMouseButton;
Shift: TShiftState; X, Y: Integer); :

proceaure Button13MouséUp(Sender. TObject; Button: TMouseButton;
Shift: TShiftState; X, Y: Integer); i

procedure Button8MouseUp(Sender: TObject; Button: TMouseButton;
Shift: TShiftState; X, Y: Integer); _

procedure Button10MouseUp(Sender: TObject; Button: TMouseButton;
Shift: TShiftState; X, Y: Integer);

procedure Button12MouseUp(Sender: TObject; Button: TMouseButton;
Shift: TShiftState; X, Y: ln-teger); '

procedure Button14MoujseUp(Sender. TObject; Button: TMouseButton;
Shift: TShiftState; X, Y: Integer);

procedure Button5Click(Sender: TObject);

procedure Button6Click(Sender: TObject);

procedure Timer1Timer(Sender: TObject);



procedure speedstepChange(Sender: TObject);
procedure BitBtn6MouseDown(Sender: TObject; Button: TMouseButton;
Shift: TShiftState; X, Y: Integer);
procedure BitBtn7MouseDown(Sender: TObject; Button: TMouseButton;
Shift: TShiftState; X, Y: Integer); .
procedure BitBtndMouseDown(Sender: TObject; Button: TMouseButton;
Shift: TShiftState; X, Y: Integer);
procedure BitBthsMouseDown(Send'en TObject; Button: TMouseButton;
Shift: TShiftState; X, : integer);
procedure BitBtn6MouseUp(Sender: TObject; Button: TMouseButton;
Shift: TShiftState; X, Y: Integer);
procedure BitBtn7MouseUp(Sender: TObject; Button: TMouseButton;
_ Shift: TShiftState; X, Y: integer);
procedure BitBtn4MouseUp(Sender: TObject; Button: TMouseButton;
Shift: TShiftState; X, Y: Integer):
procedure BitBtn5SMouseUp(Sender: TObject; Butt;)n: TMouseButton;
Shift: TShiftState; X, Y: Integer);
private
{ Private declarations }
public
{ Public declarations }

end;

var
main: Tmain;

Comport:THandle;

implementation

VAR
ComDCB:TDCEB; -
Comname:PChar;
Commtimeouts: TCommtimeQuts;
outbuffer:amray [1..5]of integer;

inbuffer:array{1..5]of integer;



porta,portc:integer;
temp:integer;
time:integer,
LEDon.LEDofffinteger:
lighton:integer;
delaytime:integer;
tempstepinteger;
{$R ~.DFM}
procedure Display_a;
begin _temp:= porta and $01;
if temp<>0 th,en.main.aO.colpr:=LEDon
else main.a0.color:=LEDoff;
temp:= porta and $02;
if temp<> 0 then main.a1.color;=LEDon
else main.a1.color:=LEDoff;
temp:= porta and $04;
if temp<> 0 then main.a2.color:=LEDon
else main.a2.color:=LEDoff;
temp:= porta and $08;
if temp<> 0 then main.a3.color:=LEDon
else main.a3.color:=LEDoff; .
temp:= porta ahd $10;
if temp<> 0 then main.a4.color:=LEDon
else main.a4.color:=LEDoff;
temp:= porta and $20;
if temp<> 0 then main.a5.color:=LEDon
else main.a5.color:=LEDoff;
temp:= porta and $40;
if temp<> 0 then main.a6.color.=LEbon
else main.a6.color:=LEDoff;
temp:= porta and $80;
if temp<> 0 then main.a7.color:=LEDon
else main.a7.color:=LEDoff;

main.data_a.caption:=inttostr(porta);



end;

procedure Display_c;

begin temp:= portc and $01;

if temp<> 0 then main.c0.color;=LEDon
else main.c0.color:=LEDoff;

temp:= portc and $02;

if temp<> 0 then main.c1.color:=LEDon
else main.c1.color:=LEDoff;

temp:= portc and $04;

if temp<> 0 then main.c2.color=LEDon
else main.cZ.color:=LEDof%;

temp:= portc and $08;

if temp<> U then main.c3.color:=LEDon
else main.c3.coIoE;LEDoﬁ;

temp:= portc and $10;

if temp<> 0 then main.c4.color:=.EDon
else main.c4.coler:=LEDoff;

temp:= portc and $20;

if temp<> 0 then main.c5.color:=LEDon .
else main.c5.color:=LEDoff;

temp:= porté and $40;

if temp<> 0 then main.c6.color:=LEDon
else main.c6.color:=LEDoff;

temp:= portc and $80;

if temp<> 0 then main.c7.color:=LEDon
else main.q?.coloi'.=LEDoff;

main.data_c.caption:=inttostr(portc);

end; .

procedure send;

begi

n main.Outserial(comport,porta);
display_a;
main.outserial{comport,poric);

display_c;



end;

procedure forw;

begin main.dattimeo.caption:='0‘;
main.dattime.caption:='1";
main.dattime2.caption:='2",
main.dattimeS.caption:="3';
main.dattime4.caption:='0";
main.dattime5.caption:='1";
main.dattime6.caption:="2",
main.dattime?.caption:='3'";

end;

procedure rew;

begin main.dattime0.caption:='3";
main.dattirqe1'.caption:='2':
main.dattime2.caption:='1";
fnain.dattime3.caption:=‘0':
main.dattime4.caption:='3";
main.dattime5.caption:='2";
main.dattime6.caption:='1';
main.dattime7.caption:='0";

end; .

procedure clrporta;

begin  porta;=$F0; //break all dc motor

_send;
main.part.caption:=' None *; 1
main.Status.'caption:=‘ Stop *;

end;

procedure Tmain.Button1Click(Sender: TObject);

var i;integer,
bresult:BOOL;
ByteRead:DWORD;
lap:array [1..5]of integer;



begin fori:=1to 5 do
begin
outbuffer{i]:=0;
end;
Comport:=CreafeFile(Comname,GENERlC_WRITE JFILE_SHARE_WRITE nil,
OPEN_EXISTING,FILE_ATTRIBUTE_NORMAL,0);
If Comport<=0 then ’
begin
MessageBeep(MB_ICONEXCLAMATION);
Application.MessageBox('CreateFile','Error Initialize',MB_OK);
halt;
end;
If GetCommState(Comport,ComDCB)=False then
begin
MessageBeep(MB_ICONEXCLAMATION);
Application.MessageBox('GetCommState','Error initialize’,MB_OK);
halt;
end;
with ComDCB do
begin
BaudRate:=CBR_9600;
ByteSize:=8; -
StopBits:=0; // 1 STOP BIT
Parity:=0; //no parity
end, ) )
If SetCommState(Comport,ComDCB)=False then
begin
MessageBeep(MB_ICONEXCLAMATION);
Application.MessageBox('SetCommstate','Error Initialize', MB_OK);
halt;
end;
If GetCommTimeQuts(Comport, CommTimeQuts)=False then
begin .
MessageBeep(MB_ICONEXCLAMATION),



end;
procedure Tmain.FormCreate(Sender: TObject);
var iinteger;
begin . Comname:='COMZ2',
porta:=$£0;
portc:=$14;//SET HIGH VOLTAGE PWM=1
LEDon:=$0000FF;

. LEDoff:=300404080;
a0.color:=Ledoff;
‘a1.color:=ledoff;
a2.color:=ledoff;
a3.color:=ledoff;
a4.color:=ledoff;
a5.color:=ledoff;
a6.color:=ledoff;
a7.color:=ledoff;
c0.color:=ledoff;
c1.color:=ledoff;
c2.color:=ledoff;
c3.color:=ledoff;
c4.color:=ledoff;
cs.colon=iedof‘f;
c6.color:=ledoff;
c7.color:=ledoff;
timer1.enabled:=false;
‘ime:=$01;

delaytime:=1;

end;

procedure Tmain.Exit1Click(Sender: TObject);

begin close;



end;

procedure Tmain.BitBtn1 Mousel_)own(Sender: TObject; Button: TMouseButton;
Shift: TShiftState; X, Y: Integer);
begin portc:=portc or $20;

send;
end;

procedure Tmain.BitBtn1MouséUp(Sender: TObject; Button: TMouseButton;
Shift: TShiftState; X, Y: Integen);
begin portc:=portc and $DF;

send;
end;

procedure Tmain.BitBtn2Click(Sender: TObject);
begin portc:=portc or $10;

send;
end;

procedure Tmain.BitBtn3Click(Sender: TObject);
begin portc:=portc and $EF;

send;
end;

procedure Tmain.BitBtn8KeyDown(Sender: TObject; var Key: Word;
Shift; TShiftState);
var numkey:integer,;
begin  numkey:=ord(key);
Edit3.text:=inttostr(numkey);

case (numkey) of



97,65: begin //key a
porta:=porta and $77;
send;

Part.caption:=' Gripper *
Status.caption:="' Catch ',
end;

115,83:begin //key s
porta:=porta and $BB;
senc;

Part.caption:=' Elbow ',
Status.c_aptioq;= " Right '
end,

100.68:begin //key d
poﬂa:=boﬁa and $DD;
send;
Part.caption:='Shoulder’;
Status.caption:=' Up *;
end;

102,70:begin //key f
porta:=porta and $EE;
send;

Part.caption:=' Base ';
status.caption:=" Right ';
end;

108,74:begin /ikey j
porta:=porta and $7F;
porta:=porta or $08;
send;

Part.caption:=' Gripper *;
status.caption:=' Leave ';_
end;

107,75:begin //key k
porta:=porta and $BF;
pou;ta:=porta or $04;



;end;
Part.caption:=' Elbow’;
status.caption:=' Left ’;
end;

108,76:begin /fkey |

porta:=porta and $DF;

porta:=porta or $02;

send;

part.caption;='8houlder':

status.caption:='Down’; -
end;

59,186 :begin //key ;
porta:=porta and $EF;
porta:=porta or $01 :-
send;
part.caption:='Base’;
status.caption:='Left";
end;

103,71:begin //key g ~
timer1.enabled:=true;
end;

end;//case

end;

procedure Tmain.8itBtn8KeyUp(Sender: TObject; var Key: Word;
Shift: TShiftState); '
begin  porta:=$F0; //break all dc motor
send;
part.caption:=' None *;
Status.caption:=' Stop *;

end;



procedure Tmain.BitBtn9Click(Sender: TObject);
begin porta:=$F0;

send;
end;

procedure Tmain.BitBtn10Click(Sender: TObject);
begin porta:=stroint(directa.text);

send:
end;

procedure Tmain.Button2Click(Sender: TObject);
begin portc:=strioint(directc.text);

send;
end;

procedure Tmain.Button7MouseDown(Sender: 'TObject;'Button: TMouseButton;
- Shift: TShiftState; X, Y: Integer);
begin porta:=pqrta and $77;
send;
Part.caption:=' Gripper *;
Status.caption:=' Catch *;

end;

procedure Tmain.Button9MouseDown(Sender: TObject; Button: TMouseButton;
Shift: TShiftState; X, Y: Integer);
begin porta:=porta and $BB;
send;
Part.caption:=' Elbow ';
Status.caption;= ' Right *;



end;

procedure Tmain.Button11MouseDown(Sender: TObject; Button: TMouseButton;
Shift: TShiftState; X, Y: integer); .
begin porta:=porta and $0D;
send;
Part.caption:='Shoulder’;
Status.caption:='Up *;

end;

procedure Tmain.Button13MouseDown(Sender: TObject; Button: TMouseButton;
Shift: TShiftState; X, Y: Integer),
begin porta:=porta and $EE;
. send;
Part.caption:=' Base ',

status.caption:=' Right ';
end;

procedure Tmain.Button8MouseDown(Sender: TObject; Button: TMouseButton;
Shift: TShiftState; X, Y: Integer); -
begin porta:=porta and $7F;
porta:=porta or $08;
send;
Part.caption:=" Gripper *;

status.caption:=' Leave ';

end;

procedure Tmain.Button10MouseDown(Sender: TObject; Button: TMouseButton;
Shift: TShiftState; X, Y: Integer); '
begin porta:=porta and $BF;
porta:=porta or $04;



send;
Part.caption:=' Elbow’;
status.caption:=" Left ;

end;

procedure Tmain.Button12MouseDown(Sender: TObject; Button: TMouseButton;
Shift: TShiftState; X Y: Integer);
begin _porfa:=porta and $DF;
porta:=porta or $02;
send;
part.caption:='Shoulder’;

status.caption:='Down’;
end;

procedure Tmain.Button1;1MouseDown(Senden TObject; Button: TMouseButtoﬁ;
Shift: TShifiState; X, Y: Integer);
begin porta:=porta and $EF;
porta:=porta or $01;
send;
part.caption:='Base";

status.caption:='Left";
end,;

procedure Tmain.Button?MouseUp(Sendén TObject; Button: TMouséButton;
Shift: TShiftState; X, Y: Integer);
begin cirporta;

end;
procedure Tmain.ButtonSMouseUp(Sender: TObject; Button: TMouseButton:

Shift: TShiftState; X, Y: Integer);
_begin clrporta;



end;

procedure Tmain.Button11 MouseUp(Ser{der: TObject; Button: TMouseButton;
Shift: TShiftState; X, Y: Integer);
begin clrporta;

end;

procedure Tmain.Button13MouseUp(Sender: TObject; Button: TMouseButton;
Shift; TShiftState; X, Y: Integer);

begin c]fporta:
end;

procedure Tmain.Button8MouseUp(Sender: TObject; Button: TMouseButton;
Shift; TShiftState; X, Y:.Integer);

begin  clrporta;

end;

procedure Tmain.Button10MouseUp{Sender: TObject; Button: TMouseButton;
Shift: TShiftState; X, Y: Integer); '

begin clrporta;

end;

procedure Tmain.Button12MouseUp(Sender: TObject; Button: TMouseButton;
Shift: TShiftState; X, Y: Integer);

begin clrporta;

end;

procedure Tmain.Button14MouseUp(Sender: TObject; Button: TMouseButton;



Shift: TShiftState; X, Y: Integer); N
begin clrporta;

end;

procedure Tmain.-ButtonSClick(Sender: TObject);
begin timer1.enébled:=tme;
portc:=portc and $EF; //stop high voltage
{/lchoose low voltage for step

end;

procedure Tmain.Button6Click(Sender: TObject);

begin timer1.enabled:=false;
end;

procedure Tmain.Timer1Timer(Sender: TObject); .
begin  case time of
1:time:=2;
2:time:=3;
3:time:=4;
4:time:=5;
5:time:=6,
6:time:=7;
7:time:=8;
8:time:=1;
end;//case
case time of
1:begin tempstep:=strtoint(dattimeO'.caption):
dattime0.color;=$00d7a2;
dattime7.color:=clgreen;
end;
2:begin tempstep:=strtoint{(dattime 1.caption);
dattime1.color:=$00d7a2;



dattime0.color:=cigreen;
end;
3:begin tempstep:=strioint(dattime2.caption);
dattime2.color;=$00d7a2;
dattime1.color:=clgreen;
end;

" 4:begin tempstep:=strtoint(dattime3.caption);
dattime3.color:=$00d7a2;
dattime2.color:=clgreen;

end;
5:begin tempstep:=stricint{dattime4.caption);
dattime4.coior:=$00d7a2;
dattime3.color:=clgreen;
end; ;
6:begin tempstep:=strtoint(dattimeS5.caption);
dattime5.color:=$00d7a2;
dattime4.color:=clgreen;
end; ;
7:begin tempstep:=strtoint(dattime6.caption); .
dattime6.color:=$00d7a2;
dattime5.color:=cigreen;
end;
8:begin tempstep:=strtoint(dattime7.caption);
danknélcobn=$00d7a2;
dattime6.color:=cigreen;
end; .
end;
ponazponcgnd$FC;
portc:=portc or tempstep;

send;

end;



procedure Tmain.speedstepChange(Sender: TObject);
begin timert.interval:=2000-speedstep.position;
Edit2.text:=inttostr(speedstep.position);

end;

procedure Tmain.BitBtn6MouseDown(Sender: TObject; Button: TMouseButton;
Shift: TShiftState; X, Y: Integer); .
begin forw; //setdirection up
portc:=portc or $08; //choose step motor

portc:=portc or $40; //enable voitage step

end;

procedure Tmain.BitBtn7MouseDown(Sender: TObject; Button: TMouseButton;
Shift: TShiftState; X, Y: Integer).
begin rew:;// setdirection down
porté:=portc or $08; //choose step motori
poﬁc:=portc; or $40; /lenable voltage step

end;

- procedure Tmain.BitBtn4MouseDown(Sender. TObject; Button: TMouseButton;
Shift: TShiftState; X, Y: Integer);
begin  forw; {//set direction
portc:=portc and $F7;//choose step step2
portc:=portc or $40; //enable step vpltage

end;

procedure Tmain.BitBtnSMouseDown(Sender: TObject; Button: TMouseButton;
Shift: TShiftState; X, Y: Integer);
begin rew; '// set direction right
portc:=portc and $F7; //choose step motor2
portc:=portc or $40; //enable step voltage

end;



-

procedure Tmain.BitBtn6MouseUp(Sender: TObject; Button: TMouseButton;

Shift: TShiftState; X, Y: Integer);
begin portc:=portc and $BF; //disable stepping motor voltage

end;

procedure Tmain.BitBtn7MouseUp(Sender: TObject; Button: TMouseButton;
Shift: TShiftState; X, Y: Integer);
begin poric:=portc and $BF;

end;

procedure Tmain.BitBtn4dMouseUp(Sender: TObject; Button: TMouseButton;
. Shift: TShiftState; X, Y: Integer);
begin  poric:=portc and $BF;

end;

procedure Tmain.BitBtn5SMouseUp(Sender: TObject; Button: TMouseButton;
Shift: TShiftState; X, Y: Integer);
beéin portc:=portc and $8F;

-,

end;

end.
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Absolute Maximum Ratings (vote 1)
It Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availablility and specifications.
OC Voitage at:
OUT 1, Vo, and OUT 2
COMP OUT, AC, M4, M3, M2, M1, BRAKE,
DIRECTION, CS OUT, and DAC REF
DC Voltage PGND to SGND
Continuous Load Current
Peek Load Current (Note 2)
Junction Temperature (T j(max))
Power Dissipation (Note 3): .
T0-220 (Ta = 25°C, Infinite Heatsink)
T0-220 (Ta = 25°C, Free Air)

+60V
+12V

+400mV

JA
6A

+150°C

25W
3.5W

ESD Susceptibility (Note 4) 1500V
Storage Temperature Range (Ts) —-40*Cto +150°C
Lead Temperature (Soldering, 10 seconds) 300°C

Operating Conditions (ote 1)
Temperature Range (T,) (Note 3) - —40*Cto +125°C

Supply Voltage Range (Vcg) +12Vto +55V
CS OUT Voltage Range OVto +5V
DAC REF Voltage Range 0Vio +5V
MONOSTABLE Pulse Range 10 psto 100 ms

Electrical Characteristics The following specifications apply for Vog = -+ 42V, unless otherwise stated. Bold-
face limits apply over the operating temperature range, —40°C < Ty < + 125°C. All other limits apply for Ty =

Ty = 25°C. (Note 2)

Typical Limit Units
Syfnbol Parameter Conditions (Note 5) (Note 5) (Limits)
icc Quiescent Suppty Current DACREF = 0V, Vgg = +20V 8 mA
15 mA {max)
POWER OUTPUT STAGE
Ros(on) Switch ON Resistance ILoap = SA 0.4 Q (max)
0.3
0.6 0 (max)
fLoap = 6A 03 0.4 0 (max)
¥ ' 0.6 2 (max)
Vpiooe Body Diode Forward Voitage Ipiope = 3A 1.0 v
1.5 V(max)
T Diode Reverse Recovery Time Ipioce = 1A 80 ns
Qr Diode Reverse Recovery Charge loiope = 1A 40 nC
tooN) Output Turn ON Delay Time
Sourcing Outputs ILoap = 3A 5 ps
Sinking Outputs ILoap = 3A 200 ns
{ooFR Output Turn OFF Delay Time '
Sourcing Outputs loap = 3A 60C | ns
Sinking Outputs ILoap = 3A 400- ns
ton Output Tum ON Switching Time .
Sourcing Outputs ILoap = 3A 40 ns
Sinking Outputs ILoap = 3A 1 e s
toFF Output Turn OFF Switching Time
Sourcing Cutputs lLoap = 3A 200 ' ns
Sinking Outputs fLoap = 3A .80 ns
ow Minimum Input Pulse Width Pins 10and 11 . 2 - ps
iod Minimum Dead Band iNote 6) 40 ns
http://vrww.national.com 2




Electrical Characteristics The following specifications apply for Vog = +42V, unless otherwise stated. Bold-
tace [imits apply over the operating temperature range, —40°C < Tj < + 125°C. All other limits apply for T =
Ty = 25°C. (Note 2) (Continued)
Typlcal Limit Units
]
Syn'_!bol Parameter Conditions (Note 5) (Note 5) (Umits)
CURRENT SENSE AMPLIFIER
: Current Sense Output ILoap = 1A(Note 7) 200 pA (min)
. N 250 175 pA (min)
H 300 pA (max)
¥ 325 pA (max)
X Cumrent Sense Linearity Error 0.5A < loap < 3A(Note 7) +6 %
- +9 %(max)
Current Sense Offset iLoap = OA S RA
20 A (max)
DIGITAL-TO-ANALOG CONVERTER (DAC)
Resolution 4 Bits (min)
Monotonicity 4 Bits (min)
-- Total Unadjusted Error 0.125 0.25 LSB (max)
) 0.5 LSB (max)
Propagation Delay 50 ns
lrer DAC REF Input Current DAC REF = +5V -0.5 pA
+10 pA (max)
COMPARATOR AND MONOSTABLE
Comparator High Output Level . 6.27 \
Comparator Low Output Level 88 mv
Comparator Qutput Current
Source 02 mA
Sink 32 mA
toELAY Monostabte Tum OFF Delay {Note 8) 1.2 1S
2.0 ps (max)
PRGTECTION AND PACKAGE THERMAL RESISTANCES )
Undervoltage Lockout, Voo 5 V (min)
8 V (max)
TysD Shutdown Temperature, T 155 *C
Package Thermal Resistances
8)c Junction-to-Case, TO-220 15 *Crw
03A Junction-to-Ambient, TO-220 35 *‘C/wW
LOGIC INPUTS
ViL Low Level Input Voltage -~0.1 V (min)
0.8 V{max)
Viy High Level Input Vottage 2 V (min)
- 12 V (max)
N Input Current Vi = 0Vor 12V +10 pA (max)
3 http://www.national.com



1]
Electrical Characteristics the following specifications apply for Vog = +42V, unless otherwise stated. Bold-
face limits apply over the operating temperature range, —40°C < Ty < + 125°C, All other limits apply for Tp =
Ty = 25°C. (Note 2) {Continued)
Nate 1: Absolute Maxk Ratings indi X Emits beyond which damage 10 the device may occwr. Electrical specifications do not apply when operating the device
outside the rated Operating Conditions. .
Note 2 Unless otherwise slated, load currents are pulses with widihs less than 2 ms and duty cycles less than 5%,
Note 3: The maxs power dissipation at arty ambij e Pytax = (125 — TA)/8ya, where 125°C s the maximum juncts for

peration, Ty, is the temp h‘élﬂdOMi:ﬂ\e jon-0 b in*C/W. Pwvousmoaecmsw»amby

torchgT;abovo‘le‘C.ltm' s 15mmmmwmmmmmammumouhmmo¢m
i onho ) 8¢, and the case-lo of tha heatsink

’ uo«l.ESOm&\gkbmdonInMnanbodymdeloHOOchﬁschargedmmughl1smmsistor M1, M2, M3 and M4, pins 8, 7, 6 and 4 are protected to

800V,

Note 5: Al fimits are 100% production tested at 25°C. T limits are g d via ion using pted SQC (Stats Quality Controf)
methods. ANl limits are used to calculate AOQL {(Average Outgoing Quality Level). Typicals are at Ty = 25°C and represent tha most lkely parametric norm.
Nou&AsymmcﬁcnmOFF-ndONdoiayﬁmesandm\d\k\gnmesensureammm:o#bﬂo«mommumhwmwmﬁgebegmwm
ON {preventing momentary short circuits between the power supply and ground). The transitional period during which both switches are OFF is y

10 as the dead band.

Note 7: L.oaD. lsense) datd points are taken for load currents of 0.5A, 1A, 2A and 3A. The current sense gain is specified as kense/ioap for the 1A data point.
The cuiment sense linearity is specified as the slope of the tine between the 0.5A and 1A data points minus the slope of the line between the 2A and JA data points
&l divided by the slope of the kne between the 0.5A and 1A dala points.

Note 8: Tum OFF delay, theiay. is defined as the time from the voltage &t the output of the current sense amplifier reaching the DAC output voltage 1o the lower
DMOS switch beginning to tum OFF, With Vo = 32V, DIRECTION high, and 20001 connected between GUT1 and Vg, the voltage at RC is increased from OV to
5V at 1.2V/pus, and trg sy is measured as the time from the voltage at RC reaching 2V to the time the voltage at OUT 1 reaches 3V.

Typical Performance Characteristics

4 RDS(ON) vs
RDS(ON) vs Temperature ROS(ON) vs Load Current Supply Voltage
0.8 (—y—r 040 7 0.50 ™
Vep =42V Yoo = 42V Loap ® 34
Fhoap = 54 1,=25% 0.29 T, = 25°C
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z A4 £ o3 3 oz
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/ 0.25
] 0.23
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~55-35-15-5 25 45 €5 85 105 125 05 10 15 20 25 30 10 15 20 25 30 35 40 45 50 S5
JUNCTION TEWPERATURE (°C) LOAD CURRENT {A) SUPPLY YOLTAGE (V)
Current Sense Output Supply Current vs Supply Current vs
vs Load Current Supply Voltage Temperature
L] 7 - 7 [ —
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Connection Diagram

PGND 154
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> ouT2
DACREF
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— 0

JLMH/11878-2
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o
=
o

(o]

AN

Top View

15-Lead TO-220 Molded Power Package
Order Number LMD 182457
See NS Package Number TA15A

Pinout Descriptions (see Functiona! Block
and Connection Diagrams)

Pin 1, OUT 1: Output node of the first half H-bridge.

Pin 2, COMP QUT: Output of the comparator. If the voltage
at CS OUT exceeds that provided by the DAC, the compara-
tor triggers the monostable.

Pin 3, RC: Monostable timing node. A parallel resistor-
capacitor network connected between this node and ground
sets the monostable timing pulse at about .1 RC seconds.
Pin 5, PGND: Ground return node of the power bridge. Bond
wires (internal) connect PGND to the tab of the TO-220
package.

Pins 4 and 6 through 8, M4 through M1: Digital inputs of
the DAC. These inputs make up a four-bit binary number
with M4 as the most significant bit or MSB. The DAC pro-
vides an analog voltage directly proporﬁonal to the binary
number applied at M4 through M1. )
Pin 9, Vcc: Power supply node.

Pin 10, BRAKE: Brake logic input. Pulling the BRAKE input
fogic-high activates both sourcing switches of the power
bridge—efiectively shorting the load. See Table 1. Shorting
the load in this manner forces the load current to recirculate
and decay to zero.

Pin 11, DIRECTION: Direction logic input. The Jogic level at
this input dictates the direction of current flow in the load.
See Table I.

Pin 12, SGND: Ground return node of all slgnal level cir-
cuits.

PIn 13, CS OUT: Output of the current sense-amplifier. The
current sense amplifier sources 250 pA (typical) per ampere
of total forward current conducted by the upper two
switches of the power bridge.

Pin 14, DAC REF: Voltage reference input of the DAC. The
DAC provides an analog voltage equal to Vpac Rer X
D/16, where D is the decimal equivalent (0-15) of the bina-
ry number applied at M4 through M1.

Pin 15, OUT 2: Output node of the second half H-bridge.
TABLE I. Switch Control Logic Truth Table

BRAKE | DIRECTION | MONO | Active Switches
H X X Source 1, Source 2
L H L Source 2
L H H Source 2, Sink 1
L L } L Source 1
L L H Source 1, Sink 2
X = don't care

MONGQ is the output of the monostable.
Functional Descriptions
TYPICAL-OPERATION OF A CHOPPER AMPLIFIER

Chopper amplifiers employ feedback driven switching of &
power bridge to control and limit current in the winding of a
motor (Figure 7). The bridge consists of four solid state
power switches and four diodes connected in an H configu-
ration. Control circuitry (not shown) monitors the winding
current and compares it to a threshold. While the winding
current remains less than the threshold, a source switch
and a sink switch in opposite halves of the bridge force the
supply voitage across the winding, and the winding curmrent
increases rapidly towards Vog/R (Figwres 7a ard 1d). As
the winding current surpasses the threshold, the control cir-
cuitry tumns OFF the sink switch for & fixed period or off-time.
During the off-time, the sowce switch and the opposite up-
per diode short the winding, and the winding current recircu-
lates and decays slowly towards zero (Figures 7b and 1e).
At the end of the off-time, the control circuitry tums back ON
the sink switch, and the -winding cument again increases
rapidly towards Voo/R (Figures Ta and 1d again). The
above sequence repeats to provide a current chopping ac-
tion that limits the winding cumrent to the threshold (Figure
1g). Chopping only occurs if the winding current reaches the
threshold. During & change in the direction of the winding
current, the diodes provide a decay path for the Initial wind-
ing current.(Figures Tc and 7f). Since the bridge shorts the
winding for a fixed period, this type of chopper ampiifier is
commonly referred to as a fixed off-ime chopper.

hittp://www.national.com
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TU/H/11876-3

TL/H/11876-6

Functional Descriptions (Continved)
@

VYee

:

(b)

Vec

TL/H/11873-4

._i_.

TL/H/11878-7

(9

(c)

TL/H/11878-5

Bl

TL/H/11878-8

TUH/11878-9

FIGURE 1. Chopper Amplifier Chopping States: Full Vg Applied Across the Winding (a) and {d), Shorted
Winding (b) and (e), Winding Current Decays During a Change in the Direction of the Winding Current (¢)
and (f), and the Chopped Winding Current (g)
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fFunctional Descriptions (continued)

THE LMD 18245 CHOPPER AMPLIFIER

The LMD 18245 incorporates all the circuit blocks needed to
implement a fixed off-time chopper amplifier. These biocks
include: an all DMOS, full H-bridge with clamp diodes, an
amplifier for sensing the load curent, a comparator, a
monostable, and a DAC for digital control of the chopping
threshold. Also incorporated are logic, level shifting and
drive blocks for digital control of the direction of the load
cumrent and braking.

THE H-BRIDGE

The power stage consists of four DMOS power switches
and associated body diodes connected in an H-bridge con-
figuration (Figure 2). Tuming ON a source switch and a sink

Vee

L

Winding

switch in opposite halves of the bridge forces the full supply
voltage less the switch drops acrcss the motor winding.
While the bridge remains in this state, the winding current
increases exponentially towards a limit dictated by the sup-
ply voltage, the switch drops, and the winding resistance.
Subsequently turning OFF the sink switch causes a voltage
transient that forward biases the body diode of the other
source switch. The diode clamps the transient at one diode
drop above the supply voltage and provides an altemative
current path. While the bridge remains In this state, it essen-
tially shorts the winding and the winding current recirculates
and decays exponentially towards zero. During a change in
the direction of the winding cumrent, both the switches and
the body diodes provide a decay path for the initial winding
current (Figure 3).

=N

Mator
Winding

»—I’l

S1 end Sé ON ——————+ 52 and S3 ON
-------- - S1 0N cmmee-e-= 520N .
TL/M/11878-10 TLH/11878-11
FIGURE 2 The DMOS H-Bridge
v?c Vee

Motor
Winding

S3

. TUH/NM878-12

° recrend o

>—--l|l

TL/H/11878~13

FIGURE 3. Decay Paths for Initial Winding Current During a Change In the Direction of the Winding Current

L
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Applications Information

POWER SUPPLY BYPASSING

Step changes in current drawn from the power supply occur
repeatedly during normmal operation and may cause large
voltage spikes across inductance In the power supply line.
Care must be taken to limit voltage spikes at Vcc to less
than the 60V Absolute Maximum Rating. At a change in the
direction of the load cumrent, the initial toad curent tends to
raise the voltage at the power supply rail (Figure 3 again).
Current transients caused by the reverse recovery of the
clamp diodes tend to pull down the voltage at the power
supply rail.

Bypassing the power supply line at Vgg is required to pro-
tect the device and minimize the adverse effects of normal
operation on the power supply rail. Using both a 1 pF high
frequency ceramic capacitor and a large-value aluminum
electrolytic capacitor is highly recommended. A value of
100 uF per ampere of load current usually suffices for the
aluminum electrolytic capacitor. Both capacitors should
have short leads and be located within ene half inch of Vg,

OVERCURRENT PROTECT!ON

If the forward current in either source switch exceeds a 12A
threshold, intemal circuitry disables both source switches,
forcing a rapid decay of the fault current (Figure 5). Approxi-
mately 3 us after the fault current reaches zero, the device
restarts. Automatic restart allows an immediate retum to
normal operation once the iault condition has been re-
moved. [f the fault persists, the device will begin cycling into
and out of thermal shutdown. Switching large fautt currents
may cause potentially destructive voltage spikes across in-
ductance in the power supply line; therefore, the power

Trace: Fautt Current at SA/div
Horizontat: 20 ps/div

FIGURE §. Fault Current with Voo = 30V, OUT 1 Shorted to OUT 2, and CS OUT Grounded

supply line must be property bypassed at Vg for the motor
driver to survive an extended cvercurrent fault.

In the case of a locked rotor, the inductance of the winding
tends to limit the rate of change of the fauit cumrent to a
value easlly handled by the protection circuitry. In the case
of a low inductance short from either output to ground or
between outputs, the fault current could surge past the 12A
shutdown threshold, forcing the device to dissipate a sub-
stantial amount of power for the brief period required to dis-
able the source switches. Because the fauit power must be
dissipated by only one source switch, a short from output to
ground represents the worst case fault. Any overcurrent
fault is potentially destructive, especially while operating
with high supply voitages (230V), so precautions are in or-
der. Sinking Vg for heat with 1 square inch of 1 ounce
copper on the printed circuit board is highly recommended..
The sink switches are not intemally protected against shorts
to Ve,

THERMAL SHUTDOWN

Internal circuitry senses the junction temperature near the
power bridge and disables the bridge if the junction temper-
ature exceeds about 155°C. When the junction temperature
cools past the shutdown threshold (lowered by a slight hys-
teresis), the device automaﬁcilly restarts.

UNDERVOLYAGE LOCKOUT

Internal circuitry disables the power bridge if the power sup-
ply voitage drops below a rough threshold between 8V and
SV. Should the power supply voltage then exceed the
threshold, the device automatically restarts. _

TL/H/11878-15

http://www,national.com




§

FROM
JCONTROLLER

FROM
MCONTROLLER

The Typical Application
Figure 6 shows the typical application, the power stage of a
chapper drive for bipolar stepper motors. The 20 kQ resistor
and 2.2 nF capacitor connected between RC and ground
set the off-time at about 48 ps, and the 20 kQ resistor con-
nected between CS OUT and ground sets the gain at about

40V

200 mA per volt of the threshold for chopping. Digital sig-
nals control the thresholds for chopping, the directions of
the winding currents, and, by extension, the drive type (full
step, half step, etc.). A pprocessor or pcontrolier usually
provides the digital control signals.

.. XL

SlV 1 uf F— 100 pf
DIRECTION A DAC REF Yo @ our s
BRAKE A e
M4 A
M3 A LMD18245
M2 A
M1 :
A ouT 2
€S ouT RC FOND scuuk
20k 2.2aF
20kQ
Tori T
\va—
40V
sV ’l—ﬂ'ﬁg T 100 uf
DIRECTION B DAGREL AR
BRAKE B
us B
M3 8 LMD18245
M2
ut ’
. ouT 2
cs ouT | RS POND SGND
20k0 2.20F
20kn
TiT
V=

. FIGURE 6. Typlcal Application Circuit for Driving Bipolar Stepper Motors

PHASE A

200 STEP/REVOLUTION HYBRID
12V, 0.95A, 12mH, 120

ROTOR

PHASE B

TL/H/11878-16
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The Typical Application (ontinued)

ONE-PHASE-ON FULL STEP DRIVE (WAVE DRIVE)
To make the motor take full steps, windings A and B can be
energized in the sequence

A—>B—>A*"—B*—>A—> ...,
where A represents winding A energized with current in one
direction and A® represents winding A energized with cur-
rent in the opposite direction. The motor takes one full step
each ime one winding is de-energized and the other is en-
ergized. To make the motor step in the opposite direction,
the order of the above sequence must be reversed. Figure 7
shows the winding currents and digital control signals for a
wave drive application of the typical application circuit.

TWO-PHASE-ON FULL STEP DRIVE
To make the motor take full steps, windings A and B can
also be energized in the sequence

AB—> A*B—> A'B*—> AB*—>AB— ...,
and because both windings are energized at alt times, this
sequence produces more torque than that produced with
wave drive. The motor takes one full step at each change of
direction of either winding current. Figure 8 shows the wind-
ing currents and digital control signalsfor this application of
the typical application circuit, and Figure 9 shows, for a sin-
gle phase, the winding current and voltage at the output of
the associated cumrent sense amplifier.

-
TU/R/11878-17
Top Trace: Phase A Winding Current at 1A/div
Bottom Trace: Phase B Winding Current at 1A/div
Horizontak 1 ms/div
*500 steps/second
t L]
e s P TN el
. '
: )
CIRECTION A '
avinwa S :
. ' '
' '
DIRECTION B | I
1 —4, ] _~
1 '
1 '
M4 A, M3 A, M2 A, v .
and M1 A ﬂ
M4 B, M3 8, M2 B, v
- d M1 B N
an:
FORWARD . REVERSE’
TLAH/11878-18

BRAKE A = BRAKEB = 0 .

FIGURE 7. Winding Currents and Digital Control Signals for One-Phase-On Drive (Wave Drive)
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TL/H/11878-19

Top Trace: Phase A Winding Current at 1A/div
Bottom Trace: Phase B Winding Current at 1A/div
Horizontak: 1 ms/div

*500 steps/second

' .
REENEN RN ' REEIENRY
]
. 1
‘.__..‘ -——
DIRECTION A I R ; T
h _‘V 1
t 1
1 1
N —--i
1
]
t
)

DIRECTION B

FORWARD REVERSE

M4 A through M1 A = M4 B through M1 8 = 1
BRAKE A = BRAKEB = 0

FIGURE 8. Winding Currents and Digital Control Signals for Two-Phase-On Drive

TUH/11878-21

Top Trace: Phase A Winding Current at 1A/div
Botiom Trace: Phase A Sense Voltage at 5V/div
Horizontat 1 ms/div

*500 steps/second

FIGURE 9. Winding Current and Voltaée at the Output of the Assoclated Current Sense Amplifier

TL/H/11878-20
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The Typical Application (continued)

HALF STEP DRIVE WITHOUT TORQUE The motor takes one half step each time the number of
COMPENSATION energized windings changes. {t is important to note that al-
though half stepping doubles the step resolution, changing

To make the motor take half steps, windings A and B can be 4
energized in the sequence the number of energized windings from two to one deqreas-
A—> AB —> B—> A°B —>-A* — es (one to two increases) torque by about 40%, resulting in
. A*B* —> B* —» AB* —> A—> significant torque ripple and possibly noisy operation. Figure
ot 10 shows the winding currents and digital contro! signals for

this half step application of the typical application circuit. )

TL/H/11878-22

Top Trace: Phase A Winding Current at 1A/div

Bottom Trace: Phase 8 Winding Current at 1A/div .
Horizontal: 1 ms/div

*500 steps/second

Arlefelefs]el]e]

felsffs]e]7]e]

DIRECTION A —I : . % . L‘\,

DIRECTION 8 . L

. ' I A I s
| .
]

“ B N Y TP | Lrv
"””“.?.;'fﬁ"a_] |_| || U"" _U LI U A

FORWARD REVERSE

. TUH/11878-23
BRAKE A = BRAKEE = 0
FIGURE 10. Winding Currents and Digital Control Signals for Half Step Drive without Torque Compensation
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The Typical Application continued)
HALF STEP DRIVE WITH TORQUE COMPENSATION

To make the motor take half steps, the windings can also be
energized with sinusoidal currents (Figure 17). Controlling
the winding currents in the fashion shown doubles the step
_resolution without the significant torque ripple of the prior
drive technique. The motor takes one half step each time
the level of either winding current changes. Half step drive
with torque compensation is microstepping drive. Along'with
the obvious advantage of increased step resolution, micro-
stepping reduces both full step oscillations and resonances
that occur as the motor and load combination is driven at its
natural resonant frequency or subharmonics thereof. Both

:
]2lo]<]sf o] ]
1

DIRECTION A l

t

5 DIRECTION 8

1 L

of these advantages are obtained by replacing full steps
with bursts of microsteps. When compared to full step drive,
the motor runs smoother and quieter.

Figure 12 shows the lookup table for this application of the
typical application circuit. Dividing 90*electrical per full step
by two microsteps per full step yields 45° electrical per mi-
crostep. a, therefore, increases from 0 to 315° in incre-
ments of 45°. Each full 360° cycle comprises eight half
steps. Rounding Jcosa| to four bits gives D A, the decimal
equivalent of the binary number applied at M4 A through
M1 A. DIRECTION. A controls the polarity of the current in
winding A. Figure 11 shows the sinusoidal winding curmrents.

TL/H/11878-24

Top Trace: Phase A Winding Current at 1A/div
8oitom Trace: Phase B Winding Current at 1A/div
Horizontal: 2 ms/div
*500 steps/second

[els]<]s] e[ [e]

15,

U4 A, M2 A, M1 A, [ I ]
and M3 8 .

FORWARD
BRAKE A = BRAKE B = 0

*

’JUUU‘”

g W e e o

REVERSE
TL/M/11878-25

FIGURE 11. Winding Currents and Digitai Control Signals for Halt $tep Drive with Torque Compensation
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The Typical Application (continued)
90* ELECTRICAL/FULL STEP + 2 MICROSTEPS/FULL STEP = 45° ELECTRICAL/MICROSTEP

a lcos(a)) DA DIRECTIONA |sin(a)) DB DIRECTIONB

I .o 1 15 1 0 0 1
FORWARD 45 0.707 1 1 0.707 11 1
4 90 0 0 0 1 15 1

135 0.707 11 0 0.707 11 1

T 180 1 15 0 0 0 0
REVERSE 225 0.707 11 ] 0.707 11 (]
| 270 ] ] 1 1 15 0

318 0.707 1 1 0.707 11 0

REPEAT

FIGURE 12, Lookup Table for Half Step Drive with Torque Compensation

QUARTER STEP DRIVE WiTH TORQUE
COMPENSATION

Frgure 13 shows the winding currents and lookup table for a
quarter step drive (four microsteps per full step) with torque
compensation.

TL/H/11870-26
Top Trace: Phase A Winding Current at 1A/div .
Bottom Trace: Phase B Winding Current st 1A/div
Horizontal: 2ms/div
*250 steps/second

80* ELECTRICAL/FULL STEP + 4 MICROSTEPS/FULL STEP = 22.5° ELECT RICAL/MICROSTEP 4

a lcos(a)l DA DIRECTIONA [sin(a)) DB DIRECTIONSB
0 1 15 1 0 0 1.
225 0.924 14 1 0.383 6 1
| 45 0.707 11 1 0.707 11 1
FORWARD 67.5 0.383 6 1 0.924 14 1
l 90 0 0 0 1 15 . 1
1125 0.383 6 0 0.924 14 1
T 135 0.707 1 0 0.707 1 1
REVERSE 157.5 0924, 14 0 ' 0.383 6 1
i 180 1 15 0 0 0 .0
2025 0.924 14 (] 0.383 6 0
225 0.707 1 0 0.707 11 0
2475 0.383 6 0 0.924 14 0
270 0 0 1 1 15 0
2925 0.383 6 1 0.924 14 i}
315 0.707 11 1 0.707 11 0
337.5 0.924 14 1o 0.383 6 0
REPEAT

BRAKE A = BRAKE B = 0
FIGURE 13. Winding Currents and Lookup Table for Quarter Step Drive with Torque Compensation

15 http://www.national.com



Test Circuit and Switching Time Definitions

DIRECTION

P Voo = 42V

BRAKE

\ :-E_P 10

LMD 18245

+5Y /
DIRECTION .- 50% sox -\
0 ' -
T Yogon X Yocorr)
A/
£L tTT 0% 90% "~ 7"
SCURCE / Y \
° A1 10% 0% )
=T [ Yo 1 Yo
Yee -t 10% 10% 11 A
SINK \ /
/ (... 90% 0%...|. ]
TUH/18T8-28
-

http://vww.national.com

16



iver

, 55V DMOS Full-Bridge Motor Dri

53A

LMD1824

Physical Dimensions inches (millimeters) unless otherwise noted
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Absolute Maximum Ratings (vote 1)

If Miiitary/Aerospace specified devices are required,
please contact the National Semlconductor Sales
Office/Distributors for avallablility and specifications.

Total Supply Voltage (Vg, Pin 6) 60V
Voltage at Pins 3,4, 5,8 and 8 12v
Voltage at Bootstrap Pins (Pins 1 and 11) Vour +16V
Peak Output Current (200 ms) 6A
Continuous Output Current (Note 2) 3A
Power Dissipation (Note 3) 25W

Electrical Characteristics

Power Dissipation (T4 = 25°C, Free Air) 3w
Junction Temperature, T jimax) 150°C
ESD Susceptibility (Note 4) 1500V
Storage Temperature, TsTg —40°Cto +150°C
Lead Temperature (Soldering, 10 sec.) 300°C

Operating Ratings (ote 1)
Junction Temperature, Ty’
Vg Supply Voltage

—40°Cto +125°C
+12Vto +55V

The following specifications apply for Vg = 42V, unless otherwise specified. Boldface limils apply over the entire operating
temperature range, —40°C < Ty < +125°C, all other limits are for T4 = Ty = 25°C. (Note 5)

Symbol . Parameter Conditlons Typ Limit Units
"Hps(ON) Switch ON Resistance Output Cumrent = 3A (Note 6) 0.33 0.4/0.6 Q (max)
Rps(ON) Switch ON Resistance Qutput Current = 6A (Note 6) 0.33 0.4/0.6 Q (max)
Veramp Clamp Diode Forward Drop Clamp Curent = 3A (Note 6) 1.2 1.5 V (max)
Vi Logic Low Input Voltage Pins3,4,5 -0.1 ~ | -V(min)
0.8 V {max)
[ Logic Low Input Current Vin = —0.1V, Pins = 3, 4,5 -10 pA (max)
ViH Logic High Input Voltage Pins 3,4,5 2 V {min)
12 V (max)
Tin Logic High Input Current ViN = 12V, Pins = 3,4,5 10 pA (max)
_{ Cument Sense Output loytr = 1A (Note 8) 377 325/300 pA (min)
425/450 pA (max)
. Current Sense Linearity 1A < loyt < 3A (Note 7) +6 +9 %
Undervoltage Lockout Outputs tum OFF 9 V {min)
11 V (max)
Tiw - Warning Flag Temperature Ping < 0.8V, I =2mA 145 ‘C
VE(ON) Flag Output Saturation Voltage Ty=Togw b = 2mA 0.15 v
Is(OFF) Flag Output Leakage Vg = 12V -0.2 10 pA (max)
Tys0 Shutdown Temperature Outputs Tum OFF 170 °C
Is Quiescent Supply Current All Logic Inputs Low 13 25 mA (max)
toon Output Tum-On Delay Time Sourcing Outputs, loyt = 3A 300 ns
Sinking Outputs, oyt = 3A 300 1 ns
ton Output Tum-On Switching Time Bootstrap Capacitor = 10 nF
. ¥ Sourcing Outputs, loyt = 3A 100 ns
Sinking Outputs, loyt = 3A 80 ns
¢ toott Output Tum-Oft Delay Times Sourcing Outputs, loyT = 3A 200 ns
Sinking Outputs, oyt = 3A 200 ns
tott Output Tum-Off Switching Times Bootstrap Capacitor = 10 nF
Sourcing Outputs, loyt = 3A 75 ns
Sinking Outputs, oyt = 3A 70 ns
tow Minimum Input Putse Width Pins3,4and$ 1 us
tepr Charge Pump Rise Time No Bootstrap Capacitor 20 Bs

Iy
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Electrical Characteristics Notes
Note 1: Maxd Ratings inci timits beyond which damaga 10 the device may occur. DC and AC electrical specifications do not apply when operating

the device beyond its rated operating conditions.

Note 2= Ses Application Information for details regarding current limiting.

Note 3: The ! power dissipation must be d d at e d p and is a function of Tymayx), 01, and Ta. The maximum eflowable power
issip at any temporatre Is Poymax) ™ (Tsmax) = TA)/8a, Of the number given in the Absoluta Ratings, whichever is lower. The typical thermal resistance

from junction to case (6,¢) i 1.0°C/W and from junction to ambient (6,) is 30°C/W. For guaranteed operation Tymax) = 125°C.

Note 4: Human-body modet, 100 pF discharged through a 1.5 kil resistor, Except Bootstrap pins (pins 1 and 11) which are protected to 1000V of ESD.

Note 5: Al limits are 100% production tested at 25°C. Temperature extreme imits are guaranteed via ation using ptad SQC (Statistical Quality Controf}

methods. All limits are used 1o calcufate AOQL, (Average Outgoing Quality Level). .

Note 6: Output currents are puised (ty < 2 ms, Duty Cycle < §%).

Note 7: Regulation is calculated relative 1o the current sense output value with a 1A load.

Note &: for tighter sre available, Contact factory.

Typical Performance Characteristics
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Pinout Desci’iption (See Connection Diagram)

Pin 1, BOOTSTRAP 1 Input: Bootstrap capacitor pin for
half H-bridge number 1. The recommended capacitor
(10 nF) is connected between pins 1 and 2.

Pin 2, OUTPUT 1: Half H-bridge number 1 output.

Pin 3, DIRECTION Input: See Table I. This input controls
the direction of current flow between OUTPUT 1 and OUT-
PUT 2 (pins 2 and 10) and, therefore, the direction of rota-
tion of a motor load.

Pin 4, BRAKE Input: See Table I. This input is used to
brake a motor by eftectively shorting its terminals. When
braking Is desired,. this input Is taken to a logic high level
and it Is also necessary to apply logic high to PWM input, pin
5. The drivers that short the motor are determined by the
fogic level at the DIRECTION input (Pin 3): with Pin 3 logic
high, both current sourcing output transistors are ON; with
Pin 3 logic low, both current sinking output transistors are
ON. All output transistors can be turned OFF by applying a
togic high to Pin 4 and a logic low to PWM input Pin 5; in this
case only a small bias current (approximately —1.5 mA) ex-
ists at each output pin.

Pin 5, PWM input: See Table I. How this input (and DIREC-
TION input, Pin 3) Is used is determined by the format of the
PWM Signal. )

Pin 6, Vg Power Supply

Pin 7, GROUND Connection: This pin is the ground return,
and is intemally connected to the mounting tab.

Pin 8, CURRENT SENSE Output: This pin provides the
sourcing current sensing output signal, which is typically
377 pA/A.

Pin 9, THERMAL FLAG Output: This pin provides the ther-
mal warning flag output signal. Pin 9 becomes active-low at
145°C (junction temperature). However the chip will not shut
tself down until 170°C Is reached at the junction.

Pin 10, QUTPUT 2: Half H-bridge number 2 output.

Pin 11, BOOTSTRAP 2 Input: Bootstrap capacitor pin for
Half H-bridge number 2. The recommended capacitor
(10 nF) is connected between pins 10 and 11,

TABLE 1. Logic Truth Table

PWM Dir Brake Active Output Drivers
H H L Source 1, Sink 2
H L L Sink 1, Source.2 °
L X L Source 1, Source 2
H H H Source 1, Source 2
H L H Sink 1, Sink 2
L X H NONE

Locked Anti-Phase PWM Control
£0% QUTY CYeLE 75% OUTY CYCLE 25% QUTY CYCLE

= L1 JLT
CAr

1 U

AVERAGE [OAD  AVERAGE LOAD CURRENT  AVERAGE LOAD CURRENT
CURRENT =0 FLOWS FROM OUTPUT | FLOWS FROM OUTPUT 2
10 oUTPUT 2 TO OUTPUT 1

- TLH/10568-4

Application Information

TYPES OF PWM SIGNALS

The ILMD18200 readily interfaces with different forms of
PWM signals. Use of the part with two of the more popular
forms of PWM is described in the following paragraphs.
Simple, locked antl-phase PWM consists of a single, vari-
able duty-cycle signal in which Is encoded both direction
and amplitude information. A 50% duty-cycle PWM signal
represents zero drive, since the net value of voltage (inte-

_grated over one period) delivered to the load is zero. For the

LMD18200, the PWM signal drives the direction input {pin 3)
and the PWM input (pin 5) is tled toogic high.
Sign/magnitude PWM consists of separate direction (sign)
and amplitude (magnitude) signals. The (absolute) magni-
tude signal is duty-cycle modulated, and the absence of a
pulse signal {a continuous logic low level) represents zero
arive. Current delivered to the load is proportional to pulse
width. For the LMD18200, the DIRECTION input {pin 3) is
driven by the sign signal and the PWM input (pin §) Is driven
by the magnitude signal.

USING THE CURRENT SENSE OUTPUT

The CURRENT SENSE output (pin 8) has a sensitivity of
377 pA per ampere of output current. For optimal accuracy
and linearity of this signal, the value of voltage generating
resistor between pin 8 and ground should be chosen to limit
the maximum voltage developed at pin 8 to 5V, or less. The
maximum voltage compliance is 12V.

It should be noted that the recirculating cuments (free
wheeling currents) are ignored by the current sense circuit-
ry. Therefore, only the currents in the upper sourcing out-
puts are sensed.

USING THE THERMAL WARNING FLAG

The THERMAL FLAG output (pin 9) is an open coltector
transistor. This permits a wired OR connection of thermal
warning flag outputs from multiple LMD18200’s, and aflows
the user to set the logic high level of the output signal swing
to match system requirements. This output typically drives
the interrupt input of a system controlier. The interrupt serv-
ice routine would then be designed to take appropriate
steps, such as reducing load currents or initiating an orderly
system shutdown. The maximum voitage compliance on the
flag pinis 12V.

SUPPLY BYPASSING

During switching transitions the levels of fast current chang-
es experienced may cause troublesome voltage transients
across system stray inductance.

Sign/Maghnitude PWM Control

b
omecTON l
o t"u)°

A LU L Ienr
|1 RN,

-~
MOTOR SPEED:  stow o st v oA fast

\YERAGE CURRENT FLOWS FROM AYDRAGE CURRINT FLOWS FROM
CUTPUT § 10 OSIAST 2 OUIPUT 2 10 OUPVT ©
TL/H/10568-5
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Application Information (continued)

ltis normally necessary to bypass the supply rail with & high
quality capacitor(s) connected as close as possible to the
Vs Power Supply (Pin 6) and GROUND {Pin 7). A 1 pF high-
frequency ceramic capacitor is recommended. Care should
be taken to limit the transients on the supply pin below the
Absolute Maximum Rating of the device. When operating
the chip at supply voltages above 40V a voltage suppressor
(transorb) such as P6KE62A is recommended from supply
to ground. Typically the ceramic capacitor can be eliminated
in the presence of the voltage suppressor. Note that when
driving high load currents a greater amount of supply bypass
capacitance (in general at least 100 uF per Amp of load
current) is required to absorb the recirculating currents of
the inductive loads.

CURRENT LIMITING

Current limiting protection circuitry has been incorporated
into the design of the LMD18200. With any power device it
is important to consider the effects of the substantial surge
currents through the device that may occur as a result of
shorted loads. The protection circuitry moniturs this in-
crease in current (the threshold is set to approximately 10
Amps) and shuts off the power device as quickly as possible
in the event of an overload condition. In a typical motor
driving application the most common overloa 1 faults are
caused by shorted motor windings and locked rotors. Under
these conditions the inductance of the motor {(as welil as any
series inductance in the Vg supply line) serves to reduce
the magnitude of a cument surge to a safe level for the
LMD18200. Once the device is shut down, the control cir-
cuitry will p=riodically try to turn the power device back on.
This feature allows the immediate retum to normal opera-
tion in the event that the fault condition has been removed.
While the fault remains however, the device will cycle in and
out of thermal shutdown. This can create voltage transients
“on the Vg supply line and therefore proper supply bypass-
ing techniques are required.

The most severe condition for any power device is a direct,
hard-wired (“screwdriver”) long term short from an output to
ground. This condition can generate a surge of cument
through the power device on the order of 15 Amps and
require the die and package 1o dissipate up to 500 Watts of
power for the short ime required for the protection circuitry
to shut off the power device. This energy can be destruc-
tive, particularly at higher operating voltages (>30V) so

Vg
TO GATE
DRIVE
CIRCUIT
CCHARGE PUMP
GROUND
TLH/10568-6

FIGURE 1. Internal Charge Pump Clrcultry

some precautions are in order. Proper heat sink design is
essential and it is normally necessary to heat sink the Vg
supply pin (pin 6) with 1 square inch of copper on the PCB.

INTERNAL CHARGE PUMP AND USE OF BOOTSTRAP
CAPACITORS

To tum on-the high-side (sourcing) DMOS power devices,
the gate of each device must be driven approximately 8V
more positive than the supply voltage. To achieve this an
internal charge pump is used to provide the gate drive volt-
age. As shown in Figure 1, an intemal capacitor Is atternate-
ly switched to ‘ground and charged to about 14V, then
switched to V supply thereby providing a gate drive voltage
greater than V supply. This switching action is controlled by
a continuously running internal 300 kHz oscillator. The rise
time of this drive voitage is typically 20 ps which is suitable
for operating frequencies up to 1 kHz. .

For higher switching frequencies, the LMD18200 provides
for the use of external bootstrap capacitors. The bootstrap
principle is in essence a second charge pump whereby a
large value capacitor is used which has enough energy to
quickly charge the parasitic gate input capacitance of the
power device resulting in much faster rise times. The switch-
ing action is accomplished by the power switches them-
selves (Figure 2). External 10 nF capacitors, connected
from the outputs to the bootstrap pins of each high-side
switch provide typically less than 100 ns rise times allowing
switching frequencies up to 500 kHz.

INTERNAL PROTECTION DIODES

A major consideration when switching current through in-
ductive loads is protection of the switching power devices
from the large voltage transients that occur. Each of the four
switches in the LMD18200 have a built-in protection dicde
to clamp transient voltages exceeding the positive supply or
ground to a safe diode voltage drop across the switch.
The reverse recovery characteristics of these diodes, once
the transient has subsided, is important. These diodes must
come out of conduction quickly and the power switches
must be able to conduct the additional reverse recovery cur-
rent of the diodes. The reverse recovery time of the diodes
protecting the sourcing power devices is typically only 70 ns
with a reverse recovery current of 1A when tested with a full
6A of forward current through the diode. For the sinking
devices the recovery time is typically 100 ns with 4A of re-
verse cument under the same conditions.

QVS

TO GATZ PIN 1 OR 11

DRIVE ¢

e
5

GROUND

EXTERNAL
BOOTSTRAP
CAPACITOR

PIN 2 OR 10

TUHI10568-7
FIGURE 2. Bootstrap Circuitry
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Test Circuit
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Typical Applications

Fixed Off-Time Control: This circuit controls the current
through the motor by applying an average voltage equal to

zero to the motor terminals for a fix
ever the current through the motor

ed period of time, when-
exceeds the command-

slightly about an externally controfled average fevel. The
duration of the Off-period is adjusted by the resistor and
capacitor combination of the LM555. In this circuit the Sign/
Magnitude mode of operation is implemented (see Types of

ed current. This action causes the motor current to vary PWM Signals).
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TORQUE REGULATION

Typical Applications (continued)

OIRECTION CONTROL

3000

VOURRENT < e 1
ADJUST 1%

Locked Anti-Phase Control of a brushed DC motor. Current sense output of the LMD18200 provides load sensing. The
LM3525A is a general purpose PWM controller.

~
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Typical Applications (Continued)

VELOCITY REGULATION

Ulilizes tachometer output from the motor to sense motor speed for a locked anti-phase control loop.

DIRECTION CONTROL
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o o
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LMD18200 3A, 55V H-Bridge

P hysical Dimensions lnches.(millimeters) unless otherwiseé noted .
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LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT’
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRIMTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or

1. Life support devices or systems are devices or
systems which, {a) are intended for surgical implant
into the body, or (b} support or sustair: life, and whose
failure to perfonm, when properly used in accordance

with instructions for use provided in the labeling, can effectiveness.
be reasonably expected to result in a significant injury
to the user.
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