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Abstract: An electrical inverter presents the function of converting DC voltage (or power) into AC voltage (or power)
at the aspiration frequency. This paper make obvious the application of the Dinesh Verma Transform for examine the
basic series inverter.The study of basic series inverter by submit an application Dinesh Verma Transform gives the
answer (electric current) of the basic series inverter which is usually geted by calculus and analytic methods. In this
paper, the answer of a basic series inverter is geted as a demonstration of the application of the Dinesh Verma
Transform (DVT).
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INTRODUCTION the year 2020 and applied for analyzing boundary
The Dinesh Verma Transform (DVT) applied value problems described by linear ordinary
in different areas of science, engineering and differential equations in Science and Engineering [5].
technology [11, [2], [3] [4], [5], [6]. [7] This paper demonstrates the application of the Dinesh
[8,9,10,11,12,13] The Dinesh Verma Transform Verma Transform for analyzing the basic series
(DVT) is implemented in various fields and fruitfully inverter to obtain itsresponse (electric current).
solving linear differential equations. Via Dinesh
Verma Transform (DVT) Ordinary linear differential DINESH VERMA TRANSFORM (DVT)
equation with constant coefficient and variable Let g(y) is a well-defined function of real
coefficient and simultaneous differential equations can numbers y > 0. The Dinesh Verma Transform [5] of
be easily resolved, without finding their g(y), denoted by G(r)orD{g(y)} , is defined
complementary solutions. It also comes out to be very as D{g(y)} = r3 fo"" e g(y)dy = G(r) , provided
effecctive ~ tool  to analyze differential that the integral is convergent, where r may be a real
equations[14,15,16,17,18,19,20], Simultaneous

or complex parameter and R is the Dinesh Verma

differential equations, Integral equations etc. The Transform operator.

electrical circuit performs the function of converting The Dinesh Verma Transform of some of the
DC voltage (or power) into AC voltage (or power) at derivatives of a function is
the desired frequency, is an inverter. In a series / . F 5
D t)} = - 0
inverter (shown in figure 1) commutating elements L D{f( t){}f _( )3 7 };f _(p)6 f (%)f _( )5 £1(0)
and C are attached unendingly in series with the load =P J\P)—P p

"r — a3 F 7 61
resistor R.The thyristors T, and T, are alternately D;{f,, 00} =p°f(P) —p"f(0) = p°f'(0) =
rotated on.[21,22,23,24,2526,27] The values of r°f (O)SA_nd S0 O;'_( )
commutating elements L. and C in series with load D{tf(t)} = ;f(p) —};—;,
resistor R are such that the £-C- R network forms an , 5[ & s dr =
underdamped circuit. An Inverter is used in the Ditf'(0} = ;[pf(p) -p f(O)] - E[Pf(p) -
domestic installations and in the commercial psf(O)] and
installations as a source of stand by electric supply, in D{tf"(®)} = 3 [p?%(p) — pbx(0) — p°x'(0)] —
industrial installations for induction heating and for a a p
variable speed AC drives [1-4].The ‘Dinesh Verma E[sz(}?) — p®x(0) — p°x'(0)] And so on.

Transform (RT)’ was projected by ‘Dinesh Verma’ in
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DINESH VERMA TRANSFORM OF
ELEMENTARY FUNCTIONS

According to the definition of Dinesh Verma
transform (DVT),

D{t"} =p° [ e Pt tdt

_psfme—z(z)n% z=npt
0 p/ p’

pS )
= W e’ * (Z)ndZ
0

Applying the definition of gamma function,
5
n p
D{y"}=—=ln+1)

p
1 |
= pn_4 ni
n!
= pn—4
Hence, D{t"}= p::;4

DVT of some elementary Functions
e D{t"}= 1,:_!—4 ,wheren =0,1,2, ..
aty — P°
® D{e } - p-a )
. ap5
e D{sinat} = e

p6
e D{cosat} = Srva

5
e  D{sinhat} = ptzl%az'

e D{coshat} =
* D{5®}=p*

p2—a?’

e The Inverse Dinesh Verma Transform (DVT)
of some of the functions are given by

o D'l{ L }=;—r:,wheren=0,1,2,..

pr—4
-1 i —_ pat
- D {p—a}_e ’
1 p° __ sinat
e D {p2+a2}_ a’
6
e D! {p2p+a2} = cosat,
- pS sinhat
¢ D 1{p2—a2}= a '’
6
e D! {pzp_az} = coshat,
o DTMp}=6(1)
METHODOLOGY

Considering a basice series inverter [1-4] as
given in figure 1. We are analyzing the basic series
inverter in three modes of operations.
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Figure |: Basic Series Inverter

In the first mode of operation of the basic
series inverter, since the thyristor T, is off and the
thyristor T; is on, therefore, the equivalent circuit, in
this case, is given in figure 2.

Figure 2: Equivalent Carcuit ( Tz is OFF and Ty is ON)

In this mode of operation, the capacitor is
considered to be initially charged to a potential Vg,
with the upper plate which have negative polarity and
the lower plate having positive polarity [1-
4].Therefore, at t = 0+,the application of Kirchhoff’s
loop law provides
RIW+ L[ (O] + 22 =V +Vgo ... (1)

Differentiate equation (1) and simplifying, we get
"]+ ']+ =0.... (D

Herel(t = [¢'(t)] is the instantaneous electric current
flowing in the series L - C- R network circuit.

The relevant boundary conditions[6-7] are as follows:
Attheinstantt=0, | (0) =0.

Since | (0) = 0, therefore,

provides[1'(0)] = %
The Dinesh Verma Transform of equation (1)
provides

r21(r) — r®1(0) -r°D,[1(0)] +
S{rI(@) - r°1(0)} +-1(1) = 0...... (1)
Applying boundary conditions: 1(0) =0 and
[1'(0)] = Y+ Yoo , equation (111) becomes,
V+ Vco

27(ry Y+ Veo 5 R 7 Ty =
r<I(r) —r°+ LrI(r)+LCI(r)—O

equation (1)
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Or
T, 2 E i :V+ Vco 5
I(r) [r* + Lr+bc] — T
Or
V+ Veco rs
0= [r“ z”i]
Or
V+V 5
I(r) = +LC°[ —— Rzl ........... )
(r+30) + e~ Gp)

According to the condition [8-9] for the circuit to be
2 2
(ZR—L) ori — (%) > 0, therefore
o1 R\2 _ 1 R\Z .
on puttlng i - (Z) =g 0Or ¢= i - (i) n
equation (4), we can rewrite equation (4) as

T(r) — \'4 +LVCQ [ r52 ]

(r+%) + g2

underdamped, 1>
LC

- V+V 5
I(r) = +LCO[ R .r R . ]

(r+£—1£)(r+i+ ig)
Or

I()—V+ Vco

[(r+a)(r+c)] wherea——L — igand

C:Z + iegsuchthata-c=—2ie.

Or
_V+ Vco
I(I‘) [(r+a)(r+c)]
Or
_V+ Veo rs _ s
)= [ )

The inverse DVT of equation (5) provides

_V+Veo r,—ct _ .-at
I(t) - —2iek [e € ]
Or
V+ Veo roiet _ —iet
I(t) - 2iwk [e € ]
Or
R
1(t)= % e 2t sin et
Or
I(t)= —e zt sinet....... (V1)

This equation (6) confirms that the current
I(t) is sinusoidal in nature with exponentially
decreasing amplitude. At t = g ,I(g) = 0i.e. at the
instant t = % , the current in the circuit becomes zero.

To find the voltage drop across the inductor,
differentiating equation (VI) w.r.t. t, we get

') =2
For 5|mpI|fy|ng equation (VI1), letus putz = b, where

—e zt [ecos wt — —sm et] .. (VII)

. . 1
b is known as damping constant, andE = &2, where

40

€, is known as resonant frequency such that e =
Je2 —b? or w, = VeZ+ b? , then we can rewrite
equation (VII) as
'] =1 VCO e Pt [ecoset — b sinet]
Or
['®Ol——

1b

b . _
Puts— = cosa and — =sina such that a = tan -

V+ VCO

e Ple [ si cos wt — sﬂsin et]... (VII)

0

, equation (V1) becomes

[ )]z VCO e Pte [ cos acos et — sinasin et]
Or

[I'(©)] =7 e, cos(et + a) ... (IX)

The voltage drop across the inductor [VI] is given by
Vi () = L[I'(D)]

Or

Vi () = we‘btso cos(et + a) ...(X)

We can determine the voltage across capacitor as

Or

Ve@® =V — Vzg(® - V(D

Or

Ve(@®) =V—-RI®t) — V. (V) ...... (XI)

Using equations (VI) and (X) in equation (XI) and
simplifying, we get

Ve () = —we‘btso cos(et — a).. (XI1)

g V + V u:
Ve (;) =V —Je_bsso cos(m— a)

€
Or
( ) = y4 1Yo VCO e ee, cos(a).... (XIII)
As — = cosq, equatlon (XI11) becomes
Or

T —pt
Ve (;)_ V4 (V+ Voo )e e
For convenience, let us writeV; (g) = V¢4, then

TU —_pt
Ve = Vg (g)= V4 (V+ Vgo)e s
Or

g _Rm
Vo= Ve (3) = V4V + Vo Je2e... (XIV)
This equation (14) provides the voltage
across the capacitor at the instant t = =

In the second mode of operatlon of the basic
series inverter, as both the thyristorsT; and T, are in
the off state [1-4] as shown in figure 3, therefore, in
this mode of operation, I(t) = 0,V. (t) = V;; and
Vi (t) =0.
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Figure 3: Eguivalent Circuit (both Ty and T: are off)

In the third mode of operation of the basic series
inverter, since the thyristor T, is off and the thyristor
T, is on, therefore, the equivalent circuit, in this case,
is shown in figure 4.

Switch -

-l

Figwe 4: Equvalent Crcwt (T, 15 OFF and T, 1s ON)

In this case, the capacitor is initially charged
to a potentialV; with positive polarity on the upper
plate and negative polarity on the lower plate. The
direction of flow of current on this case is in opposite
direction to that of current that flows in the first mode
of operation of thebasic series inverter [1-4].

The application of Kirchhoff’s loop law to the loop
(shown in figure 4) provides
RIE+L[I (O] + 22 = v, .. (XV)
Equation (XV) is similar to the equation (1). Here, on
the right-hand side of equation (XV), the
term V., appears instead of term V + Vg which
appeared on the right-hand side of equation (). Hence
the solution of equation (XV) can be obtained in a
similar manner by the Dinesh Verma Transform as
that of equation (1) and is given by

R
(=" ™2 sinwt.... (XVI)
This equation (XVI) confirms that the current I(t)is
sinusoidal in nature with exponentially decreasing
amplitude. It is clear from the equations (VI) and
(XVI) that the amplitude of current in the first mode
of operation will be equal to the amplitude of current
in the third mode of operation only if Vg; = V +
Veo -

Conclusion:
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This paper shows that the practice of Dinesh
Verma Transform for getting the response (electric
current) of basic series inverter. This takes up the
Dinesh Verma Transform as an effective technique for
gettinging the response of power electronic circuits.
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