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SUННARY 

Вее1с requ1reaente la1d on un1vereal prograae for co•­
puter-a1ded analys1s of electron1c c1rcu1te are etated. Then 
Ьее1с properties of prograa MININAP are shown together w1th ge­
neral pr1nc1ples of the prograa. Two exaaplee 1lluetrate the 
uee of the progrea and 1te capab111t1ee. 

INТRODUCТION 

The developaent ot aodern power electron1c equ1paent 
requ1ree th8t the deeigner-: 8 work 8hould Ье aore eff1c1ent th8n 
1n the p8et.The coaplex1ty of control and eepec18lly power 
c1rcu1te 1е growing cont1nuouely and caueee that the approxiaate 
des1gn1ng aethode ueed do not eecure euff1c1ently reliaЬle re­
eults. Thue aany det81le 8re left for exper1aent81 ver1f1cat1on 
with the 1nev1taЫe riek of daa8g1ng expensive circutt eleaents 
or at leaet of not obta1n1ng the best po8s1Ьle resulte. 

The d1g1tal coaputer w1th 1te veat capab111t1es offers 
еоае new poss1b111t1ee to help the des1gner. А su1taЫe prograa 
can fulf11 aany taeke both 1n analys1ng and eynthee181ng the 
network. Ind1v1du81 requ1reaents la1d on such а prograa (or 
eystea of progr8ae) can Ье et8ted 88 followsz 

The prograa aakee 1t po8s1Ьlez 
1. to cre8te 8 fa1thful aodel of the network, 
2. to coapare d1fferent re811sat1one of networks for the еаае 

over811 funct1on, 
з. to follow the 1nfluence of par8aeters tolerance8 on the 

operation of the network, 
4. to analr•• the 1nfluence of varioue external cond1t1on~, 
6. to aode varioue dangeroue cond1t1one without r1sk of daaa­

g1ng the network or other equiPDent, 
6. to forecaet the rel1ab111ty of network, 
7. to opt1a1ee the network for beet perfor.ance (eff1c1ency, 

rel1ab111ty, cost, etc), 
в. to help the des1gner to deeply underetand the funct1on of 

the network under different operating cond1t1on&, 
9. to prepare data for exper1•ental ver1f1cat1on of tha re811• 

eed network. 
There exiets а nuaber of further requ1reaents that aust 

Ье fulfilled Ьу а really good prograa bee1de thoae 11eted аЬоvе. 



The progra• ~ust Ье operab1e Ьу any e1ectronic cicuit de8igner 
~ho knows nothing about Fortren, As8e~bler and 8uch thinge. 
The progra• 8hould Ье prepared to а dialogue with the user 
offering hi~ а ee1ection of poesiЫlities how to continue, 
alphanumerica1 88 wel1 ае graphica1 output of resu1te, e8sy 
contro1 and of cour8e quick and 8ufficient1y accurate calcula­
tiona. 

Ае the 1iterature devoted to CAD (Computer-Aided De­
eign) showe (еее e.g. R.1), many different progr8ms have been 
created and are more or less availab1e. Majority of these pro­
gram8 ara directed to 1inear or linearieed networks. An admi­
rable work has been done 1n the f1eid of 11near active filters, 
w1deband а8 wel1 ае 8elective amplifiers, phase 8Пd amp11tude 
corrector8 and the like. The are not so many good program8 for 
8Ub8tant1811y nonl1ne8r ey8tem8 that come in que8t1on in power 
electronic circuits. Some of the8e can Ье run on1y on 8uffici­
ent1y large computer in8ta11ations and moreover are expensive 
1n u8e (for instance progra~s ЕСАР 2., ASTAP, ••• ). 

А rea1ly good program NAP 2 (R.2) can Ье obta1ned from 
the authors without d1fficu1t1es. It 1s able to simulate com­
p1icated electronic c1rcuite with very genera1 non11nearit1e8 
and p8r8metr1c dependence8. The prograш 18 we11 prepared to 
work with med1um-sized computer8 88 IBM 370 or 360 or 8ome 
computers of the 8o-ca1led Un1f1ed Ser1es (ЕС 1030, ЕС 1040) 
produced 1n 8oc1alist countr1e8. It8 basic disadvantagee can 
Ье eeen in fact that the program doee not a1low 1nteract1ve 
control and that it 18 written in an advanced vereion of 
Fortran the co~pilere for which are not quite U8ual in other 
co11putere. 

PROGRAМ MININAP 
In our Institute we are using NAP 2 on our ЕС 1030 

w1th а 256 kbyte operational memory. Our good experience with 
the program and our wish to Ье аЫе to cooperate with the 
computer dur1ng the analyeie proce8s made us to create а 81~­
plified version of NAP 2 ca1led MININAP. The basic featuree 
of MININAP can Ье summed up ае follows: 
- The progra• ie run оп а PDP 11-40 with 16 kwords (32 kbyte) 

of memoгy. The 1n8tal1ation conta1ns further а diek un1t 
RK 05, 8Пd а TEКТRONIX graphic term1nal 4010. In 8ome cases 
also tape reader , tape punch and Calcomp drum plotter can 
Ье u8ed. 

- The program can Ье U8ed to analy8e time waveforas 1n networks 
containing 1inear pa8s1ve G, R, L, С elemente, controlled 
eource8, independent sources of pre8cr1bed voltage and cur­
rent waveforшe and typical nonlinear elements (d1ode8 , Ыpo­
lar tran81etors, thyr1stor8) . 
The network to Ье 8naly8ed 1s described i n а s imple and ea8i• 
ly comprehene1Ьle way. The user 1s only supposed to draw t he 
scheme, to nu~erate its individual nodes and to prepare the 
list of elemente and their connection to these nodes. Nonl1-
near1tiee are aodelled 1n а etandard way. Several typical 
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•odela are built in the progra•• Other •odels can Ье added or 
etandard aodele ~odified when neceesary. 

- Results can Ье output in fon~ of tаЫев of nuшerical values 
or in gra~hical form (time dependences or dependencee of one 
or several variaЫes on some other). 

- The coшplete calculation can Ье prepared beforehend or it can 
Ье user controlled according to the results obtained. The 
1nteract1vity enaЫes the user to 

-choose the fora of results, 
-•odify the scheшe or paraшeters of ele•enta, 
-•odify the 1n1t1al cond1t1one, 
-change 1nput waveforae. 

Both prograшs NAP 2 and MININAP have been 1n use in 
our Inet1tute for шоrе than one year. NAP 2 ie used for analy­
eing larger scheшes (up to 50 variaЬles) and scheшes with 
general nonlinearities and paraшetric dependences. MININAP is 
su1teЫe for sшeller networks (up to about 15 variables) or 
for analyeing sшall details of шоrе complicated eysteme. Very 
often both the progra~s are used eiшultaneoualy to solve the 
еаае network fro• different viewpoints. 

BLOCK SCHEME OF MININAP 
The overall eiaplified block echa•e of MININAP is 

ahown in Figure 1. 

F1g.l. Bleck echeae of progrea MININAP 
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The prograш 1s eubd1v1ded 1nto the reeident and 4 basic segments 
that are etored on disk and only one of which ie in the aain 
~e~ory at а tiшe. Trensfer of data fro~ segeent to eagшent is 
done through co•~on Ыосkе that reeide in the аешоrу all the 
ti11e. 

Segaent RCST (Read Control State•ente) reads and de­
codeв control stateшente. Soae of theee etate11ents are used to 
control the procees of analyeie (1ndicat1on that there follows 
the deecription of network to Ье eolved, allocation of t1•e 
interval, 1nitial cond1t1one. coa11entariee, end of calculetion)~, 
others еnаЫе the user to indicate the concrete fors of results 
(tables of values, graphs) he wishee. 

After certain control steteaente the uontrol ie handed 
over to segmente RSCН, DCTR or OUTP. 

Segшent RSCH (Read the Scheшe) orgenieee reading, de­
~oding and storing 1nformation about configuration of the sche­
me to Ье analysed end about the para•eters of network elements. 
The seg~ent creetee tables conteining 1n condeneed form all 
inforшation neceesary for eubsequent building and eolving dif­
ferential equations in the segment DCTR (DC and Transient Ana­
lysis). Segment OUTP takes cere of all forms of output. 

MODELS OF OONLINEAR NEТWORK ELEMENТS IN MININAP 
Prograш MININAP acco~odates three basic nonlinear 

network elemente: the diode, the Ьipolar transistor (both NPN 
and PNP) and the thyristor. 

For diode and Ь1polar transistor well known шathemati• 
cal models are used. Diode (PN junction) end the corresponding 
definit1one of voltage and current are ehown in Figure 2а. 
For the use in the program the diode is eubetituted Ьу an 
electr1cal ache•• ohawn 1n Figure 2Ь:Ј, 
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F1g.2. Diode. а. Scheшe and definition of u and 1. 
ь. Scheшe equi~alent to aatheшatical 

11odel. 
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F1g.2. D1ode. с. Static character1st1c of the aodel 

The total diode current 1 cone1eta of three parts: 
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- the current id through nonlinear зtet1c conductance G 
- the current 1сь through the barrter capacitance Сь 
- the current icd through the d1ffus1on capacitance cd. 

The f1rst of theee three currents depends only on the instanta­
neous diode voltage u. It represents the d1ade curгent under 
the cond1t1ons of slowly very1ng voltage u. Matheaat1cally it 
1е given аа (еее graph in Figuгe 2с): 

for < u • о, (1) 

for о ~ ~ 
u • Ug• (2) 

for (З) 

where 
Ia Gs • __ exp(Us/Vт) • 
vт 

(4) 

Equetion (2) deacr1bes the static diode characteristic 
accord1ng to basic theoretical for•ulae for P-N junct1on. 
Valid1ty of th1a expreeeion ie 11a1ted both~on lower and upper 
aide of voltage ax1s. In cut-off region (u • D) the diode be­
havee like е linear conductence Is/Vт• whila 1n the region of 
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> heavy foгwerd currente (u • u
8

) the exponential cheracter1st1c 
1s eubstituted Ьу а 11near one with the s1ope G5 reeu1t1ng froш 
parasitic eeries reeistancee of the electrodee. 

The dynamic bahaviour of the diode 18 represented Ьу 
2 nonlinear capacitance8, name1y Сь and cd. 

wheгe 

citance 

where 

The barr1er capacitance Сь accumu1ates the charge 
.([, 

ol. сь.~ (1 :·./~!" • 
~ 

(5) 

Сьо is the differentia1 barr1er capacitance at u • а, 

~ 18 contact potential, 
< < m 18 con8tant, о.э • ш • 1 • 

For the charge Q2 accumu1ated Ьу the diffueion cepa­
Cd 1t ho1de 

Q2 • Tt 1 , (6) 

Tt is trans1t time. 

For Ь1ро1аr tran81store the 8o-called mod1f1ed Ebers­
-мo11 mode1 18 u8ed, see F1gure Эа,ь. The model con81ete of 
two diodee (base-emiter, baee-co11ector) de8cribed 1n corree­
pondence with Figure 2 and equet1one (1) to (6). In addition, 
the transietor ampl1fy1ng effect ie taken into con81derat1on 
Ьу two current eourcee contro1led Ьу currente 1dbe and 1dbc 
flowing through both etatic conductancee Gье and Gьс• 

The PN§ traneistor mode1 1е eim11ar. Only the orien­
tation of the two diodes 1е revereed. 

The thyr1stor model 1s al8o based on the d1ode. The 
ew1tch1ng effect 1s mode11ed Ьу changing the е1оре G5 of the 
11near extens1on of character1st1c in the forward reg1on. The 
81оре can Ье either GSON in са8е of conducting thyr18tor or 
GSOFF in case of nonconduct1ng thyr18tor, 8ее F1gure 4. 

The thyr1etor 8tate can Ье changed under one of the 
two fo11ow1ng cond1t1on8: 
1. Thyristor 8Witche8 from OFF to ON: 

- f1r1ng 1mpul8e 18 epp1ied to the gete wh1le anode 
voltege 18 po81t1ve., 

- fir1ng impulse 1s already present while enode vol­
tage 1s chang1ng ite polarity fro• negat1ve to 
pos1t1ve. 



Е 

•• 
F1g.э. B1polar trene1etor NPN. 

•• Sche111e. 
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ь. Sche111e equ1valent to •ethe111atical шodel. 
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F1g.4. Stet1c charecter1et1c of thyr1etor· •odel. 
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2. Thyr1etor ewitchee fro• ON to OFF: 
- anode current wae decreased Under hold1ng value 

(irrespectively of preeence or ebeence of f1r1ng 
1mpulse). 

As the described thyr1etor •odel containe also both the 
barrier and diffusion capacitances it can godel the finite 
switching-off t1ше of the thyristor and its dependence on for­
ward current as well as its rate of change just in the pre­
ceeding 1nstants. The шodel however cannot take 1nto considera­
tion the controlling gate cheracteristic or the firing of the 
thyristor caused Ьу exceesive rate of change of anode voltage 
du/dt. 

SEТТING UP AND SOLVING ТНЕ NEТWORK EQUATIONS 
The set of nonl1near equet1ona descriЫng the network 

has the fonR 

where 
f(x) + А х + В ~ • u(t) , 

х is vector of so-called pri•ary varieЫes, 
~ is vectgr. of f1rst t1me-der1vativee of ~. 
А and В are conetant matrices, 
f(x) is vector of nonlinear dependence&, 
u(t) 1е vector of exciting functions. 

(7) 

As pr1mary variablee node voltages w1th respect to re­
ference node and some branch currents are choeen. This choice 
indicetes that the method used is the so-called mod1fied node 
voltage method (R.З). Its basic advantage 1а thet setting-up 
the equetions can Ье easily automatieed. All what the algo­
rithm needs is а simple descr1pt1on of the scheme to Ье eolved 
saying how the individual circu1t elements are connected to­
gether. The branch currente added to the node voltages are 
currents of all 1nductors, ideal voltage sources and, 1f pre­
sent, of all res1stances with zero value. 

For the solution of equation (7) the mod1f1ed var1eЫe­
-step varieЫe-order implicit integretion algorithm 1s used 
(R.4). This numer1cal algorithm uses а comЫnation of polynom1al 
predict1on of solution х in the next t1me 1nstent with the 
Newton-Rephson 1terat1on procedure. The algor1thm is able to 
solve s1multaneouely both d1fferent1al and algebra1c nonl1near 
equat1ons of (7). 

EXAМPLES OF USE OF PROGRAМ MININAP 
For 1lluetrat1on 2 typ1cal eolut1on examplee w1th 

progra~ MININAP w1ll Ье ehown. 
Scheme 1n F1gure 5 repreeente а mult1stage trans1stor 

ampl1f1er used ае cont1nuous exc1ting current regulator for 
а eynchronoue generator. The excit1ng wind1ng ie repreeented 
Ьу the ree1etor 5 ohшs between nodee 5 and е. Ree1stor 0.5 ohm 
between node 7 and reference 18 prepared for eens1ng output 



s s TRANSISТOR POWER AМPLIFIER 
:CIR 8, 
мт l,le-12, ,оз.,l·,, ,-,,, .985,5, .з,r,,. 5, 
мт 2,1e-11,.o3,2,,•, . , . ,.gs,5,.з,.,,,.s, 
кт 3 ,1е-1о, .оз.,s,·,., ,., • 97,5:,. е.~ •.•• 5, 
NPN 1,2,3,1:, 
NPN 3 1 4 1 5 1 2 1 

NPN 5,6 .. 7!,3-, 
'R 2 1 8 1 1501 
R з,5,lо-, 
R 4 1 & 1 82 1 

R 6 1 7 1 101 
R 7,о,о.5, 
R 6 1 8 1 5 1 
RE 0,8,0,•401 
R 1,o,looo, 
I о,1,2,1, 
F2 1:,2,о,о,1,1ое-з., 
LAST 
:TIM 0,1, 
:RUN 

F1g.s. Mult1etage trane1etor aapl1f1er. 
а. Sche11e. 
ь. ProЬlea •llocat1on for MININAP. 
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11 МC•МURRAY INVERTER 
1CIR 9. 
RE 1,э,.s,2оо, 
R 7-,o,lo, 
R 8,0,10, 
:Ј о,1,1о, 
С 2,7,50Е-9, 
с 4,e,soe-9, 
R 1,9,10, 
С 9,5,50Е-9, 
L 1,2,15Е•б,.Э, 
L Э,4,15Е•6,.Э, 
L 5,6,45Е•6,.З, 

./'• IIJA 

мо 2,1E-11,.02S,2,le-;.,le-10,.5·, 
D 0 1 2 12 1 
D 4·,0,2, 
MS 2·,1E-ll·, .О25,1Е-4·,1Е-7 ,lE-lO,l•,.S,lO, 
тн 1,5,2,2,1, 
тн 2,0,2,2·,1, 
ТН О,4,2•,Э,о, 
С 6,0,2Е-61 
El8 . 1,l,0,25E-б, 
FIR Э,l,ЭОЕ•6,1ООЕ•6, 
LAST 
1TIH o,looe-s, 
rRUN 

(()!} 
@ 

F1g.б. нc-нurrey thyr1etor 1nverter eolved Ьу HININAP 
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current for eventu81 feedb8Ck purposes. The ei~ of the computa­
t1one W8S to f1nd optimum values of collector resistors for 
the f1rst two trans1stors. 

Graph9 of node voltages v2, v~, ••• v7 and 9upplying 
9ource current 19 а9 function of input voltage show clearly 
how individual transi9tor9 amplify and how the overall charac­
ter18tic 89 well 89 the current consumption and power lost in 
the 8mp1ifier depend on component9 parameters. 

The Figure б shows one pha8e of а modified мc-мurray 
inverter. The program was used to ana1yee the commutation 
proce88 starting from the instant of firing the thyristor 
ТНlд. From the graphica1 results it can Ье found out how some 
1mportant details of the waveform, for instance voltage spikes, 
di/dt and dujdt rates of change, energy 1osses etc. depend 
on parameters of RC snubber network9, load current, thyristor 
ТН2 timing or thyristore and diodes dynamic parameters. 

In all the cases the computer•8ided an8lys1s is car­
ried out para1lel to theoret1ca1 investigation of the circuit. 
The computer makes it possiЬle to so1ve the circuit in it9 
or1gina1 comp1ex1ty and to 9how which e1ement8 аге important 
in individual time 1nterva19. In this sense it prepares ground 
for 8uccessive simplification of the proЬlem and derivation of 
general design formulae. At the 8ame time Ьу comparing the 
experimental and calculated waveforms 1t al1ows to improve 
the mode1 of the network (inc1uding e.g. stray inductances} 
88 well 88 the models of network element8. 

CONCLUSION 
Program MININAP 19 8 powerful program for а sma11 digi­

tal computer designed to analyse time waveform9 in power# 
e1ectronic circuits. It can Ье u9ed to 9peed up designer з 
work 8nd to make the results more reliaЬle. 

(1) 

(2) 

(~} 

(4) 
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