CHAPTER

Thyristor Commutation Techniques

5.1

Introduction

The turn-off of a thyristor means bringing the device from forward conduction state to forward blocking

state.

The thyristor turn-off requires that

(i) its anode current falls below the holding current and

(i) areverse voltage is applied to thyristor for a sufficient time to enable it to recover to blocking
state.

Commutation is defined as the process of turning off a thyristor. Once thyristor starts conducting,

gate losses control over the device, therefore, external means may have to be adopted to commutate

the thyristor.

Several commutation techniques have been developed with the sole objective of reducing their turn-

off (or commutation) time.

Class-A commutation: Load commutation

Class-B commutation: Resonant-pulse commutation
Class-C commutation: Complementary commutation
Class-D commutation: impulse commutation
Class-E commutation: External pulse commutation
Class-F commutation: Line commutation

Class-A Commutation: Load Commutation
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Figure-5.1



For achieving load commutation of a thyristor, the commutating components L and Care connected as
shown above. Here Ris the load resistance. For low vaiues of A, Land Care connected in series with A, and for
high values of R, load Ris connected across C.

Figure-5.2

e The essential requirement for both the circuits is that the overall circuit must be underdamped.

e ltisseenthat current 4’ first rises to maximum value and then begins to fall. When current decaysto
zero and tends to reverse, thyristor T turns-off on its own at instant A.

e Class-A or load commutation is also called resonant commutation or self commutation.

e The conduction time of the thyristor is = n/LC .

i.e. at ot = &t current becomes zero.
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Here, &g = 1 is called the resonant frequency.
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Class-B Commutation: Resonant Pulse Commutation
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The source voltage V, charges capacitor C to V, with left hand plate positive. Main thyristor T, an I:

auxiliary thyristor T, are off.
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When T, is turned on at ¢ = 0, a constant current I, is established in the load circuit.
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Here in this circuit V, = V,and i, = 0.
For initiating the commutation of main thyristor T,, auxiliary thyristor 7, is gated att=1t,.
With T,0on, aresonant current i, begins to flow from Cthrough T, L and back to C.



(e)
This resonant current, with time measured from instant ¢, is given by

iy = —Vs\/g sinwgt = —Ip Sinwgt

Minus sign before I, sinw,t is due to the fact that this current flows opposite to the reference positive

direction chosen fori .
1 1 fC ,
V(N = z i, dt = o C J(—Vs f) sinmgt d(wgt)

| Vo(t) =V, cosayt |

Capacitor voltage,

T. i I,
After half a cycle of i, from instant ¢;; i, = 0, V, = -V, and i, = Io. — p :
c L ¢P
After m radians from instant t,, i.e. just after instant ,, as i tends |, "L —1 00— |:§
toreverse, T,isturned off at t,. With V_ = -V_right hand plate has positive Ve . =
polarity. Resonant current i, now builds up through C, L, Dand T,.
i‘[:‘ +.iC = IO (f)
no=I-i;

Finally, when i, in the reversed direction attains the value of I,, forward curfent in T, (i, =Ip~1Ip=0)1s

reduced to zero and the device T, is turned-off at ¢,.

For reliable commutation, peak resonant current I, must be greater than load current /.

As thyristor is commutated by the gradual build up of resonant current in the reversed direction, this
method of commutation is called current commutation, class B commutation or resonant pulse commutation.

After T, is turned-off at t,, constant current I, flows from V, to load through C, L and D. Capacitor begins
charging linearly from - V_, to zero at t, and then to V, at ;. R

c L %D -~

It is seen from the waveform of i, that main thyristor vV, — + 1= |:Sj| Yo

T, is turned-off when.

As a result, at instant t;, when V=V,
load current i, = i, = I, reduces to zero as shown.
C . R
VS\/% sinay(ts ~t,) = b (@)

|+

where, L=V, \/% = peak resonant current

, . . . ) — —_ Vab
Circuit turn-off time for main thyristor, | fe =1s —f3 = -1—0—

Main thyristor T, is commutated at t;. As constant load current I, charges Clinearly from-V,, at t, to zero
at t,, SCR T, is reverse biased by voltage V,_ for a period (t, - t;) = £

The above equation shows that {, is dependent on the load current. Waveform of capacitor voltage V.,
reveals that the magnitude of reverse voltage V,, across main thyristor T,, when it gets commutated, is given by

| Vab =VS COS(DO (ts —t2) !

The circuit shown below employing resonant pulse commutation (or class B
commutation) has C = 20 uF and L = 5 pH. Initial voltage across capacitor is V = 230 V. For a constant

load current of 300 A. Calculate:

,
L
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(i) Conduction time for the auxiliary thyristor,
(ii) Voltage across the main thyristor when it gets commuted and
(iii) The circuit turn-off time for the main thyristor.

\/7 230, } =460 A

Solution:

Peak value of resonant current,

6
Resonant frequency, @ = J—_ % =0.1x10° rad/s
({)  Conduction time for auxiliary thyristor = T __ T __31416 us
0y 0.1x108
(i) o= sin [j—f)) = sl (%) — 40.706° or 0.71045 rad
p

Voltage across main thyristor, when it gets turned-off, is
: V, = V cos ¢ = 230 cos(40.706°) = 174.355 V

(#ii) Circuit turn-off time for main thyristor,

t, = c!&:zomo*‘M:ﬁ.smus or 11.6236 us
I 300




Class-C Commutation: Complementary Commutation
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In this circuit, firing of SCR T, commutates T, and subsequently, firing of SCR 7, would turn-off 7.

Capacitor is supposed to be initially uncharged.

. V,
When T, is turned-on at t = 0, current through R, is 4 = - and < <
R, R E: E:Rz
v +_L. i1 _ vc+ ic
through R, is iC == . Vs_T ——I‘——<—
2 R i
2 L c > +
So thyristor T, current s, :: Vr,= Ve

iy = i+ip=Vs (—I%+—R]2—) begins to flow

Capagcitor begins to charge through R, from V= 0.

The charging current through the circuit V,, R, and Cis given by I

and voltage across capacitor C is given by [Vc(t) =V, (1-e7t/FeC)

Voltage across thyristor T, is Vg, = V(f) . After sometime, when transients afe over, V, =V, =V; and i;

decays to zero.
VS

'T1=§1

When T, is to be turned-off, T, is triggered. If T, is turned on at t,, then capacitor voltage V, applies a

reverse potential V, across SCR T, and turns it off.
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At the instant t,,
VTZ =0
Vi =Y, v:-%
o il
c R1
, 2 1
and I, = V. (—+ )
2 S R1 R2

In the circuit consisting of V,

as this current i (1) flows opposite to the positive direction indicated

R,, Cand T,, the capacitor voltage changes from V to -V,

2V.
i (t)=___5.e—t/R1C
¢ R R,
+
T

, 2Vs _tRc c=v.
iy = —==-e" .
[o] R«] -l-+

Voltage across capacitor is,

(d)

1t 14 2v, _
V(D = [Ejzc dt+Vs:|=[E J;(—?f-e '/”1C)dt+vs]

0

V,(t) = Vs [2e-” fC 1]

Voltage across SCR T,is, Vp = -V =V; [1_ ge-f/R1C]

Current /7, falls from its value Vg (Hi +—,§1—]

%
to —— with time constant R, C. When transients are over

1 2 RZ
after t,,
s <
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i = _T + - i
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when T, is turned-on to cummutate T, at instant t, i, =0, i, = Vs(
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Figure-5.4: (a), (b), {c),(d), (e) and (f)

With the turn-on of T, at t,, capacitor voltage V, suddenly appears as reverse bias across T, to turn it off.
Similarly, at t,, capacitor voitage V, applies a sudden reverse bias across T, to turn it off.



Class 'C' commutation is called as voltage commutation or complementary impulse commutation.

Waveform of V4. indicates that a reverse voltage -V, to zero appears across thyristor T, for a certain

period. This period is called circuit turn-off time t,, . For T, is

% =0 = Vo[ 1-267@'™¢]

[t =R CIn@) |

Similarly, circuit turn-off time for Tis [t = A2 C In(2) |
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Example-5.2 A voltage commutation circuit is shown in figure.

If the turn off time of the SCRs is 50 m sec and a safety margin of
2 is considered, what will be the approximate minimum value of

capacitor required for proper commutation? 100V ﬁL
(a) 2.88 uF (b) 1.44 puF
(c) 0.91 pF (d) 0.72 pF
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Solution:(a)

In this type of commutation, a thyristor carrying load current is commutated by transferring its load

current to another incoming thyristor.
Firing of SCR Th, commutates Th, and subsequently, firing of SCR Th, would turn-off Th;.

Circuit turn-off time t, for Thy

tq = R,Cin2
and circuit turn-off time tc, for Th,
ty = R,Cin2
as R, = R,=50Q
t,=1t,=RCin2
Safety margin = 2
So, R,Cin2=2t,
2x50x107®
C=""—C -~ =288uF
50%7n2 s

-
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Class-D Commutation: Impulse Commutation
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T,and T, are called main and auxiliary thyristor respectively.
Initially, main thyristor T, and auxiliary thyristor T, are off and capacitor is assumed charged to voltage V

with upper plate positive.

When T, is turned-on at t=0. Source voltage V, is app!

which is assumed to remain constant.

ied across load and load current I, begins to flow

With T, onatt=0, another oscillatory circuit consisting of C, T, Land Dis formed where the capacitor

current is given by

i, = Vs\/% sinwgt = I, sinogt

When ayt = 7; i, = 0. Between 0 <t < [—Tt—),iT1 = Iy + 1, s’nogt.

Capagitor voltage changes from +V, to -V, co-sinusoidally and

the lower plate becomes positive. At @yt =, i, =0, iy =Io and V =-V,

At t,, auxiliary thyristor T, is turned-on.
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Immediately after T, is on. Capacitor voltage V, applies a reverse voltage across main thyristor 7, so that

Vi ==V; at t, and SCR T, is turned-off and #, =0.
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(c)
Figure-5.6:(a), (b)and (c)

The load current is now carried by Cand T,. Capacitor gets charged from -V, to +V, as shown.

When V=V, i, = 0 at t,, thyristor T, is turned-off.

With the firing of thyristor T ,, a reverse voltage V/is suddenly applied across T,. This method of commutation
is therefore called as voltage commutation.

As an auxiliary thyristor T, is used for turning off the main thyristor T, this type of commutation is also
known as auxiliary commutation.

When thyristor T, is turned-on. Capacitor gets connected across T, to turn it off, this type of commutation
is, also called parallel capacitor commutation.

Output Wave Forms
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Figure-5.7

In the circuit shown below, V, = 230 V, L = 20 pH and C = 40 pF. For a
constant load current of 120 A. Calculate:

: Vo, —
+Vrg ;=
~ ) Fg I ip =l

o
+
Ve C

+ VTA -
0——Dr°—<b L
TA o)

vs
D
e
D L
K.

(i) Peak value of current through capacitance and also through main and auxiliary thyristors.
(&f) Circuit turn-off times for main and auxiliary thyristors.

Solution:
(§)  When main thyristor T, is turned-on, an oscillatory current in the circuit C, T,, Land D is set up

and it is given by
0=y, \f% sinogt

Peak value of current through capacitor

L=V \/E =230, fﬂ =325.269 A
P L 20

Peak value of current through main thyristor
Ty =1,+1,=325.269 + 120 = 445.269 A
Peak value of current through auxiliary thyristor TA =1, = 120 A

(ii) I = CV—s
te
Circuit turn-off time for main thyristor
V. 6230

t,= C-2=40x10
10

An examination of figure reveals that when T, conducts and during the time upper plate of Ciis

—=76.67 s
0 u

- posiitve, vz, = -V, i.e. auxiliary thyristors TA is reverse biased by v,. This gives circuit turn-off

time t, for TA=-2—
g
I R [
= JIC~ J20x40 800
Circuit turn-off time for auxiliary thyristor,

; n w800

@7 2w 2x10°

Here,

=44.43 us or 44.428 us




Class-E Commutation: External Pulse Commutation
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Figure-5.8

In this type of commutation, a pulse of current is obtained from a separate voltage source to turn-off the
conducting SCR. The peak value of this current pulse must be more than the load current.

In the circuit shown above, V/ is the voltage of main source and V, is the voltage of the auxiliary supply.

Thyristor T, is conducting and load is connected to source voltage V,. When thyristor T,is turned-on at
t=0,V, T, Land Cform an oscillatory circuit. Therefore, C is charged to a voltage +2V, with upper plate

positive at t =7 LC, oscillatory current falls to zero and thyristor T, gets commutated.
For turning off the main thyristor T,, thyristor T, is turned-on. With T, on, T, is subjected to a reverse
voltage equal to V,—2 V; and T, is therefore turned-off. After T, is off, capacitor discharges through the load.

Class-F Commutation: Line Commutation
This type of commutation is known as natural commutation.

This can occur only when converter circuits are fed from ac io 1
source.
During positive half cycle of single phase ac voltage, SCR,
when triggered will conduct current. The ac voltage after positive half Vs = Vi sinot ﬁb Yo
cycle becomes zeroatot=m and anode current also becomes zero
at ot = 7 for Rload and at wt > m for AL load. After anode current has
reduced to zero, ac source applies a negative voltage across SCR I 1
for sometime to turn it off naturally. Figure5 9
]
NOTE The essential condition for natural commutation is that
s s anode current must decay to zero and
a  ac source must apply a negative voltage (or reverse bias) across SCR for bringing
it to forward blocking capability. ‘
=
Example-5.4 In a commutation circuit employed to turn-off an SCR, satisfactory turn-off is

obtained when
(a) Circuit turn-off time < device turn-off time
(b) Circuit turn-off time > device turn-off time
(c) Circuit time constant > device turn-off time
(d) Circuit time constant < device turn-off time

Solution: (b)
The circuit should not turn-off before making off the thyristor.

In the circuit shown below, SCRis forced commulated by circuitry not shown

in the figure. Compute the minimum value of C so that SCR does not get turned-on due to re-applied
dv/dt. This SCR has minimum charging current current of 5 mA to turn it on and its junction capacitance |
is 25 pF.

R=50Q
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Solution:

Under steady state, SCR conducts a current = %: 25909= 4 A and voltage across ideal SCR =
voltage v, across C=0.

When SCRis force commutated, capacitor Cbegins charging from source V through R'so that capacitor
voltage v(= v;) is given by

v, = V[1-eRC]

c

avg | _ -t/irc 1 [dVC] Y
[dt]-vs.e e @ |l RC

The rate of rise of capacitor voltage v, across SCR may be large. In case SCR charging current

d
o ( Ye J happens to be equal to 5 mA, SCRwill get turned-on. Here C;is the junction capacitance
t

at )0

of SCR.

Substuting the value of (dvc) :
dt Ji-o

v
Cjis = 5x10% or 25x10‘12—5—(2)—(l%=5x10'3
Co 25x 10712 x 200
250%x1073

In order to obviate turning-on of SCR, the value of capacitance C should be less than 0.02 uF.

or,

=0.02 uF

For the circuit shown in figure, commutating elements L = 20 pH and
C = 40 uH are connected in series with load resistance R = 1 Q. Check whether self-commutation, or
load commutation, would occur or not. Find the conduction time of the thyristor.



o=

Solution:
The ringing frequency , in rad/sec, from equation is given by

o= |—-
LC

2L
The condition for underdamping is that @, >0
1 (RY AL
or, ——|—1 >0 o R<,—=
LC (ZL) C
4L. 4x20x107°
Mo I =2
ere, C 40x107°
Therefore, 4—01' = J2=1.414
and R=1Q
ae JL.
As <\T

The circuit is underdamped.
Figure shows that thyristor stops conducting when @, f, = .

i

Load

2
1 ( R ) = damped frequency of oscillation, o,

A E‘\‘ ’1’, t
FERPR D
12 621"
10 1x10
Here, © = - = 25000 rad/sec
o ' l20x40 (2x20” /
Conduction time of thyristor,
n_wxi 08

h= G = 25000

us =125.664 ps

Q.1

Q.2

Q3

Student's
Assignments

1

Which one of the following is correct?

in a switched capacitor network for VAR
compensation the SCRs are commutated by
(@) forced commutation

(b) resonantcommutation

(c) natural commutation

(d) delayed commutation

An SCR s in conducting state, a reverse voltage
is applied between anode and cathode, but is
fails to turn off. What could be the reason.

(a) Positive voltage is applied to the gate

(b) The reverse voltage is small

(c) The anode current is more than the holding

current
(d) Turn off time of SCR is large

A thyristor can be switched from a non-

conducting state to a conducting state by

applying:

1. Voltage more than forward break over
voltage.

2. A voltage with high dv/dt.

3. Positive gate current with positive anode
voltage.

4. Negative gate current with positive anode
voltage.

(@ 1,2,3and 4 are correct

(b) 1,2and 4 are correct

(c) 1,2and 3 are correct

(d) 2,3 and 4 are correct

Q.4

Q.5

An SCR triggered by a current pulse applied to

the gate-cathode can be turned off

(a) by applying a pulse to the cathode.

(b) by applying a pulse to the anode.

(c) by applying another pulse of opposite
polarity to the gate-cathode.

(d) by reversing the polarity of the anode and
cathode voltage.

Consider the following statements regarding

Thyristor:

1. It conducts when forward biased and
positive current flows through the gate.

2. It conducts when forward biased and
negative current flows through the gate.

3. It commutates when reverse biased and
negative current flows through the gate.

4. |t commutates when the gate current is
withdrawn.

Which of these statement(s) is/are correct?

(8 1,2and3 (b) 1and2only
(c) 2and 3only {(d) 1only
Answer Key:
1. (b) 2. (0 3. (0 4. (d)
5. (d)
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