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2.3 Analysis of Graetz circuit with overlap

Due to the leakage inductance of the converter transformers and the impedance in
the supply network, the current in a valve cannot change suddenly and this commutation
from one valve to the next cannot be instantaneous. This is called overlap and its duration
is measured by the overlap (commutation) angle ‘p’.

Each interval of the period of supply can be divided into two subintervals as shown
in the below timing diagram. In the first subinterval, three valves are conducting and in
the second subinterval, two valves are conducting which is based on the assumption that

the overlap angle is less than 60° .

3 4 5 6 1 2

| 4 & 4+ & 4

// ) % V/ £ g

& ,// 2 ,/’* ] ]
T T 4+ 360°

wi=of d"'GOO

Figure 2.3.1 Timing diagram
[Source: “HVDC Power Transmission Systems” by K.P.Padiyar, page-51]
There are three modes of the converter which are

1) Mode 1 — Two and three valve conduction (u<60°)
i) Mode 2 — Three valve conduction (u=60°)
Iii) Mode 3 — Three and four valve conduction (u>60°)

)Analysis of Two and Three VValve Conduction Mode:

The equivalent circuit for three valve conduction is shown below.

e, —€, =L, %—ﬂ
dt dt

The LHS in the above equation is called the commutating emf whose value is given by

For this circuit,

e, —€, = \/EELL sin ot

Which is the voltage across valve 3 just before it starts conducting.
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Figure 2.3.2 Equivelent circuit of 3 valve conduction
[Source: “HVDC Power Transmission Systems” by K.P.Padiyar, page-51]
Since, i, =1, —i,
We get,
LA di,
2E, sinaot =2L, —
dt
Solving the above equation, we get

I;(t) =1 (cosa —cosat),a <ot <a+u

Where,

At ot=atp , is = lq . This gives 1, =1 [cosa —cos(a + )]

The average direct voltage can be obtained as

3 a+pu a+60

l_?gecd(a)tﬂ I(eb—ec)d(wt)

a+u

Vy=—
T

=V, CoOSa — zi\/EELL [cosa —cos(ax + u)]
T

32

Since, —E =V,, , we get
T

V
V, = ;0 [cosa + cos(a + u)]

The value of [cosa —cos(a + 1)] can be substituted to get,

S

|
Vv, :Vdo(cow —~ ﬁj =V, cosa —R_I,

Where,
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R. is called equivalent commutation resistance and the equivalent circuit for a

bridge converter is shown below.
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Figure 2.3.3 Equivalent circuit of a bridge converter

[Source: “HVDC Power Transmission Systems” by K.P.Padiyar, page-53]
Inverter Equations:

For an inverter, advance angle f is given by
p=m-a
and use opposite polarity for the DC voltage with voltage rise opposite to the direction of
current. Thus,

Vi= %[cosa +cos(x + u)]
_Vdoi
¥ T[cos(;: — ) +cos(z —y)]

V.
AN %[cosﬁ+ cosy]

Where, the extinction angle y is defined as
Y =p-p=m-a-p
Similarly, it can be shown that
V4 =V4i COSS+ R, 1,
=V, cosy —R,l,

The subscript “i” refers to the inverter.

i) Analysis of Three and Four Valve Conduction Mode:

The equivalent circuit for three and four valve conduction is shown below.
For, a < ot < a+p-60°
I = Is sin(@t+60°) + A

ls=1lg—1>=1Ilg— s sinot + C

Where, 1, = E, .
oL, 3

2
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The constant A can be determined from the initial condition
I1 (ot=a) = Ig = I sin(a+60°) + A
The constant C can be determined from the final condition
Is (ot=0+u-60°) =0 = lg— Is sin(a+p-60°) + C=0
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Figure 2.3.4 Equivalent circuit for four valve conduction
[Source: “HVDC Power Transmission Systems” by K.P.Padiyar, page-58]
For, o+p-60° < oot < a-+60°
i1 = ls cosot + B
The constant B can be determined from the continuity equation
i1 (ot=0+u=60°) = Is sin(a+p) + A = I cos(at+u-60°) + B
Finally,

\= IES[COS(a —30°) —cos(x + u+30°)]

The expression for average direct voltage is given by

a+60°
vd:§ [ _—Becd(a)t)
a+u—60°

Since e; = En, cosmt

Nan= ig E, [sin(a +60°) —sin(a + ¢ —60°)]
T

J3

V, = 7Vdo[cos(a —30°) +cos(x + 1 +30°)]
Finally

V, =V, [v3cos(@-30°) - g'l—d] = /3V,, cos(a —30°)-3R_I,

EE8017 HIGH VOLTAGE DC TRANSMISSION



