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MiCROCOMPUTER-BASED PWM-CONTROLLED

AC-TQ-DC CONVERTER WITH PHASE-SHIFT CONTRCL OF AC LINE CURRENT

-MR, PCHLAWEE BUASRI

. MR. LEONGSAKOL CHINARAT
ASSOCIATE PROFESSOR
Q]R]YA FICHETJAMROEN

CADVISORD

ABSTRACT

In this project,a three-phase PWM ac—to-dc converter ucing
GTO thyristers as power switching devices,is proposed snd analyzed.
A microcomputer-based PWM contral system is developed and used to
control the main power circuit instead of conventijonal electronic
control circuit. This yields a hjgher flexibility of cantrol system
and eliminates complexity of circuit configuration, especially when
various PWM patterns are reqﬁired for converter characteristic test.
« The design and control of PWM ac line input current,based on
microcomputer, are described in detail. The converter characteristic;
such as,. the rms values of ac line input current, the mean output
voltage and the harmonic content of ac line input current,etc,are alsé
analyzed and discussed in detail. Moreover, various convprﬁer

charecteristics under phase shifi control of sc line input current are

alsoc tested and obtained by measurement.
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3N 19ATAIA At 1o " 10
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progras calculate_harsonice;
uses printer;
vir  1g,1dd,Tau,wt,Landa,
Jull ¢ Real;
14 s byte;

const Ist=""})

furiction  lu(N 1 Integer; Lasda ¢ Realj Tau ¢ Rezl) s Realy
var X,Tesp,f,Bn,R,5,C ¢ Real;

begin
X:=N18Pij
A 3= 2H{NtTau) ¢ Sin{NtTau/2);
§ 3= A 8 Sin{(Pi/4+LandatPi/6-Tau/2)2N};
€= h 8 Cos{(Pi/A+LardatPi/b-Tau/2)8N};
Tesp := 8/X § Cos(X/42) § Cos(X/6);

f 2= Teep 8 (
{ 8~ Sin(78X/12) + &15in{X/12)4Cos{{S+Lacda)sX/12)$Cos( (1-Larda/3)tX/12) J8Id ¢
{ Sin{({1.%asda)tX/6) - § J8ldd )3

Bri=Tezp 8 (
( Cos{78X/12) = € + 4$5in(X/12)85in( (5+Laeda)8X/12)8Cos ((1-Larda/3)8X/12) J41d +
{ € - Cos((1.5+anda)8X/6) )81dd );

Iu = Sgri{ Attn ¢ EntBa);
© end;

{ &2in ]

begin
Id 3= 5; 1dd 3= 3.5 3
Jull == Ju(1,1,Pi/54);
I = §

writeln(lst,chr {015}, Hareonic contents in PR current with distortion’:B3);
writeln{lst,chr(015});
writeln{lst,chr{015),"
sriteln(lst,chr(015),'order 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0°};
writeln{ist,chr(015}," B H
far J:=1 to 15 do
begin
Llaeda 2= 0.1;
write(lst,chr{015),1:2," ');
while Lassa(1,0! do
begin
Tau 3= La&d:!rz/‘u':
write{lst,chr (045),Tu(],Lands, Tau)/1ull:9:5);
Leeds = Lande + 0.1
0}
writein{lst,chr(015));
= 1423
s}
writeln{lst,chr(015)," 1
end, - ’

-a




prograa calctlate_harmonic_with out distortion;
uses printer;

vir  ld,wt,Lasds,Jull 1 Realy
19 1 byte;

“const Iste’'y

function Ju(N 1 Integer; Lasda : Real) s Real;
. var nPi,Tesp,An,Bn 1 Realy
begin

nPi 1= N ¥ Pi}

Teap 1= Cos(nPi/i2) 8§ Cosi{nPi/b) § ( Sin{(Landa-2)4nPi/i2] ¢
2 ¢ Sin(nPi/i2) ¢ Cos((1-Landa/3)#nPi/i2) };

fn 3= Teap § Cos((SHasda)dnPi/f2);

Bn = Tesp ¢ Sin((5Hasda)dnPi/i2);

Tu 1= 16/nPi § Sgri{ Anthn + BntBn)j
end;

{ sain

begin
Id = 3
1 1= 4
Tull = Tu{l, i)

Lt

witeln(lst,chr{015), Haraonic contents in PR current without distortion’sB5);

writeln{lst,chr(0135));

writeln(lst,chr(015),°
writein{lst,chr(015),’order 0.1 0.2

0.9 1.0')

writeln(lst,chr(015),
for Jisf to §5 do
begin
Lasda 1= 0.1
write(lst,chr(015),1:2,° ‘)3
while Lasda¢=l do
begin

write(Ist,chr (015}, Tu{l,Lasda}/Juiis9:5);

Laeda := Landa ¢ 0.1
endj
writeln(lst,chr(015));
= 1424

end;

witeln(1st,chr(0£3),
ml
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Z9
Harwonic contents in PWY current without distortion

............. fc.__-__
order 6.1 0.2 .03 0.4 0.5 0.6 0.7 0.8 0.9 1.0
1 0.09560 0,19235 0.29019 ©,38905 0.48887 0.5895B 0,69112 0.79341 0.89640 1.00000
3 0.00000 0.00606 0.00000 0.00000 ©,00000 0.00000 0.00000 0,00000 0.00000 0.00000
H] 0.00595 0.00990 0.01155 0.01059 0,00680 0,00000 0.00994 0.02308 0.03942 (.05850
7 0.00783 0,01715 0.0274i.0.034B6 0,04352 0.05227 0.05636 0.05711 0.05398 0.04655
0,00000  0.00000 0,00000 ©,00060 0,00000 0.00060 0,06600 0,00000 ©0.00000 0,00000
11 0.06713 0.15423 0.15630 0.21051 0,19£43 €.15605 0.09384 0.CI536 0.07124 0,157€9
13 0.10107 0,204652 0,30444 0,3B354 0.43451 0.4510% 0.43061 0,37470 0.28871 0.1B132
15 C.00000 0.G0000 0.000G0 0,00000 0.00000 0.00000 0.00060 0,66E00 0,00000 0,00000
17 0.00338 0.00226 0,01B58 0,044%G 0.07B30 0,11413 0.14689 0.17124 0.1830% 0.18016
19 €.00893 0.01794 0.02097 0.01347 0.00641 0.03728 0,07472 0.11237 (.1431¢ 0.16119
21 ¢.00000  0,00600 0,06000 €,00000 0.00000 0,00000 €.00060  0.00000 0.000060  0,00000
£ 6.07612 0.10045 0.06743 0.00746 0.09327 0.15467 0.16460 0.11396 0.01564 0,10249
25 0.10323 0.19396 0.2342% 0,20562 0.11874 0.00000 0.3G164 0.15220 0.13722 0.06947
27 0.00000 0.00000 0,00000 0.00060 0.00000 €.00000 ©€.00000 €.00000 0,00000 0.00000
29 0.000Z8 0.01650 0.04835 0.08259 0.10507 0.10394 0.07950 (.04230 ©,00793 0,0812¢

Harsonic contents in PEY current with gistortion
N j

order ¢.1 0.2 .3 0.4 0.5 0.6 0.7 0.8 6.9 1.0
1 0.09567 0.19246 0.29035 0,3B923 0.46903 0,.58974 0.65125 C.79351 0.89645 1,00000
30.00000 0.00000 0.00000 0,00000 0.00000 0.00000 0.60000 €.00060 0.00000 0.000600
3 0,00567 6.00941 G.01050 0.00989 0,00628 0.002B4 €.01124 0.02406 0.04013 0,05931
7 0.00752 0.01651 0.0261% 0.03561 0.04405% 0,05068 0.0547% 0.05561 0,05274 0.04572
g 0.00000 0.60000 0.00000 0,00000 0,00000 €,06000 0.00060 0.CC000 ©.00000 0.00000
1 0.08737 0.15314 0.19850 0,21434 0.20243 0€.16449 (.10457 (.02880 (0.057146 Q.14341
i 0.10105  0.20651 G,30478 0.3B4B6 0.43759 0,45869 0.43546 0.38707 0.30443 0.19974
15 0,00000 0.000G0 0.00000 0,00000 0,00200 0.00000 €,00008 0.00000 0,00006 0,00000
17 0.00318 C.00268 ©.01BEB 0.04442 0,07764 0,11328 0,14623 0,17127 (,18427 0.1B2%7
19 0.00B61 0.01738 0,0G2043 0,01335 0.00646 0.03623 0,07305 0.11051 0,141B6 0.1612F
21 00000 0.00000  €.C0000  0.00000 0,00000 "0.06000 0.6600¢ C.GO000  €.0C0000  0.00000
23 0.07639 0.10245 0.07179 0.00287 0.0B426 0.14548 0,16440 0,12030 ,02851 C.0B773
28 (.10322 0.19454 (.23685 0.21143 0.12584 0.01039 0.09353 0.15019 0.14364 0.08349
27 0.00000  0.0000% 0,00000 Q.00000 0.00000 0.00000 0,00000 ©,GO000  0.GCOO0 0.00000
25 G.00048 0.01458 (,04795 0.CB257 0.10543 €,10583 (.083CG2 0,04659 0.0G13163 ©.01099




30

Wk X C3Y) v W ¢ R + Wi

\

P
<q
.S

0

- T0

- £°0

— ¥'0

~ §0

#
epmpduy

|~ 90

I~ 40 °

- @0

- 80

VOROWEIp LRI

SOJUOWLIDY JO SI3PI0 SA QOW HdVAO.



31

%9 aon v %0z qon ° x09 gon + 206 GON
SOjUOULIDY 40 JOPIO

- %0

- £0

- §0

- 40

—~ §'0

- 4l 0'Q
VORIID A

206—%09 POW SOIUOWIDY JO SI8PIO HdVYD

- o

esprgndury



- hY

/‘_

é
2.3.2 RMS waonssua1u31 U ’ 32

e

—

e e

N
U

° o v €& ' ) * (a'
' n1157ﬂﬂu1uon%u HOREFIINIUNNIRIADY %1 mean uﬁvnannﬁmn n 2

Fe
P
=l

o ) adu(da‘ v o & o W o o
(EpeangUnRu L iuiionubuaeaunasiu douuaeaninionns iieendsay
UALKIATLARY LHDIAT IAIUL TUMU

M .

' 2.
429 £ (x) £,.(x)
1 1d 1d%
2 T emt A (AVATI 1A V+Id (-mt+k2)2
T
3 1d 1a 2
4 ~mt+ (A V(T+AT) ~1)KV+1d (-mb+k4)
. T 2
5 1d 1d
. | 4
. 6 —mt+ AV (2T+AT)-1) AV+1d (-mt+k6)
T ]
7 1d 1d
2
8 ~mt+ (AV(3T+AT)-1)AV+1d (-mt+k8)
T
g id / Tk
¢
10 id | 1at

[} v ]
- ' o oo o P-3 o
779% 1,3,5,7,9, 10 Huildns e oo fa

= 11?1[ AT-T>+ (%2\3“—‘[:) +AT-T)+(AT-T) +2AT+2T3

3 3 3
=1t 12AT-473
- 3

2
=41dCAT-T2



£ (t)=°(t,+8

b b

f?%t)dt =f(ou,+3> dt
a ¢

]

3P
1 (f(t))l
3oL @
2 3

gy lu’fdonauwunwaof?b(w =1 (f (21) £ Ar-D 3

I

l»

2
u;,m.un'lﬂfL(t) =Sufidr L8= uun%f"(t>—~vun°lmf{<t)

GIUUWUTITINRINTGICN 2 69 8

16 = rf3()T>-f3(;\T—'t)J
Jd

3 3
=4 [(1d-pV) —Id3
ol

2o ol e 2 KBRS
WutisEaen 1 fe 10 = 41d[)T—'ZJ+§2[(I—bV) -1d3

..-8

f Fen3
Y Irms= [41d[2T—'ZJ+4/£(1-AV) -id333
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. progras calculate_res_of line_turrent;
uses printer;

tonst tal = 300e-6;  { sec }
lo=1;
Idd = 0.9; {of 1d}
t = 1.665660-3; { sec )
¢ Ist=""

var sux_squirel,sus_square2,sean_square,res,
* suk_square,]d3, Idd3, landasreal;

bepin
laaga := 0.4;
1d3:=10¢1d¢1d;
1dd3:=1d34 1dd$ 1dd11dd;

writeln(lst,’ 4
writeln(lst, for tal = *,tal/le-8:5:2," sicrosec’);
writeln(lst,’ y )3

repeat

sut_squsrel;=4t{lasdatt-tal ésqr(1d];
sug_square2:=43ta]t{1d3-1dd3)/(34{1~1dd)81d);
sut_squares=sup_squarel+sun_square?;
gean_square:=sus_square/(6%t);
rass=sqri(sean_square);
writeln(lst, laada = °,lasdati00:4:2,°Y res = *,res:5:d);
landa=lasdat0.035;

until lasda } 0.95 ;

writeln(lst,’ ')

end.

BYRNEaED

. for tal = 300,00 sicrosec

larda = 40,007 res = 0,505
laeda .= 45,001 ras = 0,3370
landa = ¥0,00% res = 0.5672
larda = 55,001 ras = 0,5959
larda = 60.007 res = 0.4232 .
landa = 65.00% res = 0,6494
lasda = 70.00% res = 0.4746
laedz = 75.00% res = 0,6939
landa = B2.001 res = 0,7223
Jarda = BR.OOY res = 0.7450
lacda = 90,001 res = 0,761
lasda = 95,001 res = 0,7825
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areal = 0.5+cos(2pi/3 + 2%lamda¥*t/3)

areaZ = cos(Z2¥lamda*¥t/3) - cos((lamda*t)-tal)
area3d = tal*Ecd

area4d = 9.86§ + cos(5pi/6 +lamda*t/3)

areab = cos(pi/6 +lamda¥t/3)-cos(pi/6+lamda¥t — tal)

tal*Ecd
L3 LY

mean = ( 2. ares(n))/2T T = 1/600 sec

areab

mn:y
o { { W1
STuangasauae Tdsunsudell

alculate mean of EJ

0. 54+cos((2/3)upi+(2/3DaLAMDART)

cos(2sL MDA T /3 )—co= (L QAMDART )-TAL D

TALxEcd

8, 866+cos(C(S/Blupi+ (L AHDART /3D

Tc?sl(ézé/e I+ AHDART )/3)—Ccos( (Pi/BI+CLAMDARTI~TALD
»

HEAN = (RLWM)/(EIT)

nuwunn

BRRORR




progras Laleulating_mean_of Ed ;

uses printer;

var

Ed,Vc,lasda, tal,area,nean,T: real;
Al A2,A3,A8,A5,46 ¢ real;

const  pi = 3,1415926M;

x =13 { per unit )
Ist = '

procegure assign_value;

begin

writeln (lst,"Input the.value of paraseter’);

writeln (Ist);

writeln (Ist, tal in sicrosec *); -
readin (tall; %
writeln (Ist,tal:fs2);

writeln (Ist,"Vc in percent of peakvoltage line-ling');
readln (V)

writeln {Ist,Vc:4:2);

ent,

azin }

acsign_value;

Te=pisé;

lasda:=0.4;

tals=taldpitie-4;

Vee=Vc/100;

writeln{lst, —————"});

writeln(lst, lasda ezan Id°);

writeln(lst,"—————*};

repeat 4
Ali=-x2{0,S+cos{{2/3)8pi+(2/3)8128atT) );
A2:=xt{ros({2/3)81asdett J-cos((lasdatT)-tal) );
A3s=taltic; -
A4 1=-x3(0.6660204034c0s{ (5/6) 8pit(asdatT)/3));

ASi=x8(cos((1/6)8pi+{1am3atT)/3)—coz((1/6)8pi+(landatT)-tal) )

fbi=tallive;
arez 1= AMATHASHAHSHAL,
s=21 3= are:/(247);
writeln (Ist,aedatd00:4:2,°1 " meant6:3);
lasga:=landa+d,03;
witi] laesz ) 0.95;
writeln{lst, ———————°};

‘36
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Input the value of paraweter

tal in sicrosec

300,00 .
Ve in percent of peakvoltage line-ling
150.00

Jarda sean Id

§0.001 0.434
45,001 0.482
0.001 0,490
55,000 0,519
£0,00% 0,549
85,000 0,579
70,000 0,605
75.00%  0.640
80,001 0.672
83,001 0,704
93.004 0,736
95,004 0.769

I i E ¢ S
2.4 uareInsLifas awuauuaé,uauuaﬁ,tal,tﬂaﬁﬂ
= ¢ \
2.4.1 waroIN1Tidasy uaulal
° [ 13 g Muu 4 o v { [
MNNITAMNTIRL seiulddant wandan  Saoaudinius lesnsefuadny
v ¢ L e v g L & |

Mo etiarnseud  dudofiuardnintefuse iiuwaly  RMSwaInsrRantem ldne
(¥usttURouan 0.82 -> 8.9 Irms axlURBu’IN ©.7223 -> 0.7617 lapns

; é © |2 "o (Y < v o < . {
Wasy wauian nﬂﬂ%mﬂﬁﬂuam’maﬂgm'ﬂu (mam'maﬂgtmum Haulaae

4n)
2.4.2 $nutian

lﬁuwauwaﬂnﬂﬂstUﬁﬂu5n71é1unvﬁuﬁmaennsuagLa%u S Frequency
modulation ratio) TmmﬁnSmsﬂévuﬂaﬂuﬁgo $rutadarann 3wnutihdaeiiua
Tapms snotuilding woonseua luudasdre wandauthann aefin T (ade 1
nTwl & 3nla 9 a31n5Lﬁﬂoﬁunﬁuzﬂfnvﬁu1n%u LU RisaTiAuAR 1724 ae
yrlviiad 24 shd Tu 1 sou azﬁavﬁu1n§tﬁﬂongugﬂﬁﬂﬂ{uwnniﬂﬁ 1712 Gear
Ved i Be 12 dad W 1 sou  FemmuufousnntossefuliasuaTaznsofiein
o1 lued FduduAe 9 ﬁonﬁnmzﬂﬁwuinwnﬁasﬁa17nﬁh5ﬁaﬁao wonaINSuAT AL
Sualanase BednUrenoutifedinifioeann
P.F. = dispiacement factor % distortion fsctor
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, 3
.LﬁazﬂﬂﬁunszuﬂﬁuLwﬁﬁuzﬂﬂguﬁnﬂﬁ displacement factor = 1 ,P.F.=
distortion factor 1agRTY = udogne T5finmnns (g
Sl ﬁ#uﬁ%miwﬁﬂaéﬁndﬂuLgaqunﬁsa%n%emae 5iTo (w5 edn3fToardosfinnad
1un17ﬂ3ﬁ%en1nazﬁ1qﬁﬂ11uL%aﬁa1ﬁmaan17ﬁ101uaﬂao uat1funisendons
onuLLN9aTTuTLuiY Seunasoantoetignidenainfio fuum S utade
'amﬁazﬁwaﬁwqﬁ distortion factor ﬁdnagquﬁdeﬁwasau%uTﬁdwuﬁeuﬁaﬁoﬂ%u
displacement factor Lﬁaqﬁﬂﬁuquﬁﬁﬂﬁ8ﬂauﬁﬂﬁ0157ﬂﬂn70lﬁﬂﬂﬂﬂﬁ@lﬁﬂ? Tu

2o v € 2 g
Tase9uiild 12 ian F91% distortion factor =

1 OO

[uISEInjEy
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779171 tal " LﬁuﬁdoL1R1ﬁ1ﬁ1un175ﬂﬁ1T{ﬂizuﬂ51ﬂ?@ﬂ?ﬁ?ﬂaaﬂéﬂﬂﬁa
Tﬂﬂﬂﬁiﬂﬂﬁﬂ%sa (NFEUR) oanénﬂsvﬁaaLﬁuuaTnmm7oﬁuﬁnaﬂﬁﬂnﬂfauﬁvLﬁuﬂsu
Qquaoasévﬂfuawn
c = Qtotal/ve
Qtotal = Q1 - Q2
ﬂsegﬁdnuu?néTﬂTantiw c fipsanaludaroedinen luanen

Q1 =
Qz = ﬂszgﬁdﬂuaanénwsz (5o %7 %8 fhem
Id = d Q2/dt 3t = O to tal

c = (@1 - Id dt)/ve

AU MAN  tal santu ve ardipeforasiBiolian C Ak Seln B tad
ﬁauxﬁuWﬂaeﬁ11§n17ﬁnﬂynﬂszQTﬁNzadn ~sastamartren 18l fudfTuatelse
ArEnTnodTeiudns  ueothelshaiuen tal aefimia Tapas 9371nA7
lemda¥T/3 SatamnUSuaiuamnionr aexn 9 sefuafienisiien tel ufa9asdis
nuinfe Souamdandn UTEANEAINTINGDITEUYRLRAAY
2.4.4 wmin 5ilo Tun935u8n (phase shift)

gun?nmao%ﬁTa#ﬁn aztﬁwﬁuguﬂaonfzuﬂquawﬂﬁ LWSIERINNITOBNULLTS
du Sefosing Tuda lun1sosnuundnnunsnuae twsnea iyl mu SandonTudas
fiousylduAnanidadruaulian ﬁaﬁudnﬁvﬂsunauﬁ1ﬁeaz%uagﬁu cose lasng 3
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frlsenpufinfeiiae Lifufudnuursosnisemsiafanel  FeduiiuteldiFouse
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" -re 4 A\ 2 2 . - PP - - N
Gl 1mgy Vu 32 lgamng 7‘—:13 microsec., lamda=80%
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G7 L‘ﬁﬁu Vu (Z:. leading 7'=220 microsec.
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G1 lamda=80% , T =200 microsec., © leading

G2 lamde=80% 4 7 =800 microsec., ©° leading

G7 lamds=80% , 7=3~.’58 microsec., @ leading
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o

G1 lamda=80% , 7' =220 microsec.y 60 leading

e e e g ——

, T =220 microsec., 60" leading

Gz lamda=80%

G7 lamda=8€% , ¥ =220 microsec., 60 leadin¥®
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Drive G7 T =220 microsec., @ leading ,no load



lu  lamda=42% T =20@ microsec. = @ leading
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B —

lu lamda=2p% T =202 microsec. 3@ leading
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ju 1amda=7@% <T'= 200 microsec., 30 leading
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lu lamds=80% 4°=200 microsec 202" leading




lu (fy Vu @ leading ° 7 =150 microsec., lemda=75%

Iu lfﬁﬁu Vu 20 leading T=15® microsec., lamda=S8S0%
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jPROGRAN TRANSFER SKITCHING SIBNAL CODE
;70 BT0 POWER MAIN EY5

' .
; readdata file froe project.dta
; store in sesory

port_a equ O0ff3ch
port_ b equ 0f13dh
portc equ Off3eh
port_ctr] equ Off3th
ctrl code equ 10000001b
tine pqu  600d -
fregq! equ 4700
freq2 equ  1000d
gainl equ 2400
gainll equ 1200
j0deg equ 000b

i30deg equ O0ib
ibdeg equ 010b

i%0deq  equ O11b
i120deg equ 100

i150deg equ 1010
i180deg equ 110b

$
gdeta segeent
filenase  db 15 dup (?)
databufter db 250 dup (?)
text db ‘NO& ! sachine is running$’
ratio db 02,03,00,00,00,00,00,00,01,03,00,00,00,00,00,00
ratiobuff db 32 dup (?)
lasda db 00
tal db 00,00
[TH db o0
saxtal db 00,00,00,00
shift db 00

jerror sassage for open file
error2 db ‘file not found ¢’
errord db 'too sany open files ¢
errord db ‘access denied §'
errord2  db ‘invalid access code §'

sfore input all data
nasetext! b ‘input nase of data file end with O follos with returns’
nasetext? db 'HERE —) ¢
nascbuffer db 15 |
free! db 15 dup (?)
lasdatext] ob ‘input Jasda in percen with out percen sight’
lasdatext? ob 'HERE —) §'

landabuffer db §

free2

db 5 dup ()

taltext! ¢b ‘input tal in micro se¥’
taltext? db 'HRE —> ¢

talbufferdb &6

o
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trees  ob b dup (7)

shifttext! ob *input shift angle froe main signal in degreed’

shifttext? db 'HERE — ¢’
shifttext3 db ‘you MIST use only 0 30 60 90 120 150 160"

shiftbuffer db &
freed gb & dup (?)

asxtaltext db ‘tal which you use MUST less than ¢
wnittext  db ‘sicro sect’

data ends
i
read segeent ydefind code seqnentf\
n2in proc  far joefind main process
assuse csiread,ds:data |
start:
push ds sstore ds and
sub ax,ax jset ax to 0
push ax ;both stored in stack

juse for return

v ax,date sset ds |
CO ito data segeent

jclear screen

wv th,6 gscroll up fac

8oy al,0  jescii blank

* eov ch0  jrow up left
®v cl,0  jeolus up left
sov Oh,24  jrow down right
sov 61,79 jeolue donn right
aov bh,7  gblank line attribute
int 10h  jcall video roe

jeet position of cursor

sov ah,2 position cursor fnc
sov dh,0 jstarting row

sov 01,0 jstarting col

aov bh,0 jcurrent page

int 10h jcall veido roe

sinput lasda froa keyboard
sstore in Jandabuifer

jafter caleulition .

{lasdz store in [lade]
1fore input

sov fx,0ffset lasdatext] jset address of textl
oy ah9 sset dos function
int 21h yeall dos

1set position of cursor

oov k2 jposition cursor fnc
s dhy2 jstarting rox

pov 41,0 jeterting col

sov bh,0 jcurrent page

int 10A  jcall veido roc

o thS jset dos function
sov ox,offset Jasdatext? jset adorese of text2



hhhs

v ox,offset laedabuifer ;set address of buffer

pov  2h,03h yset dos function

int 2th scall dos

sov dl,0zh iset line feed code

v ah2 yset dos function

int 21h jcall dos function

int 2ih jcall again

jcalculate

sov bx,offset landabuffer jset address of lasdabuffer

add bx,2 tbx = bxt2

v #x,{bx) 32l = upper digit ah = lower digit
sub al,30h sfind real upper digit

sub ah,30h sfind real lower digit

ooV Oy ax jtranfer to dx

sov  &h,00 jclear lower digit in ah

sov cl,i0d

wil ¢l supper dipgit ¢ §0

add al,dh s (upper digit 8 10) + lower digit
jsave in landa

pov bx,offset lamda jset address of lamda
v [bx],al jsave

jcal maximur tal which can be input

ttal sax will beless than (landatileb}/(34600) micro sac

stal sax = Jasdall00/48

ny

bx,offset landa

jbx=address of landa

sov al,[bx] jal=lada

v ah,0 jah=d

sy ¢l 100 sci=i00

wl ¢l jax=lasdat 00

v cx,lB jcx=18

sov dx,0 jclear

div cx saxsresult drxsreszin

cap dx,9 jcoxpare dx with 9

j1 hhh jresain < 9 jap to hhh

inc ex jresain )= § result = axtl

v Ox,0 yset dx=0

sov bx,offset saxtal jbx=address of sax tal

eov x40 ex=40

div cx sax/cx result in ax resain in dx
add dx,30h $dx=dx430h

v [bx¢2],d] ssave in first digit

ooy Ox,0 jclear resain

div cx jax/cx result in ax reszin in dx
add dx,30h j9x=dx430h

sov [bx#],dl jsave in second digit

add ax,30h jax=axt30h

oov” [bx],al {save in third digit

sov dl,24h yd1s24h

sov  [bx43],0] ;save string behind max tal text

sshow max tal text

v
"y
int
[

80V

ox,offset maxtaltext ;set address of textl

ah,9
2lh

sset dos function
jcall dos

ah,2 jposition cursor fnc
dh,4 istarting row
d1,33 ;starting col
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int 10h gcall veido roe

aov Ox,0ffset maxtal jset address of saxtal
ooy 8h)9 jset dos function
int 21h jcall dos

sov ah,2 jposition cursor fnc
oov oh,4 jstarting row

sov dl,38 jstarting col

sov bh,0 jrurrent page

int 10h jcall veido ros

sov Ox,0ffset unittext jset address of unittext

oov &h,9 jset dos function

int 2h jeell dos

sov dl,02h jset line feed code
mov ah2 tset dos function
int 2ih jcall dos function
int 2ih scall again

sinput tal fros keyboard
sstore in talbuffer
jafter calculation
ital store in [tal]

sfora input
yset position of cursor

sov ah,2 jposition cursor fnc
sv dh,b jstarting row

sov dl,0 jstarting col

sov bh,0 jcurrent page

int f0h jcall veido ros

aov dx,offset taltext! jset address of text!
sov  3h,9 sset dos function
int 21k seall dos

. set position of cursor

sov ah,2 jposition cursor fnc
v oh,8 jstarting rox

pov 01,0 jstarting col

sov bh,0 jcurrent page

int 10h jcall veido roe

wv ah,9 jset dos function

s dx,offset taltext2 yset address of text2
int 21h jc2ll dos

oy Ox,0ffsel talbuffer jset address of buffer
sov  &h,0zh jset dos function

int 2ih scall dos

oov dl,0zh sset line feed code
pov  h,2 sset dos function

int 21h scall dos function
int 2th scall again

jcalculate tel froe talbuffer
jsave in {tal]

pov bx,offset talbuffer ;set br=address of talbuffer
eov 2l,[bxe2) soet dirst digit store in al
sub al,30h ;2l=2]-30h
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ROV
wl
oV
(%l
sub
ooy
ooV
L)
add
2oV
0V
sub
8oV
add
.
0V

gh,0 iset ah=0

cl sthird digit ¢ 100

dx,ax istore in dl

al,[bx¢3) joet second degit store in al
2],30h 1al=al-30h

cl,10d jci=10

3hy0 tset ah=0

tl jsecond digit § 10

ax,dx tax=third § 100 + second ¢ 10
dx,2x sstore in dx

2l,[bx+] soet last digit store in al
al,30h jal=al-30

ah,0 sset ated

dx,ax ;0x=thirdt100+seconds10+]ast
bx,offset tal sset bx=address of tall
[bx],dx jsave tal in tal}

jinput shift angle froe keybroad
tstore in shift

jfors input

sset position of cursor

int

gh,2 ¢position cursor fnc
gh,10 jetarting rowm

dl,0 jstarting col

bh,0 jcurrent page

10h  call veido ros

ox,offset shifttext! jset address of text!
ah,9 sset dos function
21h jcall dos

sset position of cursor

int

ah,2  jposition cursor fnc
dhyd1 ;starting row

d1,0 jstarting col

bhy0  jcurrent page

10h  jcall veido roe

gh,9§ sset dos function
dr,offset shifttextd ;set address of text?
25h scall dos

yset position of cursor

int

int
int

ah,2 jposition cursor int
dh,12 jstarting rox

dl1,0 - ;starting col

bh,0  jcurrent page

$0h  jcall veido roe

ah,9 seet dos function
dx,offeet shifttext? jset address of text?
21h jcell dos

dx,offset shiftbuifer ;set address of buffer
&h,0ah sset dos function

21h scall dos

dl,03h ;set line feed code
ah,2 yset dos function

21h scall doe function

21h scall agein
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deg0:

degb0:

newfingd:

deg120:

deg1S0:

degiB0:

ip_f_nase:

jaatch shitt wnich was be inputed with table

sov bx,offset shiftbuffer yset bx address of butfer
aov al,[bxt2) joet first digit of shift angle
v bx,offset shift jset bx address of shift 93

cap 21,30h jfirst digit = 0 ?
jr  degd 3if yes jusp to deg 0

‘cap al, B jfirst digit =3 ?

jr  degd0 $it yes jusp to deg 30

cap 11,3h jlirst digit = 6 ?

jz  deghd 3if yes juap to deg &0

tap 21,3% jfirst digit = 9 ?

j1 deg® 3if yes jusp to deg 90

cep al,31h jfirst digit =1 ?

j2 nexfind  jif yes —) shift angle have 3 digits

sov cl,i0deg  jcompare with table
v [bx),cl sstore in shift
jop ip_f_nase jdo continue

sov cl,i30deg  jcompare with table
v [bxlycl jstore in shift
jap ip_i naee jdo continue

sov cl,ib0deg jcompare with table B
sov [bx],el tstore in shift
jap ip_{_nase jdo continue

mov cl,i%deg jcospare with table
pov [bx]ycl sstore in shift
jop ip_f_name jdo continue

v bx,offset shiftbuffer ;bx = address of shiftbuffer
oy al,[bx43) 12l = second digit
ooy bx,offset shift sbx = offset of shift

cap al,32h ysecond digit = 2 ?
i1 degl20 sif yes jusp to deg 120
cap al 3% jfirst digit =5 ?
jr degl® 3if yes jusp to deg 130
ey 21,38h ifirst digit =8 7
jr  degl® }if yes juap to deg 180

cl,i120deg jcompare with table
[bx],cl sstore in shift

jep ip_f_nase jdo continue

v ¢l,i150deg jcompare with table
sov  [bx],cl istore in shift
jop ip_f_name ido continue
¢1,i1B0deg jrospare with table
[bx]ycl istore in shift

yinput 1ile nase store in [filenaee]
sfore input

sv dx,offset nasctext! jeet address of text!
v &h9 ;set dos function
int 24k scell dos

;set. position of cursor

»v 3h,2 jposition cursor nc
sov dh,16 jstarting row

sov dl,0 jetarting col

sov  bh,0 jcurrent page

int 10h jcall weido ron
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input_again:mov

load:

ppen_again:

not_found:
sany file:
invalids

show:

read_agaim

int
v
(Y
int
80V
(%
int
int

a9y $581 00s function
dx,offset nametext? jset address of text?

2h jcall dos

dx,offset nasebuffer jset address of buffer
ah,0ah sset dos function
21h jcall dos

dl,0zh gset line feed code
ah2 tset dos function
21h jcall dos function
21h scall dos again

jsave in [filenase)

»v
0y
add
add
Y
20V
add
20Y
inc
cap
in

operate with file

dx,0

bx,0ffset nasebuffer
bx,2

bx,dx

al,{bx)

bx,offset {filenase
by, dx

[bx],al

dl

dl,43

load

sopen file project.dta

v
'
8Y
int
oY
jnb

cp
it
cep
jz
cp
b}
jnp

dox,offset filenase ;offset add of filenase
al,0 $00h code for read only
8h,3dh $¥nc 3d for open file
21h jcall dos

bx,ax ystore file handle
read_again 31t no error goto read file
2x,2

not_found

ax,4

sany_file jcospare error code
ax, 12

invalid

read_sgain

sshow error text when file can not be opened

v dx,offset error2

jap show

sov dx,0ffset errord sshox error text

jap show

oov dx,offset errori2

wov 2h,9 1fnc display

int 2th jcall dos

jep input_again  jinput again

jreadfile

v X, 240 3240 byte sax for read
#ov dx,offset databutfer joffset add of buffer
oov  ah,3th ;inc 31 for rezd file
int 21K scall dos

ey ax,0 jend of file ?

jr. - continue syes to exit

loop read_again sno read again



continues

notadd2:

cal_again:

backs

find ratio for calculating delay tise

tfirst and fifth period is const

snom start calculate second period

sbecause second period = fifth period - third period
sentd of second period

inom start calrulate third and seventh period
jbecause they are equal

wv bx,offset tal  set bx=address of tal

pov ax,[bx) sax=tal
cx,b
(4 jax=alth
dx,00 3dx=00
cx, 100
4] jax=result dx=resain
dx, 30 scoepare dx with 30
notadd2 3if dx(50 then axsresult
& $if dx)=30 then ax=resplt+l

bx,offset ratio jset bx=address of ratio
{bx#4],8] istore al in [bx+4)
[bx¢12],21 istore al in [bx+12},to0
bx,offset landa jset bx=address of lamda
al,[bx] jal=landa

bx,offset ratio gset bx=address of ratio
[bx¢5),al tstore al in {bxt5)
[bx+13],al sstore al in [bx¢13],to0

§33388883=8:283¢2%

tend of third and seven period
jnow start calculate forth and eighth period
sbecause they are equal

»oy bx,offset lasda jset bx=address of lasda

sov cl,[bx] jcislanda

wov 2],100 $2l=100

sub al,cl ial=al—tl

sov bx,offset ratio jset bx=eddress of ratio
sov [bx+7),cl jstore ¢l in {bx¢7)

mov  [bx¢15],c] sstore ¢l in [bx+15],to0
pov  [bx+b);al istore al in {bxtb]
sov  [bxt14],al istore al in [bxt14],to0

tend of forth and eighth period
snom start calculate sixth period

sbecause sixth period = Yirst period - seventh period
send of sixth period

telculate delay tise

v cx,8

v bx,offset ratio

cap cx,3 scheck second period if ture then juep
j2 go sJusp to shift ratio

cap cx,l jcheck seven period if ture then jusp
i1 ¢ 1jusp to shift ratio

v dhy[bx] ;bh=upper ratio

sov o}, [bxtf] ibl=lower ratio

call cal_delay jcall subrutine

pov  [bxtlb),ax istore oot put in buffer
add bx,2 sstep ratio address
loop cal_agein {00 again while cx O 0
jep tomix
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to_six:

transfer;

L AT T gl TELVAW

dec cx jdec couter

jsp back ;Juep back to calculate again
sov bx,offset ratiojset bx=address of ratio

sov ax,[bxt0+16]  joet first period fros sesory
#v cx,[bxtdtfd]  joet third period fros sesory
sub ax,cx sax=tirst period - third period

sov [bx+10418],8x jstore sixth period

sov ax,[bx#B16)  jget fifth period from sesory
pov ox,[bxtdt16]  jget third period froe mesory
sub  ax,ex sax={ifth period - third period
pov [bxt2+1b},ax  ;store second period

aix data and tise delay togeter

jdata store in data buffer

joelay time store in ratio buffer
jresult = cosplete data swithing signal
jresult store in data buffer again

sprograe expend space between data for
tplace tiee delay 2 byte

v ax,30h
Y XX sstore in cx

sspacial rutine for find sax
suse for count in auther rutine

sov  bx,offset sax

sov dl,3

al dl snusber § 3

sov  [bx],ax sstroe in sax

aoY  3X,Cx sset ex = ax

Y aX,CX

v bx,offset databuffer jstore address of data buffer
add bx,ax tbx = bx + nuaber of dats
pov dl,[bx] soet data

sv ©h,?

al dh

add  bx,ax

ooy [bx],d] ssave data

dec cx sax = ax-{

joz transfer 3if ax O 0 do again

stransfer tise delay froe ratio buffer
1to space between dats 2 byte

v ax,0 sset ratio butfer index

v Cx,d 1set date buffer index

sov bx,offset ratiobuff jset address of ratio

d bxyax - ;80d address with index ratio
ooy dx,[bx) soet ratio store in dx

sov bx,0ffset detebuffer jset address of dats

add bxycx 1234 address with index date
add cx,d sincrese index data

pov  [bx},dx ;store in date buffer

sov bx,offset mex sset address of sax

sov dl,{bx] soet mex store in dl

inc ¢l iprivate reasm

cep cx, 145 el O &

jr ot opro 32l = &0 go out

add ax,2 tincrese index ratio
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jnz do ;a1 > 10 go do
ooV ax,0 sset start address of ratio again
jep do 3do again
out_pro:  gclear screen for shoxing text
twhile sachine running
sov 3h b ¢scroll up fr
oov al,0  jascii blank
ev cth0  jrow up left
sov cl,0  jcolus up left
aov dh,24  ;rowm down right
sov 01,79  ;colua down right
sov bh,7  blank line attribute
int 10h  jcall video roa
sset position of cursor
ooy gh,2 jposition cursor fnc
sov gh,12 jstarting rox
oov 01,30 jstarting col
sov bh,0 jcurrent page
int 10h jcall veido ros
sprint text
v ax,data istore data segeent
sov  ds,ax tin ds
sov Ox,0ffset text jstore off set in dx
sov ah,9 sfnc display
inf 2th seall dos
jap mouse ;jusp accross subrutine
tsubrutine for calculate asount of delay tise
jthis formuls is
samount of delay = (bhtlaadasfreq)/(28b131008tine)
sinput store in dh and dl
joutput store in ax
cal _delay proc  near
push €x
push bx
sov bx,offset laada  jsef address of lasda buffer
ooy ax,{bx] ;lasda store in ax
v ah,00 sset ah=00 for use low byte
sov  bx,dx jstore ratio in bx °
av cx,freql sex=freql
sl oex 1dx=upper axzlower of landatd70d
v Cx,gaini  jex=2600
div cx jOx=resain ax=result of lasdatd700/200
cap Ox,02inil jcompare resain with 2600/2
il notl sif dx<100 then ax=result
int ax 11f dx2100 then ax=resultt]
notls pov cx,freq2  ;ox=1000
®l ox s0x=upper ax=lower of Jandatd70081000/200
v cx tise  jexstise
div ex jox=resain ax=result of lasdatd.7eb/2008tine
cep dx, 300 jcospare resain with tise/2

il
inc

not2 it dx(300 then ax=result
11 ;1 dx)300 then ax=resulttl

scalculate with ratio
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not2: sov cl,bl istore low ratio in cl
pov bl,bh jstore bh in bl
sov  bh,00 jclear hi byte
sul bx ;2x=lasdatdh
aov ch,00 sclear hi byte
div cx sax=(dhilasdatd, 7eb}/ (200185008t ime)
pop b
pop £x .
ret jreturn fros subrutine
cal _delay endp
souset sintitialize port 6255
tport @ and b is and in out put port
sov alyctr]_code  jset control code
sov dx,port_ctrl
out dx,al jsent to control port
§———set counter
pov  bx,offset max jset address of sax
807 Cxy[bx] soet sax store in cx
H select shift angle —
iby out code to port x
shift2:  mov bx,offset shift  jset address of shift
v al,[bx] soet to al
sov dx,port b gset port b
out dx,al jout for contro] 4064
j—tor check ready————
sy 2],110000b sset initial
sy dx,port ¢ juse upper c
out dx,al
eov dxport c  joelay for ck low
ppi in  al,dx juse lower ¢
and al,i0b
jnz pp
ooy dx,port € jset wait
ooy 8],0000000  suse upper ¢
out dx,al
in_sgaint wmov dx,portc juse lower ¢
. dn in  al,dx jin status  delay for g hi
and al,lb jcop with 1
jr ina jresult=0 —) not ready
jap int_rutine jresultsl —) ready go to rutine
sservice rutine
srutine for transfer sxitching signal data
sout to port a of B255
s&nd use port upper ¢ for clear and enzble interupt
int_rutine: mov al,110000b ;set al=0sh
oy dx,port ¢ juse upper ¢
ot dx,al isent code for clear interupt



aov  dxport_a jset dx = port &
ey si,0 yset index = 0
out_again: mov bx,offset databuffer jset bx = address of data buffer
sov  al,(bxtsi) joet data froa data buffer to al
out dx,al jout data to port a
ooy ax,[brtsi+l] sget delay tise froe date buffer
gobackt  dec ax jdelay
jnz goback 1ax O 0 go back
inc i
int si HIRE S
inc i
cap §i,tx jcompare si with sax data
jnz out_again $si < max data go out agein
pov ah,d jint fnc §
int 1éh scall bios for chk kbd
jnz  adjust jif kbd pressed -} adjust value
sov  al,000000b
pov dx port ¢ juse upper ¢
out dx,al ssent code for enable int again
jap in_agein sreturn from interupt rutine
exit: ret sreturn to dos
i adjust new value
adjusts  sov ahy0 yint fnz O
int 16h scall bios for get scan code
v alysh sal=ah
and  ax,0f00fh
cap 2h,00h ~jchk lasda
jr landal jif true goto landa
cap ah,20h  jehk tal
it tall 3if true goto tal
cap ah,10h jchk phase shift angle
jz  shiftt jif true goto shift
isp in_again sto continue prg
H calculate nex Janda
landal: sub al,lh jal=al-1
sov tl,i0d H !
il ¢l sal=altfo
ooy bx,0ffset lasda jbx=address of lasda
eov [bx],al jstore new Jaedz in Jasda
Jjsp open_again ;to continue prg
$ calculate nex tal
tall: cep al,0dh jchk exit code
ju o oexit jout prg
ooy cl,30d HYEX
ol ol $21=21130
add  ax,40d jaxzax+d)
sov bx,offset tal  jbx=address of tal

{bx}],ax jstore new tal in tal
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shift]:

s3in
read

j—— calculate nex phase shift angle

pov bx,offset shift ;bx=address of shift

ooy [bx],al jstore nex angle in shift
jap shift2 ‘ jto continue prg

endp ;‘end sain procedure

ends send tode segeent

end start  jend fros essesbly
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FROGRAY FOINT for_plot Ed_Braph)

var i,n,finalsinteger;
- 8,b,t,short,tal landa,Veereal;
f1 array[1..411}0f real;
x¢ array[1..411)of real;

tonst
oeega =314,1592684; { 2pif }
alpha =0; { shift phase )
t  =0,523598775; { rad }
pi  =3,1415926%4; { rad )
nus  =40; { the resain of (nustnan+b)/4 }
nan =303 { sust be zero }

{ —— calculate § and § ——}

procedure valuel{i:integer);
var index:integer;
begin

ai=((i-1)/4)8t;
bs=a+{((9-1)/4)8((landstt)/3));
ti=({b-a)/nus;}
index:=trunc{{shortti)+i-short};
x[index)i=a/{100¢pi);

repeat
f{index):=abs(sin{ (oaegetx[index])+alphe+(2/3)8pi) };
index;=index+l;
x[indexJ:=x[index-114c/{1003pi};

until index > (shortti)+i-shortnus;

end;
{ —- talculate 2 and 6 ~—}

procedure value2{i:integer};
var index:integer;
begin

ar=({i-2)/4)3t4(10-1)${1audatt)/12;
bi={(i-2)/4)8t+(1argatt)-tal;
t:=(b-a)/nae;

indexs=trunc ((short3i)ndet2- (shortt2));
x{indexJs=a/{1008pi);

repeat
{{index)s=abs(sin( (oaegatx[index])+alphal};
index:=indextl}
x{index)s=x[index-11+c/{1008pi);

until index > {shortdi)enun+2-(shorti2)nan;

end;

{ = celevlate 3and 7 — }
procedure velue3{izinteger);

var index:integer;

tegin

index:=trunc { (shortdi)+nustnant3-(shortdd));
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flingex)s=Ve;

index:=trun ((shortdi)¢nuntnamt3-(short13)41);
x[index)i={((i-3)/4)8t + (lendabt)}/{100pi);
flindex]s=Ve;

end;
{ — calculate 4 and 8 —— }

procedure valued(itinteger);
var index:integer;
begin

index:=trunc ( {shortdi}enustnanti-{shortid)};
xlindexds=({(i74)-3) 4L+ (landatt) }/ (1008pi);
flindex):=0;

indexs=trunc{(shortdi)énursnanti-{shortds)el);
x[index]s={((i/4)-1)3t+t)/(1008pi);
f{index]:=0;

end;

{ ——- calculate all period —== }
procedure value(n:integer);

begin

if (n=1) or {n=5) then valuet{n);
if (r=2} or {(n=b) then valueZ(n);
if {n=3) or {n=7) then valueld{n};
if (n=4) or (n=B) then valued(n);

end;

{ —— set heading and initial value —— }
procedure heading;

begin

writeln(’input Jasda in percent without percent sign’};
readln (landa);

writeln(‘input tal in sicrosec’);

readln {tal);

writeln(“input Yo in volt per I volt peak’);
readin{Vc);

Jasdas=landa/100;
tal:=1008pittaldle-b;

end;

{ szin
begin
hezding;
shorts=(nus+nants)/4;
finali=trunc{(shortiB)+nurnasti-{short$é )+
for ns=l tc € do value(n);

for 3=l to finel do writeln (i, ,x[ih9," °f[i):6:4);

end.
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DATA FOE PLOTING

56 EGL lgd 904
tal1=300 picrosec

DATA FOR PLOTING

¢.00 0.0 264.(:’\ 0,0‘
16.GO 0.0 276,68 0.0
16,60 1.6 276,66 -1.0
15,50 1.0 289,50 -1,0
2¢,00 0.5 254,00 -0,
24,00 6.0 254,00 0.0
3600 a0 304, 03 G.0
.60 L0 .00 -1
£9.50 1.0 606 1.0
540 0.5 316,00 0.0
85,00 0.0 e

4.0 336,46 -1.0
¢ 1.0 38,00 -1,
25,50 1.0 3360 0.6

B4, G0 0.5 360,00 0.0

84,00 0.9
50,40 6.0
90,00 1.0
105,56 1.0
114,00 0.5
114,00 0.0
120,00 0.0
120,00 1.6
136,00 1.0
136,00 0.0
150,60 4.0

150,00 1.0
158.00 1.0
158,60 0.0

180,00 .0
196,00 0.6
196,63 -1,¢

199,50 ~1.0
204,080 -(.5
204,00 {.¢
218,00 0.0
218,00 -1.0
729,58 -1.0
34,60 -4.5

234,06 e
240,00 0.0
20,00 1.0
259,50 i
24,08 -0.9
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progras plot_l1ine)

var laeda,be,tal:real;
i,nsinteger;
x,y:array[1..60] of real;

const T =30;
Ve=0.9;
Tu=13

begin

writeln("input landa in percent’);
readln{lamda);

writeln{‘input tal in microsec’);
readin{tal);

tal:=1B1£2180.001;
Des=landat1/300;

ylide=0; y[2):=0; y[3):=lu; yl4)i=ly; yI5):=¥es
y[29):20; y[59:=0; y[58):=0;

for i 3= 1 to 5 do y[i+29]:= y[il8{-1} ;

for ni= 1 to 3 do
begin

for is= 1 to 5 do y[i+54n]:= yli] j
end}

for n:= § to J do

begin

- fori=30to 34 do yli+dtn)s= ylil;

end;

y[213:20; yl223:=0; y[23):=1; y[24):28;

for i:=21 to 24 do y[i+29):=yli)8(-1};

for i:=2 to 24 do yli+4)s=y[i];

for i:= 50 to 53 do y[i+4}:=yli];

x[1):=0; x[2):=21De; x[3]:=28De; x[4]:=34De-tal;
x[5]:=38De; x[6]:=38De; x[7]:=T+De; x[B1:=T+De;

x[9)s=T43¢De-ta) ;x[10]:=T+34De; x[113:=T43¢de; x{12):=24T;
x[13]:=24T7; [14]:=24T431De-ta) ;x[15]:=24T+34De;  x[16]:=24T+31Deg

%[17]:=34T; x[1E]:=34T; x[19]:=34T+3¢De-tal ;x[20]:=34T434De;
x{21]:=34T438De; x[22]:=84T; x[23]:=41T; x[24):=41T4210e;
x[25):=48T+2¢De; x[26]:=0T; x[27):=04T; x{26]:=5¢T4De;

x[29]:=58T4De;  x[30]:=81T;
for i:= 2 to 30 do x[i+29):=x[i]+160;

for is= 1 to 59 do writeln{i,” °,x[id:5:2," “,ylil:d:l);
end,
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Type .G 8D12

G10D12
G12D12
Table3 ELECTRICAL CHARACTERISTICS !
' 118
. Item Symbol Unit Min, Typ. Max, Condition '
VDRM
Peak off-s1ate current 1DRM mA 40 G-K: Short
) Tz 125°C
Peak off-state reverse current ! mA a0 VRAM
RRM | Tj:  125°C
Peak reverse gate current IGRM mA 40 VGRM -
. T: 128°C
1.8 | 800a
Pcak on-state voliage VT4 v 2.0 | 1000A | T;: 125°C
2.3 | 1200a
1.40 Tj: ~20°C
Gate trigger current IcT A 0.56 | T 0°C | vp:12v
038 | Tj: 25°C
1.80 | T;: —40°C
Gaie 1rigger voltage vGeT v 160 | T OC | Ri:i1Aa.
145 | T;: 25°C
Holding current Y] A 6 1 25°¢C
. - : e ' . . .2/3 VpRM
Critical rate of rise of off-state voltage dv/dt Vips | 1000 VGR: 5V
’ ’ T 125°C
112 - VpRM
Turn-on time gt q P ‘ITm: 100DA
{delay time) R ¥ i Igp: 3A
td v L5 digp/di 2 3A/us
[ 55 | 800A
Gate turn-off time . toq - ps 6.4 1000A -
. 7.3 1200A
4.5 BOOA | VDRm
dicq/dt
{storage time) S P s 5.0 1000A | & 100A/us
— Tj:1257C
6.0 : 1200A -
- 800 EODA
Turn-off gate charge OGgo »C 1100 | 1000A
1300 1200A
- ) Junction to 1,;.,
Thermal resistance Rin li-) cnwv 0.03 Double s:de coled

- ———



L :
Vhen reverse voltage is required, a value close 10 the

orward voltage can be gusranteed.

.

Type

G eDI2
G10D012
Gi12D12

118.

2 .
ITGoM VDRM. Vb Vspike aga/dt VGRIM C Ry | Min. onduration | Min. off-duration
2 E00A 2yF| 8Q
2 1000 1200v | 10cov | S300V | 2160A/s | €OV | 3 6 50 us 50 us
®
12 1200 4 4
,";"_\'o.xﬁ
o
N ifmm———==\,
- l’ b - l.\
ARy v,
,:’l spike Min, on-duration ~Cs Ry
f
] Tail Current 4 - I i
/ \ »n
/
‘l
= t
< >
~
\
| \
‘I \.c's‘ .
di o th _l-:::__-_____ WL \\ L: ’
RY ~ ~_ Dischiryed
- Min. off-duration ————— v !

r PWM control, minimum on- and off-duration
be established. The minimum on-duration is a
n required 1o discharge the snubber capacitor, and
nimum off-duration is a duration until the 1ail

is fully dissipated.
Ori-gate current

Vv, '.’_\'mm I P2V Py

_ 1 | IR
di,, dt .

W ey

tw 2

Tet3AL di, 6137 pf LtlA

i, twibps

i

C




MEIDEN GTO

XIMUM ALLOUABLE RATING

THYRISTOR

120

t
»
i

Type G&C12

Jtem Symbol Unit Rating
petitive pesak :
f-state wvoltage \Y V 1200
: DRM '
n~repetitive peak
f-state wvoltage vV \Y 1200
DSM
betitive | peak .
serse  wvoltage Vv Vv 200 (Note 1)
- : RRM
betitive peak
erse gate wvoltage V \ 60
. GRM )
>etitive controllable
-state current -1 A 600 (Note 2) -
TGAM '
. on-state current 1 . . A 300
) T(RMS)
. 3000
e on—state current ol ¢ Half -sine wvave,
(Mon-repetitive) -1 A 1 cycle (50H=z)
: i TSM
. 2 2
limit wvalue 1t A s 45000
' ims~10ms
tical rate: of rise di/dt A/ps 150 (Note 3)
on-state current ‘
etitive average
vard gate power . :
Sipation : "R . U 20
GF (AV)
etitive average . -
erse gate power : .
sipation P W i0
. GR(AV)
~ating Jjunction :
>erature - Tj °c -40~125
-age temperature Tsto °C. -40~125
ting force - Ko 600~ 800

Recommended mounting
force: 650Kg .




Note ? ) . ' e & 6C12
When reverse voltage is required, a value close 10 the : T
forward voltage €an be guaranieed. . y 121!

I
Note 2

' ; ‘ !n 1" |

Tvce ttcom | VDR vp Vipike digplot VGRM C, R, Min, on-guration | Min. off-Curation |

GGCIZ GOOA 1200.\/ 1000V < 300V ,Z 100 Alps 60V QUF" 8Q S0 us €0 s
h . . .
1, . R
v v ,‘ “‘~ \';.“ \ . - . . . i
! H . ;
P O . . .
,r.,.,u ,’ 1) . '\
v,
Min. on duration T30, R, -
- ][
Tail Current / ' .
s .
) ! ) :
[}] '..'---I‘l
l -
¢h,, &t T Lo v . t.
THNITYS AT "’ TTTTT Vv Dischar;ed
I . . ’
v — Min. off-duration ——] t

For PWM conxrol minimum “on- and off- duranon
should be established. The minimum on: dur:mon s a
Auration required to discharge the snubber capacitor, and

the minimum off-duration is a duration until the lall
current is fully dnssnpalcd

Note 3 On-gate current N s

L. "n-”.?‘\'uuv . 'w:,n:u\l

dl._,- Jdi.

tr . twe

'.. I\ iy, A3 ps, ',‘,.’/\

e l' Yos twcfigs
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“LECTRICAL CHARACTERISTICS Type  0GoC12
Item Symbo]l Unit {Min. | Typ. | Max.| Condition
Tj : 125°C
esk off-state current| 1 mA 40 |V v : 10V
DRM DRM"  GR
sk off-state reverse Ti :125°C
. -rent 1 mA~ 40 v :
) RRM RRM
2ak reverse ogate Tj :125°C
Urrent 1 mA . 40 \Y
GRM : GRM
eak on-state.voltage | V \Y 2.5 | Tj :125°C,600A
™
¢ 1.40) T3 :-40°C
: . ) 0.56| Tj ¢+ O0°C
ste trigger current 1 A 0.38] Tij 25°C |V :12v
GT . D
Z 1.80| Ty :-40°C
: 1.601-T3 0°C
1te trigger voltage v Vv 1.45] T3 25°C IR :1o
GT L-
ding current ] A S Tj 3 25°C
H
'{tical rate - of YD | _ 'Tj :125°C
off-state voltage du/dt | V/us | 1000 2/3 V 'V 5V
: : DRM "GR
rn-on time :t ot HMs 5.41 1/72 V .1 :3A
: : DRM GP
( delay time ) t d ps 2.0 1 :600A
. ' : . T™ )
: di /dt23A/us’
© GP 7
te turn—-off time t 9q M - 4.7 600A,V
o " DRM .
( storage time ) t s NS 4.2 . Ti:125%C
di /dt
0]
rn-off cate charge G AC 550 2100A/us
GQ ‘
ermal resistance Rth(j-f)| °C/U "0.05] Junction to fin,
.- : ’ Double side

cooled
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