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Abstract

This thesis presents the iron surface hardening using high frequency magnetic
induction to induce eddy current around work pieces until they become hot red. The circuit
composes of the rectifier and the filter that transfer 50 - Hz ac voltage to dc voltage. Then,
dc voltage is changed to high - frequency ac voltage by the inverter which uses power
MOSFET for switching. After that , the energy is delivered through step - down transformer
at 135 -170 kHz frequency and load of 1 kW power rating to send to parellel resonant circuit
which can control operation between resonant frequency band by using process of computer

and have over current protection for safety of circuit.
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910 H, = H,(y) cos ot 1at H (y) iilumsn/onulas 1, foufuuau y uazd@oulug

o0 [luFoa 1850 B () explot) udni‘humusmluaums 2.2)

d’H, p.
> ——JoH, =0
dy” p
UM o = po/2p 3218
d°H, 2ja’H, =0
dy2
WoudluaumsanioswFvasail
dsz 2
ay? -k*H, =0

Tau i = 2jo” wazudarumsez Idily
H, = A, exp(ky) + A, exp(-ky)

4 : ey ;
39 A, A, midlasunumy =« wld H flimddauaz A =0 fiy=0918H =

H,, exp(jot) A9 H(y) = H, exp(-ay/2j ) exp(jot)



UA 2j =1+ esoouaums idiu
H (y)=H__exp[-(1+)ay + jot]
=H__exp(-ay) exp [j(wt-ay)]
maunsIeglugldausselae

H,(y) = H_ exp(-ay) cos (ot-oy) (2.4)

2.2.1 ANNANAI (Skin depth)
NMUSUAAY = 0), H, =H__ cos ot AIAUMS (2.1) uaziinnudnla q suiandumdu
3 [ g o 3 & LY ar A a a ' - o a o
auimansiihudnd wwFvaduadvds H fAuSnufieyg - oy fnnudifeadiy
4 1 =3 - 1 ] " A a a
die y = 1o vinaaumnimanszilu ¢ oh (0.368 winvesmmuSuAwazie
) 1] ¥
waou'l 1 siRou (57.3°) fanudniisonin ANWARA? & (Skin  depth M58 Depth of
. ' d P Do A = ' o 2
penetration) BUNIsham Niszve y = 2/ Aslivinaaunimanegitlu ¢ 1, (0135 H, )

]
a

A ¥ v o d 1 o A
Falinnfooun laveunsouansnnuduRussenin H/H, uaz y /8 18aagii 2.2

1.0

0.8
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[HH |
° 0.4-

T

{ @ o 1 ] [ a
JUR 2.2 uamanFURUS eI NANMTUAUINUNIMANUAZ A IENA?

9N o’ = po2p 92 AT

2p
= |— N TE ST (2.5)
po
] = Qr L L4 L. =\ QJ
NWUN mmﬁnwgliluﬁﬂmuiﬂumqnu fFulseananuAIunIu (Resistivity) 1taz

YA ] @ e v ] =3 i
WHudadiunnfudy sanudueuveuniman (Permeability) 1tazA1UD (Frequency)



222 ANUMLHNTRINISNE () , ADNWONUHYBUTUISURIMAED (B) , Uazmnw
I (E)
NAUMS (2.4) UaL B = pH 1218
By (y) =Bom exp(~ ocy)cos(mt - ay) (2.6)

. [ ] 1 d
fnwdag 9218 J = curl H Tae 3 Juanumuiunszuaiiszozla 4 vesruau

VxH =

E§)|Q)r .

i
o 90
ox oy
H, H,

z

i3 = 12' ar z
us H = H, = 0 unz H biimsafdouulaslumoun X uasunu z daiu

i J kK
VxH={ 0 2 0
Ay
H, 0 0
oH P -
I =% ayx =k {[ - exp (jot) [Bya_ exp (-oLy) \/2—]]} H_ (@uI)

= k[a\/(zj) exp (-ay\/ @j) +jo)] H,_ (AIUD39)
110 2) =1+ j=V2exp(jmr4) 232109

i, = ki V2 expl-oy(1+]) + joot + judl} H.,

=k OL\/Z H,, [exp(-aLy) cos(wt - oy + 7t/4)] @7
A 3 o o L
Fauaaaliifiud 3 Moy H og 45°
Woy=0, J0 = ‘\/2H0m o exp[j(ot + 7t/4)] =‘\/2on01. exp(jm/4)
J ; (y) =] om exp(jmt - ay\/Z—j) =] X0 exp(- ocy)cos(cot - ocy) (2.8)

1]
) ) -

' o 4 ' v 4 v o do > 4

waaah 1, imsatounlasduniiousiu Huas B FadunuFnumAYSHuAMIFY
Uaznn E = pJ v2ldh
E = = - - X
; pJ , pJ omexp( ocy)cos(cot ocy) 2.9)

o 3 = ] g 9 a0 R q’: qy
Fay YSuamaiman v (2 B J uas E) Aeedredesinnudndia (Skin depth) Hiadu
é =y L] 1] o ~ 1 i
Fayuiauelsuiane q ssuanaedy 31ngY (2.2) mnsaRvsanulanienn It / 1Ol

sy /8ol | /30 uae e /RO 18



2.2.3 YSmnanssuanarnyn (Total current)

o« o0
ATSUT / ﬂ')‘lﬂJﬂ%‘N Im= IJ dy(xl) = IJ exp(- ay)cos(cot -ay)dy
0

Z Oom

=] _ Real part of 0] exp [j(Dt - (1 + j)OLy] dy
0

exp[jmt - (1 + jocy)] %

=J __Real part of
om _ l .
e |,
J
=—"-cos(wt-7/4) (2.10)
V20

YSunanszuase 1 mitsanunii Idaaumdsmnnunuuniunssudeg 45° uaz

vinaums 2.8) 18 T, =+2aH , exp|j(ot + 7/ 4)] fafy

) exp\- jn/4
aszuamnuAdeim  =+2aH om exp[ jlot+m/ 4)]——(—2
V20
=H,_exp(jot) (2.11)
] . =; = = é o
ANUHUUUUNTSUANINY H NUTIUAT III = [H,_ | $uneasaiiin phase)

2.3 mas i weziduns asimdnluiunuuugannd
2.3.1 MAIGYTY (Loss)

¥
- “a

o o 2 1 ot 9y aQ o 2 :’, = y
MIINYUYLTUADNUNND P) ﬁ‘lblﬂ%‘lﬂﬂ‘lsﬂuvuﬂﬁﬂ pJ YN‘lliiJ‘lﬂiﬂ‘lUiﬂ 1A1UY9490a

P= [pI2dy(x1x1)
0

o

=pJ? jexp(- 2ay kos? (cot ~ay)dydt

0

cos’ Duiinsa IAitlununtves sin’ Mfy 0.5 wazh y 1a 9 , ay urasmsnidouyy

1 :l’ o :l’ 1 o o i o o
waminiu daiu mddegapdoiioglugy ad /asnwnes oldidu

JZ ©
p = Plom _[exp(— 2cxy)dy
- 0

2
J2
=Eﬁ=pJ§ma/4 (2.12)
J2H y
ua |7, |=~2[H o =——"= ms1zaziu
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PHon  PH,
T 28 8

» <3 v a a a
Iﬂﬂ Ho l‘ﬂUﬂ'lﬂTJ:’lﬂiJlﬂﬁ (rms) YB3IA1 H NUITIINUHI

P (2.13)

J o o a = Qy 2 1 ' S o a
WU MAIPULINITIUATDAN I ANVYBITUIIU %qmmag‘lugﬂlﬂasgumiﬂum

] ¥ ¥
mmaegdenssos y demdsgadoniua 18l

p [exp(- 2(1.}')] Z),

e =] exp(— 20Ly) (2.14)
P [exp(- 20Ly)] ®
0
4 P,
NTYT y=1a=35, —P—= 1-exp(-2)=1-0.135=0.865
p P,
NjeUs y=2/a =25, ?= 1-exp(-4)=1-0.018=0.982

o o a o a4 Q2 a =) S ¥ o
ANTUANTT (2.14) mmqaﬂuaumu‘lmgumnﬂwmmaﬂm (3) UaSINEIIANUDINTS U
[ 1 &R a [ J d' _R a v 9 s
HAI9IN 2 IMUDIANNANAT (28) Aalugyl 2.3 wud AnrwdnAnzgnidanuioulavasaud
1 a A Qy [ wa a 82 A k) o 45 v R a
TIUNHADUDIFUIIUIIAMUTV VALY ‘lumsaammu%amaﬂ‘l&sﬂ’nuﬂqqma‘lnmmaﬂm

¥ v o w o o " A Y
Hay lmzﬂTllJ'HunluuﬁlfNﬂ‘lﬁQQiylﬁﬂlnﬂﬂqﬂlﬂ'lﬂﬂzl‘ﬂu,lﬂ,lﬂ

1.0
0.8T
0.61
P
W8 44l
P
0.2

1y/% 3 4

UM 2.3 umasmanugaueinuanian 9

2.3.2 fnauduusanimannanuauaca il seneuigs
=Y ] -1 ] a o & o’:
USuanduusaimandennundin 1 was w19INNsoUNna B (y)dy Aneanana

1 4 i 4
Fu AIUUINTUNS (2.6)

¢=pH,, Texp[jwt -(1+ oy (dy x1)



H
= P:E”" cos(ot-m/4) (2.15)
a

a LY (: 3 o o o '
Usnadndvismuademnsiiudadiulasassty B uazmaniumdseg 45° uag
1 a o = [ ¥ i 3 & a a 4 a
MATUMS (2.11) W dSnunssuainualinaasesiu H, iduusauimaniusinuaited

Y ' e v o = [ 1 4 4 a a ' °
Waaseny B, uddSiamdnsismuatimaaumdaduusammaniusiuioeg 45

4 9 = = ) o
11 e.m.f. ﬁ'liJ”ISﬂ‘H’l‘lﬂiﬂﬂﬂ”ﬁﬂ‘ﬂhﬂﬂliul‘ﬁﬂﬁ myunuLrIa

dé pH  No | pH_  No
E=N—=-—FF——sinlot-n/4)=—F———cos(ot-n/4 2.16
" o ( ) o ( ) @16)

9

Y o o a 1 d
A1A52nouMAa (Power factor) ¥oaFuauuauuana N ad oI ves E Lay
o { Qs ar [} g s [} Y]
1 AU 24() dldnssuadlyudwmdwssduimdndoundy (emf) of 45°  z'ldd

o . s 4 b 4 I @ et o
Usgnoufduduyuaiu (agging) Ia1 0.707 Femnnudumuyiusuenuaud laoynaln
3 ’ = ¥ s wa Acs L4 v do = J ar
nszguagluanzgannd ualumefiid vealevzlisuenuaudnnwdndsa lnafaiu &
UsznoudRedinfmaasfans i unnas ouAUAITUNIUVEIVAT IR aslugln 2.4()

uazuaAesaNYad 1ARegUT 2.5

Ho,land

H,and| leakage flux

Voltage drop wit
leakage of flux from coil

» Ppflux

Voltage drop with
resistance of coil

o L4 4 ’ a
3'1/71 2.4 (a)!lﬂ'ﬂJ!W?l??)fllﬂﬂlﬂﬂﬁ'f&'"?7\1ﬂ5$llmm$ll§'\1ﬂLl

7U# 2.4 ®) uamaussiunnAouYAaIN

Rioad 3 X

] ¥
UM 2.5 ummssesauyasvesdua



2.4 AnuduussynIamdalvh, amﬂnumammunm
Er3unumsanszuengniianudeuiiiseseminawe Taol¥aumuuniudgids
4 [ 3 d :,’ ’
Tfhnah uazlifinnugardola 9 wiuTanzSanuanudoul3dvmun e2'léd

WA N A = Pt (2nR1)
o = 2
naxunasau =06 (nRNH(CY)

d’ A o A
1UD R ADTAUVDINTINTEUDN

v 2 6_R(Cy)
UY pP= " 2.17)
2t (
nnaums (2.17) P liuduanuemsenszuen uaz 0 fie gungiindy (Mean

t4
Temperature) U amWIsoUBNMMITNTzIILVRIgunglieield .

2.5 FUNUIUNIINITUBNUDLHAINNISUN 59T
1o [~ da °o_ o 4 a <
msurSeumsgaduanuiounin (Wm”) uazasiidenundouldia Fam'ld
o
1NNRYDIAANIY - TUAHUIU (Stefan - Boltsmann)

P, = (5.67/10" 28.* (2.18)

[
=y

Tas Y = aala. msursednian Cluinua)

0, = gungiifinalavduysel (K)

P, = MIgeiovenIsunssd (Wm’)

R

P I -
FRAINVBIAANIU (Stefan’s constant) = 5.67*10° Wm 'K
¥y
dmsamaudssdfifiavesduay o gumgiduysel
P, =5.67 2.0.-0,*)10° (2.19)

] y v ]
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) 22
mile 300K 9z lAdnammumniudidagandy (loss density) Uszunai 1 kwm? el il

oufumves b, Al (194 1 Mwm?) Smanuuanavesgumginsudadsznheiaty
1 y ]
duadeuiiinn  aunsada 6,° M4 wu 6, = 1000k (Qungififa) Wamsudssdlalg

o & . & ' o &
QUM 300K a4 (1000)° =10” uaz (300)° = 81*10° Faleun1 10 I wsonanald
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4 ° . . I~ o
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[ ' u & = o A ' o .. .
ANUIBUIIUNU Lummnmimummﬂammman"lﬂﬁw (Electromagnetlc induction) , ‘IJi‘lﬂ
s da . J P a t as y ¥
§iM30lA7 (Skin effect) UaZMsAWMAIINSON (Heat transfer) o510 Tavteldnail Weld
] ] ¥ ]
IWdhnszuaaduvadiguaniamiioninisuauegnmelu nszualwfaduezmiioni
a ' o ] ay a 'ny 4 [y
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a ' ] a { a a ny y&o o a
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4 o Y o ¥ P ' 4 a A
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Induced currents
in billet

a.c. supply
o Py v o ° ' s
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P, = N.I.R,, (3.2)
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gmsvlunszumnsyuidalans Hoguawdt uafidonldannseduunidiv
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1. 0309 I anudounuumiienimaNasuay (Induction Heater)

]
I

2. 150 1A ounuumilonimuSuA (Surface Hardening)

v v

3.2 138911 AN BUNULINIIE 11 INITUOY (Induction Heater)
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v . a
3.2.1.1 gnmanumumuvedlansiugamgil
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EY 1 < vy i
lag Pg Ao anmanudumunigungd 0 la 9 uaz p, Aeanmanudumud

v L a Ql o v ar ﬁ.
gungdl 0, dau oL e Aduilsedndvesassiianis q dalumisen 3.1

o Paoc € m)
Aluminium 40.29x 10° 2.65x10*
Brass (65 percent Cu , 35 1.6x 10° 64 x10®
percent Zn)
Bronze (90 percent Cu , 11 1.86x 10° 3.9x10°
percent Zn)
Copper 3.93x10° 1.72x 10"
Pure iron 6.5x 10° 9.71x 10"
Lead 336x 10° 20.65x 10°

(Slightly non - linear)

Silver 4.1x10° 1.59x 10°

{ U o «~ Q/
@159 3.1 uarasammaudun puasaausedng o

vev lansyilagn 9 gampil 20 C

o

¥ v
TuamuiusTaudraamanudumuvesiuruesnfounlasagungl  udly
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o 3 o ] a ny
msfinnazldmanmanudumunuyadi iy idanoatgungll  Mdiqaidofisy

4y v

[k 4
s A

nuszmlsiuaseiu PO uazluvazh O ulsiudy \/5 HueANNN Magyudensuau
siludadufy \/B dlSnudu q Al uazifioswnmanmanudumunlsaugangd

¥
suthuBuduluganhevesgungl Sudeuauns (3.4) 181migadl

0-0, ( ) (3.5)
=p, + -~ :

Pe =P 0, -6, P2 =P
vndanmsnlaounlasvesgungiithidadanfumfqyds dnfulaiiudaduiy Vp
Y A
Awfe

do

~; = Constant x Jp (3.6)
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unueruns (3.5) Tuauns 3.6) udadagy Inailddadl
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| iy = [(Constant)dt
o [P +{Z(6-0)Hp, —P))]

b4 +
gariu manldanudeusugaungdl 6, wiaswiiu 6, vy
(6,-6,) (Yp: —P1)
t=2
(p, —py) (Constant)
9/ ag Y1 g a0 w [} ag ¥ =
Sauudldmanmanuduniuadioniy P, aneasgungilsau 0, 99 6,)

3.7

douvivluaums G.6) wld

t= (92 - 91) (3.8)
(Constant)/p,, '
demeuauns 3.7) uag (3.8) 92141
(P, +4p)’
m = ——4— (3.9)
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3.2.2 MSUASITANNIDUUALNITHIANNSBY (Heat radiation and convection)
nmsgapdoanuioulasmsudfdinldnmsivgangiveuniedddanuieounyy
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Tavfi K = 27N/ 1) Q/m* (24
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unit Uindtl;
interface
uses
SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls,
Forms, Dialogs, StdCtrls, Buttons, ExtCtrls,Uindt2;
type
TForm] = class(TForm)
BitBtnl: TBitBtn;
BitBtn2: TBitBtn;
BitBtn3: TBitBtn;
Panell: TPanel; T
Labell: TLabel,;
Editl: TEdit;
Label2: TLabel;
Label3: TLabel,
Label4: TLabel;
Label5: TLabel;
Label6: TLabel,;
BitBtn4: TBitBtn;
CHANNAL.: TBitBtn;
START: TBitBtn;
ADC_DATA: TEdit;
procedure ResetClick(Sender: TObject);
procedure Decrease_freqClick(Sender: TObject);
procedure Increase_freqClick(Sender: TObject);
procedure OKClick(Sender: TObject);
private

{ Private declarations }



public
{ Public declarations }
end;
var
Forml: TForml;
data : integer;
Vstart,Vstop : integer;
1: INTEGER;
DATA_ :INTEGER;
implementation
{$R *. DFM}
PROCEDURE DELAY_TIME(I : INTEGER);
VAR J : INTEGER;
BEGIN
J=0;
REPEAT
=J+1;
UNTIL J=;
END;
function Inport_data:integer;
begin
PORT([$306] :==0;
DELAY_ TIME(500);
THEN BEGIN
Inport_data := PORT[$304];
end;
procedure TForm1.ResetClick(Sender: TObject);
begin
data := Vstart ;

port[$303] = 128;



port[$300] =0 ;
port[$302] =0
editl.text ;= 'READY" ;
label4.caption ="";
ADC_DATA.TEXT :="";
end;
procedure TForm1.Decrease_freqClick(Sender: TObject);
begin
if data < Vstop then begin
data := data + 1;
port[$300] := data ;
editl.text == intTostr(data);/
label4.caption := floatTostr(data/(255/Uindt2.Vref));
end;
end;
procedure TForm1.Increase_freqClick(Sender: TObject);
begin
if data > Vstart then begin
data ;= data - 1;
port[$300] := data;
editl.text := intTostr{data);
label4.caption := floatTostr(data/(255/Uindt2.Vref));
end;
end;
procedure TForm1.0KClick(Sender: TObject);
begin
Form2.show;

end;

unit Uindt2;



interface
uses
SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls,
Forms, Dialogs, StdCtrls;
type
TForm2 = class(TForm)
Editl: TEdit;
Edit2: TEdit;
Labell: TLabel,
Label2: TLabel;
Label3: TLabel,
Label4: TLabel,
Label5: TLabel,;
Buttonl: TButton;
Label6: TLabel;
Edit3: TEdit;
Label7: TLabel;
Label8: TLabel;
procedure ReturnClick(Sender: TObject);
private
{ Private declarations }
public
{ Public declarations }
end;
var
Form2: TForm2;
Vref : real; ’
implementation
{SR * DFM}

uses uindtl;



procedure TForm2.ReturnClick(Sender: TObject);

begin
Vref = strTofloat(edit3.text);
Uindtl.Vstart ;= trunc(strTofloat(Form2.editl.text)*255/Vref);
Uindt1.Vstop := trunc(strTofloat(Form2.edit2.text)*255/Vref);
close;
Forml.show;

end;

end.

unit Tstart;
interface
uses
SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls,
Forms, Dialogs, Buttons;
type
TForm! = class(TForm)
INITIAL: TSpeedButton;
ON_PRO: TSpeedButton;
OFF_CON: TSpeedButton;
ON_SOFT: TSpeedButton;
ON_CON: TSpeedButton;
OFF_SOFT: TSpeedButton;
OFF_PRO: TSpeedButton;
procedure INITIALClick(Sender: TObject);
procedure ON_PROCIick(Sender: TObject);
procedure OFF_CONClick(Sender: TObject);
procedure ON_SOFTClick(Sender: TObject);
procedure ON_CONClick(Sender: TObject);
procedure OFF _SOFTClick(Sender: TObject);



procedure OFF_PROCIick(Sender: TObject);
private
{ Private declarations }
public
{ Public declarations }
end;
var
Forml: TForml;
PC5,PC6,PC7 : INTEGER;
implementation
{$R *.DFM}
procedure TForm1.INITIALClick(Sender: TObject);
begin
PORT[$303] := 128; {control}
PORT([$300] := 0; {portA}
PORT{$301] := 0; {portB}
PORT[$302] := 0; {portc}
PORT{$303] := 130; {control}

PC5:=0;

PC6 :=0;

PC7:=0; ’
end;

procedure TForm1.ON_PROCIick(Sender: TObject);
begin

PC7 :=128;

PORT[$302] := PC5 + PC6 + PC7,
end; .
procedure TFo;'ml .OFF_CONClick(Sender: TObject);
begin

PC6 =64,



PORT[$302] := PC5 + PC6 + PCT7,
end;
procedure TForm1.ON_SOFTClick(Sender: TObject);
begin

PC5 =132,

PORT[$302] := PC5 + PC6 + PCT,
end;
procedure TForm1.ON_CONClick(Sender: TObject);
begin

PC6 =0;

PORT([$302] := PC5 + PC6 + PC7;
end;
procedure TForm1.OFF _SOFTClick(Sender: TObject);
begin

PC5 =0,

PORT($302] := PC5 + PC6 + PCT;
end;
procedure TForm1.OFF _PROClick(Sender: TObject);
begin

PC7 =0;

PORT([$302] := PC5 + PC6 + PCT;
end;

end.



Tsunsumnguuuusnaliugia

program Cindl;
uses
Wincrt;
var Vstart,Vstop,Vmax:real;
ch : char;
VC1,VC2,Vr : integer;
VOLT : integer;
11,12 : integer;
VOLT_MAX,VOLT MIN : real,

procedure Delay time(X:integer);

var j:integer;
begin
j=0;
repeat
=5+l
until j = X;
end;

procedure Exit_and offsystem;

begin
PORT[$300] :=0;
PORT{$301] :=0;
PORT([$302] :=0;
Halt;

end;

procedure Read_Input;
begin
writeln("Please key input command respectively follow this');

writeln("What is your Vstart(volt)?');



readin(Vstart);VOLT MIN := Vstart;
writeln('What is your Vstop(volt)?");
readln(Vstop);VOLT _MAX := Vstop;
writeln("What is your Vmax(volt)?');
readln(Vmax);

end;

function Data_In(Channal:integer):integer;

var EOC:integer;

begin
PORT[$302] := Channal+128;
PORT[$305] := 0; {ALE}
PORT{$306] := 0; {START}
repeat
EOC := PORT[$301];
until (EOC=1) ;
Data_In := PORT[$304];

end;

procedure Initial;

begin
PORT[$303] := 128; {control}
PORTI[$300] :=0; {portA}
PORT[$301] := 0; {portB}
PORTI[$302] := 0; {portc}
PORTI{$303] := 130; {control}
end;

procedure Ini_protection;

begin
PORT[$302] := 64; { Off output_control:PC6 =1 }
PORT[$302] := 192;{ On protection : PC7 =1}

end;



procedure Soft_start;
begin
PORT[$302] := 224 ; { On:PC5=1: Short resistance }
end;
procedure Off output_control;
begin
PORT([$302] := 192; {Off output_control:PC6=1}
end;
procedure On_output_control;
begin
PORT($302] := 128; { On output_control:PC6 =0 }

end;

function Datacontrol(Vin :real):integer;
begin
Datacontrol := trunc((255/Vmax)*Vin);
end;
procedure FindResonancel(var VOLT:integer);
begin
Writeln('Find resonance stepl ");
VOLT := VOLT;
PORT($300] := Datacontrol(VOLT);
repeat
writeln(VOLT);
if (VOLT > Datacontrol(VOLT _MAX)) then Exit_and_offsystem;
I1 == Data_In(0);
VOLT :=VOLT + 1;
port[$300] := Datacontrol(VOLT);
I2 := Data_In(0);
until (I2>11);



end;
procedure FindResonance2(var VOLT:integer);
begin
Writeln('Find resonance step2 ');
VOLT =VOLT;
port[$300] := Datacontrol(VOLT);
repeat
if VOLT < Datacontrol(VOLT_MIN) then Exit_and_offsystem ;
writeln(VOLT);
I1 :==Data_In(0);
VOLT =VOLT-1;
PORT[$300] := Datacontrol(VOLT);
12 := Data_In(0);
until (12>11);
end;
begin
clrscr;
Initial;
Off_output_control;
Ini_protection;
Delay_time(1000);
Soft_start;
On_output_control;
repeat
clrscr;
Gotoxy(0,0);
Read_Input;
writeln("Are y;>u sure that are correct? (Y/N) ");
readln(ch);
until ((ch="Y") or (ch="y")) ;



clrscr;

On_output_control,
writeln('Working now');

VOLT := Datacontrol(Vstart),
PORT[$300] := Datacontrol(VOLT);
FindResonancel(VOLT);
Writeln("'Step1 successful ');
I1=12-1;

VOLT :=VOLT- 1,

repeat

PORT[$300] := Datacontrol(VOLT);
12 := Data_In(0);

until (I2>11);

repeat

Vr=VOLT-1;
FindResonance2(Vr);

Writeln('Step2 sucessful ');

I1:=12-1;
Vr:=VOLT +1;
repeat

PORTI[$300] := Datacontrol(Vr);
12 := Data_In(0);

until (12>11) ;

until False;

writeln('Work complete');

readln(ch);

end.
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@ MOTOROLA

TL494
TL495

Information

I Specificatinns and Applications

SWITCHMODE

PULSE WIDTH MODULATION

CONTROL CIRCUITS

SWITCHMODE
PULSE WIDTH MODULATICN
CONTROL CIRCUITS

SILICON MONOLITHIC
INTEGRATED CIRCUITS

supply control. These devices feature:

o On-Chip Error Amplifiers
e On-Chip 5 Vot Reference
® Adjustable Dead-Time Control

: o Uncommitted Output Transistors For 200 mA Source Or Sink
e Qutput Control For Push-Pull Or Single-Ended Operation

® On-Chip 39 Vot Zener (TLA95 Onty)
i ® Output Steering Controt {TLA95 Only,

The TL494 and TLA495 are fixed frequency, pulse width modu-
lation contro! circuits designed primarily for Switchmode power

o Complete Pulse Width Modulation Control Circuitry
e On-Chip Oscillator With Master Or Slave Operation

J SUFFIX
CERAMIC PACKAGE
CASE 620-02

N SUFRIX

PLASTIC PACKAGE

CASE 648-05

PIN CONNECTIONS

Ti,494
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ngut

. /S
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H ¢ vee L
Deag
E] Voot Time
Comeo?
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E] vee Lo ]

H ot
' vy 4
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]
E
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.
I

TLASS

CERAMIC PACKAGE
CASE 726-01

N SUFFIX

PLASTIC PACKAGE

CASE 707-02

: Onertater .
: L2 Y L ~4 1 10 (N f— >
= l ._rz—: 7 el et ORDERING INFORMATION
s3] E’u C!E} L_Caa Temperature
o Q? Device Range Pachage
1 (4] Qv
\ E%B" o[3] o]uz TLAS4CN 0 To 70C Plastic DIP
op Veew] 1Top View) TLA94C) 0 To 70°C Cersnic DIP
TLASAIN ~25 To 85'C Plastic DiP
TL&941 - 25 To 85°C Ceramic DIP
TLA94AMY - 55 To 125°C Ceramic DIP
The TLAS4C.385C are specified oves the commercial operating
range of 0°C to 70°C. The TLA49411495! are specified over the in- TLA9SCN 0 To 70°C Plastic DIP
?uslrial range of - 25°C to 85°C. The TL494M is specified over the TL495C) 0 To 70°C Ceramic DIP
ull milit - 55* X
titary range of - 55°C to 125°C. TLAS5IN |- 25 To 85C | Plastic DIP
——— TLA9SY -25 To 85°C Ceramic DIP
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TL494, TL495

FIGURE 1 — BLOCK DIAGRAM
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1L494, TL495

pescription

The TL4A94:495 are fixed-frequency pulse width mod-
Jiation control circuit, incorporating the primary build-
ng biocks required for ths control of » swliching power
wpply. (See Figure 1.} An internal-linear sawtooth os-
¢hator is frequency-programmable by two external
cumponents, Ry and C~ The oscillator frequency is
derermined by:

{ - 1.1
0S¢ RT Y CT

vutput pulse width modulation is accomplished by
comparison of the positive sawtooth waveform across
cap2:1tor Ct to either of two control signals. The NOR
natzs, which drive output transistors Q1 and 02, are
enatled only when the flip-flop clock-input line is in its
iow state. This happens only during that portion of time
when the sawtooth voltage is greater than the control
w:gnals. Therefore, an increase in control-signat ampli-
de causes 8 corresponding linear decrease of output
«lve width, {Refer to the timing diagram shown in Fig-
we 2)

The control signa's are external inputs that can be fed
ity the dead-time control, the error amplifier inputs,
v the feedback input. The dead-time control compar-
ator has an effective 120 mV input offset which limits
the minimum output dead time to approximately the
trst 4% of the sawtooth-cycle time. This would result
n s maximum duty cycls on 8 given output of 96% with
the output control grounded, and 48% with it connected
tu the reference line, Additional dead time may be im-
rosed on the output by setting the dead time-control
mput 1o 8 fixed voltege, ranging between 0to 3.3 V.

The puise width modulstor comparator provides a
means for the error amplifiers to adjust the output pulse
v2:dth fromr. the maximum percent on-time, established
by the dead time control input, down to zero, as the

voltage at the feedback pin varies from 0.5t03.5V. Beth
error amplifiers have @ common-mode input rarge from
~0.3Vto (Vg ~2V), and may be used to sense power-
supply outpul volltage and current. The error-amphiier
outputs are active high and are ORed together at the
non-inverting input of the pulse-width modulator com-
parator. With this configuration, the amplifier that de-
mands minimum output on time, dominates control of
the loop.

When capacitor Ct is discharged, a positive pulse is
generated on the output of the dead-time comparator,
which clocks the pulse-steering flip-flop and inhibits the
output transistors, Q1 and Q2. With the output-control
connected to the reference line, the pulse-steering flip-
fiop directs the modulated pulses to each of the two
output transistors aliternately for push-pull operation
The output frequency is equal to half that of the oscil-
lator. Output drive can also be taken from Q1 or Q2,
when single-ended operation with 8 maximum on-time
of less than 50% is tequired. This is desirable when tire
output transformer has a ringback winding with a catch
diode used for snubbing. When higher output-drive cur-
rents are required for single-ended operation, Q1 and
Q2 may be connected in parallel, and the output-mode
pin must be tied to ground to disable the fiip-fiop. The
output frequency will now be equal 10 that of the
oscillator,

The TLA94 435 has an internal 5.0 V reference capabie
of sourcing up to 10 mA of load current for externa! bias
circuits. The reference has an accuracy of =5% with »
thermal drift of less than 50 mV over an operating tem-
perature range of O to 70°C, . .

The TL495 contains an on-chip 39 volit zener diode for
high voltage applications where Ve is greater than 40
volts, and an output steering control that cverrides the
internal controf of the pulse-steering fi.p-flop. (Refer to
the functiona! table shown in Figure 3.}

FIGURE 3 — FUNCTIONAL TABLE

Inputs I fow
Output Steering Output Function -'—-—- =
Control Controt ; nse
Grounded Open Singte-ended P.W.M. 5t Q1 snd Q2 1
At Vm Open Push-pull operstion 0.5
Al Vyot V1 <04V Single-ended P.W.M. 3t Q1 only \
At Vgt V1 >24V Single-ended P.W M. 3t Q2 only 1
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TL494, TL495

MAXIMUM RATINGS (Fun operating ambient temperaty:

re range spplies unless othenwise noted.)

Rating Symbot TLe94M TL4941TLA95¢ TL494C/TL435¢C Unkt
Power Supply Voltage Vee 42 42 42 v
Cotlector Output Voltage ves. Vea a2 PP £ v ]
Collector Output Current {each transistor) IC1. Icy 250 250 250 mA
Amoplifier Input Voltage Vin Vee + .03 Vee - .03 Vee + .03 v
Power Dissipation @ TA = 45C Pp 1000 1000 1000 mw
Operating Junction Temperature Ty 150 150 150 °C
Operating Ambient Temperature Range Ta - 6510 125 -25t0 85 01070 ‘C
Storage Temperature Range Tsig - 6510 + 150 ~6510 + 150 - 6510 - 150 ‘c
THERMAL CHARACTERISTICS
Characteristics Symbol | J Sutfix Ceramic Package ! N Sutfix Pinstic Package Unh
Thermal Resistance, Junction to Ambient RuJa 100 80 ‘Cw
Power Derating Factor V'RaJA 10.0 12.5 mwre
Derating Ambient Temperature TA 50 45 ‘c
RECOMMENDED OPERATING CONDITIONS
TL4%4TLa35 ]
ConditionVate Symbol Min " Typ i Max Unit
Power Supply Voltage Vee 7.0 15 B 40 v
Collector Qutput Voltage Ve Ve — 30 40 v
Collector Outpu? Currant feach transistor} Ict.ic2 — - 200 mA
Amplfier Inpu Voltage Vin - 03 — Vee - 2.0 v
Current Into Ferdback Terminal b —_ - 0.3 rr
Reference Output Current Iret - —_ 10 mA
Timing Resistor Ry 1.8 30 500 k2
Timing Capacitor Cr 047 1.0 10,000 nF
Osc.ilator Frequency fose 1.0 40 200 kHz

ELECTRICAL CHARACTERISTICS Vee
For typicat valyes TA = 25°C, for min‘max
noted.

= 15V, ogc = 10 kH2 unless otherwise noted.)
values Tp is the Operating ambient ternperature renge that applies uniess otherwise

‘ TLAS4M TL4s4C, FTLASSC)
Characteristic Symbol Min ’ Typ ! Max Min " Typ l Max Unit
REFERENCE SECTION
Reference Voltage - Vret 4.75 5.0 5.25 4.75 5.0 5.25 v
fig = 1.0 mA}
i =.Vohege Change with Tempersture Wietiany |~ n2 76 - LY -
l: 1274 ™ Minoon pMay) H
input Reguistion Regline - 20 a5 - s <35 my
Vee = 7.0Vio 40 v} »u
Gutput Regulation Regioad - 3.0 15 - 3.0 15 my
fIo = 1.0 mA 1o 10 mA)
Short-Circuit Output Current Isc 10 35 50 - 35 — mA
Vrief = 0V, T4 = 25%)

MOTOHOLA'LINEAR-"INTERFACE DEVICES
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TL494, TL495

ELECTRICAL CHARACTERISTICS (Voo = 15V, fogc » 10 kH2 unless otherwise noted.)
For typical values Ta = 26°C, for min'max values Ta is the ope-ating ambient tempersture range thet appliss unless otherwise

noted,
. | TLaS4M TL494C, 1 TLA95E, |
| Characteristls Bymbol + Min | Typ | Max | Min | Tya | Max | Unh
TOuUTPUT SECTION
—— 1
: Co-ector Of-State Current Icio; - 20 100 - 29 | w00 uA
l MNeg ~ 40V, Veg = 40 V) J
?muer Ofi-State Current teioH) —_ — -150 —_ — -100 s
L t¥ce ~ 40V, Ve = 40V, VE = C V) I
i Coi'rctor-Emitter Saturation Voltage Vgancy - 1.1 15 —_— " 13 v
E Comnmaon.Emitter |
' Vg = 0V, Ic = 200 mA} .
T gminter-Follower Vsaug)y | — 1.5 25 - 2] 25 v o
| tvg=15V.Ig = -200mAl ) H .
;r Output Control Pin Current IocL 1, - 10 - - 10 - ! uh
¢ Low State ! !
H tVoc < 0.4V} o o—— i
High State ' logw — 0.2 35 - 9.2 35 A
Vo¢ = Vrerl ; !
Output Voltage Rise Time (Tp =~ 25C) i 1. - 100 200 - ' oaee 7 200 Y ors
Commor.-Emitier {See Figure 13! { L : .
gmitier-Follower {See Figure 14} : - 100 200 — 1% ' 200 ny.
Output Voltage Fall Time (Tp = 25°C) : " - 25 100 -— ! 25 100 { ns
Comman-Emitter (See Figure 13) H } : ! '
Ermutinr-Follower {See Figure 14) i | -- 40 100 — ' 4 100 |, ns
. TLAS4 TLASS ;
; Cheracteristic , Symbot Min Typ ! Max © Unit
[RROR AMPLIFIER SECTIONS
i~put Offset Voltage i Vo ; - 2.0 ! 10 -
Vo (Pin3) * 2.5V} i : ! .
t~put Offset Current Iy E - 5.0 &L : PA
VO (Pin3) = 2.6V) . : ! !
irput Bias Current Poag - 0.1 : 1.0 [
. Vo pin3) = 25V) i !
) put Commun-Mode Yoltage Pange Yo Ve -03 - . Vg - 20 v
Ve = 70Vio 4L V) : .
Upen-LooD Vuitage Guin Poauo 72 o5 : - T
1aVp = 30V, V = C5t0 35V, ] ; ,
| “rg =206 i ; :
I Unity-Gain Crussover Frequency I« i - 350 ! - iokMz
. o UStss v AL - 2 . H )
: Pnzzc Margin st Unity-Gein B - b5 - vy
NG - RSInAREY, P: = 2.0 k) ! . *
Common-Mode Rejection Ratio [ [ 65 90 ’ 1]
L Ivee = d0v) : .
Power Supply Rejection Ratio HER AR - 100 - c3
L_13Vee = 33V,Vo = 25V, R = 2.0 k() ;
: Output Sink Current HEZ RS 0.3 07 - ~2
Vo ipin3) = 0.7V} .
Output Source Current ‘g~ -2.0 -49 -_ ~A
Vo (Pin3) = 35V A
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ELECTRICAL CHARACTERISTICS (Ve = *5 V. fose = 10 kM7 unless otherwise noted.)
For typical values Tp = 25°C, for min/max values Ty is the operating amblent temperature range that applies unless otherwise

noted.
TLASA/TLAYS
Characteristic Symbal Min | Tvp | Mmax Unit
PWM COMPARATOR SECTION (Test Circuit Pigure 12) .
Input Threshold Volsge VTH -_— 35 4.5 v
(Zero duty cycle)
input Sink Current [ 0.3 0.7 _— mA
V {Pin3) = 0.7V)
DEAD-TIME CONTROL SECTION (Test Circuit Figure 12)
Input Bias Current (Pin 4) hs (oM - -20 -10 pA
{(Vin = 0105.25V)
Maximum Duty Cycle, Esch Output, Push-Pull flode DCmax %
{Vin = 0V, Cy = 0.3 uF, Ry = 12k} 45 48 50
Vin = OV, Cy = 0.001 uF, Ry = 30 kM) — a5 50
Input Threshold Voltage (Pin 4) VM v
{Zero Duty Cycle) —_ 2.8 33
{Maximum Duty Cycle) 0 —_ —
OSCILLATOR SECTION
Frequency fose — 40 - kHz
{CT = 0.001 uF, Ry = 30 &11)
Stsndard Deviation of Frequency® alose - 3.0 — %
{Cy = 0.001 uF, Ry = 30 k1)
Praquency Change with Voltage Moge (aV) - 0.1 —_ %
Ve » 7.0Vi040V, Ty = 28C)
Frequency Change with Temperasture Mosc (AT) - =10 =20 %
{3TA = TAlow 0 Tanigh!
TL49S
Characteristic Symbol Min l Typ Max Unlt
STEERING CONTROL
Input Current Low IsTL — -25 - 200 BA
ViPin 13) = 04 V)
tnput Current High ISTH pA
Vipin 13) =~ 24 V) - 25 200
Vipin 13} = Vref! - 75 —
ZENER CHARACTERISTICS
Zener Breakdown Voltage vz -_ 33 -— v
(iz = 2.0 mA)
Sink Surrent H In> - 0.3 — mA
ViPin 15) = 1.4 V) i !
TOTAL DEVICE
Stondby Supply Current Ice mA
{Pin 6 8t Vi1, All Other Inputs snd Outputs Open)
Vec = 18V} g 5.5 10
(Vee = 40 V) - 7.0 15
Average Supply Current - —_ 7.0 _ mA
ViPin 4) = 2.0 V) (See Figure 12.)
{Cy = 0.001, Ry = 12k}, Veg = 15V)
* Standard devistion is » of the | distribution about the mean as derived frem the fermula, o = ’ g (n - T2
T3
I N-1
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7L494, TL495

FIGURE 4 — OSCILLATOR FREQUENCY FIGURE § — OPEN LOOP VOLTAGE GAIN AND PHASE
versus TIMING RESISTANCE versus FREQUENCY
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FIGURE 10 — STANDBY-SUPPLY CURRENT
versus SUPPLY VOLTAGE
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FIGURE 11 — ERROR AMPLIFIER CHARACTERISTICS
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FIGURE 14 — EMITTER.FOLLOWER CONFIGURATION
TEST CIRCUIT AND WAVEFORM
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FIGURE 15 — ERROR-AMPLIFIER SENSING YECHNIQUES
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FIGURE 16 — DEAD-TIME CONTROL CIRCUIT FIGURE 17 — SOFT-START CIRCUIT
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FIGURE 18 — OUTPUT CONNECTIONS FOR SINGLE-ENDED AND
PUSH-PULL CONFIGURATIONS
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FIGURE 19 — SLAVING TWO OR MORE CONTROL CIRCUMS
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FIGURE 20 — OPERATION WITH V|5 > 40 V USING
INTERNAL ZENER (TL495 ONLY)
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FIGURE 21 — PULSE-WIDTH MODULATED PUSH-PULL CONVERTER
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TV — Primary: 20T C.T. #20 AWG
Escondary: 120T C.T #36 AWG
Core: Ferroxcube 1408P-L00-3C8
TEST CONDITIONS RESULTS
Line Regulation Vin = 801020 V 3omV  0.01%
Load Regulation Vin = 126V, Ig = 0.2 to 200 mA 5.0mV  0.02%
Output Ripple Vin = 126V, 1p = 200 mA 40mvVPP PARD.
Short Circuit Current Vin = 1226V,R w010 250 mA
Eficiency Vin = 126 V. lg = 200 mA 72%
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FIGURE 22 — PULSE-WIDTH MODULATED STEP-DOWN CONVERTER
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TEST CONDITIONS RESULTS
Lina Regulation Vin = 10Vto a0V 4mv  0.28%
Load Regulation Vin = 28V,1g = 1.0 mA to 1.0 mA J0mV  0.06%
Output Ripple Vin=20V,lp = 1.0A 65mVP-P  PARD.
Shon Circuit Current Vin=28V,R = 0.0 1.6 smps
Eficiency Vin = 28V,ip = $.0A %
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