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Abstract -

Today,bécause of the power csystem there are many problems which
may occur in it , such as same faults ,too low or too ﬁigh of' voltage.
»From these we can't predict before they occurs. So we have to make the
protect part sao that when these serious event occur there will be the
opening of the protect sygtem for protecting the damage which may occur
Yet, measuring of dats from-the system is hard because the measuring
device cost so expensive may damager person who is measuring. There
for, for more economic and service of person who will study power
system. This thesis was studied about the duplicate of power system
which was related to duplicating power system to the smaller size by
using principle of per unit to reduce the value of the true system so
less that can use the elements and the measwrements which can find
easily in labolatory. .It was included studying various proéecb systems
and dupliceting wvarious unusual events of power system. These was
made to teszi sete for zsssisting the studying in powsr system for the

power engineer students.
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C******************************************************************

HIGH VOLTAGE 'TRANSLATION LINE

1. SHOT LINE : S < &0 kM.
c. MEDIUNM LINE : 60 < S < 240 Kk
2.7 NOWMINAL PI

.2 MORMINAL TEE

5. LONG LINE : S > Z24C K.
3.1 EQUIVALENT F1

3.2 EQUIVALENT TEE

************#************************************%****************

A OOOO OO0 OO O
!

DIMENSION S(50) ,BV(S50),BI(50),PVA(SUL),EZ(50),CSIM(50)

o

REAL LSPEC,LSIN

[l

CONMPLEX GNM »GL, YP, ZP, YT, 27
€

C*************************************************t***********i****

KSPEC 0.0844
LSFEC 1.22456E-3
CSPEC 9.40G928E-9
READ(S,10) M/N
READC(S,20G) (SCI), I = 1, ND
READ(S5,30) (CSIV(I), 1=1.,1)
RELD(S,40) GEN, V., PF, K
READ(S5,50) TRVA1, TRE11, TRE1Z
READ(S,50) TRVA2, TPE21, TRLZ:c
1C FORMAT C212)
20 FOEKMAT(EF3.0)
IC FORMAT (11E6.1)
4O FORMAT(FS.1,F3.0,F2.1-,117)
50 FORMAT(FS5.1,2F3.0)
A1 = TRE11/TRETZ

Az = TRE21/TRE2Z
C****:**********************i*************i*******%**i*************

"

C CALCULATE RASE ON ANY SIDE OF SYSTEMNM

(hkkkkhkk ke kk Ak Fhk AR KA R RRKR KKK A KA A F A A KK AR KA RRRR I AR A kA m Ak kA A IR xR Ak khk Kk
C

€ SELECT GASE- ON GENLRATICN SIDE

C
’ EVAG = GEN / 3.0

EVG = V /1.732051
EZC = BVG ** 2 / EVAG
€16 = VAG / BVG
C
C EASE ON TRANSMISSION LINME SIDE
¢
EVATRL = EVAG
EVTRL = BVG [/ A1
EZTRL = BVTRL *x 2 / BVATRL
EITRL = BVATRL / EBVTRL



¢

EASE ON LOAD SIDE

BVALD = BVATRL

EVLD = BVTRL / AZ
EZLD = BVLD *x*x ¢ / BVALD
EILD = EBVALD / PVLD

C*******************************t***********************************

C

TRANSMISSION LINE SIFULATION

Crh kI kA A R A A KRR R AR R A AR T A AR AR A A AR A AR A R AR AR A AR A kb bk h ko k Ak k hok ok k ok ok &

C

PVA(2) = BVATRL
BV(Z) cVTRL

8Z(2) BZTRL

EI(2) BITRL

WRITE(E,45)

45 FORMATC(AHI, /7777731, LSA1 7G65MCM  LCSK'/1HG,T21.,
€'795000C CMILS',T41,'54/7 ALUMINIUN/STEEL',T71,'3 LAYERS‘///

WRITECE,46)

46 FORNMAT(1HO,T25,'0OUTSIDE DIAMETER',T53,%1.0620 INCHES'//1HO,T?2
a'GMRC DS )',T752,'0.0368 FEET'//1HO,T25,'R~-AC AT 50.C 50 CYCL
FT153,'0.1358 OHM/MILEY///1/11)

WRITEC(CE,47)

L7 FORFATCI1RO,TES, ' K=SPEC = N CHM/FILE*/1HO,
ET100,'=  (0.0844 CHR/KILUMETER'///1HU,TEG,

@'L=-SPEC ~ 1.22456E~¢ HENKRY/METER' / 1HO,T10C,
¢'= 1.22456F-3 HENRY/KILOMETERY,///1K0,TEO,

@t C-SPEC = S .40928E-12 FARAD/METER'/1HL,T100,

&'= 9,.4(0928E-C FARAD/KILOFETER")

WRITE(6,48) GEN/,V,PF

L8 FORMAT(1KQ,///7//731+GENERATION SET'/1HO,TSCrFéals" VALY /

81HG,T51,F5.1, ¢ VOLT'/1HO,T53,F2,1, PFo LAG®)
DO G99 I=1s,N- "

DO 868 J=1,m

WRITE(E,6G) SC1)

€0 FORMAT(TH1,T42, ' LENGTH OF TRANSMISSION LINE =',F€o1s" KM.',/

S1HO,T27,*REAL SYSTEN',T77,'SINULATION SYSTEN'//)

LSIM = LSPEC * CSPEC % S(I) =** 2 / CSIN (J)

RSIF = RSPEC * CSPEC * S(I) %% 2 / CSIM (J)

VREAL = 625.0 * S(I) :

VAREAL = VREAL *%x 2 % CSPEC * S(I) / (CSIN (J) * BZ(Z))
XL = 2.0 * 3.14159 % S0.0 * LS1M

YC = 2.0 * 2.14159 % S0.0 * CSIM (J)

wonon

KRFU = RSIM / BZ (2)
XPU = XL / RZ (2)
YPU = YC % BZ (2)

BVA(1) = VAREAL / 3.0

BV(1) = VREAL / 1.732051
BZ(1) = VREAL #*+ 2 / VAREAL
eI(1) = VARCAL / (1.732051 * VREAL)

PHI = ACOS(PF)

1F (K.EQG.U) PHI = =PHI

IF (SCId).LE.EC.O) GO TO 111
IF (SC1).LE.240.0) GO TO 222

34  LONG TRANSMISSION LINE



T

77

100
110
120

588
799

YSPEC = 2.0 * 3.14159 % 50.0 * CSPEC
XSPEC = 2.0 * 3.14159 * 50.0 * LSPEC
GM SQRT(CMPLX(0.0,YSPEC) * CMPLX (RSPEC,XSPEC))

GK * CMPLX (SC1) » 0.0) .
3.1 EQUIVALENT PI NETWORK

YP=CMPLX(0.0,2.0%xYPU)*CMPLX(COSH(REAL(GL))*COSCAIMAG(GL))-1.0~
*SINH(REAL(GL))*SINCAIMAG(GL)))/ (GL*CMPLX(SINH(REAL(GL))*
*COSCAIMAGC(GL) ), COSH(REAL(GL) Y *SINCAINAG(GL))))
ZP=CMPLX(RPU,XPU)*CMPLX (SINH(REAL(GL))*COS(AIMAG(GL) ),
*COSH(REAL(GL))*SINCAIMAG(GL)))/GL

CALL RLC(YP,ZP,EZ)

CALL VAIPI(YP,2P,BV,BI1,BVA,FHI)

3.2 EGUIVALENT TEE NETWORK

YT = CMPLX(0.0,YPU)*CMNPLXCSINH(REALCGL))*COSCAIMAG(GL))
*COSH(REAL(GL))I*SINCAIMAG(GL)J)/GL

IT = CMPLX(RPU,XPU)*CHMPLX(2.0,0.0)*CHPLX(COSH(REAL(GL))*
*COSCAIMAG(GL))=1.0,SINH(REAL(GL)I*SINCAINAGI(GL)))/(GL*CMPLX(SINH
*(REAL(GL))*COSCAINMAG(GL))+»COSH(REALC(GLI)*SINCAIMAG(GL))))

CALL RLC(YT,ZT,BZ)

CALL VAITEE(YT,ZT,BV,BI,EVA/PHI)

GO 10 777

GL

2. MEDIUM TRANSMISSION LINE

2.7 NOMINAL PI NETWORK
2.2 NOMINAL TEE NETWORK
YP = CMPLX(0.0,YPU)
IP = CMPLX(RPU,XPU)

CALL RLC(YP,ZF,BZ)

CALL VAIPI(YP,ZP,BV+,BI,BVA,PHI)
CALL VAITEE(YP,ZP,BV,BI,BVA,PHI)
GO0 TO 777

7« SHORT TRANSMISSION LINE

YP = CMPLX(0.C,0.0)
= CMPLX(RPU,XPU)
CALL RLC(YP,ZP,EZ)
CALL VAIPI(YP,ZP,BV,BI,BVA,PHI)
YP = CMPLX(0.0,YPU)
P = CMPLX(RPU,XPU)
CALL RLC(YP,2P,BZ)
CALL VAIPI(YP;ZP'BV:BI'BVA,PHI)
WRITEC6,100D
WRITE(6,110) BVA(1) x 3.0, BVA(2) * 3.0
WRITE(E,120) BV(1) * 1.732051, EV(2) * 1.732051
FORMAT(1HO,T64,*TRANSMISSION LINE BASE')

FORMATCIHG,T45,E15.4,T83,F15.3,T120,'VAL")

FORMATCIHO/T45,E15.4,T8E3,F15.3,T120,°VOLT ")
CONTINUE

CONTINUE

STOP



:**t*************************************************‘********'*1

r************************************************_****************.

10

SUPPROGRANM CALCULATE PARAMETER R L C
SUBROUTINE RLC(Y,Z,BZ)
COMPLEX YR(10), ZRCI0), Y, 1
PEAL KC10)», L(10), CC10), BZ(50)
O 10 1=1.,¢
IR(I) = 2 % CHPLX(BZ(IY,0.0)
YRCI) = Y / CHMPLX(BZ(1),0.0)

kC(I) = REALCZR(I))

L(I) = AIMAGCZR(I)) / (2.0 * 2.14159 *50.0)
CC1) = CABSC(YR(I)) / (2.0 * 3.14159 #*50.0)
CONTINUE

WRITEC(6,20)
WRKITE(E,30) K(1)ALC1),CC1Y,R(2),L(2)C(2)
FETURN
FORVAT(1HOIT271'R(OHM)'1T381'L(HENLY)'/T511'C(FARAT)'IT77I
YRCORMY ', TSR, "LCHENLY) " +T101,*C(FARATY ")
FORNATﬂ1HOfT26IF6.21T381F7.4/T491t11.41T7CrF6.21T881F7.4I
TGS,E11.4)
END

SURPROGRANM CALCULATE V & I LY PI-NETWORK
SUBROUTINE VAIPI(Y,Z2/,BV,B1l1,BEVA,PHIY"
COMPLEX AsB8,C,DsVSU,ISUL,IRU,ICRU,ICSU,Y,2,VRULFUCI0O)FTLU

% W

KEAL VSC1C)»1SC10),1CSCI0),ICKCTICL) A 1KCT10)»VR(CTIC),LOSSCIC) BV (50),

HELI(5G) EVA(SC)-,LOSSPU,PAG(IG), ILC10)

A= CMPLX(1.0,0.0) + Y * 7 / CHPLX(2.0,C.0)
£ =2

C = Y * (CMPLX(1.G,0.0) + A)/CMPLX(2.0,0.0)
D=k

VSU=CNMFLX(1.0,0.0)
1SU=CMPLX(COS(PHI),SIN(PHI))
VRU=D*VSU-B*xISU

IRU=A*ISU-CxVSU
ICRUSVRU*Y/CMPLX(2.0,0.0)
ICSU=VSU*xY/CNPLX(2.0,0.0)
ILU=IRU+ICRU
LOSSPU=CABESCIRU+ICRUI**Z*REAL(Z)
PU(1)Y=VSU

PU(Z2)=1SU

PUC3)Y=ICSU

PU(4)=ICRU

PUCS)=TLU

PU(&)=IRU

PLU(7)=VRU

Lo 506 1=1.,7

1F (REAL(PUCI)) .NE.C.0) GO TO 40
1F (AIMAGCPUC(CI))) 2C,10,30 .
PAC(1)=CLC0

GC TU 50

PAG(I)==-90.0

GO T0 50

PAG(L1)=%0.0-. ' N
GO T0 50



4U PAG(I)= SATANCAINAG(PUCI))/REALC(PUCI))I)I*180.0/3.74159
IF (REAL(PU(I))-GT 0.0) GO T0 50 .
PAG(I)=PAG(I)+180C.0
IF (PAG(I).6T.180.0) PAG(I)=PAG(I)~360.0
CONTINUE
FHIR= =(PAG(T7)=PAG(E)YI*3,14159/180.0
PFR=COS(PHIR) I
PHIR=PHIR*180.0/2.14159
DG 60U I=1.,2
VRCI)=CABS(VRU) %V (1)
IRCI)=CAESCIRW*BI(])
ICSCI)=CABSCICSUY*EIC(I)
ICRCID=CABSCICRUY*EI(I)
ILCI)=CABSCILUY*BIC(I)
ISCI)=CAESC(ISUY*BI(I)
VS(I)=CABS(VSU)*EV(I)
LOSS(I)=LOSSPUXBVAC(CI)
¢0 CONTINUE
WRITECE,T70)
WPITECEL,EG) (VS(I) FPI=1,2),PLGCY)
WRITEC(E,90) (ISCI),1=1,2),PAG(2)
WRITE(E,100) (ICSCI),1=1,2),PRG(3)
WRITE(E,110) (ICRCI),1I=1,2),PEG(4)
WRITE(6,120) (IL(1),1=1,2),FAG(S)
WRITEC6,130) C(IRCI)AI=1,2),FAG(S)
WRITE(6,140) (VR(I1),1=1,2),PAGC(TY)
WRITE(E,150) (LOSSC(I) I1=1,2)
WRITE(6,160) PFR,PHIE
RETURN
70 FORMAT(IHO, TS5, PI-NETWORK',5Xx,"(ALL VALUE FER PHASE)'//)
80 FORMAT(IH »T27+'VS ', T45,E15.4,T72,F15.3,T1CC,'< ', F61,'2>",
ET120,YVOLT ")
GO FORMAT(IH »T27, 18, T45,E15.4,T72,F15.3,T100,'<Y,F6a1,'>",
ET120, *AVPY)
CC FORNMAT(MH ,T27,I1CS s T45,E15.4,T72,F15.3,T1CL"<'/F6.1+">",
ET120,'ANPY)
10 FORMAT(IH »T27, ' 1LR7T45,E15.4,T72,F15.3,T100, %<, F6.1,"'>",
HT12C,"ANP ')
20 FORMATCIH »TZ27, 1L ', T45,E15.4,T72,F15.3,T10CA'< ", Fb6a1r>%,
HT120,EFPY)
20 FORMATCIH »Te7, IRy TL5,E15.04,T72,F15.5,T100,<",F61,>1,
ET1eGs'AFPY)
40 FORMATC(IH »T27, 'VR'",T4S,E15.4,T78,F15.Z2,T1C0, "< 4 F6.1,"2>",
ET120,*VCOLT ")
5C FORFMATC(IH »Tc7,'LOSS »T45,E15.4,T72,F15.3,T120,"WATT")
60 FORMAT(IH ,T27,'PF 'sT4S,F15.2,T1CC < s F6.1,'>%///TH0,132("%%))
END

n
<

SUEPROGRAF CALCULATE V o I bY TEE=AETWCRK

SUERCUTINE VAITEE(Y,Z,EV,BI,EVA,PHI)

COMPLEX A,B,C,Ds,VRU,ISULICU,IRUAPUCTLI,Y,Z,VSU

REAL VSCI0),ISCI0),I1CC10) A 1RCIC)AVRCIO) A LOSSCTIU)ABVIS0),
HFEICS50) ,PVACSCY,LOSSPULPAGCT10)

A CMPLX(1.0,0.0) + Y * Z / CMPLX(2.0,0.0)
2x (CMPLX(1.0,0.0)+2)/CMPLX(2.0,0.0)

Y

> nnon

E
¢
D



VSU=CMPLX(1.0,0.0)
ISU=CHMPLX(COS(PHI),SIN(PHI))
VRU=D*VSU-B*ISU
IRU=A*ISU-CxVSU
ICU=ISU~-IRU
LOSSPU=(£ABS(ISU)**2+CABS(IRU)**Z)*REAL(Z)/E.G
PU(C1)=VSuU
PU(2)=1SU
PU(3)=1CU
PUC4)=IRU
PU(S)=VRU
DO 50 I=1.,5
I'F (REAL(PUCI)).NELQ.0) GO TO 4C
IF CAINMAG(PUCI))Y) 20,10,30
10 PAG(1)=0.0
GO TO 50
20 PAG(I)==90.0
GC TO 50
20 PAG(L1)=90.0
GC TO 5G

40 PAG(1)=ATAN(AIMAG(PU(I))/REAL(PU(I)))*1&0.L/5.14159

IF (KEAL(PU(I)).G6T.0.0) GO TO 50
PAG(I)=PAG(I)+18C.0 :
IF (PAGCI).GT.180.0) PEGC(I)=PLG(I)=2e0.0
50 CONTINUE
PHIR= =(PAG(5)-PAG(4))*3.14156/180.0
PFR=COS (PHIR)
PHIR=PHIR*180.0/3.14159
O 60 1=1.,2
VR(I)=CABS(VRU)*BV (1)
IRCI)=CABS(IRUI*BIC(I)
IC(I)=CABS(ICU)*EIC(CI)
ISCI)=CABSCISUY*BI(I)
VS(I)=CABS(VSU)*BV (1)
LOSS(I)=LOSSPU*BVAC(I)
C CONTINUE
WRITEC(CE,T70)
WRITE(6,80) (VS(I),I1=1,2),PAG(1)
WRITE(6,90) (ISCI),I=1,2)Y,PAG(2)
WERITE(C6,100) (ICCI),1=1,2),PLG(T)
WRITEC(E,110) C(IRCI),I=1,2),PAG(4)
WRITE(6I120) (VR(I),1=1,2),PAG(5)
WRITE(E,130) (LOSS(I1),1=1,2)
WRITE(6,140) PFR,PHIR
RETURN ’

G FORMAT CTHO, TS, "TEE-NETWCRK®»5X, ' (ALL VALUE PER PHASE)'//)

0 FORMATCIH »T27,"VS ', T45,E15.4,T72,F15.3,T10L0, *<?
1120, 'VOLT") ,

C FCRMAT(IH 727, 1S/ T145,E15.4,T72,F15.3,T1GC, *<t
ET120, 'AMPY)

0 FORMATC(IH »T27,%1C 7 T45,E15.4,T72,F15.3,T100, %<
KT120, YANPY)

rF6aTt>0,
IF6-1I.>.I

IF6-1I'>‘I

0 FORMAT (1H rTZ?z'lR'rT451E15.41T721F15.3:T1OO/'<'/F6.11'>‘;

#1120, AMP*)

0 FORMAT(1H 17271'VR'IT45IE15-4!T7EIF15-3ITHCDI.<.IF6-11.>.I

HT120,'VOLTY)



130 FORMAT(1H ITZ?I'LOSS':T451E15 4II7CIF15 2,710, "WATTY)
140 FORMAT(1H yT127,PF*,T4L5,F15. le1QOI’<"F6 1,>%//7/1H0,132('%x")

END
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2337 OP-AMP_¥EAR139

N, = (R/RI¥(V__ = V,.)

- 9aTensuuunduda - (Inverting Feedback Amplifier)

Vo= -(Rz/R‘)*V’

o



- 3\31)7121‘mu][]ﬂﬁn§]uﬂa (Noninvert ing Feedback Amplifier)

Vi

vV, = C(R_+R)/R IR,

- 1JRTANLTINL  (Voltage Follower Or Buffer)
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a1 Sen

' { 0
A7 LUBT R

Variable Resistor ©.25 W
Carbon Resistor £.25 W
Carbon Resistor 0.25 W
Carbon‘Resistor .25 W
Carbon Resistor 0.25 W
Electrolytic Capacitor 16 V
Signal Diode

Transistor Package

IC

10 KQ 1
100 XQ 3
50 KQ 1
39¢ KQ 1
1 KQ 4
4,7 uF 1
IN 4148 2
MC 3346 1

LM 324 N 2

UUIE LAY
VR1
R1, R2, R7
R3
R4
R5, R6, R8, R1D
c1
D1, D2
TR1
Ic1, Ic2
wAE LU
R9, R10
R12
. +Vcc 1
—VCCS
+VCC2
1/p
0/P

lo. 5.
Carbon Resistor ©2.25 W a1%uosnu

L

oNTIEENNDINIT

* :! 31 a’h
Wire Wound Resistor 10 W ﬂ1muagnuTvaLnannaen17

+ 5V

-5V

+ 12V
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uﬂﬂQfﬂﬂnﬁTQﬂn75100 10\107

{ o 1
LADLTUN TI8Y

VYA spar i den

Q { °
A7, LUOT WUV

VR1, VR2, VR3 Variable Resistor 0.25 W 10 KQ 3
VR4, VRS Varisble Resistor ©.25 W 478 KQ 2
VR6, VR7 Verisble Resistor 8.25 W 50 KQ | 2
R1 carbon éesistor 0.25 W 2 KQ 1
R2, R8B, R1i, RI13 Carbon Resistor 0.25 W 1 Kq 4
R3, R4, R5, R6, R7 Carbon Resistor 0.25 W 18 K 7
é9. R10 | Carbon Resistor 0.25 W 50 KQ 2
ci, c2, C5, C6, C7, C8 Electrolytic Capacitor 16 V 1000 LF 6
c3, C4 Dipmica 506 V .81 UF 2
D1, D2 Signal Diode IN 4148 2
b3, D4 Rectifiier Diode iIN 4901 2
LED1, LED2 LED Color Red B 2
TR1, TR2 Trensistor § NPN BC 337 2
ICt, IC2 IC LM 324N 2
1C3,1C4 IC 555 2
RL1, RLZ2 Relay 12 V, 3 A - 2
RF1, RF2 Rectrifier Circuit 2
UG W 1 +12 Vv

ac '4 ¢ ¢
/P A @ 307 w09 1au-g-1au woas

o 4 £ {
IP B 1t 3107 109 Tau—g-nwwau Woasl
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LARYTIENTTYUNTUTDY 20Tn lnaats Tian

WANBLAT Teatifon A ived  dw
'
VR1 Variable Resistor ©0.25 W 50 ﬁb 1
VR2 ' Variable Resistor ©.25 W 470 Ko 1
R1,-R5 Carbon Resistor 0.25 W 52 KQ 2
R2 Carbon Resistor .25 ! 5 KQ .1
R3 o Carbon Resistor 0.25 W 1 KQ 1
R4y R ' Carbon Resistor 0.25 W 270 o 2
' R6 Carbon Resistor 0.25 W 2 KQ 1
ci, C4, C5 Electrolytic Capacitor 16 V 108 uF 3
cz, C3 Dipmica 50 V ' 90.01 WF 2
i D1 Rectifier Diode iIN 40921 1
LED1 LED Color Red 7 1
TR1, TR2 " Trensistor § NPN BC 337 2
IC1, IC8 I1C 555 2
Ic2, IC5 Ic ' 7493 2
1C3 IC 7421 1
1C4 IC 7432 1
| 1C6 ; IC. 7408 1
- 1C7 1C 7414 1
RL1 Relay 12 V, 3 A - 1
2 .
- 1 WS LNR W ., t +5V W ., ¢ +12V

I/P : 3N 3 %99 IC 555 709 Over Current Relay
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é 4 Y 4 o ¢
uaaeqﬂnswnaeveaiTa11a7uazautﬂavTvatma $iad

WUILLAY 718ae L Sun arwed  dwom
VR1-VR6 Varisble Resistor ©0.25 W |10 KQ 6
VR7 Varisble Resistor 0.25 ¥ 102 KQ 1
R1-R6 Carbon Resistor .25 W 5 KQ 6
R7, R9, R1ll Carbon Resistor ©.25 W 3 Ka 3
R8, R10, R1Z2 Carbor Resistor ©.25 W 2 KQ 3
R13-R18 Carbon Resistor ©0.25 W 5680 Q 6
R18 Carbon Resistor ©.25 W 5¢ KQ 1
R2O Carbon Resistor ©.25 W 4 KQ 1
R21 Carbon Resistor 0.25 W 6.8 MQ 1
R22 Carbon Resistor 2.25 W 20 Q 1
R23 carbon Resistor 0.25 W 1 KQ 1
c1 Electrolytic Capacitor 16 V 100 WF 1
c2, C4 Dipmica 50 V . 9.01 UF 2
c3 Electrolytic Cepacitor 16 V 470 UF 1
c5 Dipmica 50 V 8.1 UF 1
D1 REctifier Diode iN 4001 1
LED1, LED3, LED5 LED Color Green - 3
{ED2, LED4, LED6,LED7 LED Color Red - 4
TR1 Transistor § NPN BC 337 1
IC1-1C3 IC LM 324 N 3
IC4 : 1C 7432 1

e ot IC 7427 *° 1
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2 ' s °
WUELAY TIEALLDER A7 1U0T I

IC6 ' ic 7414 1
1C7 Ic 7408 1
1C8; 1C9 Ic 555 - 2
RL1 Relay 12 V, 3 A : - 1
RF1, RF2, RF3 Rectifier Circuit - 3
WA LU +V o P 1 1 65N

+V s + 12V

cc2

I/P A ¢ RInWn iud A

[/P B : 3RINWH (Ma B
I/PC : 30N wla C
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wUE LAY s REEThLD) Aived S
VR1 Variable Resistor 8.25 W . 12 K j 1
VR2 variable Resistor 0.25 W 5@ KQ 1
R1 Cerbon Resistor ©.25 W 4 Ko 1
R2 Carbon Resistor ©.25 W 50 Ko 1
R3 Carbon Resistor 8.25 W 1 XQ 1
R4 Carbon Resistor 0.25 W 18 KQ 1
Ci Dipmica 58 V 2.01 UF 1
c2, C3 Electrolytic 16 V 162 WF 2
D1 Rectifier Diode IN 4001 i
LED1 LED Color Red - 1
TR1 Transistor 3 NPN - BC 337 1
[c1 IC LM 324 N 1
1ce IC 555 - 1
RL1 Relay 12 V, 3 A ' - 1
RF1 Rectifier Circuit - 1

"IN +§cc : 412V

I/P ¢ RINLDT8 aninl Woan
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A7, U7 37U

R1, R3, R5, R14, R16 Carbé; Resistor .25 W 50 KQ 6
R17

R2, R4, R6 Carbon Resistor ©.25 W 562 Q 3
R7, R8, RS, RIS Carbon Resistor ©.25 W 10 KQ 4
Ri1®, Ri1, RiZ Carbon Resistor 0.25 W 20 KQ 3
R18 Carbon Resistor 8.25 W 1 KQ 1
R15 Carbon Resistor 0.25 W 5 KQ 1
c1, c2, €3, C5 Dipmice 50 V @.01 UF 4
c4, C6 Electrolytic 16 V 10@ uF 2
c7 Electrolytic 16 V 4.7 WF 1
pi, D2, D3, D4 Rectifier Diode iN 4001 4
LED2 LED Color Red 4 1
TR1 Transistor ; NPN BC 337 1
Ict, I1C2, ICS IC LM 324 N 3
IC3 IC 7408 1
ca ic 7432 1
IC6 IC 7473 1
1C7 IC 555 1
RL1 Relay 12 V, 3 A - 1
uu1ﬂtuq + 12V
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5408 /7408  Quadruple 2-Input Positive-AND Gate

- Elsctrical Charsctenistics SNS4LS08 SN74L508
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eloctrical charscterislics over recommended operating
free-air temperature range
PARAMETER TEST CONDITIONS 1 MIN TYP $ MAX [UNT
Vi el OUL vuildye 2 v
Vi Low-evel wput woildye 081 Vv
vy Inpul clamd voildge VeesMIN, 1L = =1hmA -1 v
VEC=MIN, V=2V,
Vv n L]
oW Hoh-leve! outpul wollage tow » MAX 27 3 v
& g VCCAMIN. vt 2V
VoL  Low-lewvel outpul wuilege to ® emh 6.2 04} V
]
" o Eusecdl VCCEMAX, VeIV 0.0 ma
D MU Rl PO L
I rtigh-resl TOul Curel Voo sMax iy 2.0V 200 pA
iy Lowsovel wpul Cuirent vegsMAZ Vi =0 &v -84 mA
Shart camnl $4L S Famsy | ~20 - 100
1 v MAX 3
= oulpul cwren & cc” 4L 5 Famay | =20 o0} ™
4 4.
IcCH _ Swply current VegaMax Total, Outowts Pegn 2 §, mA
igoL  Swoly Ewrent - Total, autdwis e 44 B8] mA
Average porpais
v, . 4
'CC Swohy owrenl L e pree -t
Procaghion deidy une. ”
L] 15
PLH | qpmgnetevel Sulgut vege $7.  Tar¥C., / s
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PHL . yn-to-om avel ouipul ¢ Ll
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5414/7414

Hex Schmitt-Trigger Inverter

Electrical Characleristics SN54LSI4.SN74LS14
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electricsl characlaristics over recommended operating
frea-sir temperature range <
PARAMETER TEST CONOITIONS t MM TYPE MAX i UNMIT
VT4 Pouve-gong (veshold willays | Yoc =5V 14 1§ 1.3 v
VY.  Megalve-gung Ureshold vahage Voo #5V 0.9 (K} * v
Hystorona (Vo =Vr_-) vee =Y as 4¢ ¥
A\ 8ot clamo vOslage VEC=MIN, | = =igmA -9 v
Voo MM, YimVT_mm,
v Highruvel uica vol S AN
on P g tom = WAX 2 ¢ v
VCCaMIN, V aVT]  mae,
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oL utput vattage R (%3
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[} v . ViV . 14 a
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v neGatiee g N (I 8shOKd vee & 0,20 1
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i X woul saitege cc* 1+ v g ™
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LT Low-level nwut arrent Vog=MAX, Vi =08V -ge{ ma
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5421,/7421 |, Dual 4-Input Positive-

AND Gate

Electrical Charscteristics, SNSALS2 1 'SN74LS21
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slectrical characteristics over recommended operating
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PARAMETER TEST CONOITIONS ¢ MIN TYP § MAX |UNT
Vi Hop-level sout voitsge s 2 v
Vi Lowsevel soui voNage i o8} v
vy irput Clamp volioge VoG mMIN, = - HimA -t 8 v
VEC=MIN,  Viu= V.
v " 7.3
O gh-vvel cuput voitage Iou = Max 1 3 v
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5427 /7427

Triple 3-input Positive-NOR Gate

Electrical Characteristics SNS4LS27/SN74LS27
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