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Thyristor Commutation

51 INTRODUCTION

Thyristor being a switching device, itis required to turn it o andl 0f accord”
ing to the requirement. During turning on of a thyristor, fo 1 mczi (c:omh,lctim'l N
the thyristor starts while the turn off ceases this forwc{rd c:on(;‘:atri nand even the
reapplication of the positive voltage to anode will not cause curcrcnt flow throug
it till proper gate signal is applied. Commutation is a process of turning off 4 Hhyristor
A commutation circuit may consist of additional components in order t0 make
successful commutation. There are a number of commutation circuits availajble
where the main objective of these circuits is to initiate the process of commutation
as well as to reduce the commutation time.

Broadly speaking, there are two types of commutations namely
(i) Natural Commutation,
(i) Forced Commutation.

52 NATURAL COMMUTATION

A thyristor being fired synchronously with zero crossing of each positive
half cycle of the input ac voltage (e.g., the case of rectifier), i, is commutated
naturally as soon as the thyristor current passes through the natural zero and a
reverse voltage appears across the thyristor. This is called natural commutation,

In the operation of phase-controlled rectifiers, ac voltage controllers and
cycloconverters, natural commutations are widely used.

53 SOME BASIC TERMS
Commutation. It is the transfer of current from one circuit to the another.,

In power electronics it means that the current is transferred from ope semicondyc-

- tor valve to another.
Commutation Interval (t,). During this period two semicondycto; valves

conduct simultaneously and a closed circuit is formed.. This time the commutatj
inductance is the total inductances of the commufating phaseg contmut i
voltage is a resulting voltage in the comml{tatmg cirguit 'and this voltage fq e
circulating current in the closed commutatin S called 5071171111:2:?()&
n

Current (ik).

Types of Commutation. Corrvlmutation bet:;fien two ri“Cipal semj
tor valves is called direct commutation. A commufation bepye, o eMicond e,
valve and an auxiliary valve is called indirect commtuitatioy mlcondUCtor
(5.1)
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tated

A converter is called line ¢ tated, load © tated or ts}ilf Commutgtey
depending on where the source of commutation voltage is i.e., either on the line
side, load side or within the converter itself.

Once the commutation starts, the commutation current flows as an incres.
ing current through the valve which is tu_ming on, and at the same time the o
current (i; — i), through the valve which is tumning off, decreases. When thig e,
current has decreased to zero, the commutation is over.

54 FORCED COMMUTATION

In some thyristor applications, the input voltage being dc, d_u{ing switching
- off the thyristor, the forward current is forced to zero by some additional circuih-y
This type of commutation is known as forced commutation. B

Forced commutation of thyristor can be categorised by the following ways ;
(i) External pulse commutation
(i) Load-side commutation
(iif) Line side commutation
(iv) Impulse commutation

(v) Resonant pulse commutation

[Class-B Commmaﬁun]
[Class-C commutation)
[Class-F commutation]
[Class-E commutation]

[Class-A commutation]
(vi) Complementary commutation

[Class-D commutation]
5.5 DESCRIPTION OF COMMUTATING CIRCUITS

(a) External Pulse Commutation. In this method a pulse current is obtained
from an external source to turn off the conducting thyristor. Here, in addition to
the supply, another source is required (the auxiliary voltage source).

Figure 5.1 represents the circuit suitable for DC operation of the thyristor,
to be commutated by external pulses. i

L Th,
+
= Ve=2Vmax = Vaux

Fig.5.1. External pulse commutation circuit.

“ li::tbus :rst ﬁfe- Thy, the thyristor connected in the auxiliary circuit and
uaniar edy: @ auxiliary de voltage V,,,. Assuming the capacitor to be initially
with (2%/ r) veosltt):am' current c}}arging would take place charging the capacitor
aux. ge in the polarities shown. Assuming Th, to be conducting, next:

Thy is fired. Immedi,
. ’ ately, the voltage i
Th, in reverse bias modey ge across the capacitor would appear across

through the load, In g o 1 WOUld turn off. The capacitor would discharge
main thyristor T, IS circuit an external pulse is thus utilised to then off the

e ——————

THYRISTOR COMMUTATION

g element. Discharging as well as

recharging of the capacitor take place through
the load. Thus, the co o
Sl mmutation is

only possible when load is connected.
Figure 5.2 exhibits a typical load sj
. . S| d i i i
Th, be conducting with dc input voltage &,Emfx:‘;m::(ﬁé; Le-thmymm
Thy represent the .commula!ing circuits. Let us assume that the capa :N il
to - V;at the begining (as indicated in the f pacitee o charged

igure). With firing of Th,, th
voltage appears across Th, in reverse bias mode and the czndun.z‘\' T

i n of Th
cease. The capacitor would carry the load current and subsequ:\lio 1t :::A‘llx‘l
discharge from —V; to zero and then again charged 10 the supply vg‘.tage 'V,
Obviously, Th, would then turn of. o

Locd

Fig. 5.2. Load-side commutation circuit.

The firing of Thy would then make the voltage across the capacitor to discharge
through the inductor and recharging the capacitor itself, put at reverse polarity
i.e., the capacitor is now again charged to— V; (== V) and is ready for next operation.

It may be noted that the commutation of Thy, could take place due to
presence of the load circuit. Hence this type of commutation is called load s_id:
commutation. Since the capacitor voltage is responsible for commutating Th, im-
mediately after firing of Thy, hence this type of commutation is also called vclf‘age
commutation or auxiliary commutation. In this circuit, the time requize‘fl f_or fap-\mﬂl
to discharge for =ve voltage to zero is called tum off time and it is inversely

proportional to the load current. ) _ .
(c) Line Side Commutation. In this type of cmuhhom the dlsf;:sg‘:g‘
and recharging of the main commutating element, i, the capaciter

Fig.5.3. Line-side commutation circuit.
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oad. Fig. 5.3 exhibits a1
described below :

require the ]
commutation is

1st Step : Tl
(Fig. 5.3a). The steady stat
shown.

being fired, C gets charged by the resonant Current

e voltage of the capacitor is Vi at the pol A
aritieg

Fig. 5.3(a). Charging of C by Tt at twice the supply voltage

2nd Step : Th, being naturall
. : commut is fi
circulating current through Th, m:nw L PR i s

. n:rm .
versed (Fig. 5.3b). th ..Nm: nmvmn:0~<o_nmmi.
capacitor. )- the reverse polarities are shown by dotted Eﬂm m“_ : »M._m.
Ommm

Fig.
9.5.3(b). Reversal of polarity of C.

being self

3rd Step : 7y,

across Th, whi
1 which hag Mmuted, the voltage (

d to be cq . V,) of C would appear
us, diog nducting

;m d mmnr .
Ply and require arging ang rechar

IO the g g8, 0F the ca

ircuit js pjj. Pacitor are done through the sup-

used j .
mn er, m_mw:_»: _Omn.* side commutation can
Mutating time, Ty, modification of the circuit as

- “le commutating time becomes

NTALS OF POWER ELECTRONICS ANp, ,

ine side commutating circuit. The m.;
Onmmw
of

) il

- a{cTOR COMMUTATION -~ © ..
THYRIS -

independent of load current. In Fi : ,
more Of less indep . : nt. In Fig. 5.4 the discharging of th -
Cis accelerated by using diode Dy as well as an inductor rw mmnomm _ﬂnc%wmn:

itor
thyristor Thy.
Lx D,
_ Thy
O—
' 1
Vo
L Thy D Lood

(o

Fig. 5.4. Impulse commutation circuit.
a resonant pulse commu-

Pulse Commutation. Fig. 5.5 represents
larity as shown in the

the capacitor is initially charged with po
o be in the conduction mode-

(¢) Resonant

tation circuit where : :
figure. Let Thy be the main thyristor and is assumed t

Thy

Thi
R —f— v_ .
_ -Ve Th2
Vo et D Load

. |

O
Fig. 5.5. Resonant pulse commutation circuil. . e
Let us now fire thyristor Thy. Thena resonant circuit i immediately crea
and Th,. A series resonant current would

with circuit elements L, C and devices Thy

. RSPT is will cease the
start to flow in the anticlocking direction in th This wi

e loop (Fig5.6)-

Th;

Fig. 5.6. Resonant pulse current to commutate Th.
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j capacitor would discharge to zero and thep, 3
However, due to stored en ergy oujq
charged (Ref. Fig. 5.7), ansfe,

through Th-

» the supply voltage Vor

Joad current
be nmn:mamwn_ »

m LtoC the capacitor W

ill be slightly over

fro

Fig. 5.7. Capacitor discharging and subsequent recharging.

Next, Th, is fired. Immediately, the capacitor C would discharge through
Th, Thy and L in the clockwise direction (Fig. 5.8) making the capacitor voltage to
get reversed after discharging to - V. Th, would be naturally commutated.

.:,u

»k

g
9
+ O V—.\\
// £ h
v * = 2
o =ik
YL

Ve

XD

——

Fig.5.8.
9. 5.8. Reverse voltage build-up in capacitor.

Since a resonant

thyristor hence this yy Pulse crcuitis v

Pe of commuyt, ilised in this circuit to commutate the main

ation |
0 Complemen, C 1on is also called citrrent connmutation.
es the other op, Ay Commutatioy, In thic o

e .In th T z i
Letusassyme E.HNQ..BE transfers c%““ﬂ.“. :_:m o_n omo thyrst
the capacitor 1 is first f . e two loads.
. char, ired [Fig. . 1
is shown in Fig. mwﬂm Hhrough F) ?E.BE_N vm,_wo?:. Current through ry is i while

e 2 The polarity of the capacitor voltage

mutat

l

_

A

RISTOR COMMUTATION

THY o

t us now fire Th, [Fig. 5. i i

10SS Ww: and its <o=mmm~<_n Mom_w_ﬁwvm_m”“w .“53_3 Em.nmv.m e
( as Th, forcing it to commutate. r, is

oss the supply. Once the thyristor Th, is pushed to non-conductin, om

itor C is charge through r; and then stores charging to have volta mm |aa~\ N

Th, is nOW fired, Thy is turned off and the cycle is repeated. Each :Jvimwo_. is .M:m

noBB:gmnm& due to Q.VEEQ:NBEQ commutation (this type of commutation is als

called complementary impulse commutation. In practice, the resistant r, and JmEM

am%_mnmu by the loads.

R DI RN !

-t
l- <0

ac
acr
nmmumn

e

<
o
O

Au A AU

Ng

Y Th

> 1 X Th,

(a) Th is conducting.
Fig. 5.9. Complementary commutation.

(b) Thzis conducting.

5.6 CONDITIONS FOR COMMUTATION
The following conditions must be fulfilled for successful commutation :

(i) The forward current of the thyristor must be reduced to zero.
(ii) A reverse voltage is to appear across the thyristor for more than the
turn-off time to the device.

(iif) The rate of rise of voltage build up across the thyristor commutated
should not exceed the critical value and there should not be any
automatic retriggering.

(iv) Stored energy in the inductanc
free wheeling diode must be incl
tion of the stored energy (it may
reason, free wheeling diode is kept in a
circuits mentioned earlier).

e should not cause retriggering. A
uded in order to allow the dissipa-
be noted here that due to this
1l the forced commutating

57 AC LINE COMMUTATION

y to the thyristor to be commutated is ac, it is obvious that
the conducting thyristor during the negative half
le is longer than the tum of time of

In case the suppl
the reverse voltage is applied to

cycle. If the duration of negative half cyc .
thyristor, the corresponding thyristor is tumed off. Inverters use this mode of

commutation. However, the maximum frequency at which the ac line no::B:mwnma
circuit can be operated obviously depends on the turn off time of the thyristor.

Fig. 5.10 represents three phase AC line commutation.
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5.9 GENERALISED COMMUTATION cipcyr ANALYSIS (Fig. 5.12
Let the current flowing throy 9. 3.12)
remains constant duri : B
noavhw.

ison to the time interval between triggering of two consecutive valy

us assume that Tl conducts while Th, is in blocking stateje. _w_mnfw .””Mw .mrrwmf_ﬂ..r.

Thy is triggered, the current continues in the first instance to flow Ncsnw._p: M

through Th, because of the inductance in the circyjt. Thy and Th, both no:achm at

the same zama.mbn the two arms form a closed circuit for which
Ie . .

vy = (L, +Ly) T i being the commutating current ; iy circulates in the circuit

5
a9

n
?
=1
o
=.
Q
E

m:vaSvOmma on the current i; and i,. Assuming v, -, =y, and Li+L=L, the

Ly=2(Ln+Lg) rate of rise of the current is given by,
& 3 Vk=Vg~ Yy . diy _v,
N + = <m - Y dt N.n
(2 o
or, .ngI— vy it li=0att=t]
K

Fig. 5.10. Commutation in three phase circuit from Thy to Ths

58 JONES COMMUTATING CIRCUIT (Fig. 5.11) o —1
/ Assume Th, to be the main thyristor, it is in conducting mode. With com- iy (1) iz2(0) &
mencement of conduction of Ly, current increases through the load rapidly and * L, * L,

this would induce a voltage at L, [L; and L, are the two half windings across same
core and this acts as an auto transformer]. Sudden current rise in L, would induce
the voltage in L, also whose positive polarity will be at the diode (D) end. D will Thy Thy
; then conduct charging the capacitor C [charging current would flow through
5 L, D, C, Ty, L,). The capacitor will be charged with V/, voltage, the positive polar-
ity being towards x junction in Fig. 5.11.

ik
4
Load
to— AN
Fig. 5.12. Generalised commutating circuit.
T¢ s AL All the current has been transferred from branch-1 to branch-2 when t =t,,
. 2 al iy =0 and i, = iy= I. The commutation being over,
- al
L4 L Y .
D d Th ] 2
2 == | ot
Ly
:
. velta—t) Tk
Fi Le., for v; being constant, I=—7 = L
Next, Th, being Emm. mhd.n,__.oq.ﬂm commutating circuit. 5 K
i « (e dischargi e 5 X

ristor Th, t . ging condition of C 1d force the thy . o
&wn—_mnmm_:M Now 8:&:% " no:mmmcmszv\ the voltage mnnummcﬂ reverses while (It may be noted that .— v dt is the voltage-time area which is needed to

et© and recharging to oo !
commutated and th . & o opposite polarity. Tl, is then naturally 1 :

€ capacitor <o=mmm is restoreq M;m s@wn gBM %: is fired give a change of current equal to I through the inductance L}
1 :

——aa
’ —
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mmutation for which 7 is constant anq

aco : 2=, o
ure 513 shows @ == - o the interval fg at the K In.
m_mca_uo&o:m_:, with time during K the same ry, 2
easing P
Mnl I g decreases.
=1
Te 2

Fig. 5.13. Commutation in the generalised commutation circuit.

With non-ideal semi-conductor valves, the course of commutation wil] pe -
like that shown in Fig. 5.13 (dashed curves). If a <m7.\m has been no:ac...,.:ﬂm and
immediately after it is subjected to a reverse Eon.r:_m. <o~.~mmm. m.ﬂmﬂ it will be
reverse conducting for some microseconds. This time i; will continue with the .
same rate of decay through zero to 2 negative maximum ,.S_Ew. After that the
current decreases to zero as the reverse blocking capability is reestablished. The
course of commutation depends on the property of the semi-conductor valve, the
rate of decary of the current and on the protective circuits.

510 DESIGN OF COMMUTATING CIRCUIT

Design of the commutating circuit involves proper choice of the capacitor
and inductor.

Design of the Commutating Capacitor ;

Let C be the capacitance, V, the supply voltage, f, the turn off time and |
the load current (assumed constant during turn off period).
Then, CVy=1tg

ie, Ity

C gives the required capacitance.

Design of the Commutating Inductor in Resonant Pulse Commutation
The capacitor current I is given by .

-V
N ¢ ol
Wwhile the peak resonant current is given by

L=V /\lﬁ.
L; (0] L

!

‘

THYRISTOR COMMUTATION

IE Inay iS the maximum current at which he current is to be limited
imited,

1 N<)\m

)
] .

max

L>C

511 SOME OTHER COMMUTATION C!RCUITS

(a) Fig. 5.14 represents p: LC commutating circuit when Th, is the main
thyristor and Th, the commutating thyristor. R represents the load. At the begin-
ning, C is charged with the polarity shown and the charging current passes
through C, L and D, through the load. Thus, with firing of thyristor Th,, the load
is served by it. To commutate Thy, Thy, the commutating thyristor is fired. C then
starts discharging through Th, and L resonantly and reverses its potential. Thus,
the right hand side of C in Fig. 5.14 becomes +ve. Then, C will start discharging
through L, D, and Thy, the direction of the discharge current being opposite to that
of the load current through Th,. This will lead to commutation of Th,. The excess
discharge current will flow through D,. Again the cycle will be ready for repetition
with charging of C from the source.

+ o—

+
|
1
[

X0, XY™ X

Vo

g

- o—AM ¢
R ° D,

Fig.5.14. L-Ctype commutation Circuit.

Since L — C type commutating circuit is used in this scheme, it is also called
a resonating type commutating circuil. o <

(b) Fig. 5.15 represents a capacitor based commutation circuit .s.rm.nm Th,
being the main thyristor, Th, is the commutating Ev.wﬁoﬂ.. The nmvwn““”“m M:M
viously charged with upper plate + ve. When d:._m fired, if noE”MMmim o_waJ..
Simultaneously the capacitor C gets discharged with the :wwmﬁ P T nwvwnﬁon
through Ly, Thy, D resonately and then reverses the polarity o

Jower plate gets positive polarity. .

e e et s fired and the capacitor discharge through

Next, the thyristor Th, i rge
.; q.rmx L, noauw.:wm::m Th,. The additional charge across C is discharged
ul ~I

l
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or is then recharged by the supply

.,Ea:in%pn: E
through T2 . ready for the next cycle of repetitj Be
: ,and L2 thus becoming reacy Petition. Th i

v, through

paturally 353:380_.

+
Ly L2

Vo

o
Sl
I

~

R
L
Fig. 5.15. Capaciter based commutating circuit.

Example 5.1. In Fig. E5.1, =100 A ; initial voltage across the capacitor is 50
volts. IfL=25pH, C =10 \F calculate :
(i) maximum value of (di/dt)
(ii) the commutation current and voltage versus time.
(iii) the commutating time.
(iv) the capacitor voltage v, = Viatt=t.

o a———
—_—

[

Fig.ES.1.
. . dig V
Solution. (i) &Iwﬁ = H___ = % =20 A/t se¢
x 107 .
diy

dt has its maximum when 7, = Vo = 500 vol's
(ii) As soon as the auxi |

BRten Gl | liary thyristor is turned on, an oscillation begins

1 10°
o= -
ﬁl Bx10 " 63200 rad/sec.

I= m l%@‘
L Yo="\35 .500=316A. .

-

to zero.

THYRISTOR COMMUTATION
51
The oscillation continues till the cu;
rrent through the main th
\ynstor decays
dﬂmm time —.w = n‘ l= :
(iif) Since I=1,sinwf,

1

11.

12.

) Y |
Hh =—Ss -'.H,.— : -—w8 [
) k © I 8N8u5 ...ﬂnutchﬂ.

(iv) Voltage across the capacitor is

V=V, cos wh, =500 cos (63200 x 5 x 107 %) = 475 V.

EXERCISE

Describe a commutation circuit where external voltage is used for commutation
of a thynistor. o

s..;::. is load side-commutation ? Discuss the operation of losd-side commutating
circuit.

Why Line-side commutation is sometimes preferred over load side commutaton ?
Discuss a typical scheme of a line side commutating circuit

Describe an impulse commutation circuit.

Write a short note on

(i) Resonant pulse commutation. (i) Complementary commutaton.

State the conditions of commutation of a thyristor.

Develop the design equation for obtaining the values of L and C m resorant puise
_commutating circuit.

What is the difference between self and forced commutation 7

What are the differences between voltage and current commutaton 7

Why in ac supply commutation the reverse bias time across the thynstor be greater
than the turn off time of a thyristor ?

Why does the commutating capacitor in a resonant pulse commutating circust get
over voltage ?

How does the voltage of the commutating capaditor get reversed ina commutating
circuit ? Give examples.
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