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POWER SYSTEM SIMULATOR I1

MR. Chatmongkon Boonloy
MR. Naruethep Santarattivong

MR. Siriwat Potivejkul M.ENG Advisor

1987

Abstract

The power system available in present always face against
problems which may occur, especially fsult, surge, over or under
voltage that we can't know when they will happen. So it must have

_the protective system to prevent damage of system following the
occurrence of abnormal event, or getting least damage. This thesis
contents the studying of simulating system which emblace detail of
several kinds of protective system, codordinating of protective system
and simulating the abnormal event of power system. This thesis will

be further useful for engineering students .in experiment of power

system. ° .
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A1, \UDT  9UNY

VR1, VR2, VR3 Variable Resistor 0.25 W 10 KQ 3
VR4, VRS Variable Resistor 8.25 W 470 KQ 2
VR6, VR7 Variable Resistor 9.25 W 50 KQ 2
R1 carbon Resistor .25 W 2 KQ 1
RZ2, R8, R11, R13 Carbon Resistor ©0.25 W 1 KQ 4
R3, R4, R5, R&, R7 Carbon Resistor 0.25 W 18 KQ 7
RS, R12 Carbon Resistor @.25 W 50 Ko 2
C1, €2, C5, C6, C7, £8 Electrolytic Capacitor 16 V 1008 uF 6
C3, C4 Dipmica 50 V 2.01 UF 2
D1, D2 Signal Diode iIN 4148 2
D3, D4 Rectifier Diode iIN 4001 2
LED1, LED2 LED Color Red - 2
TR1, TR2 Transistor 3 NPN BC 337 2
Ici, -1C2 IC LM 324N 2
IC3,IC4 IC 555 2
RL1, RLZ2 Relay 12 V, 3 A - 2
RF1, RF2 Rectrifier Circuit 2
nnwaluq +Vcc H +12 v
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VR1 Variable Resistor 0.25 W 58 KQ 1
VR2 Variable Resistor 0.25 W 479 Ka 1
Ri, RS Carbon Resistor 0.25 W 50 KQ 2
R2 ' Carbon Resistor 0.25 W 5 KQ 1
R3 | Carbon Resistor 0.25 W 1 KQ 1
R4, R7 Carbon Resistor 0.25 W 270 Q 2
R6 Carbon Resistor 0.25 W 2 KQ 1
ci, C4, C5 Electrolytic Capacitor 16 V 100 WF 3
c2, C3 Dipmica 5@ V ?.01 WF 2
D1 Rectifier Diode IN 4001 1
LED1 LED Color Red 7 1
TR1, TR2 Transistor § NPN BC 337 2
Ic1, Ics ic 555 2
Icz, IC5 IC 7493 2
1C3 IC 7421 1
IC4 IC 7432 1
IC6 IC 7408 1
1c7 IC 7414 1
RL1 Relay 12 V, 3 A - 1
HELNa W ., ¢ +5V ., ¢+ + 12V

I/P ¢ 371N71 3 799 IC 555 199 Over Current Relay
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A7 3.3 uﬂﬂGQﬂﬂfmﬂOOQGQTTBl?ﬂ?HRBOuLQOTTQRLNQ T8

MAELAY Tear L e A wed  dmom
VR1-VR6 Varisble Resistor .25 W 10 Ko 6
VR7 Variable Resistor 0.25 W 1900 KQ 1
R1-R6 Carbon Resistor ©.25 W 5 KQ 6
R7, R9, R11 Carbon Resistor 8.25 W 3 KQ 3
R8, R10, R12 Carbon Resistor 0.25 W 2 KQ 3
R13-R18 Carbon Resistor 0.25 W 560 Q 6
R19 Carbon Resistor 9.25 W 50 KQ 1
R20 Carbon Resistor 0.25 W 4 Ko 1
R21 Carbon Resistor 0.25 W 6.8 MQ 1
R22 Carbon Resistor 8.25 W 20 Q 1
R23 carbon Resistor 0.25 W 1 Ka 1
C1 Electrolytic Capacitor 16 V .100 uF 1
c2, C4 Dipmica 58 V P.91 UF 2
c3 Electrolytic Capacitor 16 V 470 uUF 1
cS5 Dipmica 50 V 2.1 NF 1
D1 REctifier Diode 1IN 4001 1
LED1, LEDS3, LED Color Grsen - 3
LEDZ2, LED4, LED6,LED7 LED Color Red - -4
TR1 Transistor § NPN BC 337 1
[C1-1C3 IC LM 324 N 3
IC4 IC 7432 1
IC5 iC 7427 1
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1C6 Ic 7414 1
1C7 IC 7408 1
Ics, 1C9 Ic 555 2
RL1 Relay 12 V, 3 A - 1

Rectifier Circuit - 3

RF1, RF2, RF3
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WAELAY T LR A ued $un
VR1 Variable Resistor 0.25 W 10 KQ 1
VR2 variable Resistor 0.25 W 58 Ko 1
R1 Carbon Resistor 0.25 W 4 KQ 1
R2 Carbon Resistor 0.25 W - 58 KQ 1
R3 Carbon Resistor 9.25 W 1 KQ 1
R4 Carbon Resistor 3.25 W 19 KQ 1
C1 Dipmica 5@ V 2.901 uF 1
c2, C3 Electrolytic 16 V 108 uF 2
D1 Rectifier Diode IN 4001 1
LED1 LED Color Red - 1
TR1 Transistor ; NPN BC 337 1
{C1 IC LM 324 N 1
[c2 IC ' 555 1
RL1 Relay 12 V, 3 A - 1
RF1 Rectifier Circuit - 1
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cca

R1, R3, R5, R14, R16 Carbon Resistor 9.25 50 KQ 6
R17

R2, R4, R6 Carbon Resistor 9.25 - 560 Q 3
R7, R8, R9, RIS Carbon Resistor .25 12 KQ 4
R19, R11, R12 Carbon Resistor .25 20 KQ 3
R18 Carbon Resistor 0.25 1 KQ 1
R15 Carbon Resistor .25 5 KQ 1
c1, c2, C3, C5 Dipmica 50 V 9.01 UF 4
c4, Co Electrolytic 16 V 100 uF 2
c7 Electrolytic 16 V 4.7 UF 1
pi1, b2, D3, D4 Rectifier Diode 1IN 4001 4
LED2 LED Color Red - 1
TR1 Transistor ; NPN BC 337 1
Ic1, I1C2, IC5 IC LM 324 N 3
IC3 IC 7408 1
1C4 Ic 7432 1
.1C8 IC 7473 1
1c7 IC 555 1
RL1 Relay 12 V, 3 A - 1

nBLUR tW_., ¢ +12V
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2937 OP-AMP yiiswina9

V, = (R/RDKV__ = V_0)

o 83

—  WRTPENLULUNAULNG  (Inverting Feedback Amplifier)

Vulj

V, = —(R/R ¥V,

o



- 10?11ﬂjﬂgnnlﬂﬂﬁnlﬂa (Noninverting Feedback Amplifier)

Vv
.
R §
| I
kl
V, = C(R, + R J/R_I*R,

- 10Q1ﬂ1nufﬁﬁu (Voltage Follower Or Buffer)

Vi




= 237 Zero Crossing Detector
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A1719 uaaaqﬂnfmmaavoafLfnﬁ1wtaa§

WUIELAT  REGTbT]) Ao twed 1w
VR1 Variable Resistor 0.25 W 10 KQ 1
R1, R2, R7 Carbon Resistor 8.25 W 120 KQ 3
R3 | Carbon Resistor 0.25 W 50 KQ 1
R4 Carbon Resistor 8.25 W 390 KQ 1
R5, R6, RS, R10 Carbon Resistor 8.25 W 1 KQ. 4
C1 Electrolytic Capacitor 16 V 4,7 UF 1
D1, D2 Signal Diode IN 4148 2
TR1 Transistor Package MC 3346 1
Ic1, 1c2 IC IM 324 N 2

WAUEILUG)
RS, R16 Carbon Resistor 0,25 W) dqﬁuagﬁuﬁnswmﬂﬁﬂﬁﬁaonﬁf
R12 Wire Wound Resistor 10 W dﬁ%uagﬁuTnaumaﬁﬁaen11
W__, 1 +5V
V., -5V
W, + 12V
1/P 1wﬁ1n7euaa§uawn5uanzLuuéniﬁuawafntuaf
0/P Thnreuantefiaedn i 419918 anntaiind
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Quadruple 2-Input Positive- AND Gate

- Electrical Charactaristics SN54LS08/SN74LS08

absoluie maammum ralings over ooerating lrse-sw temperature ranje

Sumly rlew YEQ ™ Daeralong Wee-ee [ sneas -$5C 1 ¢
et sPtaw w tempeaive ronge [ snws oc o T
Interemiloy sidi 5.4V S100090 tamantatur? (a0g. S48 10 13C
SNS4L508 sw7aLsos | O
N NOM MAR N NOM MAX
Siumy witee VOGO 6 [ $s |an S < s v
Mg ot ul@ A Cutsent g ) - 008 wh
Low-wet wipul cosent by 4 1] ma
Oparotim kor-as temicialuae Ty i [fi3 , N C
electrical characteristics over recommended opacating
free- air temperature range
PARAMETER TESY CONDITIONS 1 MIN TYP $ MAX JUNIT
Vi Hgh-ievel wnpul vuttaye 2 v
Vi, Low-level mput voltage 0.8} Vv
vy Inpul clamp vofiage Voo =MIN, 1= -i18mA -1 5 Vv
. Vee=MIN, V= 2v,
VOH  Migh-tevet output vollage 1034 =MAX 2.7 34 v
s Vg =MIN, Vipgs 2V
Vi Low-level 1put ¢ 0.2¢ 04 v
oL ow Output voltage lop = dmA
[
I' nput CMIHMI at Vcc=MAl. V|=7V o mA
suasimum inpul voitage ks
(™ High-level ingut current Voo =Max iy T2 IV ) pa
T8 Low-levél mputl current Vog =MAX Vi, =0.4v -0.41 mA
Shary cucun 54L S Famiy | ~20 = 100
[} MA mA
05 oulput cuirent & VeC mMax LS Family | =20 — 100
! ! Total, oufputs n 2.4 48! mA
CCH__ Suuply current Voo =MAX oral., outputs nigh
'cCL_ Supply current Total, outputs iow 44 88| mA
Average pergals
d v " 0.85 mA
CC  Supply cwrent ce=sv (50% cuty cycle)
e,
> Prooagation delay tiny ) : | s
low-to-high-levet oulput vee=57,  Tp=25C.
Propagation delay nms, CL=15F, A =0
PHL figh-totiow-level output jo g [
Pin Assignment (Top View)
4

positive logic:
Y=AB




54147414

Hex Schmitt-Trigger Inverter

Elsctrical Characteristics SNS4LSI4/SNT4LS14

absolule masiowm ratings over free-air range
Suwsy veuom. YCC w Opwatay Woa-aw 1 snsas ~$8C 0 19T
Inowt verlees v Woaraiae (onge | swras ¥c w  We
Swrsge tamgaranss (408 =48 13 IC
SN34LS |4 SN74LS 14 war
N ) MAK | N NOM WAK
Supiy veiteen, VCC .y 3 $s | an ) v
Higheivel euignt ouiTer. oy v -0 ~400 h
Lowtoval ovimt oo, 10¢, 4 [] ~a
Operatng Bovee tomporatwe. Tj -3 123 0 ) T

slectrical characteristics over recommended operating
free-air temperature range

PARAMETER TEST CONDITIONS t MIN TYP3 MAX | UNIT
V14 Postive-gong (Neshold vollags | Voo =5V 1.4 1.6 191 v
V7 .. Negative-gong tiweahold voltage| Vo a5V 0.5 .8 1 v
Hysterons (VT o~V -) Voo =SV 04 0.8 v
Vi input clamp voltage Voo =MIN, i1 =—1amA -8 v
v Migh-level Oulput vor Vec=MIN. Vi=¥r-mn. | o7 24 v
oM gh- Ouigut voitage 1o = MAX .
Voo =MIN, Vy=VT pman,
-level
VoL  Low-level output voliage log = 4mA 0.25 04 v
Inpui cufrent at
A { . v A A
T4 ontive-gong thveshald ccsv g3 ! g
Input current at
3 a8V, vV =vyo = A
T negative-gosng threshold vee=$ T4 0.1 s
Inout currant at
v MAX,
h mazimum nput voltage CC “MAX. Vi=1v o] A
[T High-level nout current Vo =MAX, Vi=2,V 01 A
TR Low-level wmoui current VoG =MAX, Vi =04V -0.4( mA
tosg Snort-cacit oulpul cusrent ® vYoc =MAX -2 ~100 | mA
= Tatal, oulput tigh Voo =MAX [ K [
ice MMII Tatsl, outpul low 12 2t ] ma
Average par gate | Voo =5V, 50% duty cycle 72
* Prossgation delsy tima, K
f "C. '
LU = o veo=5V. Ta=25C 5 2| s
Propagation detsy lume, 3
1PHL ngh-10-iow-iavel oulgat C_=ISPF, R =21 (1] 2| m
Pin Assignment (Top View)
VCC 6A & SA SY 4 e

Ny

1A Y 2 Y Ja )Y GND
Positive logic:
. Y=A




5421,/7421 |, Dual 4-Input Positive-AND Gate

Electrical Charscteristics, SNS4LS21/SN74LS21

sbsolute menimum ratings over opeifting free-air temperature range

Susply sen208. YEC w Oreraing boe-aw { snsane SC W@ aye

T vOMagY v temesatwre ora [ swrant T W 0C

Ivoramiior veoee X Sioraes lemom it raner -6 10 1t
SN34LS21 SH74LS2) o

N WOM __ WMAN_| N G MAX

Suply whage, YOO (3] s 3 nn 5 LX) v

Harivel Suimd ourrest. oM - 400 - 409 A

Lowtovel outvet curent, 10y [ [ ~a

Dowatey Nev-ww mmpwatwn, o =5 s [] n B

electrical charscteristics over recommended operating
free-sir temperature range

PARAMETER TEST CONDITIONS t MIN TYP § MAX |UNIT
Vin High-level mput voitage 1 2 v
Vi Low-evel inout vonage i 9.8 Vv
vy rput clame voliege Veo=MIN, 1) =--18mA g -5 v
5 VCC=MIN, V=2V,
VoH  High-evel outpul vottage (1 HAE 21 .34 v
IgH=Max
Vo =MIN, Vi = Vi mex,
v Al v
0L Low-ievel outpt voltage 1oy = 4mA 025 O
Input  current at
[ Voo =MAX, VyTIv . A
! meximum input voltege cc” ' %L\
iy High-level hout _cusrent Vog o MAX, Vin=2.1V 20f nA
N Low-level mput current Vog=MAX, Vi =0.4v . -5.4| mA
10g  Short cwowt omowt current & | Ve mMAX, -2 —100 | maA
3 touts hi A
| 'GCH___Swoply current Voo-MAX Total, outputs hugh L2 2.4y m
lccl,  Suooly awrent Total, outputs low 2.2 44| mA
Average per gate
| Suoply current Yeeo=Sv A
G cc=* {S0%duty cycle) 1 7
Propagation deigy time,
wih tow-to-high-tevel output Veg=8V. Tam2sC. ' D Ll B
Prepagetion deiay time, CL=ISPE, R =80 .
'PHL o eta-iow-tevel autout 9 w3

0}

Pin Assignments

Yee 10 26 NG 28 2a 2Y 10 1C

NS EmEMmEY

T

(Top View)

@

I8 OND 2Y 20 2¢
-1

1A 18 NC IC 1D

|I” i iakigtigll
1Y ONO [T Y]

positive logis :
Y=ABCD

i

-y
£
&=
~
»
n
@

MG <%y mimrasl conmechen




5427 /7427

Triple 3-lnput Positive-NOR Gate

Electrical Characteristics SNS4LS27/SN74LS27

absolute maximum ratings over op: g (ree-air ¢ renge
[ S owr wmea. voC v Oparateng Hoo-oa T snsas WC e AT
Tnust_sott o v banariuasiibhid { swres IS
IMer eIt wliow 5 v $iorsge temonrature (ange ~48% to I10C
a e
5NB4ALS27 SNT4LS2T7 wer
L] NOM_ WMAX | W NOM WAX
Supoly swiogs. VO o s $.3 an s X3 v
High Wvm oLt Tt 10y - 400 : - 400 A
Luw-avel auit Cwrend, 15¢ A [ 1 ~a
Qoersing bea-os wmumratwe {5 ) 2] -8 L <
electsical characteristics over recommended operating
' free-air temperature range
RARAMETER TEST CONDITIONS t MIN TYPS MAX {UNIT
Vi Hign-level nput voitage 2 v
Vo Lowdsvel mpot vol e 08 v
vy 1nput Glama voitage VOG=MIN, = —I1ImA -1 St v
VCC=MIN, Vg =Vy mas,
v Hugh-igvel vol .7 -
CH gh output voliage 1084~ MAX 2 3.4 v
VCC=MN, Vg, =2V, °
VOL  LOw-level output voitage ce i) 0.2 0.4} v
igp ™~ 4mA
it frpul anrent at VOR=MAX, Vi-1v ol ma
ManMum HPul vollage
Hyhieve)
1 Data mnputs ~MAX, -2.
e upul current vVee X Vm—2av 20 e
o i o Is [Vop-MAX, Vi =0.av 0.6 mA
T Wout current Ve cc AT A el
T34LS Famuy [ <20 - 100
! 1 * Voo =M, ¢
ns Shoriwatul outpul current CC=MAX INLS Famiy | <20 gy maA
IcCH ?wpw current Vcc-"MAl Total, outputs egh 2.6 4| mA
fooy  Supply current Total, cutputs low 34 68] ma
Average per gate
f Supply current Voo~ SV o A
CC 2 - (50% auty cycie) = -
Piooageton dulay tme,
4 Voo 5V, X
PLH tow 10 tevel output cC 5V Ta=25°C (1] t5| ns
Propeyaten delay lunc,
! C —15pF, Ry =2 i
PHL Nugh-to-tow-lovel output L ISeF L sy y 1 g
Pin Assignment (Top View)
®
Vec ac 1v 1€ 38 a3y
4l 303) o) Jurl l1el |8 (]
] o l J:I
A aOstigNgtpy
1A 18 Ia 18 2 ¥ GNO
sitive logic:
positive logic “

Y=A+8+C




5432,/7432 * Quadruple 2-Input Positive-OR Gate

Electrical Characteristics SNS4L532/SN741.532
shsolute mazinum ratings over i ~.ir range
Sty veegn. YOG v Operateng Fov-r [ snsLs =T W 15T
ot vetop v S ours rorme {snies ¥C %o 10T
Shrese ewatse range ~4'C lo 1%0°C
' 1008 ioee
SNB4LSIZ Sh74L832 - wat
L] oM MAK_| N oo WA
Suwly votam, Voo 0y 3 $3 | un s .0 v
Hgh-ovel SutpA crem, Iy . - 408 - 400 )
Low-tovel owigut current. g 4 1 -a
Cowatmg bon-aw tospatanare, Ty ~-9% " L ] L] T
electrical characteristics over r ded operating
free-air temperature range
PARAMETER TEST CONDITIONS ¥ |MIN TYP § MAX |UMNT
Vi§_ High-level input_voitage 4 2 v
Vi, Low-level mput voitage o8{ Vv
[ Input_clamp voltege VEg=MIN, | =—{gmA -ts] v
VCC=MIN,  Viy=2v,
VoH  Migh-evel output voltage -l:uﬂ‘“ 21 34 v
VCC=MIN,  ViL =Vi_ max,
VoL  Lowslevel output volisge op = ImA 6.25 0.4} Vv
rput owrent at
Voe=MAX, “ il .
" mazimum input  voltage cemM vimv T nge
iy Hign-level wpat ourrent VEG=MAX, * Vyy=2.7v L L)
U Low-evel mput ourrent Vog=MAX, vy =04V 0.4 | mA
[saCs Famay | 20 - 100
[ -
oS  Short-cirouit autput current @ | Voo =MAX [aCs Famiy | =20 Lo LY
[’
cCH _ Supoly ourcent VegmMAX Total, outputs hegh 3.0 6.2 | mA
IgCL  Suoply ourrent Total, outputs low 4.9 9.8 | ma
Average pergate
[ S arent veo=Sv A
cc woty ce (S0% duty cycle) 1.6 m
F Propagation detsy lime,
PLH - to-ogh-tavet outout Veo=SV. Ta=zsc. G
Propagation delay time, CL =1%0F, R =20
"
PHL ngh-to-low-level output bl M
Pin Assignment (Top View)
’ ®
i Ve @ @ & oW M o
i [CS{EIR[FINID IO‘I!L’.L
)
B alaBlenab
W 18 v Oz ¥ GN
positive logie:
E Y=A4+H




§5473,/7473 Dual J-K Master-Slave Flip-Flop with Clear
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4-Bit Binary Counter
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