CHAPTER V

DEVELOPMENTS IN HYBRID COMPARATORS TOQ YIELD CONIC CHARACTERISTICS

5.1 INIRODUCTION

}

The péssible applications of conic characteristics
are well>kn0wn and an elliptical characteristic could be

preferred over a mho characteristic for the prétection of
long lines as the former fits more snugly round the fgult
area. For the blocking of relays during power swings blinder
characteristies in the form of two parallel straight lindes
‘are generally . employed which could be replaced by the

conic characteristics like hyperbola or parabolaas.

An elliptical characteristic was first obtained by
Braten and Hodl employing multi-input amplitude comparator
" in the form of a circulating current bridgeg. However, the
relay was not instantaneous in operation due to the
requirement of a sensitive polarised moving iron or moving
coil type output relay. Skuderna suﬂsequeﬁtly reported
the méthemaﬁical basis of conic relafs alongwith the
necessary circuitry to be used in conjunction with

electro-mechanigal relay349

« The hybrid comparator reported
by Parthasarathy although yielded all conic pick-up
characteristics, however, was slow in operation due to the
necessity of sensitive polarised averaging relay in the

output stageél. Further,the circuitry needed a standard
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reference for balancing purposee.

&n attempt has been made in this chapter to develop
a new hybrid comparator to yield conic pick-up characteristics
avoiding the use of averaging out-put relay so as to make
possible the use of thyristor in the output stage renderlng
tne relay completely static and fast in operat;on. This
comparagtor incidently form% the basls‘for tne development
of a relay with a self—adjgsting featnfe'(discussed in the

subsequent chapter)-.

5.2 PRINCIPLE OF OPERATION : .

Fig.5.1 shoys the cgmparator in block- schemgtic form;
System‘quantities YL and IL are applied to the megsuring
circuits (M) which produce“thé required unmixed signals
S, and S

1 2
biasing of the phase comparator (P.C.) after rectification

for the phase comparison and §¢ for the d.c.

and adequate filtering(R.F.). Further, the measuring
circuits provide the signéls Si and 8p which are required
as polarising inputs to'the<$mplitude comparator of the

output stage(0.S.) after rectification and filtering.

The output of the phagse compérator is a square-wave
of positive duration equal to the negative coincidence of
Sl and SZ
by means of the function generator(F.G.), given by

= Kl t SK l ‘(];-0088) o’-o0o (501)

« This sguare-wave 1s used to generate a funciion

e
c,
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where, K. is a constant. | 8 | is the derived system

1
quantity and ’% is the negative coincidence period of“Sl
and 82, which in fact depends on © and @ , © being the
angle of replica impedance introduced in the megsuring

circuitse.

Comparison of the function of Eqg.(5.1) with the
derived system quantities | Sy | and | 85| for the
amplitude is the basis of obtaining y%rioué conic

characteristicse
5.3 MATHEMATICAL BASIS ¢

In view of the above principle of operation the
necesséry mathemgtical bgsis will now be developed for

various conic characteristicsg.

5.3.1 Ellipse s

To obtain this characteristic on the impedance plane

the necessary inputs to the phase comparator are ,
5, = I,2p/6-¢ g
H eves (5.2)

V. .

2~ "
Where ZR[G is the feplica impedance introduced in

the megsuring circuits,

On choosing | 8 | = | S5 |, eq.(5.1) Becomes
6 =K IVl [1- cos(e~ 2] ouve (5.3)
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Voltage e, of (5 3) is to be compared with lsA1 =K | I Zpl
and | S| = K3[ vLj in the amplitude comparator such that

the latter issues a tripping signal when,

lt l rl"COS(e - E)l 2‘1 ZR‘ - KS‘ l 0100(504)
where, K2 and K3 are real constants less than or equal to 1,

in most of the cases representing the potentiometer settingse

Inequality(5.4) can be written as ,

ZL‘ < K. ZR coers (505)

A 1K cos(6=90)
Where, % = V. / I, . Further Kt = Ko/ (K + Kj) and
Kf' = 'Kl/(Kl-f Ka?.
For the values of K' less than 1, the inequality

(5.5) represents the elliptical characteristic of fig.5.2(a). .
The axes of the ellipse are 2K'ZR/( l-K"Z) and ‘

K'Z/ (V 1-K"Z ), and the centre is [K‘K" Ze/C1=K"3;5 0 7.

The seml-latus rectum is K‘ZR e
5.3.2 Parghola

3
Klile [1-cos(e=p) ] < KgileRl eves (5.6)

On substituting K_=0 in (5.4) the latter reduces to,

inequality(5.6) can be further written as

% £ Ky %y ‘ esss (5.7)

1~cos(G=P )
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L
where Kl K2 /Kl .

Inequality(5.7) represents a parabola on the impedance
plane as shown in fig.5.2(b). The axis of the parabola is
inclined at 6° with the Reaxis. The directrix is the line
perpendicular to the axis and away from the origin by a

: 1
distance K;LZR .
5.3.3 Limacon 3

To obtaln this characteristic, the necessgry signals

for the phase comparison are,

S1 =112, L& - 0 g

= )
S =V, 0 cree (5.8)
On choosing | S| = lSll s (6.1) becomes

eC = Kl ( ILZR ! [1 -+ COS(e - ﬂ )] er s (5-9)
voltage e  of (5+9) is to be compared with ls&[ ==K25 I %l
and |8yl = Kyl V| in the amplitude comparator such that the

latter issues a tripping signal when,

glj 1%l [ 2t cosF@ - P) I 2K V|- K, ;Lzﬁg....gs.lo)

or,ZLéﬁZB—[a'b b cos(6 =g )] eoes(5.11)
3 -
where a = K. + K_, and 0
12 § cers(5.12)
b = .

Ky Q
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From (5.,12) it is evident that for the positive values

\E-. \\(._ {
< 5}355"01‘ K, and K, , a>b . The inequality(5.11), therefore

S -

K. represents a limacon which encloses the origin of the

(g llpedance plane as shown in fig.5.2(c). If,however, K, is

X & made negative, then, inequality(5.11) will represent s limacon

q,L'é§§ passing through the origin of the impedance plane[fig.5.2(d)].

G -
NS 5+3+4 Cardioig :
\(:;"‘\;u \b{;}} N
P ot ;
57 S Cardioid is a special case of limgcon, with a = b .
o Substituting K,=0 in (5.10) the latter reduces to
Sl

K, | 1.2 | [ 1 +cos§e.;a)] 2 K3l vl ...9)(5.1‘3)

or

N

4,

K
K ZR[l'.'COS(e*ﬂ?‘] veece (5014)
Inequality(5.14) represents g cardioid on the impedance
plane [ fig.5.2(e) ] whose axes is inclined at 6% with the
Reaxis. Further, it passes through the points ( 0 5 0 ),
o ‘ A0
(K, Zp /Kq5 0 ), (K 2 /Ks; e + 90%), an(KlZR /K 438-90") .

5.4 RELAY CIRQUITRY FOR ELLIPTICAL CHARACTERISTIC

The mathemagtical basis developed in section 5.3.1,
" together with the principle of operation eutlined in section
5.3, will now be used in explaining the complete relay

circuitry yielding elliptical characteristic.
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54441 The Phase Comparator : . 2()

Fig.5.3 shows the phase comparator employed for the

phase comparison of S. and 82 given by (5.2). The comparator

1
is supplied with |V | for d.c.biassing. It is evident that
the comparator will provide square-wave 6utput of approiimate
magnitude |Vy| and duration 3=(6-g) as shéwn in fig.5.4 and
plates 5.1 and 5.2. This square—wa%e is used to generate the

function of eg.(5.1).
5.4.2 Ik anction Generagtor :

The function generating circuit is shown in fig.5.5
which glso includes the phase comparator of fig.5.3 for
convenience. The square-wave obtained by the phase comparison
of 8, and S, is used to charge the capacitor C towards fvg |
with a time constant(Ry + R,)Co RyRy and C are so chosén
that the charging time constagnt is large and dischgrging time
congtant smgll sé that eé ’ the voltage across the capacitor,
shall rise linearly with'increasing values of XN = wt upto a
point P and then follow an expoentigl path as shown in

fige5+.6. In the remgining period C will discharge completely.

Alternatively,R, may be chogen lgrge with.R4 = @, sO

3
that the chgrging of C will be as above and discharging

almost instantaneous as shown by the dotted curve(fig.5.6).
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FIG.5-3 THE PHASE COMPARATOR
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Plat* 5.1 Inputs to ths phase
comparator

Plat* 5.2 S<]Ju*r*eutput
of th* phase
comparator
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The voltage eé is gpplied to the amplitude comparator
through the non—linéar resistance, N.R. « R is the input
resistance of the following circuitry: Due to the
application of el the current will flow through the
non-linear resistance producing g non-linear voltage drop .

e the voltage modified by the non-linear resistahice is

c )
shown in fig.5.7 .

On choosing proper values of 33, 34 s C and N,R,, the
rising portion of the curve of fig.5.7 can be gpproximately

written gs,

ec = Kll VL‘ [( l-cO3 %’ ) ] eses (5.15)
Since g = 8« f (fig.5.4) , inequality(5.15) becomes
ec = Kll VL‘ [1‘003‘6 - ﬂ ) ] . oooo. FSolG)

S5e443 Rectifying gnd Filtering Circuitsg :

For obtaining rectified voltages from S , S, and Sg
full-wave rectifiers followed by filtering circuitg are |
employed. To obtain low ripple in the rectified voltages
without sgerificing the time of operation of the relay
capacitance multiplier circuits are employed for filtering.
Fig.5.8 ghows a typical full wave rectifier followed by 1

capacitance multiplier circuit.,

Full-wave rectified voltage is applied to the transistor

T connected in cemmon collector mode( more aptly emitter
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follower ) through initigl filtering due to C1 « The circunit
provides small dynamic time constant with multiplied

capacitgnce for the filtering.

5.4.4 Output Stgge :

Signals KglILzR( and K311Ll are obtained from respective
signgls ILZR and VL using rectifier and filter circuits of

£ige5+8 o« K |V | is substracted from K2] I;%;| » and the

5l
resulting quantity is further subtracted from e, of equation
5.16 and applied to the output stage which incorporates the
amplitude comparator. With this arrangement it is possible
to satisfy inequality(s.é) to yield the elliptical
characteristice. On the verge of opergtion of the relay the
input to the output stage will be g small pulse corresponding
to the pegk of the voltage €, which oceurs in the neggtive
half cyele of -V, , To block, therefore, the oﬁtput Sf the
relay during the positive half cycle of the signal -Vi, a

typlcal output stage is arranged as shown in fig.5.9 .

During the positive half cycle of -VL ’ ‘1‘2

providing only a small voltage across the cagpacitor C1

conduct s

corresgponding to the drop across Tg. This voltage, however,

is too small to make T, conduct which is emitter-bigsed.

3
There is no input, therefore to the monostable multi-vibrator
circuit. The relay, therefore, does not issue a tripping

Slgnal .
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During the negative hglf cycle of - I T2 cannot
conduct. If the input to the base of T, is positive |
(impedancé seen by the relay outside the characteristic),
Tl will conduct. No output, therefore, will appear from
the multi-vibrator to trip the circuit bregker., In the
event of the inequality (5.4) getting satisfied, both T, and

T2 will stop conductingo‘During this peried C, will charge

1
towards the desc. supply and overcome the emitter biags of T3.
This will result in productién of a negative pulse (plate 5.3)
which triggers the multi-vibrgtor circuit. 4 positi%e pulse,
therefore appears from the output terminagls of the
multi-vibragtor which can be used to trigger a thyristor
placed in the trip-circuit of the circuit bresker, rendering

the relgy completely static and fast in operation.

5.5 PERFORMANCE TESTS :

The relay described in the previous section was
constructed and tested during steady-state conditions only.
Fig.5.10 shows the complete relay circuit yielding-elliptical
characteristic. The results obtained during the investigation
are presented in #Appendix alongwith the necessary testing
set up, The circuits were also grranged to provide tripping
" in gecordance with (5.8), (5.10) and (5.13) to yield parabola,
‘limacon agnd cardioié reépectively. The results obtained

during the investigation are glso presented in the Appendix.
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Plats 6.3 Output of the
Transistor Tg
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