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ASSTRACT :

The puropose aof this paper is to develop an efficient model for the ana.lysia of a
John's Chopper Circuit.

I~ the John's Chopper Cirmxit snalysis, the open branches are removed froam the associated
sraph to formulate the modified incidence matrix. An alogorithm for the generation of a
modified proper tree and fundamentsl cut set matrix from a network graph 1is developed,
which utilizes much less conmputer gtroage space and computation time compared to the classi-
cal methods.

INTRODUCTION

The chopper controlied DC separately and series excited motors are now widely used
in traction snd neny other industrial applications. - In motor IC driwes, the classical
moior—generatdr get has been replaced by a thyristorized power convertor which
srovides faster response at a lcwer total cost. ' ‘

In digital computation of thyristors snd diodes are reprlaced by swiiches and their swite

*'-zmga are determined by their voltages, currents and gate signals. ‘

The on switeh is mpreaented by & series ¢combinavion of voliage. md a smail resa.stmce,

~while the o‘f" switch is represented by very large resistence,

Jetwork topology . mekes use of the romla‘.ion of the state equations in the ccxn:mter.
The purpose ol the present paper is to make use of network topology for the formulation -
>f state equations in the thyristor circuits with the mmin object of eliminating the problem
af widely varing time constants and a generalized digital simulation method for the analy~
sia of chopper fed DC motor.

The important features of tais method ave

1), It caz be used for any chopper circuits.

Only the circuit comnection snd the parsmeters of circuit elements are needed as the input
data.

2} 1t does not need the prior kmowledge of different modes of operation af - the chopper
cireuit and derivation of  the relevent equaticmsa »

‘Tae program. itself enables one to determine the node sequence and derive and ao"ve ﬂ:e
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bystem equations sutomatically.

3 s s s < . N - - 5 oA
2. Por nminimiging ¢ puter time in forming the stete equations, the Moff" switch cn

be easily remove: by Eevankar's approach.

4) The Runge-Kutts methods used in this paper are besed on fourtheorder Taylor
approximetion.

I1° Topological partitioning of the thyristor circuits

It is convenient to partition the fundamental loop and cut-set matrices
abcoming to the nature of network elements,
The order of mumbering the network tranches is E(voltage sou:rce), C(capacitance),
R{resistance), Switches(SCR, Diode), L{inductance), and J{Current source).
In the graph of the thyristor cirenit, all the switching device btranches are
oriented from anode to cethode to represent the possible current flow direction.

III, Normal Tree
Define a "normal tree" as a having as twigs all of the independent voliege
sources, the maximm possible number of capacitors, the minimam posaible oumber of

inductors, and none of the independant current sources,

The elgorithim for formulation the modified complete incidence matrix is
follows:

(a) In the ecolums of An corresponding to the off-switches replace =11 nonzero
entries by zeros. ‘

{b) Check up ‘the rows for one nongero entry, If such a Tow exist, then replace
its nongzero entry by a zero.

(¢} Check the columns for one nongero entry, If such & colimn exists, then
replace its nonzerc entiry by a zero,

(2) THepeat steps {b) and (c) till none of the rows and columm contain one nonzero
entry. ‘

(e) Pormilate Asm by eliminating the rows and columns cantaining all zeros.

Ax= [At : 151

y f twig btranches matrix
A link branches matrix
4 : incidence matrix

IV. TFormulation of state equation and elementary propeties
Normal form of the state equation is

- SR
at = A,!-- + B1U
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where X is the state vector
U is the input vector

zaq A, and B, are the matrices evalusted on basis of cut set sutmatrix g

1 -1

V. Switching-device voltage and current relations
On-swiiching branch current ere given by
, ’ vy ot
Loe= ~Qualit ~ Qe it — Qi &, W= L[4
fundgmental loop matrix B for this choice of normal tree is illustrated in
Fiz. 4 (b). Where the dashed lines shows the partitioring of the submatrix F.

lb

. u

s : link elastance ' C : tree branch capcitances
: lizk resistance G ® " conductances
L 1 lirk. ifiductance F: " %  reciproecal inductances

symmetric sdmittance matrix : ¥ current transfer matrix : #
inpedence watrix : & voltage transfer matrix i w ﬁ’

vi, Conclusion
The described program can make fast computationsel time by Revan}mr's method
“using the modified incidence matrix obtained by removing ®off® switch,
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